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EDITORIAL

Designer drugs
Amadeo J. Pesce, PhD, Kevin Krock, PhD

Precision Diagnostics, San Diego, US. Corresponding author: Amadeo J. Pesce; 
pesceaj@ucmail.uc.edu

Abbreviations: LC-MS/MS, liquid chromatography–tandem mass 
spectrometry; TOF, time of flight

Laboratory Medicine 2023;54:553-554; https://doi.org/10.1093/labmed/
lmad087

Designer drugs are synthetic 
compounds developed to mimic the 
physiologic effects of other abused 
drugs. Many designer drugs are chem-
ically similar to other abused drugs but 
are modified to avoid being classified as 
illegal. Moreover, they are often altered 
in ways that render them undetectable 
by conventional drug screening tests. 
Most designer drugs try to imitate 

opiates or cocaine, ecstasy, and other stimulants.
Unfortunately, it is also possible to overdose on designer drugs.1 

The unpredictable pharmacology of these synthetic drugs puts users 
at risk of dangerous side effects, including overdose and death.2 One 
of the greatest challenges associated with detecting designer drugs is 
the fact that they are developed in secret. Therefore, the ingredients, 
chemical structure, and potency of the drugs are largely unknown. The 
US Drug Enforcement Administration recognizes 7 different types of 
designer drugs: cannabinoids, phenethylamines, phencyclidines (or 
arylcyclohexamines), tryptamines, piperazines, pipradrols, and N-ring 
systems. Most laboratories using liquid chromatography–tandem mass 
spectrometry (LC-MS/MS) for definitive drug testing are targeting well-
known drugs and are not configured to detect or quantify these synthet-
ically modified drugs.

These designer drugs can be detected in urine using newer ana-
lytical methods such as time of flight (TOF) or Orbitrap mass spec-
trometry. These technologies require more sophisticated equipment 
and are more labor intensive than definitive methods such as LC-MS/
MS. Currently, the reimbursement for the Current Procedural Ter-
minology (CPT) code applied to drug screening is only $60. This re-
imbursement was established for the historic immunoassay screens 
and the older ToxiLab thin-layer chromatography method. The newer 

technologies identify over 1000 possible drugs, including designer 
drugs, but it is a labor-intensive approach to drug testing.3 The cur-
rent reimbursement is too low to be financially viable for a commer-
cial or hospital laboratory seeking to use more advanced technologies 
to detect drugs. There is a need to create a CPT code that pertains to 
use of the newer technologies for toxicological analysis so laboratories 
that wish to include designer drugs in their drug testing panels can be 
reasonably reimbursed. We believe there are enough data on overdose 
deaths from designer drugs to warrant testing for them in specific 
patient populations, such as those in drug rehabilitation facilities. 
Reimbursement would require medical necessity, and we propose the 
following guidelines:
Rationale (medical necessity for new CPT code and reimbursement):

1.	 Patient is in a pain clinic or drug rehabilitation facility
2.	 Clinical signs of impairment
3.	 Positive immunoassay screen, but negative by the usual targeted 

LC-MS/MS analysis of common drugs
4.	 Suspicion of designer drug use
5.	 Physician (provider) requests further testing

As an example, there are numerous fentanyl derivatives available to 
patients that we cannot identify with our current targeted testing, and 
a substantial portion of current opioid deaths are due to fentanyl.4 The 
use of TOF-based analytical methods would enable better detection of 
designer drug use. Current reimbursement makes this unworkable.
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ABSTRACT

Background: Interprofessional education is essential for students 

enrolled in health care professional programs. 

Objectives: We assessed the attitudes towards and the beliefs about 

interprofessional education (IPE) among program directors of medi-

cal laboratory science (MLS) and medical laboratory technician (MLT) 

programs accredited by the National Accrediting Agency for Clinical 

Laboratory Sciences (NAACLS). We also investigated the inclusion of 

IPE in the curricula of such programs.

Methods: We emailed the link to an anonymous 22-item cross-sec-

tional survey to 468 program directors and tabulated the responses.

Results: Program directors who support the need to include IPE 

within the curricula of MLT and MLS programs showed a gener-

ally positive attitude towards IPE. The beliefs about IPE among our 

respondents were not homogeneous. Program directors who have not 

yet implemented IPE in the curriculum may not have had an opportu-

nity to experience the practical benefits of IPE.

Conclusion: Although barriers to IPE implementation exist, half of the 

respondents reported having already implemented IPE within their 

curricula.

Interprofessional education (IPE) is defined as a model in which 
students from 2 or more disciplines acquire knowledge from each other 
to generate successful collaboration and improve patient care.1 In 2011, 
the Interprofessional Education Collaborative Expert Panel (IPEC) 
identified 4 core domains of competency: values and ethics, roles and 
responsibilities, teamwork and team-based care, and interprofessional 
communication.2 In 2016, IPEC decided to broaden its interprofessional 
competencies to improve the patient experience of care, improve the 
health of patient populations, and reduce the per capita cost of health 
care.3

The National Accreditation Agency for Clinical Laboratory Sci-
ences (NAACLS) grants public recognition to education programs that 
meet established education standards in the following clinical labora-
tory science disciplines: Medical Laboratory Assistant (MLA), Medical 
Laboratory Science (MLS), Doctorate of Clinical Laboratory Scientist 
(DCLS), Medical Laboratory Technician (MLT), Cytogenetic Technolo-
gist (CG), Diagnostic Molecular Scientist (DMS), Histotechnician (HT), 
Histotechnologist (HTL), Pathologists’ Assistant (Path A), and Phlebot-
omist (Phleb).

IPE is essential for students enrolled in health care professional 
(HCP) educational programs who will transition into clinical settings 
after graduation.4 An explanatory case study published in 20175 re-
ported that students in a clinical laboratory science program at a 
tertiary-care university hospital desire a curriculum that promotes re-
spect, communication, and equality in their field of study. The study 
results also reported that clinical laboratory students felt less valued 
during clinical rotations than students in other HCP programs. IPE ac-
tivities and earlier interactions with other HCPs may help medical lab-
oratory students feel valued.6 Recurrent challenges for IPE integration 
in laboratory science programs are discipline-specific curricula, con-
tent saturation, and difficulties with fully integrating interprofessional 
experiences.5

Medical laboratory scientists and medical laboratory technicians 
play a crucial role in patient outcomes; they are essential in a team-based 
health care approach. They may work in various locations: hospitals, 
clinics, forensic laboratories, public health research laboratories, and 
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pharmaceutical laboratories. According to the United States Bureau 
of Labor, the number of jobs in 2020 for medical laboratory scientists 
and medical laboratory technicians totaled more than 335,500. The 
job outlook for 2020–2030 is expected to grow 11% faster than the 
national average for all occupations.7 Previous research study reports 
have highlighted faculty attitudes and beliefs about IPE among faculty 
members in nursing8,9 and in several allied HCP programs, such as res-
piratory therapy,10,11 nutrition,12 occupational therapy,13 physical ther-
apy,14 and dental hygiene.15

The goals of our research were to assess the inclusion of 
interprofessional education and collaboration in the curricula of 
NAACLS MLS and MLT programs, to determine IPE and collaboration 
attitudes and beliefs among NAACLS MLT and MLS program directors, 
and to identify differences among MLS/MLT programs and program 
directors based on the inclusion of IPE and collaboration in the curricula.

Methods
The target population of this research study was the program directors 
of NAACLS MLS and MLT programs in the United States. Using a Goo-
gle Chrome plug-in called webscraper.io,16 we downloaded a listing of 
all program directors, their names, and their email addresses from the 
NAACLS website.17 The data were filtered to identify only MLS and MLT 
programs. MLT programs are associate degree–level programs only; 
MLS programs can be bachelor’s or master’s degree–level programs. 
Next, we performed data validation. We removed 13 duplicates be-
cause some program directors oversaw MLS and MLT programs. One 
program director was excluded from the survey because the NAACLS 
listed their program as being on administrative probation. The IRB 
office of our institution deemed this study as being exempt (IRB 
#1833916).

Survey Development
A 22-item survey was developed based on an extensive literature review 
and on previously used instruments.8,10–15 Questions were grouped into 
the following 6 sections: Section 1 asked questions about the rank of the 
program directors, their experience teaching, their experience in clin-
ical settings, and the percentage of time they spent on program direc-
tor activities. Section 2 solicited information about degree level, length 
of accreditation, current enrollment, institution type, and the current 
state of IPE in the curriculum. Sections 3 through 5 included questions 
that focused on the current implementation of IPE, the attitudes of the 
program directors toward IPE, and the beliefs of those individuals about 
IPE in the academic setting. Section 6 was created to identify what might 
prevent the implementation of IPE curricula. 

We used Qualtrics XM software to develop the survey and to dis-
tribute it anonymously in January 2022. One reminder email was sent 
out 2 weeks after the initial contact to increase the return rate; the sur-
vey remained open for 5 weeks. The survey took less than 15 minutes 
to complete. Subjects were allowed to skip questions. Partial data were 
collected.

Data Repository and Data Analysis
The dataset18 used in this research is available on the secure cloud-based 
repository Mendeley Data. We used descriptive statistics and cross-
tabulations to analyze the data. Then, we used the Mann-Whitney U 
test to compare the nonparametric questionnaire responses across 

the different subgroups. We collectively reported data from MLS/MLT 
program directors and used SPSS software (IBM) to perform the data 
analysis.

Results
The survey was sent by email to 468 program directors. Four emails were 
returned as undeliverable. A total of 120 program directors completed 
the survey, for a response rate of 25.6%.

Program Director Demographics and Program 
Characteristics
All 120 program directors answered the questions in the demographic 
and program characteristics sections of the survey. TABLE 1 provides 
detailed information about the demographics of the program directors 
and the characteristics of their programs. Of the 62 program directors 
who identified themselves with a rank of associate or full professor, 
36 (58.1%) had already established IPE in their curriculum. Half of 
the respondents (61 [50.8%]) had more than 15 years of teaching ex-
perience, and slightly fewer than half of those people (28 [45.9%]) had 
implemented IPE in their curricula. Almost half of the respondents (57 
[47.5%]) had more than 15  years of clinical experience, and slightly 
fewer than half of those people (26 [45.6%]) had implemented IPE in 
their curricula. 

One-fifth of the respondents (25 [20.8%]) reported working on 
program  director duties during half of their work time. The remain-
ing respondents reported being equally split between working on pro-
gram director duties less than half of their time (48 [40.0%]) and more 
than half of their time (47 [39.2%]).

Half of the program directors whose university awards a 
bachelor’s  level MLS degree (35 [53.8%]) have already implemented 
IPE in their curriculum. Most of the master’s  degree programs (14 
[60.9%]) surveyed have also already implemented IPE in their curricu-
lum. Approximately half of program directors of programs with more 
than 15  years of accreditation (43 [47.3%]) reported that they  have 
already implemented IPE in their curriculum. Programs with more 
than 25 students (50 [41.7%]) have IPE established in their program 
more than half of the time (31 [62.0%]). More than three-quarters of 
respondents (95 [79.2%]) reported being program directors at a pub-
lic institution, and slightly more than half of them (50 [52.6%]) have 
IPE currently implemented in their curriculum. Approximately three-
fourths of respondents (84 [70.0%]) reported that their institution 
is not part of a health care center. Among those respondents, fewer 
than half (35 [41.7%]) already offer IPE in their curriculum. More than 
half of the program directors who have already implemented IPE (25 
[62.5%]) reported having space in the curriculum to teach IPE. In com-
parison, more than half of the program directors who have not already 
implemented IPE (36 [65.5%]) reported not having space in the curric-
ulum to teach IPE.

Using a 5-point Likert scale made up of the options never, rarely, 
most of the time, sometimes, and always, the program directors who 
had already implemented IPE in their curriculum were asked how of-
ten they use 4 instructional methods: case study, clinic, simulation, and 
a  combination of methods to teach IPE. Case study was the method 
selected most often, followed by a combination of methods and simula-
tion. Clinic was often selected rarely or never. More than three-fourths 
of program directors (97 [81.0%]) identified the following barriers to 
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TABLE 1.  Program Director Demographics and Program Characteristicsa

Program Director Demographics (n = 120) Total IPE in Curriculum  No IPE in Curriculum 

Faculty rank    

  Lecture/instructor/adjunct 42 (35.0) 16 (38.1) 26 (61.9)

  Assistant professor 16 (13.3) 5 (31.2) 11 (68.8)

  Associate professor 25 (20.8) 16 (64.0) 9 (36.0)

  Professor 37 (30.8) 20 (54.1) 17 (45.9)

Teaching experience, y    

  <5 13 (10.8) 9 (69.2) 4 (30.8)

  6-10 28 (23.3) 11 (39.3) 17 (60.7)

  11-15 18 (15.0) 9 (50.0) 9 (50.0)

  >15 61 (50.8) 28 (45.9) 33 (54.1)

Clinical experience, y    

  0 2 (1.7) 2 (100) 0

  <5 9 (7.5) 7 (77.8) 2 (22.2)

  6-10 23 (19.2) 11 (47.8) 12 (52.2)

  11-15 29 (24.2) 11 (37.9) 18 (62.1)

  >15 57 (47.5) 26 (45.6) 31 (54.4)

Program Characteristics (n = 120) Total IPE in Curriculum No IPE in Curriculum

Degree levelb    

  Associate MLT 45 (37.5) 16 (35.6) 29 (64.4)

  Bachelor’s MLS 65 (54.2) 35 (53.8) 30 (46.2)

  Master’s MLS 23 (19.2) 14 (60.9) 9 (39.1)

Accreditation, y    

  <5 8 (6.7) 5 (62.5) 3 (37.5)

  6-10 10 (8.3) 5 (50.0) 5 (50.0)

  11-15 11 (9.2) 4 (36.4) 7 (63.6)

  >15 91 (75.8) 43 (47.3) 48 (52.7)

No. of students in program    

  <10 27 (22.5) 10 (37.0) 17 (63.0)

  11-15 16 (13.3) 7 (43.8) 9 (56.3)

  16-20 12 (10.0) 4 (33.3) 8 (66.7)

  21-25 14 (11.7) 4 (28.6) 10 (71.4)

  >25 50 (41.7) 31 (62.0) 19 (38.0)

  Prefer not to answer 1 (0.8) 1 (100) 0

Type of institution    

  Public 95 (79.2) 50 (52.6) 45 (47.4)

  Private 16 (13.3) 4 (25.0) 12 (75.0)

  Other 9 (7.5) 3 (33.3) 6 (66.7)

Is the institution part of a health care center?    

  No 84 (70.0) 35 (41.7) 49 (58.3)

  Yes 34 (28.3) 21 (61.8) 13 (38.2)

  Prefer not to answer 2 (1.7) 1 (50.0) 1 (50.0)

IPE, interprofessional education; MLS, medical laboratory sciences; MLT, medical laboratory technician.
aData are given as No. (%).
bSome programs have multiple degree options; total is >120.
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implementing IPE in their curricula: logistics (77.3%), faculty resources 
(75.3%), curricular alignment and integration (64.9%), funding (58.8%), 
faculty buy-in (46.4%), credit for faculty time (44.3%), administrative 
support (40.2%), assessment of impact of IPE initiatives (18.6%), and 
accreditation limitation (19.6%).

TABLE 2 provides details on the current IPE collaborations of 
MLS and MLT programs surveyed. More than half of the program 
directors (80/117 [68.4%]) who answered the question about collab-
oration reported they would like to see a greater emphasis on IPE in 
their curricula. Among those program directors, approximately half 
(44 [55.0%]) reported they do not have IPE in their curriculum yet, and 
the other half (36 [45.0%]) reported they do. Program directors reported 
having active collaborations with other health care–related programs 
even when IPE has not been formally introduced in their curricula. Spe-
cifically, program directors reported they are currently collaborating 
with the departments of nursing (31 [25.8%]), pharmacy (18 [15.0%]), 
and physical therapy (17 [14.2%]), and the medical school (14 [11.7%]). 
Slightly less than half of program directors (48 [40.0%]) reported they 
do not collaborate with any other program.

Attitudes Towards IPE
TABLE 3 provides details on the attitudes of the program directors 
towards IPE. More than half of respondents somewhat disagreed or 
strongly disagreed (63 [64.3%]) that clinical problem-solving can only 
be learned effectively when students are taught within their individual 
departments or schools. Respondents who already have IPE implemented 
in their programs agreed less with the statement than those who have not 
implemented IPE (P <  .001). More than half of the respondents some-
what agreed or strongly agreed (83 [84.7%]) that learning with students 
in other health care specialties helps MLS/MLT students become more 
effective members of a health care team. Respondents who are already 
offering IPE in their programs agreed more with the statement (P = .02). 
Most of the respondents somewhat agreed or strongly agreed (89 
[90.8%]) that for small groups learning to work together, students 
need to trust and respect each other. Respondents already offering 
IPE in their programs agreed more with the statement (P = .02). Most 
of the respondents somewhat agreed or strongly agreed (90 [91.8%]) 
that implementing IPE will help students think positively about other 
professionals within their curriculum. Respondents already offering 

TABLE 2.  IPE Emphasis and Collaborationa

Opinion ( n = 117) Total IPE in Curriculum No IPE in Curriculum 

Would you like to see a greater emphasis on IPE in your curriculum?    

  Yes 80 (68.4) 36 (45.0) 44 (55.0)

  No 24 (20.5) 13 (54.2) 11 (45.8)

  Prefer not to answer 13 (11.1) 6 (46.1) 7 (53.9)

Current Collaborationb Total IPE in Curriculum No IPE in Curriculum

Which programs do you currently collaborate with?    

  None 48 (40.0) 6 (12.5) 42 (87.5)

  Nursing 31 (25.8) 25 (80.6) 6 (19.4)

  Pharmacy 18 (15.0) 13 (72.2) 5 (27.8)

  Physical therapy 17 (14.2) 14 (82.4) 3 (17.6)

  Medical school 14 (11.7) 13 (92.9) 1 (7.1)

  APPsc 13 (10.8) 11 (84.6) 2 (15.4)

  Respiratory therapy 13 (10.8) 10 (76.9) 3 (23.1)

  Occupational therapy 13 (10.8) 11 (84.6) 2 (15.4)

  Dentistry 4 (3.3) 3 (75.0) 1 (25.0)

  Social work 6 (5.0) 6 (100) 0

  Speech and language 9 (7.5) 8 (88.9) 1 (11.1)

  Dental hygiene 11 (9.2) 9 (81.8) 2 (18.2)

  Prefer not to answer 0 0 0

  Otherd 21 (17.5) 18 (85.7) 3 (14.3)

    Radiology 6 (28.6) 6 (100) 0

    Public health 4 (19.1) 3 (75.0) 1 (25.0)

    Nutrition 3 (14.3) 3 (100) 0

    EMS 3 (14.3) 3 (100) 0

APPs, advanced practice providers; CRNA, certified registered nurse anesthetist; EMS, emergency medical services; IPE, interprofessional education; NP, 
nurse practitioner; PA, physician assistant.
aData are given as No. (%).
bn = 120. Some programs collaborate with multiple programs; total is >100%.
cIncludes PA, NP, CRNA, etc.
dOnly programs that were selected at least 3 times are shown.
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IPE in their programs agreed more with the statement (P = .03). Most 
of the respondents somewhat agreed or strongly agreed (88 [90.7%]) 
that patients would ultimately benefit if health care students worked 
together to solve patient problems by implementing IPE within 
their curriculum. Respondents who are already offering IPE in their 
programs agreed more with the statement (P = .04).

We found no statistically significant difference between program 
directors who have already and those who have not yet implemented 
IPE in their curricula in the answers to the remaining questions re-
lated to attitudes towards IPE. In total, 81 respondents (83.6%) 
selected strongly agreed or somewhat agreed for the question that 
asked whether IPE integration with health care students will increase 
their ability to understand clinical problems. For the question asking 
whether students in MLS programs would benefit from working on 
small group projects with other health care students, 81 respondents 
(82.7%) selected strongly agreed or somewhat agreed. For the ques-
tion of whether IPE will help students to understand their professional 
limitations, 76 respondents (77.6%) selected strongly agreed or some-
what agreed. For the question asking whether communication skills 
should be learned within integrated classes of health care students, 
79 respondents (80.6%) selected strongly agreed or somewhat agreed.

Beliefs About IPE
TABLE 4 provides details on the beliefs of the program directors about 
IPE. More than half of the respondents somewhat agreed or strongly 
agreed (66 [68.8%]) that it is important for the academic health center 
campuses to provide IPE opportunities. Respondents who are already of-
fering IPE in their programs agreed more with the statement (P < .001). 
Half of the respondents somewhat disagreed or strongly disagreed (49 
[51.1%]) that NAACLS should mandate IPE in the CLS curriculum. 
Respondents who are already offering IPE in their programs agreed 
more with the statement (P = .01). Half of the respondents somewhat 
agreed or strongly agreed (48 [50.0%]) that their institutions have the 
resources to implement IPE. Respondents who are already offering IPE 
in their programs agreed more with the statement (P = .01). More than 
half of the respondents somewhat disagreed or strongly disagreed (55 
[57.3%]) with the statement that their program has the resources and 
personnel to teach IPE courses. Respondents who are already offering 
IPE in their programs agreed more with the statement (P = .03).

No statistically significant difference between program directors 
who have already and those who have not yet implemented IPE in 
their curricula was found in the remaining questions related to beliefs 
about IPE. In total, 70 respondents (72.9%) selected strongly agreed 

TABLE 3.  Attitudes of Program Directors Towards IPEa

Statement No. 
Strongly  
Disagree 

Somewhat 
Disagree 

Neither Agree nor 
Disagree 

Somewhat Agree 
Strongly 

Agree 

Clinical problem-solving can only be learned effectively when students are taught 
within their individual department/schoolb

98 20 (20.4) 43 (43.9) 23 (23.5) 8 (8.2) 4 (4.1)

  IPE in curriculum 46 14 (30.4) 22 (47.8) 7 (15.2) 3 (6.5) 0

  No IPE in curriculum 52 6 (11.5) 21 (40.4) 16 (30.8) 5 (9.6) 4 (7.7)

Learning with students in other health care professions helps MLS/MLT students 
become more effective members of a health care teamc

98 1 (1.0) 3 (3.1) 11 (11.2) 29 (29.6) 54 (55.1)

  IPE in curriculum 46 1 (2.2) 0 4 (8.7) 10 (21.7) 31 (67.4)

  No IPE in curriculum 52 0 3 (5.8) 7 (13.5) 19 (36.5) 23 (44.2)

For a small group learning to work together, students need to trust and respect 
each otherc

98 2 (2.0) 2 (2.0) 5 (5.1) 30 (30.6) 59 (60.2)

  IPE in curriculum 46 1 (2.2) 0 1 (2.2) 11 (23.9) 33 (71.7)

  No IPE in curriculum 52 1 (1.9) 2 (3.8) 4 (7.7) 19 (36.5) 26 (50.0)

Interprofessional learning will help students think positively about other HCPsb 98 0 1 (1.0) 7 (7.1) 35 (35.7) 55 (56.1)

  IPE in curriculum 46 0 1 (2.2) 1 (2.2) 13 (28.3) 31 (67.4)

  No IPE in curriculum 52 0 0 6 (11.5) 22 (42.3) 24 (46.2)

Patients would ultimately benefit if health care students work together to solve 
patient problemsc

97 0 3 (3.1) 6 (6.2) 25 (25.8) 63 (64.9)

  IPE in curriculum 46 0 1 (2.2) 0 11 (23.9) 34 (73.9)

  No IPE in curriculum 51 0 2 (3.9) 6 (11.8) 14 (27.5) 29 (56.9)

Interprofessional learning integration with health care students will increase their 
ability to understand clinical problems

97 2 (2.1) 1 (1.0) 13 (13.4) 34 (35.1) 47 (48.5)

MLS students would benefit from working on small group projects with other 
health care students

98 0 6 (6.1) 11 (11.2) 42 (42.9) 39 (39.8)

Interprofessional learning will help students to understand their own professional 
limitations

98 2 (2.0) 2 (2.0) 18 (18.4) 42 (42.9) 34 (34.7)

Communication skills should be learned with integrated classes of health care 
students

98 2 (2.0) 3 (3.1) 14 (14.3) 39 (39.8) 40 (40.8)

HCPs, health care professionals; IPE, interprofessional education; MLS, medical laboratory sciences; MLT, medical laboratory technician.
aData are given as No. (%). 
bStatistically significant at P < .001 between programs that have already IPE in the curriculum and programs that do not.
cStatistically significant at P < .05 between programs that have already IPE in the curriculum and programs that do not.
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or somewhat agreed for the question that asked whether faculty 
should be encouraged to participate in IPE courses. For the question 
asking whether interprofessional courses are logistically difficult, 56 
respondents (58.3%) selected strongly agreed or somewhat agreed. For 
the question asking if IPE efforts require support from campus adminis-
tration, the number was 88 (91.7%). 

In total, 66 respondents (69.4%) selected strongly disagree or 
somewhat disagree for the question asking whether IPE efforts 
weaken program content. For the question asking whether accredi-
tation requirements limit IPE efforts, that number was 37 (39.0%). 
Almost half of the respondents selected the option “neither agree nor 
disagree” for the question of whether faculty members like teaching 
with faculty members from other academic departments (49 [51.6%]) 
and for the question of whether IPE better utilizes resources (40 
[41.7%]).

Conclusion
Overall, the program directors of MLS and MLT programs showed a pos-
itive attitude towards IPE. However, the beliefs about IPE were not ho-
mogeneous. In particular, the program directors were not in agreement 
on how much the accreditation requirements limit IPE efforts, on the 
potential effect of a mandate by NAACLS to offer IPE in the curricula, 
and whether there are current curriculum requirements that could be 
removed to make room for additional IPE. Program directors who have 

not yet implemented IPE in the curriculum may not have had an oppor-
tunity to experience the practical benefits of IPE. 
Also, program directors of MLS and MLT programs reported challenges 
in implementing IPE, while recognizing that IPE is important within 
their curricula. This result is analogous to what respiratory therapy fac-
ulty members have reported in a previous study report.10 As in the re-
port of a previous research study conducted among program directors 
of nutrition programs,12 MLS and MLT program directors believe that 
patients would ultimately benefit if health care students worked to-
gether to solve patient problems. 

More than half of program directors of occupational  therapy 
programs reported13 that they strongly agreed or agreed that the Ac-
creditation Council for Occupational Therapy Education (ACOTE) 
should mandate IPE in the occupational  therapy curriculum. How-
ever, only half of the MLS and MLT program directors in our survey 
disagreed or strongly disagreed that NAACLS should mandate IPE in the 
CLS curriculum, and one-fourth of the respondents neither agreed nor 
disagreed with that statement. MLS and MLT program directors believe 
that some current curriculum requirements could be removed to make 
room for additional IPE education; more of those respondents believe 
this, compared with program directors of physical therapy programs.14 
As in the report of a previous research study conducted among dental 
hygiene faculty members,15 MLS and MLT program directors strongly 
support the idea that faculty members should be encouraged to partici-
pate in IPE courses.

TABLE 4.  Beliefs of Program Directors About IPEa

Statement No. Strongly Disagree 
Somewhat 
Disagree 

Neither Agree nor 
Disagree 

Somewhat Agree 
Strongly 

Agree 

It is important for academic health care center campuses to provide 
interprofessional learning opportunitiesb

96 0 5 (5.2) 25 (26.0) 45 (46.9) 21 (21.9)

  IPE in curriculum 45 0 3 (6.7) 6 (13.3) 20 (44.4) 16 (35.6)

  No IPE in curriculum 51 0 2 (3.9) 19 (37.3) 25 (49.0) 5 (9.8)

NAACLS should mandate IPE in the CLS curriculumb 96 30 (31.3) 19 (19.8) 25 (26.0) 15 (15.6) 7 (7.3)

  IPE in curriculum 45 10 (22.2) 5 (11.1) 16 (35.6) 9 (20.0) 5 (11.1)

  No IPE in curriculum 51 20 (39.2) 14 (27.5) 9 (17.6) 6 (11.8) 2 (3.9)

My institution has the resources to implement IPEb 96 10 (10.4) 24 (25.0) 14 (14.6) 26 (27.1) 22 (22.9)

  IPE in curriculum 45 2 (4.4) 10 (22.2) 4 (8.9) 15 (33.3) 14 (31.1)

  No IPE in curriculum 51 8 (15.7) 14 (27.5) 10 (19.6) 11 (21.6) 8 (15.7)

My program has the resources and personnel to teach IPE coursesc 96 17 (17.7) 38 (39.6) 17 (17.7) 18 (18.8) 6 (6.3)

  IPE in curriculum 45 6 (13.3) 15 (33.3) 8 (17.8) 12 (26.7) 4 (8.9)

  No IPE in curriculum 51 11 (21.6) 23 (45.1) 9 (17.7) 6 (11.8) 2 (3.9)

Faculty should be encouraged to participate in IPE courses 96 0 6 (6.3) 20 (20.8) 49 (51.0) 21 (21.9)

IPE courses are logistically difficult 96 3 (3.1) 15 (15.6) 22 (22.9) 37 (38.5) 19 (19.8)

Faculty members like teaching with faculty members from other academic 
departments

95 0 15 (15.8) 49 (51.6) 28 (29.5) 3 (3.2)

IPE efforts weaken program content 95 33 (34.7) 33 (34.7) 22 (23.2) 6 (6.3) 1 (1.1)

Accreditation requirements limit IPE efforts 95 11 (11.6) 26 (27.4) 30 (31.6) 21 (22.1) 7 (7.4)

IPE efforts require support from campus administration 96 2 (2.1) 1 (1.0) 5 (5.2) 41 (42.7) 47 (49.0)

Certain current curriculum requirements could be removed to make room 
for additional IPE content

96 19 (19.8) 25 (26.0) 22 (22.9) 25 (26.0) 5 (5.2)

IPE better utilizes resources 96 2 (2.1) 13 (13.5) 40 (41.7) 32 (33.3) 9 (9.4)

CLS, clinical laboratory science; IPE, interprofessional education; NAACLS, National Accreditation Agency for Clinical Laboratory Sciences. 
aData are given as No. (%).
bStatistically significant at P < .001 between programs that have already IPE in the curriculum and programs that do not.
cStatistically significant at P < .05 between programs that have already IPE in the curriculum and programs that do not.
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Among other health care professions, MLS and MLT program 
directors reported currently collaborating with the nursing depart-
ment the most. The strong connection with the nursing programs may 
be explained by the fact that the nursing department handles most of 
the specimen collections for the medical laboratory. We also note that it 
appears that programs without IPE have active collaborations with other 
programs, such as nursing, but such collaborations are not considered by 
their program directors to be IPE activities.

We investigated whether there were any statistically significant 
differences in attitudes and beliefs among programs directors of programs 
housed or not housed in health care centers. We only found 1 statistically 
significant difference (P  =  .01) for the belief “My institution has the re-
sources to implement IPE,” with program directors of programs not housed 
in health care centers strongly or somewhat disagreeing (29 [44.6%]) 
more than program directors of programs housed in health care centers 
(5 [16.9%]). We did not observe any statistically significant differences for 
attitudes and beliefs between programs directors of MLS or MLT programs.

This research project has 2 major limitations: the survey response rate 
may not represent all NAACLS program directors, and the findings were 
based on self-reporting. However, we report that a large majority of MLS 
and MLT programs strongly agree or somewhat agree that implementing 
IPE will help students think positively about other professionals within 
their curriculum. Also, more than 50% of the respondents would like to 
see a greater emphasis on IPE in their curricula.
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ABSTRACT

Objective: A nontargeted metabolomics approach was established 

to characterize serum metabolic profile in type 3c diabetes mellitus 

(T3cDM) secondary to chronic pancreatitis and compare with T2DM.

Methods: Forty patients were recruited for metabolite analysis 

based on liquid chromatography-mass spectrometry. Cluster heatmap 

and KEGG metabolic pathway enrichment analysis were used to an-

alyze the specific and differential metabolites. The receiver operating 

characteristics (ROCs) were generated and correlation analysis with 

clinical data was conducted.

Results: Metabolites including sphingosine, lipids, carnitine, bile 

acid, and hippuric acid were found to be different between T2DM and 

T3cDM, mainly enriched in bile acid biosynthesis, fatty acid biosynthe-

sis, and sphingolipid metabolic pathways. The ROCs were generated 

with an area under the curve of 0.907 (95% confidence interval, 0.726–

1) for the model with 15 metabolites.

Conclusion: T3cDM is characterized by increased sphingosine, 

carnitine, bile acid, and most lipids, providing novel biomarkers for 

clinical diagnosis and a future direction in research on pathophysio-

logical mechanisms.

Diabetes due to general pancreatic dysfunction is classified as type 
3c diabetes mellitus (T3cDM) according to the “Standards of Medi-
cal Care in Diabetes” published by the American Diabetes Associa-
tion (ADA) in 2021.1 Various exocrine pancreatic diseases can lead 
to T3cDM, including pancreatitis, pancreatic neoplasia, cystic fi-
brosis, and pancreatectomy. Chronic pancreatitis (CP) is one of the 
leading causes of T3cDM. Two large cohort studies have confirmed 
that postpancreatitis diabetes accounts for 76% to 79% of all cases.2,3 
With the progression of CP, pancreatic endocrine function is im-
paired and leads to disorders of glucose metabolism; about 33% of 
CP patients will develop diabetes within 5  years.4 Currently, there 
are no recognized diagnostic criteria for T3cDM and its pathogene-
sis has not been elucidated, resulting in the misdiagnosis of and con-
fusion with type 2 diabetes (T2DM) in the clinic. The first and only 
proposed diagnostic criteria were published in 2013 by Ewald and 
Bretzel,5 including the evidence of pancreatic exocrine disease, such 
as exocrine insufficiency, and pathological pancreatic imaging as well 
as potential alterations in pancreatic polypeptide or incretin secretion 
and low serum levels of fat-soluble vitamins (A, D, E, and K). How-
ever, these diagnostic criteria still face challenges due to the lack of 
extensive clinical validation. Our previous study identified metabolic 
differences between T2DM and T3cDM through postprandial pancre-
atic and gastrointestinal hormonal responses, but more comprehen-
sive studies are needed to further summarize the metabolic profile of 
T3cDM.6 Recent data showed that the incidence of T3cDM is higher 
than generally thought, and due to the increased risk of pancreatic 
cancer in patients with T3cDM secondary to CP, early diagnosis and 
identification of this group is of great significance.
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Metabolomics focuses on the qualitative and quantitative analysis 
of low-molecular-weight molecules in biological systems, and as the last 
link in the “omics” cascade, it can detect changes in metabolic pathways 
and reveal potential relationships between metabolites and physiologi-
cal or pathological changes, thereby improving understanding of the or-
igin and pathogenesis of the disease.7,8 Significant advances have been 
made in knowledge about pathophysiology of diabetes in recent years, 
benefitted by the application and progress of “omics” sciences.

Evidence had suggested that metabolites such as glucose, fructose, 
lipids, and amino acids are often altered in individuals with T1DM and 
T2DM, and these changes in metabolites are of great importance for 
identifying and analyzing these 2 types.9 The risk for T1DM increases 
with increases in concentrations of phenylalanine and branched-chain 
amino acids (BRAAs), and BRAAs worsen the disease state of T1DM.10 
In addition, increased levels of lysophosphatidylcholine and low-carbon-
number saturated lipids are associated with T1DM.11 In patients with 
T2DM, the levels of BRAAs, aromatic amino acids, sugar metabolites, 
low-carbon lipids, mannose, glucose, and organic acids are increased.12–15 
A genetic risk score (GRS) based on validated single nucleotide variants 
for T2DM was identified between groups with T3cDM and T2DM, but 
the research found that the two types are similar in terms of GRS.16

The early diagnosis of diabetes type and exploration of the potential 
pathophysiological mechanism of T3cDM are beneficial for optimized 
treatment strategies and better patient management. Due to different 
degrees of endocrine and exocrine disorders, metabolic levels of T3cDM 
and T2DM might be different and need to be verified. Therefore, the pur-
pose of this study was to comprehensively investigate the differences 
in metabolites of T2DM and T3cDM by analyzing the changes in their 
serum metabolic profiles and to explore the potentially differential met-
abolic pathways, which can probably provide evidence for identification.

Materials and Methods

Participants and Study Design
In this study, 40 individuals of the Chinese Han population were 
recruited at the Zhongda Hospital of Southeast University, including 
16 patients with T3cDM secondary to CP, 12 patients with T2DM, and 
12 healthy controls. Patients with T2DM were diagnosed according to 
the diabetes criteria from ADA1 and were excluded if they had a history 
of pancreatic exocrine diseases. Those patients who met the diagnostic 
criteria of diabetes after the definite diagnosis of CP were considered 
to have CP-associated T3cDM, and we excluded from the study those 
who were positive for T1DM-related-antibodies or those with potential 
risk factors of T2DM, such as obesity and family history of diabetes. The 
diagnosis of CP was based on clinical symptoms and radiological evi-
dence including pancreatic calcifications, ductal dilatation, and atrophy 
visualized by imaging with computed tomography, magnetic resonance 
imaging, or both.17 CP-associated diabetes was also diagnosed by de-
tection of fasting plasma glucose ≥126 mg dL-1, 2-hour plasma glucose 
≥200 mg/dL-1 during an oral glucose tolerance test, and glycosylated he-
moglobin ≥6.5%, according to ADA criteria. Healthy controls were age- 
and sex-matched with no unexplained upper abdominal pain or history 
of pancreatic diseases.

Blood samples for detection were collected by venipuncture in 
the morning after 8 to 10 hours fasting and centrifuged at 1000 rpm 

for 15  min at 4°C. The supernatants were immediately transferred to 
Eppendorf tubes and stored at −80°C until liquid chromatography-
mass spectrometry (LC-MS) analysis. Detailed clinical information 
on the participants was collected and is summarized in TABLE 1. All 
procedures were conducted in accordance with the Declaration of Hel-
sinki and were approved by the ethics committee of Zhongda Hospital of 
Southeast University (ethics number 2020ZDSYLL114-P01).

Materials and Reagents
Liquid chromatography-mass spectrometry grade chemicals included 
methanol and acetonitrile (A454-4 and A996-4 from Thermo Fisher Sci-
entific), ammonia formate (17843-250G, Honeywell Fluka), and formic 
acid (50144-50ml, DIMKA). Water used in the experiments was obtained 
from a Milli-Q water purification system (Milli-Q Integral, Millipore)

Untargeted Metabolomics
Sample Preparation
After the samples were thawed slowly at 4°C, 100 μL serum sample was 
placed in a 96-well plate and treated with 300  μL extraction solution 
(methanol: acetonitrile = 2: 1, v: v, −20°C precooled). Then, 10 μL inter-
nal standard 1 and internal standard 2 was added and placed at −20°C 
for 2 h after vortex mixing for 1 min. Then the samples were centrifuged 
at 4000 rpm for 20 min at 4°C, and 300 μL of the supernatant was dried 
in a freezing vacuum concentrator (Maxi Vacbeta, Gene Company). Sub-
sequently, 150 μL reconstituted solution (methanol-water=1:1, v/v) was 
added to reconstitute, and followed by 1-min vortex and 30-min cen-
trifugation at 4000 rpm. The supernatant was transferred to vials for 
LC-MS analysis. A quality control (QC) sample was prepared by mixing 
an equal aliquot (10 μL) from all supernatant for the evaluation of re-
peatability and stability of the LC-MS analysis process.

LC-MS Experiments
Metabolic profiling analysis was performed using a Waters 2D UPLC 
(Waters) tandem Q Exactive HF high-resolution mass spectrome-
ter (Thermo Fisher Scientific) system. Chromatographic analysis was 
performed using a BEH C18 column (1.7 μm, 2.1 × 100 mm, Waters). 
A  5-μL aliquot of the prepared sample solution was injected onto a 
BEH C18 column; the flow rate was 0.35 mL/min and the column tem-
perature was set at 45°C. The mobile phase in positive ion mode was 

TABLE 1.  Demographic and Clinical Characteristics of 
Participants

 Control (n = 12) T2DM (n = 12) T3cDM (n = 16) P Value 

Age, y 50 (47, 52) 48 (41.5, 56) 52.5 (40.75, 63.5) .801

Male, n (%) 12 (100) 12 (100) 15 (93.75) .400a

Total cholesterol, mmol/L 5.07 ± 1.08 4.90 ± 1.36 3.80 ± 1.19 .015b

Triglyceride, mmol/L 1.32 (0.96, 1.53) 2.53 (1.08, 4.06) 1.18 (0.83, 1.78) .122

Uric acid, mmol/L 337.08 ± 72.70 402.58 ± 71.71 283.31 ± 116.85 .007c

Glucose, mmol/L 5.77 (4.97, 6.55) 8.16 (6.27, 11.96)7.73 (5.87, 11.63) .018d

T2DM, type 2 diabetes mellitus.
aUsing Fisher’s Exact test
bT3cDM group showed statistical difference compared with T2DM and 
healthy controls, P < .05.
cExisting statistical difference between T2DM and T3cDM, P < .05
dExisting statistical difference between T2DM and healthy controls, 
P < .05.
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an aqueous solution containing 0.1% formic acid (liquid A) and 100% 
methanol containing 0.1% formic acid (liquid B). The mobile phase in 
negative ion mode was an aqueous solution containing 10 mM ammonia 
formate (liquid A) and 95% methanol containing 10 mM ammonia for-
mate (liquid B). The following gradient was used for elution: 0 to 1 min, 
2% liquid B; 1 to 9 min, 2%~98% liquid B; 9 to 12 min, 98% liquid B; 12 
to 12.1 min, 98% to 2% liquid B; and 12.1 to 15 min, 2% B solution. The 
Q Exactive HF mass spectrometer (Thermo Fisher Scientific) was used 
for primary and secondary mass spectral data acquisition. The mass-to-
nuclear ratio range for mass spectrometry scanning was 70 to 1050, the 
first-order resolution was 120,000, the AGC was 3e6, and the maximum 
injection time was 100 ms. According to the precursor ion intensity, the 
top 3 were selected for fragmentation and secondary information was 
collected. Secondary resolution was 30,000, AGC was 1e5, and maxi-
mum injection time was 50  ms. The optimal analysis conditions were 
set as follows: fragmentation energy (stepped nce), 20, 40, 60 eV; ion 
source (ESI) parameter settings, sheath gas flow rate: 40, auxiliary gas 
flow rate: 10, spray voltage (| KV |): 3.80 in positive mode and 3.20 in 
negative mode; ion transfer tube temperature (capillary temp): 320°C; 
auxiliary gas heater temperature (auxiliary gas heater temp): 350°C. The 
samples are randomly sorted where QC samples were interspersed every 
10 samples to reduce system errors and provide more reliable experi-
mental results.

Data Processing and Statistics Analysis
Statistical analyses for baseline information were performed using the 
SPSS statistical package version 23.0. All continuous variables were re-
ported as mean ± standard deviation, and categorical variables were 
expressed as percentages. Student’s t-test or the Mann-Whitney U test 
were used as appropriate to analyze the continuous variables, and the χ 2 
test was used to compare the related demographic data involved in the 
study. P < .05 was considered statistically significant.

Metabolite Identification and Metabolite Pathway 
Analysis
This project applied liquid chromatography-tandem mass spectrom-
etry technology for nontargeted metabolomics analysis and used a 
high-resolution mass spectrometer Q Exactive HF (Thermo Fisher Sci-
entific) to collect data in 2 modes, positive and negative, for improving 
metabolite coverage. Compound Discoverer 3.0 (Thermo Fisher Sci-
entific) software was used for data processing, mainly for peak ex-
traction, peak alignment, and compound identification. Metabolite 
identification combined multiple databases of BGI Library, mzCloud, 
and ChemSpider (HMDB, KEGG, LipidMaps). MetaboAnalyst 5.0 and 
the metabolomics information analysis process were used for data 
preprocessing, statistical analysis, metabolite classification annota-
tion, and functional annotation. Principal component analysis (PCA) 
was used to reduce the dimensionality of multivariate raw data for 
analysis of the groups, trends (similarity and difference within and be-
tween sample groups), and outliers of the observed variables in the 
data set. The variable important for the projection (VIP) values of 
the first 2 principal components of the partial least squares method-
discriminant analysis (PLS-DA) model were used in combination with 
the fold change (FC) and Student’s t-test to screen for differential 
metabolites. Volcano plot, cluster heat map, and metabolic pathway 
enrichment analysis were used for visual display of differential metab-

olism. The area under the curve (AUC) was used to assess the predictive 
potential individually and in combination.

Results

Data Quality Assessment
The QC samples were added to the project to monitor the whole ex-
periment, which equilibrated the chromatography-mass spectrometry 
system before the sample was tested and evaluated the stability of the 
system during the sample test. The onboard QC sample set was derived 
from the same sample, and we used 3 visualization methods includ-
ing base peak chromatogram (BPC), PCA, and coefficient of variation 
(CV). The overlapped BPC of all QC samples showed that the spectrum 
overlapped well and the retention time and peak response intensity 
fluctuated little, indicating that the instrument was in good condition 
throughout the sample detection and analysis process and the signal 
was stable. During the experiment, QC samples were measured and PCA 
analysis was performed on the QC samples and the tested samples. The 
results showed that the QC samples formed a cluster and the measured 
samples did not have a significant shift, thus confirming that our me-
tabolomics data have good repeatability and stability. A QC group with 
60% of ions with a CV of less than 30% was considered satisfactory in 
our analysis.

Multidimensional Statistical Analysis of Metabolic Data
Metabolomic Data Analysis among Healthy Participants, 
T2DM, and T3cDM
Intergroup PCA and PLS-DA analysis.—Before analysis, the original 
data was normalized. The effects before and after normalization are 
shown in FIGURE 1.

There were a total of 2345 compounds with identification in-
formation in positive mode and 707 in negative mode identified by 
LC-MS. After cubic root transformation and Pareto scaling, PCA was 
performed, which reflected the metabolic differences among the 3 
groups and the variabilities in each group. The variance explained by 
principal components (PCs) is shown in FIGURE 2A, which showed the 
accumulated variance explained by PC1 to PC5. As shown in FIGURE 
2B, the separation trend was not clear on the PC1 and PC2 dimension 
chart; additionally, the 3-dimensional score plot exhibited a separation 
trend between T2DM and T3cDM, indicating that the serum metabolic 
profiles of the 2 groups were different.

Unlike PCA, PLS-DA is a supervised multidimensional statis-
tical method, which can reflect the differences between classifica-
tion groups to the greatest extent, and clearly distinguished the 
3 groups in this study (FIGURES 2C and 2D). The model was 
evaluated by monitoring the interpretation ability and predictive 
ability values. The classification performance with different num-
bers of components is shown in FIGURE 2E, indicating that 3 to 
5 components were better in distinguishing the serum metabolome 
among 3 groups by PLS-DA.

Identification of differential metabolites among the 3 groups.—The 
VIP scores were calculated to measure the impact strength and explan-
atory capability of each metabolite pattern on the classification and dis-
crimination of each group, thereby assisting the screening of metabolic 
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markers. The metabolites with VIP>2 are shown in FIGURE 2F,  
with red and blue representing upregulated and downregulated 
metabolites, respectively.

One-way ANOVA and Fisher’s least significant difference method 
were applied for exploratory data analysis. The important results 

identified by ANOVA analysis are shown in FIGURE 3A, with the 
details supplemented in TABLE S1. There were 28 significant differen-
tially expressed metabolites with P values lower than .005. Addition-
ally, heatmap analysis of the top 50 differential metabolites is shown in  
FIGURE 3B.

FIGURE 1.  Box plots and kernel density plots before (A) and after (B) normalization. The boxplots show at most 50 features 
due to space limitation. The density plots are based on all samples. Selected methods: row-wise normalization: N/A; data 
transformation: cubic root transformation; data scaling: Pareto scaling.
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FIGURE 2.  A, Scree plot shows the variance explained by principal components (PCs). The top line on top shows the 
accumulated variance explained; the bottom line underneath shows the variance explained by individual PC. B, Principle 
component analysis (PCA) scores plot between the selected PCs. The explained variances are shown in brackets. C, Partial 
least squares method-discriminant analysis (PLS-DA) score plot between the selected PCs. The explained variances are shown 
in brackets. D, PLS-DA 3D score plot between the selected PCs. The explained variances are shown in brackets. E, PLS-DA 
classification using different number of components. The asterisk indicates the best classifier. F, Important features identified 
by PLS-DA. The colored boxes on the right indicate the relative concentrations of the corresponding metabolite in each group 
under study. Ctrl, control; T2DM, type 2 diabetes mellitus; T3cDM, type 3c DM.
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FIGURE 3.  A, Important features selected by one-way ANOVA with threshold 0.01. The red circles represent features above 
the threshold. Note the P values are transformed by -log10 so that the more significant features (with smaller P values) will be 
plotted higher on the graph. B, Clustering result among 3 groups shown as heatmap (distance measure using Euclidean and 
clustering algorithm using ward D).
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Metabolomic Data Analysis Between Type 2 and Type 3c 
Diabetes
Identification of differential metabolites between type 2 and type 3c di-
abetes.—We further analyzed differentially expressed metabolites be-
tween T2DM and T3cDM. Fold change and t-tests were applied to obtain 
information on important metabolites. First, the top 50 most important 
metabolites were selected for enrichment analysis (FIGURE 4A). The dif-
ferential metabolites selected by volcano plot are shown in FIGURE 4B. 
The top 50 features identified by FC analysis are shown in TABLE S2 in 
detail. As shown by the bar chart in FIGURE 3C, the pathways of dif-
ferential metabolites were mainly enriched in bile acid biosynthesis, beta 
oxidation of very long chain fatty acids, alpha linolenic acid and linolenic 
acid metabolism, fatty acid biosynthesis, and sphingolipid metabolism.

Biomarkers for distinguishing T3cDM from T2DM.—Preliminarily, the 
area under the receiver-operating characteristic (ROC) curves of the top 
50 individual biomarkers were calculated, and they ranged from 0.75 to 
0.932 (TABLE S3). N-arachidonoyl-L-serine (ARA-S) was identified as 
the most significant metabolite with an AUC of 0.932 (0.807–0.99), which 
increased in T3cDM and decreased in T2DM (FIGURES 4D-4E). There-
after, the multivariate exploratory ROC curve analysis was used to eval-
uate the performance of biomarker models created through automated 
important feature identification. Support vector machines were applied 
for the ROC curves of 5, 10, 15, 25, 50, and 100 biomarkers model based 
on the average cross-validation performance (FIGURE 4F). According to 
the ROC curves, the combinations of 15 to 100 different biomarkers in 
multivariate models have discriminative power. The AUC for the model 
with 15 metabolites was 0.907 (95% confidence interval, 0.726–1), and 
the most important features of the selected model were ranked from 
most to least important (FIGURE 4G). The predictive accuracies of dif-
ferent features, shown in FIGURE 4H increases with the number of in-
cluded metabolites. Based on the model with 15 metabolites, only 1 out 
of 12 T2DM samples were wrongly classified as T3cDM, whereas 2 out of 
16 T3cDM samples were misclassified as T2DM (FIGURE 4I).

Correlation Analysis Between Differential Metabolites and 
Clinical Data
We also analyzed correlations between differential metabolites and the 
clinical data of T2DM and T3cDM (FIGURES 5A and 5B). Hippurate is 
inversely correlated with fasting serum glucose levels and total bile acid 
(TBA), and is positively correlated with uric acid in both types of diabetes. 
Glycochenodeoxycholate and glycocholate are both positively correlated 
with serum total bilirubin (TBIL), TBA, alanine aminotransferase (ALT), 
and aspartate aminotransferase (AST). Glycocholic acid and glycocholate 
are associated with liver dysfunction and impaired bile excretion, which 
showed significant correlation with ALT, AST, and TBA. The correlations 
between L (-) carnitine and mean corpuscular volume, mean corpuscular 
hemoglobin, TBIL, and direct bilirubin differ between T2 and T3, which 
showed significantly positive correlation in T2DM and negative correla-
tion in T3cDM. Similarly, L-proline exhibited a positive correlation with 
neutrophile granulocyte, lymphocyte, and monocyte counts in T2DM, 
and a negative correlation with T3cDM.

Discussion
As an important metabolic disease, diabetes is closely related to a 
variety of metabolite disorders. Our study explored the metabolite 

differences among T3cDM, T2DM, and healthy controls and ranked the 
important features that can be used to differentiate T2DM and T3cDM, 
providing areas for subsequent research in diagnosis and mechanisms 
of T3cDM.

Through the LC-MS/MS method, we initially identified sev-
eral metabolites significantly differently expressed among healthy 
participants and those with T2DM and T3cDM, including hippuric 
acid, bile acid, and choline. According to the VIP score analysis of the 
3 groups, hippurate was the most important metabolite, highest in 
the healthy group and lowest in the T3cDM group. Hippurate has been 
found to be positively associated with microbial diversity and negatively 
associated with visceral fat mass, blood pressure, and nonalcoholic fatty 
liver disease, suggesting its potential role in metabolic health.18–21 Re-
cently, hippurate was shown to increase insulin-positive β cell mass and 
improve glucose homeostasis,22 which can be supported by our finding 
of a positive correlation between hippurate and serum glucose levels. 
As a marker of metabolic health, a reduced level of hippurate in T3cDM 
may indicate worse glucose metabolism. Bile acids (BAs) play a vital role 
in promoting digestion, absorption, and excretion of dietary lipids and 
are involved in several cellular signaling pathways, such as the inflam-
matory, activating apoptotic, and carcinogenic signaling pathways.23–25 
Dysfunction of lipid metabolism is a major risk factor for T2DM, 
which has shown to be modulated by BAs via the signaling effect. It 
has been demonstrated that deoxycholic acids (DCAs) are significantly 
decreased in T2DM patients compared with healthy controls.26 Our re-
search showed a lower concentration of DCAs in T3cDM, suggesting 
the possibility that the pathophysiology of T3cDM may also be affected 
by alteration in BA synthesis. Choline is the nutrient in one-carbon me-
tabolism, which has been suggested to be associated with obesity by 
increasing evidence.27,28 Recent study confirmed a positive relationship 
between higher plasma choline and higher fat mass or body weight.29 
Our results showed an elevated concentration of choline in T2DM but 
lower levels in T3cDM, which can be explained by T2DM being often as-
sociated with obesity, whereas T3cDM often accompanies CP-induced 
weight loss.

Subsequently, we identified the differential features between 
T2DM and T3cDM, which are mostly metabolites enrichened in bile 
acid biosynthesis, beta oxidation of very-long-chain fatty acids, alpha 
linolenic acid and linolenic acid metabolism, fatty acid biosynthesis, 
and sphingolipid metabolism. Elevated lipid profiles were presented by 
the T3cDM group and constituted the first major differential features 
of T2DM/T3cDM-related metabolites. We identified ARA-S as one of 
the most important metabolites in distinguishing T3cDM from T2DM, 
with an AUC of 0.932. ARA-S is regarded as an endocannabinoid-
like lipid, which acts as a proangiogenic factor and a vasorelaxant30 
with proneurogenic and neuroprotective properties.31 Subjects with 
T3cDM exhibited much higher concentrations of ARA-S, which may 
be attributed to its function in the protein phosphorylation of several 
signal transduction pathways of chronic inflammation and fibrosis in 
the pancreas.32

Furthermore, we found elevated sphinganine (SFA) and 
D-sphingosine (SFO) levels in individuals with T3cDM. Sphingo-
lipid dysregulation has been reported in T2DM, indicating decreased 
levels of SFA and SFO in T2DM compared with healthy controls.33 By 
constructing a caerulein-induced acute pancreatitis (AP) model, it was 
found that the ceramide de novo synthesis pathway was characterized 
by remarkably increased SFA (the precursor of ceramide synthesis), 
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FIGURE 4.  A, Heatmap of significantly different metabolites of type 2 diabetes mellitus (T2DM) and type 3c DM (T3cDM) groups 
(distance measure using Euclidean and clustering algorithm using ward D). B, Volcano plot of significantly different metabolites 
between T2DM and T3cDM. The x-axis is log2 (fold change), y-axis is -log10 (P value). C, The metabolites sets enrichment 
overview. D, The receiver operating characteristic (ROC) curve of an individual biomarker. The sensitivity is on the y-axis, and 
the specificity is on the x-axis. The area under the curve is in blue. Selected individual biomarker name: N-arachidonoyl-Lserine 
(ARA-S). E, Box plot of the concentrations of the selected feature between 2 groups within the dataset. F, Plot of ROC curves 
for all or a single biomarker model based on its average performance across all Manufacturers Council of the Central Valley 
(MCCV) runs. For a single biomarker, the 95% confidence interval can be computed and will appear as a band around the 
ROC curve. G, Plot of the most important features of a selected model ranked from most to least important, selected model 
including 15 metabolites. H, Plot of the predictive accuracy of biomarker models with an increasing number of features. The 
most accurate biomarker model will be highlighted with a red dot. I, Plot of predicted class probabilities for all samples using 
a single biomarker model. Due to balanced subsampling, the classification boundary is at the center (x = 0.5, dotted line), 
selected model including 15 metabolites.
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FIGURE 4.  (cont)
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FIGURE 5.  Correlation analysis between differential metabolites and clinical data in T2DM (A) and T3cDM (B).

FIGURE 4.  (cont)
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SFO, or sphingosine-1-phosphate (S1P), which may protect against 
AP complications.34 Also, of interest, SFO and S1P were elevated in 
pancreatic carcinoma with nodal disease, but unfortunately there has 
been no related research on CP or T3cDM patients so far. Disorders of 
fatty acid metabolism are related to many chronic diseases (obesity,35 
T2DM,36 inflammation37) and the abovementioned diseases nonal-
coholic fatty liver and AP.38 Palmitoleic acid was positively associated 
with homeostasis model assessment of insulin resistance and C-peptide 
concentration in T2DM regardless of region and race.39–41 Although 
higher levels of gamma-linolenic acid and dihomo-γ-linolenic acid have 
been identified in CP patients,42 elevated concentrations of palmitoleic 
acid were detected in the T3cDM group for the first time, and the re-
lated mechanism involved needs further exploration. Carnitine has 2 
enantiomers: L- and D-carnitine, but only L-carnitine has physiological 
activity. Endogenous carnitine is distributed mostly in cardiac and skel-
etal muscle (98%) and only 1% within plasma. As low available carnitine 
may lead to impaired glucose tolerance, carnitine supplementation may 
improve metabolic flexibility in an impaired glucose tolerance group.43 
A significant protective effect of L-carnitine was verified in an AP model 
by adjusting the balance of oxidants/antioxidants and modulating the 
nitric oxide and myeloperoxidase systems.44 A positive association was 
identified between cardiovascular disease risk in T2DM and increased 
acylcarnitine metabolites (decanoylcarnitine, lauroylcarnitine),45 and 
lauroylcarnitine was related to alteration of proinflammatory metabo-
lite and mitochondrial dysfunction.46 Our results show that carnitine 
was higher in T3cDM than T2DM, which could provide a direction for 
future research after verification.

Recent research in White persons described 5 major metabolites 
that differed between T2DM and T3cDM, including L-tryptophan, 
palmitoylcarnitine, 7-HOCA, lysoPE (22:6), and biliverdin.47 These 
metabolites were thought to be related to insulin resistance and have 
certain diagnostic value for new onset T2DM. However, the T2DM 
patients enrolled in our study had a diabetic course of 3 to 5 years, were 
mainly characterized by β-cell dysfunction, and insulin resistance was 
not obvious. Different stages of diabetes may be the cause of metabolic 
difference. Furthermore, our study was based on an Asian population, 
and the metabolites may be affected by race, living environment, and 
habits. As there were no baseline characteristics of participants showed 
in previous research, we suspect that the difference is due to different du-
ration of diseases and race. Our work explored metabolic characteristics 
in T3cDM using the nontargeted metabolomic approach and compared 
healthy controls and persons with T2DM. Several metabolites involving 
sphingolipid metabolism, BAs, and fatty acid biosynthesis were discov-
ered. The combination of 15 to 100 different biomarkers in multivariate 
models deliver discriminative results, with AUC ranging from 0.907 to 
0.966, and the predictive accuracy with 15 features was 81.3%.

However, there are several limitations to our study. First, due to the 
relative low prevalence of CP and T3cDM, the sample size enrolled in 
the study is small. Males account for the majority in our samples, and 
some metabolites may be affected by sex-specific hormones. Also, the 
onset of diabetes in the diabetic participants was within 5 years, which 
may not represent the metabolic characteristics of the long-term diabe-
tes population.

In conclusion, this cross-sectional study identified SFA, SFO, 
carnitine, choline, hippuric acid, and bile acid to be significantly dif-
ferent between T2DM and T3cDM and generated ROC curves for diag-
nosis based on differential metabolites. These differential metabolites 

are mainly enriched in bile acid biosynthesis, beta oxidation of very-
long-chain fatty acids, alpha linolenic acid and linolenic acid metabo-
lism, fatty acid biosynthesis, and sphingolipid metabolic pathways and 
are closely related to clinical indicators reflecting liver and gallbladder 
function. Further targeted verification in a larger population could pro-
vide biomarkers for diagnosis and identification of CP-related T3cDM. 
Our results encourage further work to elucidate the pathophysiological 
mechanisms.
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ABSTRACT

Objective: Failure mode and effects analysis (FMEA) was used to 

identify factors that contribute to quality management deficiencies in 

laboratory testing of emergency complete blood count (CBC).

Methods: Improvements included instrument updates, personnel 

training, and laboratory information system optimization. We used op-

erational data from January 2021 (control group) and January 2022 

(FMEA group) to compare the risk priority number (RPN) of FMEA, 

emergency CBC laboratory turnaround time (TAT), error report rate, 

and specimen failure rate.

Results: After the implementation of FMEA, the average RPN dropped 

from 36.24 ± 9.68 to 9.45 ± 2.25, (t = 20.89, P < .05). Additionally, the 

median TAT for emergency CBCs decreased from 23 min to 11 min 

as did the interquartile distance (17-34 min to 8-16 min) (P < .05). The 

rate of emergency CBC error reports decreased from 1.39% to 0.71% 

(P  < .05), and the specimen failure rate decreased from 0.95% to 

0.32% (P < .05). Patient satisfaction also increased from 43% to 74% 

(P < .05), and the technician-performed morphology assessment pass 

rate increased from 16.7% to 100% (P < .05).

Conclusion: Improving the emergency CBC testing process with 

FMEA can shorten emergency CBC laboratory TAT and reduce 

specimen failure rates and reporting error rates. The FMEA can be 

used to improve quality management in emergency CBC laboratories.

Emergency complete blood count (CBC) analysis is commonly requested 
during emergency medical care. Indicators such as hemoglobin, neutrophils, 
monocytes, and eosinophils can reflect early signs of many systemic 
diseases such as leukemia, anemia, systemic lupus erythematosus, tuber-
culosis, and acute aortic syndrome among others.1–6 A CBC is usually the 
initial test of choice in emergency pediatric settings to differentiate between 
bacterial and viral infections.7 Recent studies have shown that CBCs also 
have had an early warning effect during the global COVID-19 pandemic.8–10 
Timely and correct reporting is the basis for reliable medical disposition,11 
and establishing correct and effective laboratory quality indicators is the key 
to ensuring that test reports are timely and correct.

Quality indicators are one of the tools for quantifying the quality of a 
certain aspect of a laboratory’s services. The International Organization 
for Standardization (ISO) 15189:2012 guidelines state “[L]aboratories 
should establish quality indicators to monitor and evaluate the key links 
in the pre-test, inspection and post-test process.” The Chinese Health and 
Family Planning Commission issued 15 medical quality control indicators 
for clinical laboratory specialties (2015 edition). Using these 15 indicators 
combined with the characteristics of our laboratory, we selected 9 of them 
as the quality indicators for this emergency CBC laboratory. They are the 
specimen failure rate in the pretest process, laboratory turnaround time 
(TAT) during inspection, error reporting rate in the posttest process, and 
the rates of specimen type error, container error, specimen loss, specimen 
coagulation, hemolysis, and insufficient collection, which are the main 
reasons for specimen failure. Quantitative assessment of the errors in the 
entire process of testing was carried out using the above indicators. Al-
though the use of quality indicators can help laboratories quantify and 
monitor risks throughout the workflow of emergency CBCs, the guidelines 
of ISO and the Chinese Health and Family Planning Commission do not 
provide specific methods for risk identification and management.

Failure mode and effects analysis (FMEA) is a management tool that 
proactively identifies potential failures and assesses their causes and 
effects, thereby preventing their occurrence.12–14 Liu et al14 showed that 
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FMEA has high utility in improving health care quality and reducing errors, 
and this method has already been widely used to improve health  care 
processes in hospitals, including clinical practices15 such as chemother-
apy,16 pediatrics,17 intensive care,18 paramedical technology,19,20 repro-
ductive health medicine,21 hospital infection control,22 and others.

The FMEA has been successfully used to improve the quality of 
various clinical procedures and processes in hospital systems; how-
ever, its specific application to quality management in emergency CBC 
laboratories is rare, and it is not very common to use FMEA for process 
improvement to optimize laboratory quality management. At the same 
time, owing to the diversity of laboratory test lists and the consideration 
of time and effort costs, it is not easy to conduct extensive laboratory 
quality management assessments in this way. Therefore, we used emer-
gency CBC as an example to conduct an FMEA study. The objective of 
this study was to (1) evaluate the effectiveness of improving emergency 
CBC quality management by applying the FMEA model, (2) identify im-
provement measures, and (3) provide a reference for quality manage-
ment in other laboratories.

Materials and Methods

General Materials
The study was conducted at a 1700-bed general tertiary hospital in 
China. The selected emergency laboratory was certified by ISO15189 
in 2014. We used operational data from all emergency CBC samples 
tested in emergency laboratories in January 2021 as the control group 
(n  =  9680) and the same data in January 2022 as the FMEA group 
(n = 10,352). The FMEA improvement period was from February 2021 
to December 2021. The data were obtained from the Emergency Lab-
oratory Information System (LIS). Some emergency CBCs appeared in 
combination with C-reactive protein (CRP) level testing in the report. 
The original emergency CBC testing instrument was the BC 6800 Auto 
Hematology Analyzer (Mindray), which was replaced by the XN-2000 
Hematology Analyzer (Sysmex) as part of the improvements. The CRP 
detection instrument used was the Aristo Specific Protein Analyzer 
(Goldsite), which was replaced by the PA990pro Specific Protein Ana-
lyzer (Lifotronic) after improvement. The study was approved by the 
hospital review board.

FMEA Team Formation
The FMEA team was multidepartmental, consisting of 6 people—1 labo-
ratory director, 1 FMEA guidance expert, 1 laboratory quality statistical 
analyst, 2 resident personnel of the emergency laboratory, and 1 speci-
men recipient—who were key to emergency CBC quality management. 
Under the auspices of the director, the FMEA guidance expert trained 
team members on FMEA models. The department regularly held FMEA 
meetings to analyze the quality defects in the emergency CBC process 
from reception to reporting, assessing risks, summarizing the causes, 
formulating improvement measures, and supervising implementation.

FMEA Analysis
Team members listed all the steps of emergency CBC analysis in detail, 
beginning from receipt of the sample in the laboratory to the issuance 
of the report, which was divided into receipt of specimen, preinspection 
processing, instrument testing, and final report based on the time re-
corded by the LIS (FIGURE 1). By consulting the literature and the 

process characteristics of our hospital’s emergency CBC,23,24 we listed 
6 failure modes in the emergency CBC testing process that could cause 
quality defects, which were specimens not being processed in a timely 
manner after receipt, many unqualified specimens, congestion during 
peak periods, the instrument running slowly, reports not being sent in 
a timely manner, and error reporting. We discussed and analyzed the 
causes and outcomes of the failures, then scored them based on the se-
verity (S), probability of occurrence (O), and fault detection (D), and 
summarized the scores of the 6 members, expressed as averages. To re-
duce subjective errors, we developed the scoring criteria of O, S, and D 
after discussion (TABLE 1). Based on the International Joint Commis-
sion guidelines of 2010,21 the risk priority number (RPN) was calculated 
as O × S × D. Finally, the risk was sorted according to the RPN, and the 
risks of failure were positively correlated with the RPN. Referring to the 
characteristics of this scoring and the introduction of the literature, we 
determined that an RPN ≥30 indicated a high-risk factor and prioritized 
a failure mode above S ≥4 for improvement; if the RPN <30, but any 
of the values in O or D ≥4, the factor was also considered to be high 
risk.25–27 According to the above rules, 6 failure modes were found in 
need of improvement. The risks from highest to lowest were as follows: 
the instrument running slowly, many unqualified specimens, congestion 
during peak periods, error reporting, specimens not being processed in 
a timely manner after receipt, and reports not being sent in a timely 
manner (TABLE 2).

FMEA Improvement Process

1.	 The instrument runs slowly (RPN: 46.24; S:4.00; O:4.33). This ex-
tended the laboratory TAT because of the high failure rate of CRP 
instruments; a single CBC instrument could not meet the daily 
workload. We therefore purchased the Sysmex blood routine as-
sembly line, including 2 CBC detectors, a fully automatic staining 
instrument. We also updated and added 2 CRP detectors for al-
ternative use to reduce failure rate.

2.	 There are many unqualified specimens of quality (RPN: 40.35; 
S:4.00; O:4.33). Here, the cause of the failure was the un-
qualified quality of specimens caused by insufficient phle-
botomy skills. We created a phlebotomy training plan for 
all phlebotomists who had been trained and assessed every 
6  months and set a monthly quality target for each phlebot-
omist. We then publicized the completions of the target. The 
Medical Department conducts a quarterly phlebotomy skills 
satisfaction survey.

3.	 Congestion during peak periods (RPN: 37.28; S:4.00; O:4.00), the 
failure was due to high specimen volume during peak periods; 
therefore, we increased the emergency laboratory staff during 
peak times (9:00 to 11:00 AM, 4:00 to 6:00 PM).

4.	 Error reporting (RPN: 21.36.28; S:4.00; O:2.67). Here, the cause 
of the failure was unfamiliar reporting rules. In response, we set 
the blood routine reexamination rules in the LIS: a report that 
does not trigger the reexamination rules is automatically sent 
by the system, the report that triggers the reexamination rules 
is sent after manual review, and the difficult results (such as 
leukemia) that cannot be automatically classified by the instru-
ment are manually classified by microscopy. We also created a 
blood cell morphology training plan with a teaching group, and 
the morphology experts in the department served as teachers. 
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Monthly morphology training and quarterly assessments were 
planned for young employees with less than 5 years of seniority, 
and employees with 5 to10 years of seniority who had a certain 
morphological foundation were scheduled to be evaluated every 
6 months. We set the qualifying score at 90 points. Employees 

could stop the morphological assessments in advance if they 
passed the assessments 4 times in a row.

5.	 Failure to process promptly after receipt (RPN: 24.56; S:2.83; 
O:4.00). This failure was caused by the fact that the specimen 
acceptance site was located at a distance from the laboratory, 
resulting in the extension of the reporting TAT. The improvement 
measures we took consisted of relocating the sampling site and 
setting up sampling points in the laboratory to shorten the time 
from specimen sampling to testing.

6.	 Reports are not sent in a timely manner (RPN: 16.98; S:1.50; 
D:4.00). This failure was due to the large workload in the emer-
gency laboratory, resulting in the extension of the laboratory 
TAT. To improve this, we set up a TAT reminder service on LIS to 
remind laboratory personnel to prioritize the processing of long 
reports of the TAT.

Finally, the team members then developed an emergency CBC test 
standard operating procedure based on the improvement measures for 
performance. Emergency department personnel were required to op-
erate strictly according to these standardized procedures. These FMEA 
improvements were implemented between February 2021 and Decem-
ber 2021, followed by a second round of FMEA analysis of emergency 
CBC quality management in January 2022.

Evaluation
The RPN and changes in laboratory TAT were used to assess changes in 
processes before and after improvement. The specimen failure rate and 
the satisfaction of phlebotomy skills were used to evaluate phlebotomy 
skills; the error reporting rate and morphological assessment pass rate 
were used to evaluate the reporting ability.

FIGURE 1.  Emergency complete blood count laboratory turnaround process.

TABLE 1.  Scoring of Factors That Influence the Failure 
Modes and Effects Analysis Performance

Score Description 

Occurrence (O)

  1 Rarely occurs

  2 Occurs quarterly

  3 Occurs monthly

  4 Occurs daily

  5 Occurs continuously

Severity (S)

  1 No effect; processing time <5 min

  2 Minor; processing time 5-10 min

  3 Major; processing time 10-15 min

  4 Serious; processing time 15-30 min

  5 Very serious; processing time >30 min

Detection (D)

  1 When blood is drawn

  2 Specimen collection phase

  3 Before instrument testing

  4 Inspection before report is issued

  5 Unable to detect
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RPN
After the FMEA improvement, we obtained the RPN in the same way as 
before the improvement.

Laboratory TAT
We divided TAT into 4 subdivisions: (1) laboratory TAT, which was 
clock started when the specimen reached the laboratory and was first 
accessioned by the LIS and clock stopped when the result was finalized 
in the LIS; (2) peak hour TAT, that is, the laboratory TAT during the 
maximum specimen volume time period (9:00 to 11:00 AM, 4:00 to 6:00 
PM); (3) single doctor’s order TAT, which means a laboratory TAT that 
only contains a single item of the emergency CBC in the medical order; 
and (4) combination doctor’s order TAT, which refers to the laboratory 
TAT, including emergency CBC and CRP level testing. We used median 
and interquartile range (IQR) to describe the changes in TAT before and 
after FMEA.

Error Report Rate
The error report rate was the number of emergency CBC error reports 
recovered by LIS divided by the total number of emergency CBC 
specimens in the month.

Specimen Failure Rate
The specimen failure rate is considered the number of rejected specimens 
divided by the total number of emergency CBC specimens in the month. 
The reasons for failure were divided into specimen type error, container 
error, specimen loss, hemolysis, coagulation, and insufficient collection 
amount, and the proportion of rejection reasons was compared.

Phlebotomy Skills Satisfaction
A questionnaire was compiled by the hospital medical department and 
distributed to patients every quarter. The satisfaction level was divided 
into unsatisfactory, average, satisfactory, and very satisfied. The con-
tent of the survey included the patient’s satisfaction with environment, 
phlebotomy skills, infrastructure construction, and so on, and combined 
with the service attitude of the phlebotomists. Results were quantified 
thus: phlebotomy skills satisfaction  =  very satisfied + satisfied/total 
number of cases × 100%. We compared the results of questionnaires in 
the fourth quarter of 2020 (control group, collected in January 2021) be-
fore and after improvement in the fourth quarter of 2021 (FMEA group, 
collected in January 2022) to identify changes in patient satisfaction.

Morphological Assessment Pass Rate
The assessment content was divided into theoretical examination and 
practical assessment. The theory consisted of 50 cell morphological 
maps. The practical assessment consisted of manually classifying 5 blood 
cell smears stained by Wright’s staining within 30 min. The specimens 
used for the assessment were from healthy people, platelet aggregates, 
leukemia, inflammatory infection patients, and others. Results were 
quantified as pass rate  =  number of qualified people/total number of 
people assessed × 100%. The total score was 100 points, and 90 points 
and above represented a passing grade.

Statistical Analysis
We used SPSS statistical software version 26.0 (IBM) for statistical 
analysis and processing. Continuous variables containing normally 
distributed data are expressed as the mean and standard deviation. 
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Nonnormally distributed data are represented as the median and inter-
quartile range. We used χ 2 tests to compare categorical variables. We 
performed the Student’s t-test and the Mann-Whitney U test to com-
pare parametric and nonparametric continuous variables, respectively. 
A P value < .05 was considered statistically significant. 

Results
There was no statistically significant difference (P > .05) in the sex and 
age or the proportion of disease types between the 2021 and 2022 
groups (TABLE 3).

After the implementation of FMEA, the average RPN dropped from 
36.24 ± 9.68 to 9.45 ± 2.25, (t = 20.89, P < .05). (TABLE 4).

After FMEA improvements, the median TAT (11 min) and IQR (8-
16  min) in the emergency CBC laboratories were significantly shorter 
than those before (23  min and 17-34  min), and the peak TAT, single 
doctor’s order TAT, and combination doctor’s order TAT were signifi-
cantly (P < .01) shorter than those before (TABLE 5).

The error reporting rate decreased from 1.39% to 0.71% (χ2 = 23.14, 
P < .05) and the specimen failure rate decreased from 0.95% to 0.32% 
(χ2 = 10.63, P < .05), and the proportion of all causes of nonconformity 
decreased after improvement; especially of note was that the incidence 
of container error and specimen loss was 0, which was a significant im-
provement, as shown in TABLE 6.

After the phlebotomists received training, the patient satisfac-
tion rate with regard to phlebotomy skills increased from 43% to 74%, 
(χ2 = 19.79, P < .05), which was statistically significant (TABLE 7).

During the morphology training of reporters, the pass rate of the 
assessment increased from 16.7% in the first quarter to 100% in the 
fourth quarter of 2021, and the difference was statistically significant 
(P < .05) (TABLE 8).

Discussion
In this study, we categorized the main processes involved in emergency 
CBC procedures into receipt of specimen, preinspection processing, 

TABLE 3.  Characteristics of Patients from Whom Samples Were Obtained

Item Control Group FMEA Group χ2/t P Value 

Sex (F/M) 4530/5150 4943/5409 1.81 .18

Age, y, X̅ ± SD 46.31 ± 26.20 49.43 ± 23.48 –1.60 .112

Diagnostic categories 9680 10,352 14.27 .01

Presence of fever 3274 3409  1.78  .18

Surgical cases 3370 3818 9.29 <.05

Internal medicine cases 3036 3125 3.25 .07

FMEA, failure modes and effects analysis; SD, standard deviation; X, mean.

TABLE 4.  Changes in RPN before and after FMEA

Potential Failure Mode 
RPN

Reduction in RPN (%) 
Before After 

The instrument runs slowly 46.24 10.68 76.90

Instrument congestion during peak periods 37.28 9.32 75.00

There are many rejected specimens due to quality 40.35 9.32 76.90

Error reporting 21.36 8.00 62.55

High review rate 42.47 12.75 69.98

Specimens are not processed in a timely manner after receipt 24.56 6.14 75.00

Reports are not sent in a timely manner 16.98 6.00 64.66

Average value (X̅ ± SD) 36.24 ± 9.68 9.45 ± 2.25a 71.57

FMEA, failure mode and effects analysis; RPN, risk priority number. 
aCompared with before, t = 20.89, P < .05.

TABLE 5.  Decreases in Turnaround Time at Different Stages before and after FMEA

 
Median (IQR), min

Z Value P Value 
Control Group (2021) FMEA Group (2022) 

Laboratory TAT 23 (17-34) 11 (8-16) –63.79 <.05

Peak TAT 45 (37-71) 38 (33-49) –3.95 <.05

Single doctor’s order TAT 12 (7-27) 9 (6-15) –67.08 <.05

Combination doctor’s order TAT 24 (18-34) 11 (8-16) –7.57 <.05

FMEA, failure mode and effects analysis; IQR, interquartile range; TAT, turnaround time.
aLaboratory TAT is the TAT for laboratory from specimen receipt to report generation. T3 is the peak TAT, the lab TAT of maximum time period for spec-
imen volume (9:00 to 11:00 AM, 4:00 to 6:00 PM). Single doctor’s order TAT is the doctor’s order includes only laboratory TAT at the time of emergency 
complete blood count (CBC) testing. The combination doctor’s order TAT is the physician’s order includes laboratory TAT for emergency CBC and 
C-reactive protein level testing.
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instrument testing, preliminary examination, and final report. Failure 
patterns that caused laboratory quality defects at each step were 
investigated, and interventions were developed to address them. Using 
FMEA, we identified 6 failure modes that could lead to emergency CBC 
quality defects and sorted them by rectification priority. These failure 
modes were divided into the following: the instrument runs slowly, 
there are many unqualified specimens of quality, congestion during peak 
periods, error reporting, specimens are not processed in a timely man-
ner after receipt, and reports are not sent in a timely manner.

The instrument runs slowly had the largest RPN in our risk as-
sessment, in which the failure mode was instrument detection in the 

inspection; therefore, we updated and increased the number of our 
testing instruments for CBC and CRP level. We purchased the Sysmex 
XN2800 pipeline system, which included 2 XN2000 blood cell detectors 
and a fully automatic staining instrument to replace the previously 
improved single blood cell detection mode. Additionally, as emergency 
CBC and CRP level testing often exist in combination orders, we also 
added new CRP detectors to increase the speed of our analysis. After 
this improvement, both the laboratory TAT and the combined doctor’s 
order TAT were shortened by half, and the single doctor’s order TAT was 
also significantly shortened. Although we did not compare instrument 
characteristics of CBC and CRP before and after the improvement, the 

TABLE 6.  Emergency CBC Reporting Error Recovery Rate and Specimen Quality Analysis before and after FMEA

 
No. (%)

χ2 P Value 
Control Group (n = 9680)  FMEA Group (n = 10,352)  

Reporting error recovery rate 135 (1.39) 73 (0.71) 23.14a <.05

Total rejection rate of emergency CBC specimens 92 (1.12) 33 (0.41) 10.63b .04

The specimen type is incorrect 17 (0.17) 9 (0.09) 3.03a <.05

Specimen container errors 10 (0.10) 0 (0) 10.70b <.05

Specimen loss 7 (0.07) 0 (0) 7.49b <.05

Specimen hemolysis 18 (0.18) 11 (0.11) 29.99a <.05

Specimen coagulation 34 (0.35) 8 (0.07) 17.95a <.05

Insufficient blood collection 23 (0.24) 11 (0.1) 5.09a .02

CBC, complete blood count; FMEA, failure mode and effects analysis.
aPearson χ2. 
bFisher exact probability. 

TABLE 7.  Patient Satisfaction of Blood Collection before and after Improvementa

 Not Satisfied Generally Satisfied Very Satisfied Satisfaction 

Control group  (n = 200) 50 (25%) 64 (32%) 64 (32%) 22 (11%) 43%

FMEA group  (n = 200) 16 (8%) 36 (18%) 94 (47%) 54 (27%) 74%

aThe control group shows the results of a blood collection satisfaction survey for the fourth quarter of 2020. The failure mode and effects analysis 
(FMEA) group shows the results of a blood collection satisfaction survey for the fourth quarter of 2021. Satisfaction is calculated as very satisfied + satis-
fied/total number of cases × 100%. χ2 = 19.79; P < .05.

TABLE 8.  Changes in Morphology Test Pass Ratesa

Employees with Less than 10 Years of Service 
Examination Score

1st Quarter  2nd Quarter  3rd Quarter  4th Quarter  

A 72 89 98 (pass) 100 (pass)

B 68 84 92 (pass) 98 (pass)

C 82 90 (pass) 92 (pass) 100 (pass)

D 90 (pass) 95 (pass) 100 (pass) 100 (pass)

E 78 96 (pass) 100 (pass) 98 (pass)

F 77 86 92 (pass) 100 (pass)

G  88  92 (pass)

H  90 (pass)  96 (pass)

J  91 (pass)  94 (pass)

Pass rate 16.7% 55.6%b 100%b 100%b

aA to F indicates employees within 5 years of seniority who are evaluated quarterly in morphology. G to J indicates employees with 5 to 10 years of sen-
iority who had a certain morphological foundation and were scheduled to be evaluated every 6 months. A score of 90 or more will be awarded a pass. 
The pass rate is the number of passes/total number of people taking the exam × 100%.
bCompared with the first quarter, P < .05.
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significantly shortened TAT illustrated the benefits of replacing  the 
instrument. Updating and adding testing equipment also solved the 
problem of specimen accumulation caused by insufficient equipment. 
However, congestion due to large specimen volumes during peak 
periods remained a problem. The failure mode of congestion during peak 
periods, which was the same as specimens are not processed in a timely 
manner after receipt, would lead to the extension of laboratory TAT. 
The causes of failure also overlapped partially, mainly owing to the large 
number of specimens and insufficient manpower during peak hours. In 
particular, the specimens are not processed in a timely manner after re-
ceipt failure category had an additional cause: the specimen acceptance 
site was located at a distance from the laboratory. Therefore, the reloca-
tion of the specimen receiving area to the laboratory effectively solved 
the problem. To improve congestion during peak periods we increased 
the emergency laboratory staff during peak times (9:00 to 11:00 AM, 
4:00 to 6:00 PM). As the peak period TAT was shortened significantly 
after improvement, the effectiveness of the measure was demonstrated. 
However, the changes in this TAT were not as obvious as other TAT 
changes, possibly because of other fault factors, such as the occupation 
of resources by nonemergency specimens, which was also mentioned in 
the 738 Chinese laboratory surveys conducted by Zhang et al.28

Another important indicator of the quality of emergency CBC 
laboratories was the specimen failure rate, which was manifested in 
several aspects: specimen type error, container error, specimen co-
agulation, hemolysis, insufficient collection, and specimen loss. We 
implemented further training in phlebotomy skills while setting each 
phlebotomist a monthly target for quality qualification and the com-
pletion of the target value was publicized. Owing to the continuous 
enhancement of phlebotomy skills, simple collection errors, such 
as container errors, were directly avoided and dropped to zero after 
improvements. The specimen coagulation, hemolysis, and insufficient 
amount of collection were also significantly reduced. However, in the 
process of phlebotomy, it is difficult to avoid the phenomenon of un-
qualified specimens due to the fact that some patients’ blood vessels 
are relatively hidden, or the patient’s blood itself is in a hypercoagulable 
state and incorrect pretreatment process outside the laboratory. For the 
improvement of specimen loss, the solution was to separate the place-
ment areas for inspected and uninspected specimens. This stopped the 
phenomenon of random placement of uninspected specimens with 
the completed specimens, and the incidence of specimen loss after im-
provement decreased to zero, which shows that a reasonable laboratory 
layout can reduce the frequency of adverse events. This was similar to 
the conclusions of Tsai et al.29

To address the error reporting failure category, we rectified both LIS 
and personnel. We also added blood routine review rules to LIS, which 
could be automatically issued for normal reports that do not trigger 
the rules, whereas reports that trigger retest rules need to be manually 
reviewed. Reports that cannot be automatically sorted by the instrument 
would be sent through manual classification. At the same time, regular 
blood cell morphology training was carried out for personnel to improve 
the detection and accuracy of difficult blood cell reports. Although the 
decline in the error reporting rate showed that this rectification was ef-
fective, the application of the automatic report sending system requires 
further improvements and supervision in the later stage. Finally, to 
address the reports are not sent in a timely manner failure category, we 
set up a TAT reminder service on the LIS, which effectively reminds the 
staff to review and deliver the report on time.

Similar to other efforts to employ FMEAs, our analysis may be sub-
jective and depends on the experience and skills of the team members. 
We only targeted process improvements within the emergency CBC lab-
oratory and did not address the relevant process factors outside the lab-
oratory, which should be investigated in future research.

In summary, we optimized the testing process of emergency CBC lab-
oratory from the aspects of instrument update, personnel training, and 
LIS optimization and improved their quality management capabilities.

Conclusion
Improving the emergency CBC testing process through FMEA can 
shorten laboratory TAT and reduce specimen failure rates and report re-
covery rates, thereby improving laboratory quality management.
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ABSTRACT

Objective: In this study, we aimed to evaluate the serum creatinine 

(SCr) levels with the reference change value (RCV) in patients receiving 

colistin treatment.

Methods: We retrospectively recorded the SCr levels of 47 patients 

receiving colistin treatment before treatment and on days 3 and 7 

after treatment. RCV was calculated with the asymmetrical RCV for-

mula (Z = 1.64, P < .05). Percent (%) increase in the SCr results of the 

patients was compared with RCV and values exceeding RCV were 

regarded as statistically significant.

Results: The RCV was calculated as 15.6% for SCr. Compared with 

pretreatment values, SCr value on day 3 was 32/47 and on day 7 it 

was 36/47; as these results exceeded RCV, they were considered sta-

tistically significant.

Conclusion: Use of RCV in the interpretation of results between serial 

measurements will provide a more rapid and sensitive method when 

making decisions.

Population-based reference ranges are obtained from the distribution 
of the results of individuals with emphasis on different age groups, 
sex, time of sample collection, position of sample collection (supine 
or upright), smoking habits, pregnancy, etc, by using direct or indirect 
methods. When previous results for an individual cannot be obtained 
or if test results are being interpreted for the first time, these ranges 
become very useful.1 In instances where consecutive measurements are 
needed, the changes in results for a person can be due to the progression 
of disease, or it may as well be due to intra-individual biological vari-
ation (CVW) and analytical variation. In addition to population based 
reference ranges, using reference change values (RCVs) that include an-
alytical variation and biological variation will increase the precision of 
interpretation of the results.2 By CVW with inter-individual biological 
variation (CVG), individuality index is calculated. If the individuality in-
dex is <0.6, population-based reference ranges would include only a lim-
ited number of subjects.3,4

Serum creatinine (SCr) is a cheap, accessible, and fast parameter for 
the assessment of nephrotoxicity, so it is a frequently preferred test. 
However, the individuality index calculated for SCr is 0.31 based on data 
obtained from the European Federation of Clinical Chemistry and Labo-
ratory Medicine (EFLM) database, and it demonstrates high level of in-
dividuality.5 This means that the population-based reference range does 
not cover all the results. Although a patient’s results may be within the 
reference range, when a comparison is made between later and initial 
results of the same person, the difference can be significant. Thus, RCV 
gains further importance in routine patient follow-ups.6

Depending on the increase in SCr, RIFLE (Risk, Injury, Failure, 
Lost, End Stage Renal Disease), AKIN (Acute Kidney Injury Network) 
and KDIGO (Kidney Disease: Improving Global Outcomes) criteria are 
used in the classification of acute kidney injury (AKI).7–9 The RIFLE 
classification is based on a proportional increase in SCr or a decrease in 
glomerular filtration rate, whereas the AKIN classification is based on a 
proportional or an absolute increase in SCr and decrease in urine out-
put. The KDIGO criteria was formed by combining with these 2 criteria.

Colistin is an antibiotic used in the 1960s that lost its place to other 
antibiotics with fewer side effects, as it was found to cause nephrotoxic-
ity. During the last 10 to 15 years, with the emergence of multiple anti-
biotic resistance to Gram-negative bacteria, colistin use has increased.10

The most common and important side effect of colistin is nephrotox-
icity. It develops within a week after initiation of treatment. This side ef-
fect is dose dependent and mostly reversible. Permanent kidney damage 

06_LABMED_lmad009.indd   58206_LABMED_lmad009.indd   582 26-Oct-23   17:33:0826-Oct-23   17:33:08

D
ow

nloaded from
 https://academ

ic.oup.com
/labm

ed/article/54/6/582/7072149 by guest on 24 February 2025



583www.labmedicine.com

can rarely develop.11 The mechanism of nephrotoxicity for colistin is 
similar to its antibacterial effect. Colistin increases the membrane 
permeability of tubular cells. Increases in the permeability of anions, 
cations, and water result in the swelling and destruction of tubular cells. 
This then leads to acute tubular necrosis. The SCr levels of the person 
increase, and decreases in creatinine clearance, proteinuria, cylindruria, 
or oliguria may be seen12,13

In this study, we aimed to calculate the RCV for SCr measured in 
our laboratory, evaluate serial SCr measurements of patients receiving 
colistin treatment to demonstrate the development of nephrotoxicity 
with RCV, and investigate diagnostic accuracy of RCV by comparison 
with KDIGO criteria.

Materials and Methods
The study was carried out retrospectively by obtaining data from medi-
cal reports at the university hospital between 2018 and 2021. Included 
subjects were over 18 years of age, had infections with Gram-negative 
bacteria that showed multiple antibiotic resistance, and had received 
colistin for 10 to 14 days at the dose that was prescribed according to 
their renal function (colistimethate sodium 150 mg intravenously [IV]; 
Kolistipol). Patients under 18  years of age, who were pregnant, had a 
history of rhabdomyolysis, received renal replacement therapy, had 
history of previous colistin use, used nephrotoxic medications other 
than colistin, or were given radiocontrast material were excluded. By 
performing electronic archive screening, SCr values before the start of 
colistin treatment and 3 and 7 days after and demographic data like age, 
sex, indication for administering colistin, and underlying diseases were 
recorded.

The approval of Canakkale Onsekiz Mart University Medical School 
Clinical Research Ethical Committee (date 09.06.2021 number 06-17) 
was obtained.

The population-based reference interval for SCr was defined as 0.70 
to1.20 mg/dL for males and 0.50 to 0.90 mg/dL for females.

The increase in SCr more than ≥0.3 mg/dL within 48 hours or the 
increase in SCr more than 1.5-fold from the baseline was defined as 
colistin nephrotoxicity.9

SCr was measured with the kinetic alkaline picrate method on a 
cobas 8000 autoanalyzer (Roche Diagnostics). For calculating within-
laboratory precision, 2-level internal quality control (Precicontrol 
1 [lot No. 41011000]  and Precicontrol 2 [lot No. 41003200];  Roche 
Diagnostics) material was used. The same operator measured each level 
of material for 20 testing days, 2 runs per testing day and 2 replicate 
measurements per run, and Westgard multirules were used to accept or 
reject these runs.14

Statistical Analysis
The SPSS v.18.0 software was used for statistical analysis. The normality 
of data distribution was determined using the Shapiro-Wilk test. Con-
tinuous data that did not have a normal distribution was expressed as 
median (interquartile range), those with normal distribution as mean 
plus or minus standard deviation (SD), and categorical variables as 
proportions. The difference between SCr at different time points was 
compared by one-way analysis of variance with repeated measures and 
Bonferroni was used for post hoc analysis. Exact P value was given and P 
values of <.05 were considered as statistically significant.

Within-laboratory precision was calculated according to the Clinical 
and Laboratory Standards Institute (CLSI) document EP05:A3.14 The 
CVw was obtained by using the biological variation database published 
on the EFLM website.5 The RCV was calculated according to the asym-
metrical RCV formula15:

RCV = 100% ∗
[
exp(Z ∗ 21/2 ∗

(
Ln

(
1 + CVa

2
)
+ Ln

(
1 + CVw2

)1/2 − 1
)]

As the increase in SCr level (unidirectional) was evaluated, Z coeffi-
cient with 95% probability (P < .05) was 1.64.

Based on the pretreatment SCr levels of the patients individually, 
percent change on days 3 and 7 were compared with RCV. Results ex-
ceeding RCV increase value were considered significant.

Results
Median age of the 47 patients included in the study was 74 (60–84) years 
and 32 of them were male. The indication to start administering colistin 
was ventilator-associated pneumonia in 37 of the patients, 3 had blood 
circulation infections, 4 had urinary system infection, and 3 had surgi-
cal site infections. There were 11 patients with pretreatment SCr levels 
exceeding the upper reference limit, 16 patients within the reference in-
terval, and 20 patients below the lower reference limit.

When pretreatment SCr levels were compared with day 3 and day 
7 levels after treatment, the increase in SCr levels was found to be sta-
tistically significant (P < .001). Also, there was a statistically significant 

FIGURE 1.  SCr levels at pretreatment, after dose on day 3, 
and after dose on day 7 in patients undergoing treatment 
with colistin.
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TABLE 1.  Calculation of the Within-Laboratory Precision for 
Serum Creatinine

Sample 
Mean   

(mg/dL) 
Repeatability

Within-Laboratory 
Precision

SD CV SD CV 

Precicontrol 1   
(lot No. 41011000)

1.05 0.01 1.0% 0.03 2.5%

Precicontrol 2   
(lot No. 41003200)

3.97 0.05 1.1% 0.14 3.6%

CV, coefficient of variation; SD, standard deviation.
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difference between SCr levels at day 3 and day 7 (P < .001) (FIGURE 1). 
The number of patients developing nephrotoxicity after colistin treat-
ment was 22 of 47 on day 3 and 35 of 47 on day 7.

According to data obtained from the EFLM biological variation data-
base, for SCr, CV

W
 was 4.4 and CV

G
 was 14.1. Mean, SD, and CV values 

calculated for SCr are summarized in TABLE 1. The RCV was calculated 
as 15.6%.

When the percent increase in SCr levels after treatment was 
compared with pretreatment SCr levels, on day 3 there were 32 patients 
whose values exceeded RCV and on day 7 there were 36. RCV had 100% 
sensitivity and 60% specificity on day 3 and 97.1% sensitivity and 83.3% 
specificity on day 7 for colistin nephrotoxicity. Of the 47 patients, 10 
with a false-positive rate on day 3 progressed to colistin nephrotoxicity 
on day 7.

On day 3, the number of patients with SCr values exceeding the up-
per reference limit and developing AKI according to the RCV and KDIGO 
was 14 and 16, respectively, whereas the SCr values were within or below 
the reference interval, although AKI developed in 18 patients accord-
ing to RCV and 21 patients according to KDIGO. There were 28 patients 
with SCr levels exceeding both the RCV and the upper reference limit 
on day 7, whereas the SCr levels of 8 patients were within or below the 
reference interval although they exceeded the RCV. In a similar man-
ner, although 30 patients exceeded the upper reference limit and were 
considered as having AKI according to KDIGO, the SCr of 7 patients with 
AKI did not exceed the upper reference limit on day 7. The distribution 
of patients developing AKI according to the reference interval is given in  
FIGURES 2 and 3.

Patient evaluation by using RCV is given in TABLE 2 as an example.

Discussion
In this study, serial SCr measurements were evaluated with RCV to show 
the development of nephrotoxicity in patients using colistin treatment. 
First, our laboratory’s RCV value for SCr was calculated, and for SCr uni-
directional P < .05, we found it to be 15.6%. In a study where CVw was 
obtained from the Westgard website, SCr unidirectional RCV P < .05 was 
calculated as 15.03%.16 Reinhard et al17 conducted a study on 20 healthy 
volunteers and 19 patients with impaired renal function. For SCr, CVw 
of healthy volunteers was 4.7% and RCV was 13.6%; for patients with 
impaired renal function, CVw was 8.9% and RCV was 25%. In another 
study on CKD patients, SCr CVw was reported as 5.7% and RCV as 17%.18 
The difference in RCV values is due to the within-laboratory precision, 

FIGURE 2.  The rate of acute kidney injury (AKI) according 
to the reference interval on day 3. KDIGO, Kidney Disease: 
Improving Global Outcomes; RCV, reference change value.
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FIGURE 3.  The rate of acute kidney injury (AKI) according 
to the reference interval on day 7. KDIGO, Kidney Disease: 
Improving Global Outcomes; RCV, reference change value.
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TABLE 2.  Example of the Interpretation of the Creatinine Levels Using RCV

  Patient 1 Patient 2 Patient 3 Patient 4 

Predose mg/dL 0.78 0.65 0.56 0.64

After dose on day 3 mg/dL 1.79 0.89 0.45 0.66

Change (%)a 129.49 36.92 −19.64 3.13

After dose on day 7 mg/dL 2.37 2.23 0.52 1.41

Change (%)b 203.85 243.08 −7.14 120.31

RCVc 3rd day 15.6<129.49d 15.6<36.92d —e 15.6>3.13f

7th day 15.6<203.85d 15.6<243.08d —e 15.6<120.31f

RCV, reference change value.
a(creatinine

after dose 3rd day 
−

 
creatinine

predose
)/creatinine

predose 
× 100.

b(creatinine
after dose 7th day 

−
 
creatinine

predose
)/creatinine

predose 
× 100.

cReference change value, calculated as 15.6%.
dThe percent change in creatinine on 3rd day and 7th day exceeded RCV and the change is significant.
eAs the increase in creatinine level (unidirectional) was evaluated, the change is insignificant on 3rd day and 7th day.
fThe percent change in creatinine predose on 3rd day is below the RCV and the change is insignificant but the percent change in creatinine on 7th day 
exceeded RCV and the change is significant.
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the use of different RCV formulas and Z coefficients, and obtaining CVW 
from previously published studies in the literature or from samples from 
healthy volunteers as well as a specific patient population.

We evaluated the SCr levels of patients receiving colistin treatment 
and analyzed their SCr levels before treatment and on days 3 and 7 after 
treatment. On day 3 and 7 after treatment, SCr levels were found to be 
significantly high compared with pretreatment levels. We found the risk 
for developing nephrotoxicity as 22 of 47 on day 3 and 35/47 on day 
7. Hartzell et al19 evaluated 66 patients who had received colistin treat-
ment for at least 3 days in their study, showing that 30 of 66 patients de-
veloped nephrotoxicity. In another study on patients receiving colistin 
treatment, 53.5% of the patients developed colistin-associated kidney 
damage.20 In a study evaluating 30 adult patients receiving intravenous 
colistin, 10 of 30 patients were found to develop nephrotoxicity dur-
ing the first 5  days of treatment.21 In a case-control study comparing 
aerosolized and IV forms of colistin for the treatment of ventilator-
associated pneumonia, the risk of developing nephrotoxicity was found 
to be 50% for both forms.22 Spapen et al11 conducted a review on the 
side effects of colistin, stating that the risk for developing nephrotoxic-
ity changed from 0% to 53.5%. We think that different rates are found 
due to differences in patient groups in the conducted studies, presence 
or absence of a history of renal dysfunction, differences in age, sex, obe-
sity, underlying diseases, other medications in use, or different criteria 
in use. Despite the fact that different criteria were used, the studies all 
make classifications based on the changes in SCr levels.

In our study, when day 3 SCr levels were compared with basal SCr 
levels, the ratio of patients with percent increases that exceeded the RCV 
was 32 of 47, whereas on day 7 this figure was 36 of 47. Nephrotoxic-
ity developed on day 7 in 9 of 10 patients with a false-positive rate on 
day 3. Therefore, RCV can provide a warning for possible nephrotoxic-
ity before SCr reaches the identified level by monitoring patient results 
on a daily basis. The second patient in TABLE 2 can be given as an ex-
ample of this situation. Before colistin treatment, SCr was 0.65 mg/dL, 
and SCr on day 3 was measured as 0.89 mg/dL. As the increase in the 
patient’s SCr did not exceed 50% of the basal level and there was a lack 
of increase of 0.3 mg/dL in SCr on day 3, this patient was evaluated as 
not having developed nephrotoxicity. However, when SCr increase on 
day 3 was compared with the RCV, the increase in this patient’s result 
was significant. On day 7, the patient’s SCr was increased to 2.23 mg/dL 
showing developing nephrotoxicity; the increase in SCr was significant 
when compared with RCV as well.

Patients are expected to show an increase in SCr due to the use of 
nephrotoxic agents; however, SCr might remain within the reference 
interval, leading to mistaken interpretation.23 In many previous bio-
logical variation studies, the index of individuality of SCr was shown 
to be <0.6.24–26 It is recommended to use the percentage of the change 
from baseline or in serial measurements.27 In this study, if SCr was only 
evaluated according to the reference interval, 18 of 47 patients on day 
3 and 8 on 47 patients on day 7 who were diagnosed AKI using the RCV 
would be incorrectly considered non-AKI.

One of the limitations of this study was the inaccessibility of the 
records of preanalytical factors interfering with SCr, as it was designed 
as a retrospective study. In addition, although persons with CKD were 
included in the study, the value of RCV could not be shown in patients 
above the upper reference limit because of an insufficient number of 
patients. Although RCV was compatible with KDIGO in 10 patients 

with SCr levels exceeding the upper reference limit before treatment, 
AKI could not be detected in 1 patient with an SCr level that was ap-
proximately 3.3-fold the upper reference limit with RCV on day 3 nor 
on day 7. A study with a larger patient group is needed to demonstrate 
the diagnostic accuracy of RCV in the patients that developed AKI with 
underlying CKD.

Conclusion
This study provided an example of the clinical use of RCV. As shown in 
the results, small but significant changes in SCr level can be detected 
with RCV. Even if this increases the false positivity rate, it will provide 
early detection of the development of AKI, especially by follow-up as-
sessment of SCr levels caused by treatments such as colistin that have 
nephrotoxic side effects. We think including RCV using KDIGO criteria 
would be a more accurate and faster approach for decision making.
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ABSTRACT

Objective: The aim of this study was to assess the oxidative stress 

(OS) levels and dynamic thiol-disulfide balance in preterm newborns 

with bronchopulmonary dysplasia (BPD).

Methods: This prospective study included newborns separated into 2 

groups, those with BPD (case) or without BPD (control). The 2 groups 

were compared by clinical and laboratory findings. The OS parameters 

total oxidant status (TOS), total antioxidant status (TAS), OS index 

(OSI), native thiol (NT), and total thiol were measured within the first 

day after birth. Oxygen requirements were measured using the fraction 

of inspired oxygen (FIO
2
) recorded in the first hour after birth/admis-

sion and the average FIO
2
 within 28 days of the birth.

Results: Infants diagnosed with BPD had a significantly lower gesta-

tional age and birth weight and a lower 5-min Apgar score (P < .05). 

Infants with BPD also had a higher rate of respiratory distress syn-

drome, rate of use of surfactant therapy, duration of ventilation ther-

apy, and duration of hospital stay compared with control (P =  .001, 

P = .001, P = .001, and P = .001, respectively). Plasma TAS and NT 

levels of newborns with BPD were significantly lower than newborns 

without BPD (P < .05). In the BPD group, plasma TOS and OSI levels 

were significantly higher than in the control group.

Conclusion: We found that OS was increased in newborns with BPD. 

The clinical significance of this study will provide the clinician with a 

different perspective on BPD by determining the dynamic thiol disul-

fide balance.

Bronchopulmonary dysplasia (BPD) is one of the important causes 
of chronic lung disease in preterm newborns and one of the lead-
ing causes of mortality.1 Despite changes in the diagnostic criteria 
for BPD in recent years, there is still no consensus on the definition. 
Bronchopulmonary dysplasia is most often diagnosed based on the 
need for respiratory support at 36 weeks postmenstrual age (PMA).2,3 
Bronchopulmonary dysplasia is detected in approximately 40% of ex-
tremely low birth weight (ELBW) infants. Although there have been 
important developments in the follow-up, care, and treatment of pre-
mature infants, no significant progress has been made in reducing the 
incidence of BPD in recent years. This may be due to the increased life 
expectancy of ELBW infants.3

The impairment of lung development in preterm infants, damage in 
the alveoli during the intrauterine and postnatal periods, and abnor-
mal repair process play a role in the pathophysiology of BPD. Multiple 
pathologies in the respiratory system, epithelial surfaces, mesenchyme, 
and pulmonary vascular systems that cause early pulmonary damage 
play a role in the classification of BPD.4 Exposure to high oxygen pres-
sure and volume in the necessary ventilation support for insufficient 
lung capacity of a premature infant can cause damage to the lungs. 
Ventilation and oxygen-induced damage at first activate inflammatory 
pathways, which can amplify preexisting lesions (chorioamnionitis) or 
be amplified by continuous exposure to oxygen and ventilation-induced 
lesions.5 Chorioamnionitis may cause inflammation of the lungs before 
delivery, intrauterine growth restriction may interfere with the struc-
tural development of the lung, and maternal vascular diseases such 
as preeclampsia may disturb the vascular development of fetal lungs, 
thereby increasing the risk of BPD.4 High levels of lipid and protein  
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oxidation products and proinflammatory cytokines in the first days of 
life in premature infants have been associated with adverse lung de-
velopment, suggesting that oxidative stress (OS) and inflammatory 
mediators play a role in the pathogenesis of BPD. However, a perfect 
marker to predict BPD risk has not yet been identified.6

Dynamic thiol-disulfide homeostasis plays an essential role in anti-
oxidant protection, detoxification, signal transduction, apoptosis, regu-
lation of enzyme activity and transcription factors, and cellular signaling 
mechanisms.7 Increased OS in blood is shown by a deterioration in the 
total oxidant status (TOS) and total antioxidant capacity balance and 
an increase in OS index (OSI).7,8 Increased OS is known to cause neg-
ative effects on macromolecules such as lipid, protein, and DNA. There 
are different enzyme and nonenzyme defense mechanisms against the 
harmful effects of reactive oxygen types.9 One of these antioxidant 
mechanisms is the presence of thiols. It is known that these compounds 
containing the sulfhydryl group play an important role in the preven-
tion of OS in cells.10 The primary target of intracellularly produced re-
active oxygen species (ROS) is thiol groups in sulfur-containing amino 
acids in proteins. These thiol groups interact with ROS to form reversible 
disulfide bonds. These disulfide bonds are then reduced to thiol groups 
again by antioxidant mechanisms. Thus, a dynamic thiol/disulfide bal-
ance is achieved.11,12 The ratio of thiol to disulfide is increasingly studied 
for many disorders; a growing body of evidence indicates that abnormal 
homeostasis of thiol disulfide is involved in the pathogenesis of various 
disorders.13

To the best of our knowledge, thiol-disulfide homeostasis has not 
been previously investigated in BPD. The aim of this study was to evalu-
ate thiol-disulfide hemostasis in newborns with BPD.

Material and Methods

Patients and Method
This prospective case-control research was conducted in a level III neo-
natal intensive care unit (NICU) in Sivas Cumhuriyet University Medical 
Faculty Hospital in Sivas, Turkey, between February 2021-2022.

Study Groups
Preterm neonates of less than 34 weeks gestational age (GA), were 
enrolled in this study. Newborns of greater than 34 weeks GA and 
those with congenital heart diseases, meconium aspiration, or ma-
jor congenital anomalies were excluded from the study. The parents 
of eligible infants were invited to participate in the study in the 
first hours after birth. On agreement of the parents, the infant was 
enrolled in the study. Newborns born before the 34th week and who 
did not develop BPD at the 36th gestational week were included as 
the control group (FIGURE 1). All newborns in the patient and con-
trol groups were followed up and treated by the same neonatology 
specialist.

Resuscitation Practice and Administering Oxygen
The resuscitation practice in the NICU at the time of the study 
conformed to the 2010 American Heart Association guidelines.14 In ac-
cordance with the neonatal resuscitation program in the delivery room, 
infants of greater than 34 weeks GA were given blended oxygen therapy 
with the necessary adjustments made to obtain target saturation at 85% 

to 95%.15 Supplemental oxygen administration following that provided 
in the delivery room was titrated to maintain saturation levels between 
85% and 95%.

Measurements
Demographic and medical data were retrieved from the infant’s medical 
record, including gender, birth weight (g), GA at birth (weeks), rate of 
respiratory distress syndrome (RDS), use of surfactant therapy, small 
gestational age (SGA), early-onset sepsis, 5-min Apgar score, delivery 
mode, labor, complicated pregnancy, antenatal steroid administration, 
first blood gas pH, mode of ventilation therapy, duration of ventilation, 
FIO

2
 level on admission, duration of hospital stay, and in-hospital mor-

tality.

Lung Disease
The definition of BPD was made for newborns who received oxygen for 
at least 28 days. The BPD classification was made according to the need 
for oxygen and respiratory support in the 36th gestational week.16

Samples
At 24-h post partum, a 2 mL blood a sample was collected from a postna-
tal peripheral vein of the infant. The sample was centrifuged at 3000 rpm 
for 10 minutes, and the supernatants were stored in an Eppendorf tube 
at −80°C until they were analyzed. The serum samples were labeled by 
the laboratory biochemistry technician by the name of the newborn. The 
researcher who conducted the assays on the labeled samples was blinded 
to newborn information.

Measurement of Thiol-Disulfide Homeostasis
In this study, total antioxidant status (TAS) and total oxidant 
concentrations were measured by spectrophotometry using the method 
developed by Erel. A  new spectrophotometric method developed by 
Erel and Neselioglu allowed the measurement of native and total thiol 
concentrations.11 The disulfide levels and ratios of disulfide to native 

FIGURE 1.  Flow diagram of the study
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thiol, disulfide to total thiol, and native to total thiol percentages were 
calculated using the following formulas: disulfide levels (µmol/L) = (to-
tal thiol − native thiol)/2.

disulfide/native thiol percentage (%) = (disulfide x 100) /native thiol)

In the calculation of OSI, the TAS unit was converted to mol/L and the 
OSI unit was obtained with TOS/TAS.17,18

The dynamic thiol-disulfide homeostasis of newborn blood 
samples in 2 groups (with BPD and without BPD  =  control) were 
compared.

Statistical Analysis
The study data were analyzed statistically using IBM SPSS 23 software. 
Data were examined with descriptive statistical tests. The normality 
of numerical variables was examined with the Shapiro-Wilk test. De-
scriptive measurements were expressed as numbers and percentages 
for categorical variables and as median with interquartile range values 
for continuous variables not showing normal distribution. Nonpara-
metric tests were applied to data that were not consistent with nor-
mal distribution; the Mann-Whitney U test for numerical data and 
the χ 2 test for categorical data. As the BPD stage values were not nor-
mally distributed, the Kruskal-Wallis test was applied. In the power 

analysis, when α  =  0.05, β  =  0.10, 1-β  =  0.90, and R  (simple) allo-
cation  =  2.4, it was deemed necessary to include 31 subjects in the 
patient group and 79 in the control group, and the power of the test 
was determined to be 0.9867. A value of P < .05 was considered sta-
tistically significant.

Results
A total of 110 infants of less than 34 weeks GA were enrolled in the study 
between February 2021 and 2022, and 10 infants died on day 8. Demo-
graphic and medical variables for the whole sample and infants with and 
without BPD are shown in TABLE 1. At 36 weeks corrected GA, 28% 
(n = 31) of the 110 infants were diagnosed with BPD. There was no sta-
tistically significant difference between the BPD and control groups with  
respect to gender, SGA, early-onset sepsis, delivery mode, labor, FIO

2
, ad-

mission level, or in-hospital mortality (P > .05). The BPD group had sig-
nificantly lower GA (P = .004), birth weight (P = .001), and 5-min Apgar 
score. Those in the BPD group also had a higher rate of RDS, more fre-
quent need for surfactant therapy, higher first pH levels, longer duration 
of ventilation therapy, and longer duration of hospital stay compared 
with the control group. The OS levels and dynamic thiol-disulfide balance 
parameters of infants with BPD and control group are shown in TABLE 
2. In the newborns who developed BPD, plasma TAS [1.33 1.1–1.67] nmol 

TABLE 1.  Demographic and Medical Features for the Whole Sample, and for Infants with BPD and Controlsa

Characteristic BPD (n = 31)b Control (n = 79)b P Valuec 

Sex, n (%)

  Male 17 (55) 40 (51) .427

  Female 14 (45) 39 (49)  

Birth weight, g 1181 (870–1640) 1850 (1480–2150) .001

Gestational age, wk 28 (27–31) 33 (31–33) .004

Respiratory distress syndrome, n (%) 20 (64) 23 (29) .001

Use of surfactant, n (%) 22 (71) 28 (35) .001

SGA, n (%) 1 (3.2) 6 (7.6) .401

Early-onset sepsis, n (%) 5 (16.1) 1 (1.3) .200

Apgar score, 5 min 7 (6-8) 8 (7-9) .002

Delivery mode

  Cesarean, % 31 (100) 77 (97) .514

  Birth action, n (%) 11 (35) 19 (24) .823

Presence of complicated pregnancy, n (%) 6 (19.4) 10 (17) .001

Antenatal steroid administration, n (%) 28 (90) 46 (58) .001

First pHd 7.38 (7.34–7.41) 7.34 (7.30–7.38) .004

Mode of ventilation therapy, n (%)    

  CPAP 12 (39) 46 (58)  

  NIPPV 19 (61) 33 (42) .016

Duration of ventilation, d 6 (3–20) 2 (2–4) .001

FIO
2

e admission 40 (30–40) 30 (30–40) .267

Duration of hospital stay, d 47 (39–65) 18 (13–33) .001

Intrahospital death, n (%) 4 (13) 6 (7.6) .386

BPD, bronchopulmonary dysplasia; CPAP, continuous positive airway pressure; LGA, large for gestational age; NIPPV, nasal intermittent positive pressure 
ventilation; SGA, small for gestational age. 
aMann-Whitney U test or t-test was used for data analyses. Data are stated as median with interquartile range values unless indicated otherwise.
bA total of 31 patients were diagnosed with BPD at 36 weeks of gestation.
cBold values indicate significance P < .05.
dThe pH first recorded in the medical record from venous, capillary, and arterial samples.
eThe mean inhaled oxygen fraction (FIO

2
) recorded in the first hour after admission to the neonatal intensive care unit.
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Trolox/L), and NT (392 [366–432.5] µmol/L) levels were significantly 
lower than in the control group (P < .05). Plasma TOS (7.3 [6.65–8.9] μmol 
H

2
O

2
 Equiv/L) and OSI (0.55 [0.46–0.69]) levels were significantly higher 

in the BPD group than in the control group (P < .05). There was no differ-
ence between the 2 groups in terms of TT, disulfide, disulfide/NT ratio, di-
sulfide/TT ratio, and NT/TT ratios, which are the other parameters of OS.

The relationship between BPD stages and levels of dynamic thiol-
disulfide balance parameters is summarized in TABLE 3. When the 
levels of TAS, TOS, OSI, TT, NT, disulfide, and disulfide/NT, disulfide/
TT, and NT/TT ratios were evaluated according to BPD level, no statisti-
cally significant difference was found (TABLE 3).

Discussion
To the best of our knowledge, this is the first study to have evaluated 
serum thiol/disulfide homeostasis in newborns with BPD. This prospec-
tive study shows that infants in the BPD group had significantly lower 
GA, birth weight, and 5-min Apgar score than those in the control group 
(P = .004, P = .001, P = .002, respectively). In addition, newborns with 
BPD had longer durations of ventilation therapy and hospital stay, more 
surfactant use, and a higher ratio of RDS than the control group (the P 
value among all compared parameters was P = .001). Plasma TAS and NT 
levels measured in newborns with BPD were significantly lower than in 
the control group (P = .001 and P = .046, respectively). Plasma TOS and 

OSI levels were also significantly higher in the newborns with BPD than 
controls (P = .028 and P = .001, respectively).

Thiol-disulfide homeostasis is an important indicator of OS in the body, 
and different results can be obtained depending on the etiopathogenesis 
of diseases.18 In studies conducted between adult diseases and thiol di-
sulfide, disulfide level was found to be high in degenerative diseases (such 
as diabetes, pneumonia, and obesity), whereas it was found to be lower in 
proliferative diseases (such as colon cancer, multiple myeloma, and uri-
nary bladder).7,19,20 Infants and children vary from adults because of the 
ongoing growth in organs and systems, such as the gastrointestinal and 
central nervous systems, from the period of conception until they reach 
adulthood.21 Events such as infections, teratogens, and stress that child-
ren are exposed to during growth can cause a wide range of conditions, 
from congenital anomalies to diseases such as transient tachypnea of the 
newborn and RDS, depending on the exposure time.21 Recent thiol stud-
ies on diseases in children are especially important for understanding the 
oxidative balance in these children.11,18,22,23

Newborns, especially premature infants, are exposed to more bio-
chemical and enzymatic reactions due to deterioration of oxidative bal-
ance.11,18 In studies of OS in the neonatal period, it has been shown that 
OS is not only increased by ROS but also by reactive nitrogen species 
(RNS) and other radicals.17,24 The presence of an increasing number of 
RNS and ROS in the body causes damage to biochemical functions in vi-
tal organs, such as cell progression and the immune system.24,25

TABLE 2.  Oxidative Stress Levels and Dynamic Thiol-Disulfide Balance in Infants with BPD and Controlsa

Oxidative Stress Parameters BPD (n = 31)b Control (n = 79)b P Valuec 

  TAS, nmol Trolox/L 1.33 (1.1–1.67) 1.80 (1.4–1.95) .001

  TOS, μmol H
2
O

2
 Equiv/L 7.3 (6.65–8.9) 6.4 (4.62–8.67) .028

  OSI 0.55 (0.46–0.69) 0.42 (0.25–0.55) .001

  Total thiol, µmol/L 432 (403–498) 478 (422–512) .127

  Native thiol, µmol/L 392 (366–432.5) 440 (380–468.5) .046

  Disulfide, µmol/L 21 (17.5–27.75) 20 (15.6–25) .183

  Disulfide/native thiol ratio, % 5.39 (4.59–6.75) 4.87 (3.58–6.63) .060

  Disulfide/total thiol ratio, % 4.87 (4.20–5.95) 4.44 (3.34–5.86) .060

  Native thiol/total thiol ratio, % 90.27 (88.1–91.58) 91.12 (88.29–93.31) .059

BPD, bronchopulmonary dysplasia; OSI, oxidative stress index; TAS, total antioxidant status; TOS, total oxidant status.
aMann-Whitney U test or t-test was used for data analyses. Data are stated as median with interquartile range values.
bA total of 31 patients were diagnosed with BPD at 36 weeks of gestation.
cBold values indicate significance P < .05.

TABLE 3.  Oxidative Stress Levels and Dynamic Thiol-Disulfide Balance in Infants with BPD According to Gradea

Oxidative Stress Parameters Grade 1 (n = 13) Grade 2 (n = 9) Grade 3 (n = 9) P Value 

TAS, nmolTrolox/L 1.25 (1.05–1.68) 1.40 (1.31–1.71) 1.30 (1.13–1.60) .457

TOS, μmol H
2
O

2
 Equiv/L 7.5 (6.7–9.3) 7.4 (6.55–8.95) 7.2 (6.3–10.1) .912

OSI 0.58 (0.45–0.82) 0.52 (0.42–0.67) 0.55 (0.49–0.7) .778

Total thiol, µmol/L 415 (403–524) 432 (406–475) 467 (389.5–518.5) .912

Native thiol, µmol/L 385 (358–445) 392 (369–426) 415 (354–449.5) .966

Disulfide, µmol/L 22.5 (15–30) 20 (18.25–25) 24 (17.25–27.75) .851

Disulfide/native thiol ratio, % 5.93 (3.90–8.61) 5.1 (4.59–6.83) 5.34 (4.75–6.68) .967

Disulfide/total thiol ratio, % 5.30 (3.61–-7.35) 4.63 (4.20–6) 4.83 (4.34–5.89) .960

Native thiol/total thiol ratio 89.4 (85.3–92.7) 90.74 (87.99–91.58) 90.35 (88.22–91.31) .967

BPD, bronchopulmonary dysplasia; OSI, oxidative stress index; TAS, total antioxidant status; TOS, total oxidant status.
aData are median with interquartile range values. As the BPD stage values were not normally distributed, the Kruskal-Wallis test was applied.

07_LABMED_lmad010.indd   59007_LABMED_lmad010.indd   590 26-Oct-23   17:34:1426-Oct-23   17:34:14

D
ow

nloaded from
 https://academ

ic.oup.com
/labm

ed/article/54/6/587/7075315 by guest on 24 February 2025



591www.labmedicine.com

In a study evaluating the relationship between postpartum cord 
clamping time and thiol disulfide hemostasis, it was reported that 
OS increased in newborns who underwent early cord clamp, whereas 
plasma thiol levels decreased.26 Ulubaş et  al13 investigated the effect 
of the mode of delivery on the thiol disulfide balance and showed that 
vaginal deliveries affected OS and thiol disulfide balance less than ce-
sarean deliveries. Ozler et  al27 found that decreased antioxidant total 
thiol/disulfide levels were associated with intrauterine growth restric-
tion (IUGR). It has been suggested that the increase in oxidant levels as 
a result of the decrease in antioxidant mechanisms in newborns with 
IUGR is the reason for this. In previous studies of the respiratory sys-
tem of pediatric asthma patients, the dissolved level and dissolved NT 
ratio of the patient groups were determined to be higher than those of 
the control groups.28,29 In recent years, there has been increasing evi-
dence that OS plays a role in the development of BPD.30,31 Premature 
newborns are more exposed to OS damage due to immaturity of lungs, 
exposure to oxygen therapy and hyperoxia, and inadequate antioxidant 
mechanisms, and this situation makes premature neonates more prone 
to inflammation.32

Newborns, especially premature, have insufficient detoxifica-
tion capacity against free radicals. A number of therapeutic strategies 
have been proposed to prevent damage caused by OS and to improve 
antioxidant capacity.11,18 It has been reported that with the develop-
ment of antioxidant capacity in newborns, OS-related diseases can be 
prevented, the immune system will be strengthened, and stillbirths can 
be reduced.18 Therefore, studies have been conducted on many thera-
peutic antioxidants such as melatonin, glutathione peroxidase, superox-
ide dismutase (SOD), and N-acetylcysteine, which are thought to play a 
role in neonatal diseases.33 Melatonin and its metabolites are powerful 
antioxidants that play an important role in preventing free radicals from 
mutilating critical molecules. In experimental models of excessive ROS, 
melatonin has been shown to reduce all aspects of the damage resulting 
from ischemia and subsequent reperfusion of the heart, kidney, liver, 
intestine, and brain.34 Gitto et al9 demonstrated that melatonin therapy 
may reduce the severity of RDS in preterm infants by reducing inflam-
mation. In addition, melatonin has been shown to be available for the 
treatment of hypoxic-ischemic encephalopathy in newborns. Endotra-
cheal administration of melatonin and surfactant substitute recombi-
nant human SOD may reduce pulmonary lesions in premature infants 
who receive mechanical ventilation for RDS.35 Exogenous antioxidants 
like vitamins A and E and recombinant human SOD are considered capa-
ble of preventing BPD.36 The results of this evaluation of thiol-disulfide 
homeostasis in preterm newborns demonstrated that the plasma levels 
of TAS and NTL were significantly lower in the BPD group than in the 
control group. At the same time, plasma TOS and OSI levels were higher 
in the infants with BPD. Decreased TAS levels and increased TOS and 
OSI levels may explain the susceptibility to oxidative damage in infants 
with BPD. These results also support the findings of previous studies on 
BPD OS damage.

Vatansever et al26 reported that thiol levels in cord blood were not 
significantly different between male and female newborns. Ulubaş 
et al13 observed that cord blood thiol levels were higher in female infants 
than in male infants. In a study conducted in newborns who received 
phototherapy for indirect hyperbilirubinemia, it was shown that it did 
not cause a change in the gender factor.18 In line with the literature, no 
significant difference in terms of gender factor was found in newborns 
with BPD in this study (P = .427).

Limitations
Despite the limitations of the low number of subjects and sample sizes 
of the included tests, these results can be considered of value to aid in 
the selection of interventions that could be assessed in future high-
quality randomized controlled trials on this topic with larger samples.

Conclusion
Neonatal cells, organs, and systems are susceptible to OS due to their 
rapid growth, and this makes newborns vulnerable to the damage of free 
radicals. There remains a lack of information about the possible role of ox-
idative balance in the pathophysiology of neonatal diseases. In addition, 
there are very few studies in the literature regarding OS and antioxidant 
biomarkers and their functions in newborns. The decrease in plasma TAS 
and NTL levels and increased plasma TOS and OSI levels reflect increased 
OS in BPD. Therefore, there is a need for cohort studies that include new 
strategies to prevent the development of oxidative damage to prevent BPD.
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ABSTRACT

Objective: To compare the diagnostic performance of 10 mathemati-

cal formulae for identifying thalassemia trait in blood donors.

Methods: Compete blood counts were conducted on peripheral blood 

specimens using the UniCel DxH 800 hematology analyzer. Receiver 

operating characteristic curves were used to evaluate the diagnostic 

performance of each mathematical formula.

Results: In the 66 donors with thalassemia and 288 subjects with no 

thalassemia analyzed, donors with thalassemia trait had lower values 

for mean corpuscular volume and mean corpuscular hemoglobin than 

subjects without thalassemia donors (77 fL vs 86 fL [P < .001]; 25 pg 

vs 28 pg [P < .001]). The formula developed by Shine and Lal in 1977 

showed the highest area under the curve value, namely, 0.9. At the 

cutoff value of <1812, this formula had maximum specificity of 82.35% 

and sensitivity of 89.58%.

Conclusions: Our data indicate that the Shine and Lal formula has re-

markable diagnostic performance in identifying donors with underlying 

thalassemia trait.

Thalassemia is an inherited hematological disorder that has been re-
ported in many countries.1 Patients can have thalassemia in different 

degrees of severity, ranging from asymptomatic to severe anemia.2 
Patients with severe anemia require blood transfusions, whereas si-
lent carriers of thalassemia trait have no symptoms and do not require 
therapy. In several countries, individuals with thalassemia trait can still 
donate blood if their hemoglobin levels meet the minimum criteria es-
tablished in blood donor selection guidelines.3 

Certain study reports4,5 have stated that the spectrum of β  gene 
mutations varies among ethnic groups. Given the wide range of inde-
pendent mutations that affect different populations regionally and do-
nor  selection criteria, blood donors with underlying thalassemia trait 
may have little effect in some areas, such as the United States and North 
America. In Thailand, a previous study6 examined the prevalence of 
donors with thalassemia, and the investigators found that 20% of trans-
fusion donors were carriers of this trait. Despite advanced research on 
donors with thalassemia trait, a recent published review7 noted that 
studies would be required to investigate the quality of blood products 
prepared from these donors, as well as the quality of life of healthy 
donors who have underlying thalassemia trait. Given the prevalence of 
thalassemia in selected geographic locations, an approach to identifying 
thalassemia is required. This strategy will help to minimize adverse do-
nor events during and after blood donations.

A variety of approaches have been used to identify individuals with 
thalassemia, such as the use of CBC parameters or hemoglobin typing 
using high-performance liquid chromatography (HPLC), which is the cri-
terion standard.8,9 In addition to these strategies, mathematical formulae 
have been used to identify individuals suspected of carrying β-thalassemia 
or those with hypochromic microcytic anemia. Sinvastava10 and Mentzer11 
published reports of the first attempt, which used algorithms to calculate 
mean corpuscular hemoglobin (MCH), mean corpuscular volume (MCV), 
and red blood cell (RBC) concentration. Subsequently, Shine and Lal12 de-
veloped another calculation by multiplying MCV by MCH and then divid-
ing the result by 100; they reported that this approach could detect 137 
heterozygous thalassemia traits. The findings of several studies13–16 have 
confirmed the reliability of the Shine and Lal formula. 

Later, other formulae were proposed to improve the accuracy and 
reliability of the mathematical formulae by including other complete 
blood count (CBC) parameters in the calculations.17–20 Bordbar et  al21 
applied the formula |80 − MCV| × |27 − MCH| to screen couples who 
had children younger than 18 years who had β-thalassemia and reported 
that the formula had high sensitivity and specificity in differentiating 
people carrying β-thalassemia (thalassemia carriers) from individuals 
with microcytic hypochromic anemia. 
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Further, Schoorl et al22 incorporated 4 hematological parameters, 
including hemoglobin (Hb), RBC, and mean corpuscular hemo-
globin concentration (MCHC), into a mathematical formula for 
distinguishing iron deficiency anemia (IDA) from thalassemia. Their 
findings showed that the algorithm has sensitivity and specificity of 
79% and 97%, respectively. Several studies, such as Roth et al13 and 
Bordbar et  al,21 have evaluated these formulae, and the results re-
garding the detection of thalassemia carriers in the general popula-
tion have varied. However, little is known about the performance of 
these formulae in transfusion laboratories in identifying donors with 
thalassemia. In the current study, we performed CBC and thalassemia 
screening tests on 354 blood donors to assess the practical use of the 
proposed mathematical formulae for identifying donors with thalas-
semia trait.

Materials and Methods
Ethics Statement
This study was approved by the International Review Board of the Fac-
ulty of Medicine Siriraj Hospital, Mahidol University, Bangkok, Thai-
land (COA No. Si395/2016). The donors who participated in the current 
study were referred by the Department of Transfusion. All experimental 
procedures were performed in accordance with the ethics standards of 
the Declaration of Helsinki.

Blood Specimen Collection and Thalassemia Screening
The following were our requirements for recruiting blood donors: donors 
must be between the ages of 17 and 70 years and weigh more than 45 
kg; volunteer donors must have a minimum Hb concentration of 13 g/
dL for males and 12.5 g/dL for females; and donors were screened for Hb 
using a copper sulfate (CuSO

4
)–specific gravity approach, and those who 

had a drop of blood that floated or took too long to sink  in CuSO
4
 solu-

tion were deferred and excluded from the current study. 
After written informed consent was obtained from each partici-

pant, 3 mL of peripheral blood was collected into a BD Vacutainer tube 
(Becton Dickinson) containing the anticoagulant K

2
EDTA. Hemoglobin 

typing was performed using HLPC. The percentage of Hb was deter-
mined, and patients whose HbA2 levels were >3.5% were identified as 
having β-thalassemia trait. The multiplex gap-polymerase chain reaction 
was used to detect α-globin gene variants.

Automated Hematology Analyzer
The CBCs were determined using a UniCel DxH 800 hematology an-
alyzer (Beckman Coulter) according to the routine procedure of the 
Department of Transfusion, Faculty of Medicine, Siriraj Hospital. Be-
fore being used to analyze the specimens, the instrument underwent 
inter- and intralaboratory validation. The CBC data set obtained in-
cluded RBC, Hb, hematocrit (HCT), MCV, MCH, MCHC, red cell dis-
tribution width (RDW), white blood cell (WBC) count, and platelet 
(PLT) count.

Mathematical Calculations
The hematological data from each donor were incorporated into each 
formula used, which included the following mathematical formulae: 
the Srivastava formula10: MCH/RBC; the Mentzler formula11: MCV/
RBC; the Shine and Lal formula12: (MCV2 × MCH)/100; the Green 
and King formula17: (MCV2 × RDW)/(Hb × 100); the D’Onofrio et al 

formula18: MCV/MCH; the Ehsani et al formula19: (MCV − 10 × RBC); 
the Sirdah et  al formula23: (MCV  −  RBC  −  3  × Hb); the Sirachainan 
et al formula20: 1.5 × Hb − 0.05 × MCV; the Bordbar et al formula21: 
|80  −  MCV| × |27  −  MCH|; and the Schoorl et  al formula22: (Hb × 
RDW × 100)/(RBC2 × MCHC).

Statistical Analysis
The data were analyzed and graphed using GraphPad Prism software, 
version 5.0. The Kolmogorov-Smirnov normality test was used to 
assess the distribution of the variables. The results were expressed 
as mean, SE, and range (minimum‒maximum). For each formula, a 
receiver operating characteristic (ROC) curve was plotted to calcu-
late the area under the curve (AUC), sensitivity, and specificity, all of 
which were considered when determining the optimal cutoff values. 
The AUC is represented as a value between 0 and 1, and the ideal ROC 
curve has an AUC of 1.0, indicating the outstanding ability of the test 
to distinguish between patients with and without the disease. The 
optimal cutoff value is determined by the maximum sensitivity and 
specificity of the model. An unpaired t test was used to compare the 
differences in hematological data between the 2 groups. P ≤ .05 was 
considered statistically significant.

RESULTS
Donor Characteristics, Hemoglobin Analysis, and CBC 
Parameters
In the current cross-sectional study, we examined data from 354 
transfusion donors, 66 of whom had thalassemia trait, and 288 of 
whom did not have thalassemia trait. The mean age of the donors 
with thalassemia trait was 35 (1.4) years, and the mean age of the 
donors without thalassemia was 36 (0.69) years. In the thalasse-
mia group, the female/male (F/M) ratio was 26/40, and in the no-
thalassemia group, it was 147/141. The donors with thalassemia 
were classified as having hemoglobin E trait (n  =  34); 3.7-kb dele-
tion (n = 20); Hb constant spring (Hb CS) (n = 5); β-thalassemia trait 
(n = 3); and other Hb types, which included 4.2-kb deletion (n = 1), 
homozygous Hb E (n = 1), Southeast Asian (SEA) deletion (n = 1), and 
Hb Pakse (n = 1).

TABLE 1 summarizes the hematological parameters of donors with 
and without thalassemia trait. Those with thalassemia trait had MCV 
and MCH values significantly lower than those without thalassemia. 
However, donors with thalassemia trait had higher RDW and RBC values 
than donors without thalassemia. A  slight but statistically significant 
difference in MCHC was found between the donor groups. There were 
no statistically significant differences between the groups in the levels 
of Hb, HCT, WBC, or PLT.

AUC, Sensitivity, and Specificity of Each 
Mathematical Formula
The CBC parameters were incorporated into each mathematical for-
mula, and diagnostic performance was compared using ROC analysis.  
TABLE 2 summarizes the results regarding AUC values, sensitivities, 
and specificities. Five formulae had an AUC >0.8, with the Shine and 
Lal formula having the highest AUC value: 0.9. The Shine and Lal for-
mula also had the highest sensitivity, 83.58%, and specificity, 82.35%, 
at a cutoff value of 1812; the other formulae had sensitivities and 
specificities ranging from 70%‒81%.
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Discussion
The current study investigated the diagnostic performance of 10 mathe-
matical equations used to identify donors with thalassemia trait. Among 
these formulae, the Shine and Lal algorithm had the best diagnostic 
performance in identifying donors with underlying thalassemia that 
had not yet been recognized.

Our main findings are as follows. First, there were no statistically 
significant differences in Hb values between donors with and without 
thalassemia. This finding confirmed the thalassemia trait characteristics 
of the individuals recruited into the current study and implied that tra-
ditional practices, such as the CuSO

4
 method, may be unable to identify 

donors with thalassemia trait.24 Second, the Shine and Lal formula had 
the highest AUC, at 0.9, which suggests a strong capacity for discrimina-
tion between donors with and without thalassemia. Third, the Shine and 
Lal formula demonstrated the highest sensitivity and specificity—each 
more than 80%—which means that this formula produces few false-
negative and false-positive results. 

Taken together, our findings suggest that the Shine and Lal formula 
could be useful as an initial indicator of the need for further extensive in-
vestigation of a specific donor, to protect donors from undue harm during 
blood donation.25 Given that automatic CBC analysis is less expensive than 
HPLC testing, this simple technique could lower the cost of identifying 
large numbers of transfusion donors in transfusion laboratories.

Another finding of ours was that donors with thalassemia trait had 
lower MCV and MCH levels than donors without thalassemia. This ob-
servation is consistent with those of earlier studies26,27 that examined 
the most commonly used erythrocyte indices and concluded that MCV 
and MCH are the most essential criteria for identifying thalassemia 
trait. This finding is also consistent with our previous observation re-
garding the Shine and Lal formula having the highest performance. This 
formula multiplies MCV by MCH, resulting in a noticeable difference 
when compared to the results of formulas that lack similar qualities in 
their formulations. Although MCV and MCH values may be used to dif-
ferentiate between donors with and without thalassemia, multiplying 
these parameters may increase the strength of the discrimination and 
minimize erroneous results compared to using MCV or MCH by them-
selves. Previously, Carlos at al28 reported decreased RBC values, includ-
ing those for Hb, MCV, MCH, MCHC, and RDW, in patients with IDA 
who also had thalassemia. Other studies29,30 assessing the prevalence 
of IDA in blood donors found sensitivity and specificity of more than 
80% when using the Mentzer algorithm to screen these groups of blood 
donors. The variability in the performance of each formula might be 
explained by interpopulation variances, various mutations, and the de-
gree of anemia affecting RBC parameters.

Despite the good performance of the Shine and Lal formula, the var-
iations between our study findings and those of other studies regarding 

TABLE 1.  Hematological Parameters of Donors with and without Thalassemia Trait

Parameter 
Mean (SE) (Minimum–Maximum)

P Value 
Donors with Thalassemia Trait (n = 66) Donors without Thalassemia Trait (n = 288) 

Hb (g/dL) 14 (0.12) (12–16) 14 (0.07) (11–18) .08

RBCs (×106 cells/μL) 5.4 (0.06) (4.36–7.17) 4.92 (0.02) (3.98–6.84) <.001a

HCT (%) 42 (0.35) (36–47) 42 (0.21) (34–54) .24

MCV (fL) 77 (0.71) (57–87) 86 (0.34) (56–96) <.001a

MCH (pg) 25 (0.24) (20–29) 28 (0.13) (18–33) <.001a

MCHC (g/dL) 33 (0.1) (30–35) 33 (0.05) (30–36) .05a

RDW (%) 15 (0.13) (13–18) 14 (0.06) (12–21) <.001a

WBCs (×103 cells/μL) 7.55 (0.21) (4.27–12.54) 7.31 (0.09) (3.77–13.97) .29

PLTs (×103 cells/μL) 252 (7) (141–413) 266 (3.66) (33–415) .09

Hb, hemoglobin; HCT, hematocrit; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; MCV, mean corpuscular 
volume; PLT, platelet; RBC, red blood cell; RDW, red cell distribution width; WBC, white blood cell.
aIndicates statistically significant difference. 

TABLE 2.  Area Under the Curve (AUC) Values, Cutoff, Sensitivity, and Specificity of Mathematical Formulae

Formula 
Mean (95% CI)

AUC Cutoff Value Sensitivity, % Specificity, % 

Srivastava10 0.85 (0.8–0.9) <5.29 80.6 (69.58–88.29) 74.05 (68.7–78.76)

Mentzer11 0.84 (0.8–0.89) <15.62 73.13 (61.48–82.28) 80.97 (76.05–85.08)

Shine and Lal12 0.9 (0.87–0.93) <1812 83.58 (72.94–90.58) 82.35 (77.54–86.32)

Green and King17 0.74 (0.67–0.8) <68.94 64.18 (52.22–74.6) 67.13 (61.52–72.29)

D’Onofrio et al18 0.58 (0.5–0.65) >3.05 56.72 (44.81–67.9) 55.02 (49.25–60.65)

Ehsani et al19 0.86 (0.82–0.91) <30.45 74.63 (63–83.51) 79.93 (74.93–84.14)

Sirdah et al23 0.82 (0.77–0.88) <34.51 73.13 (61.48–82.28) 80.62 (75.68–84.77)

Sirachainan et al20 0.52 (0.45–0.6) <16.39 52.24 (40.49–63.75) 52.25 (46.5–57.94)

Bordbar et al21 0.61 (0.54–0.69) >7.17 59.7 (47.74–70.61) 61.94 (56.22–67.34)

Schoorl et al22 0.76 (0.7–0.82) <22.73 68.66 (56.80–78.49) 67.82 (62.23–72.94)

08_LABMED_lmad011.indd   59508_LABMED_lmad011.indd   595 26-Oct-23   17:35:1326-Oct-23   17:35:13

D
ow

nloaded from
 https://academ

ic.oup.com
/labm

ed/article/54/6/593/7080292 by guest on 24 February 2025



2023;54:593-597  |  https://doi.org/10.1093/labmed/lmad011596

the detected sensitivity and specificity might be due to a distinct muta-
tion that influences the pathophysiology of thalassemia or the use by 
other studies of different criteria to group individuals.23,31 Further, the 
discrepancies in performance suggest that each laboratory should deter-
mine its own cutoff level for identifying donors with thalassemia trait. 

It is also worth mentioning that RBC levels were higher in donors 
with thalassemia than in healthy volunteer donors in the study. 
However, both levels were within normal ranges.32 In addition to the 
formulae examined in this study, algorithms that have diagnostic per-
formance regarding IDA and thalassemia carriers have been reported 
in the general population.26,33 As a result, further studies should be 
conducted to analyze these proposed equations to find better algorithms 
for identifying donors with thalassemia. 

In terms of cutoff values, a previous study12 reported the perfor-
mance of the Shine and Lal formula for diagnosing thalassemia with a 
cutoff value of 1530. Another study found that the Shine and Lal for-
mula had excellent diagnostic performance (AUC = 0.94) for diagnosing 
thalassemia with a cutoff value of 1110.21 Variability in cutoff values, 
sensitivity, and specificity may be attributed to various gene mutations 
in different geographical groups or an underlying cause of anemia, such 
as iron or B12 deficiency, which affects RBC indices.4,5 Also, variation 
in cutoff levels implies that each laboratory should determine its own 
values. It might also be argued that screening requires a high-sensitivity 
approach. However, other underlying diseases, such as IDA, may be as-
sociated with hematological characteristics that were not included in the 
current investigation. Given this context, a reliable screening strategy is 
necessary to minimize false positives and false negatives. As a result, we 
chose the optimal cutoff values for maximum sensitivity and specificity.

The current study has several limitations. First, we examined only 
donors with thalassemia. However, 2 previous study reports6,34 stated 
that glucose-6-phosphate dehydrogenase (G6PD) deficiency was com-
mon in transfusion donors. Therefore, because our investigation might 
have included donors with G6PD deficiency, additional studies should 
examine the application of mathematical formulae to identify donors 
who are deficient in G6PD. 

The second drawback is that we did not test for IDA. Given its preva-
lence in various countries, including Thailand, the presence of IDA might 
have been a factor in the decreased levels of MCV and MCH we observed 
in this study.35,36 

Third, we examined conventional RBC parameters. Earlier study 
reports37,38 have stated that expanded RBC characteristics from multi-
ple automated hematological analyzers may be used to detect individuals 
who are carriers of thalassemia. Further studies should be conducted to 
identify whether these extended RBC measures surpass conventional RBC 
parameters in identifying blood donors with thalassemia. Finally, the re-
liability of the mathematical calculations could have been limited if the 
donors had mutations that had no effect on their RBC characteristics.39,40

Our findings support the reliability and accuracy of the Shine and 
Lal formula in identifying donors with thalassemia trait. Implementing 
this easy, low-cost technique can help to assure the safety of voluntary 
donors, particularly those with undisclosed underlying thalassemia.
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ABSTRACT

Objective: The acid/molybdate assay performed on the Beckman 

Coulter AU5821 could be subject to paraprotein interference, which 

potentially results in spurious hyperphosphatemia. We attempted to 

find a reliable solution to eliminate paraprotein interference in labora-

tory test results and discuss the causes of paraprotein interference.

Methods: We observed 50 multiple myeloma patients with serum 

paraproteins. We used the trichloroacetic acid (TCA) deproteinizing 

method to confirm that paraproteins indeed interfered with phos-

phate detection in the serum acid/molybdate assay. Furthermore, 

we used the dry chemical method (Vitros 5.1 FS, Johnson) and 

deionized water (H
2
O), normal saline (NS), and healthy human se-

rum as alternative diluents. We assessed the clinical acceptability of 

the 4 methods by evaluating a bias percentage (bias%) lower than 

10% under the premise of TCA treatment as a serum phosphate 

reference method.

Results: In total, comparing the results of the TCA treatment on the 

Beckman Coulter AU5821, 3/50 (6%) multiple myeloma patients 

exhibited phosphate pseudo-elevation (bias%  >10%). Additionally, 

we found pseudo-hypophosphate only in immunoglobulin (Ig)G-kappa 

paraprotein samples, and all were above 50 g/L. The bias% between 

TCA and dry chemical method for the 3 patients was below 10%. The 

maximum acceptable dilutions for patient 22 were 8-fold H
2
O, 4-fold 

H
2
O , and 2-fold serum; those for patient 45 were 16-fold H

2
O, 16-fold 

H
2
O, and 2-fold serum. However, the bias% of patient 40 was beyond 

the acceptable range in all 3 dilution groups.

Conclusion: High concentrations of IgG kappa–type paraproteins are 

more likely to interfere with serum phosphorous detection. Both the 

TCA and dry chemical method can effectively eliminate paraprotein 

interference.

Paraproteins are monoclonal immunoglobulins (Igs) or immunoglobulin 
fractions present in the blood or urine produced by a clonal popula-
tion of B-cell lineage cells, most commonly plasma cells. The presence 
of paraproteins may signify a variety of underlying conditions, ranging 
from a benign process known as monoclonal gammopathy of unknown 
significance to plasma cell malignancy, that is, multiple myeloma (MM).1 
It has been reported that paraproteins often interfere with biochemical 
immunoassays and result in inaccurate test results.2,3 In particular, there 
have been several reports indicating that serum phosphate concentrations 
may be erroneously high in patients with paraproteinemia if the method of 
phosphate measurement is based on a direct reaction with molybdate in an 
acid medium.4 However, the method information sheet accompanying the 
current phosphate method kit does not explicitly mention the possibility 
of interference by paraproteins. Therefore, the presence of pseudo-
hyperphosphorus interference by paraprotein effects could be more wide-
spread than realized due to current laboratory testing method limitations.

Hyperphosphatemia occurs in hypoparathyroidism, acute rhab-
domyolysis, and metabolic acidosis. Hyperphosphatemia also occurs 
in secondary renal damage caused by B-cell neoplasia, such as MM or 
Waldenström’s macroglobulinemia.5 If incorrect serum phosphate results 
are reported to clinicians, they could lead to unnecessary investigations 
and changes to patient treatment. Therefore, in the current study, serum 
phosphate concentrations were measured in 50 MM patients with se-
rum paraproteins to study how paraproteins interfered with phosphate 
detection in the serum direct acid/molybdate method. We attempted to 
find a reliable and simple solution to eliminate paraprotein interference 
for laboratory serum phosphate examination and further explore the 
causes of paraprotein interference by using the trichloroacetic acid (TCA) 
deproteinizing method to remove paraproteins to accurately assay the se-
rum phosphate and used deionized water (H

2
O), normal saline (NS), and 

healthy low-value human serum as alternative diluents.
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Materials and Methods

Ethics Statement
All procedures performed in the study involving human participants 
were in accordance with the ethical standards of the institutional and/
or national research committee and with the 1964 Helsinki Declaration 
and its later amendments or comparable ethical standards. The study 
protocol was approved by Hebei Medical University ethical committee 
(W2021-095-1). Written informed consent was obtained from each 
participant.

Study Subjects
Subjects meeting the following criteria were enrolled in the study: (1) 
Chinese patients who met the diagnosis standard for MM according 
to the Revised International Myeloma Working Group criteria (IMWG 
2014)6; and (2) MM patients with a monoclonal immunoglobulin band 
identified by serum protein electrophoresis. Patients whose serum 
samples were lipemic, icteric, or hemolytic or those who were treated 
with phosphate therapy were excluded.

Paraprotein Typing and Concentration Detection
Identified paraproteins were typed by immunofixation electrophoresis as 
IgM, IgG, IgE, IgA, or IgD, and light chain type (kappa or lambda). The 
paraprotein concentration was detected by the immunoturbidimetric 
method on the Beckman Coulter IMMAGE 800 Specific Protein Analyzer.

Methods for Serum Phosphate Concentration Detection
Beckman Coulter AU5821 Determination Method
Serum phosphate concentrations were analyzed using a Beckman Coul-
ter AU5821 and an ammonium molybdate–based method in which inor-
ganic phosphorus reacted with ammonium molybdate in the presence of 
sulfuric acid to form an unreduced phosphomolybdate complex, which 
was measured as an end-point reaction at 340 nm (reference interval: 
0.85–1.51 mmol/L).

TCA Deproteinizing Method
Samples were deproteinized using TCA (Deproteinizing Sample Prepa-
ration Kit, Bio Vision).The protocol included: (1) Protein precipitation, 
in which 150  μL sample was mixed with 15  μL cold TCA in a 1.5  mL 
microcentrifuge tube. The sample was kept on ice for 15  min, then 
centrifuged at 12,000g for 5 min. Supernatant was carefully transferred 
to another tube. (2) Sample neutralization, in which 10 μL cold neutral-
ization solution was added to the collected supernatant. The sample was 
placed on ice for 5 min and directly measured with the Beckman Coulter 
AU5821 analyzer for the phosphate concentrations. We defined the se-
rum phosphate results by the TCA deproteinizing method and removal 
of paraproteins as the true result and compared them with the original 
results to confirm whether there were pseudo-hyperphosphatemia test 
results in patients with MM with paraproteins, where the relative bias 
(bias%) between the 2 assays was more than 10%. We analyzed the rela-
tionship between paraprotein-interfered serum phosphate determination 
samples and paraprotein concentrations and immunoglobulin typing.

Methods for Removing Paraprotein Interference
Vitros 5.1 FS Detection Method
Serum phosphate concentrations were analyzed using the dry chemical 
method (Vitros 5.1 FS, Johnson). Vitros 5.1 FS analysis requires the use 

of a slide-based method for the reaction of inorganic phosphorus with 
ammonium molybdate to form a phosphomolybdate complex. This com-
plex was then reduced by p-methyl-aminophenol sulfate, an organic re-
ductant, to form a stable heteropoly molybdenum blue chromophore. 
The phosphate concentration was then estimated by reflectance spectro-
photometry at 670 nm.

Dilution Methods
Diluents included H

2
O, NS, and healthy low-value serum phospho-

rus samples; the original serum samples containing paraproteins were 
diluted by the various diluents, and serum phosphate was remeasured 
on the AU5821 analyzer.

Separately, we compared the results by the multiple methods for 
removing paraprotein interference with the results by TCA treatment, 
where a bias% <10% was the judgment criterion, to determine the 
most desirable method to detect serum phosphorus interference by 
paraproteins in daily practice.

Statistical Methods
Continuous variables conforming to a normal distribution are described 
as mean ± SD; otherwise, they are described as median and interquartile 
range (P

25
–P

75
). Categorical variables are described as frequencies and 

percentages (%).
The absolute bias was defined by the difference between the serum 

phosphate results by the TCA deproteinizing method and the original 
serum phosphate concentrations by AU5821. The relative bias (bias%) 
denoted the absolute bias divided by the original serum phosphate 
concentrations by AU5821. If the bias% was more than 10%, there was 
a difference; that is, there was pseudo-hyperphosphorus interference by 
paraprotein effects in the AU5821 analyzer.

Results

Patient Characteristics and Paraprotein Typing
In the current study, 50 different MM patients were included, 23 
females and 27 males. The median age was 63  years (interquar-
tile range, 43-80  years). Of the study patients, 27 had IgG typing 
paraproteins (9 IgG lambda and 18 IgG kappa), 18 had IgA paraproteins 
(10 IgA lambda and 8 IgA kappa), and 5 had IgM paraproteins (4 
IgM kappa and 1 IgM lambda). The paraprotein concentration range 
was 5.62 to 74.90  g/L with a median of 23.9 (12.06–40.31) g/L  
(TABLE 1).

Original Serum Phosphate Results and TCA 
Treatment Results
Of the 50 paraprotein-positive samples, 3 (6%) showed a bias% 
greater than 10% and phosphate pseudo-elevation. In addition, we 
found pseudo-hyperphosphate only in IgG kappa–type paraprotein 
samples. The concentrations of paraproteins in the 3 cases were all 
above 50 g/L, and serum total protein was above 100 g/L (TABLE 1 
and TABLE 2).

Comparison of the Results of the Dilution Group and 
Vitros Group with TCA
The maximum dilutions of patient 22 were 8-fold H

2
O, 4-fold NS, and 

2-fold low-value phosphate serum; those for patient 45 were 16-fold 
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H
2
O, 16-fold NS, and 2-fold serum. However, the bias% of patient 40 

was beyond the acceptable range in the 3 dilution groups. The bias% of 
the Vitros 5.1 FS method compared with the TCA method was less than 
10% in these 3 cases (TABLE 3).

Discussion
Hyperphosphatemia is usually secondary to hypoparathyroidism or 
advanced renal failure. Pseudo-hyperphosphatemia, a rare condition, 
is most commonly associated with paraproteinemia but is also seen in 
other conditions, such as hyperlipidemia, hyperbilirubinemia, and he-
molysis. Pseudo-hyperphosphatemia is found in MM samples, caused 
by the interaction of the paraprotein with molybdate reagent in the 
acid molybdate-based assay.7–11 Indeed, in the current study, we dis-
covered 3 cases of pseudo-hyperphosphatemia in our laboratory from 
April 2021 to January 2022, all of them IgG kappa–type MM. However, 
the available studies do not suggest that the pseudo-increased serum 
phosphorus has a significant correlation with paraprotein types. Sinclair 
et al12 reported IgA and IgG with pseudo-increased blood phosphorus 
in MM patients. In 2007, Kiki et al9 reported another pseudo-elevation 
in serum phosphorus in IgG MM. In 2015, Made et al13 found pseudo-
hyperphosphatemia in an IgA kappa  MM patient. Additionally, the 
study results are discrepant about whether the paraprotein concentra-
tion is related to the spurious increase in phosphorus. In the current 
study, we found that the paraprotein concentration of 3 cases was more 
than 50 g/L, indicating that high concentrations of paraprotein are more 
likely to cause interference. Some experts also believe that paraprotein 
interference is more likely to occur at high paraprotein concentrations.14 

TABLE 1.  Basic Characteristics of 50 Patients with Multiple Myeloma

Patient No. AU5821 TCA Bias% Paraprotein type Paraprotein concentration (g/L) Patient No. AU5821 TCA Bias% Paraprotein type Paraprotein concentration (g/L) 

1 1.41 1.38 2% IgG kappa 18.64 26 0.91 0.93 -2% IgM kappa 8.26

2 1.50 1.46 3% IgG lambda 8.53 27 1.34 1.39 -4% IgG lambda 11.82

3 1.29 1.21 6% IgA kappa 5.62 28 0.92 0.91 1% IgG lambda 31.27

4 2.28 2.18 5% IgM lambda 7.15 29 1.27 1.30 -2% IgG lambda 17.16

5 1.34 1.45 -8% IgG kappa 43.85 30 0.90 0.93 -3% IgA lambda 34.20

6 0.99 0.92 7% IgA lambda 31.90 31 1.18 1.20 -2% IgG kappa 23.70

7 1.33 1.24 7% IgG kappa 31.3 32 1.18 1.23 -4% IgA lambda 55.70

8 1.48 1.34 10% IgG kappa 38.39 33 1.32 1.26 4% IgG kappa 25.47

9 1.31 1.28 3% IgG kappa 13.54 34 0.92 0.99 -7% IgA kappa 23.90

10 1.42 1.33 7% IgA lambda 38.91 35 1.26 1.26 0%  IgA kappa 25.00

11 1.04 1.00 4% IgA lambda 15.3 36 0.96 1.00 -4% IgG kappa 8.70

12 1.79 1.61 10% IgA lambda 57.4 37 1.00 1.00 0% IgG kappa 15.40

13 1.34 1.25 7% IgA kappa 60.42 38 0.69 0.63 9% IgM kappa 7.5

14 1.05 1.13 -7% IgG lambda 16.73 39 0.93 0.96 -3% IgG kappa 8.9

15 0.83 0.88 -5% IgA kappa 10.77 40 5.50 2.25 59% IgG kappa 73.90

16 1.63 1.61 1% IgA lambda 13.78 41 1.27 1.38 -8% IgA kappa 60.3

17 1.34 1.35 -1% IgA lambda 12.62 42 1.61 1.54 5% IgA lambda 37.1

18 1.35 1.43 -6% IgG kappa 74.90 43 0.74 0.75 -1% IgG lambda 19.09

19 1.30 1.23 6% IgA lambda 26.28 44 1.49 1.44 4% IgG kappa 53.9

20 1.50 1.48 2% IgM kappa 38.12 45 3.19 1.56 51% IgG kappa 50.10

21 1.83 1.86 -2% IgG lambda 34.20 46 1.41 1.46 -4% IgG kappa 6.97

22 2.96 1.56 47% IgG kappa 59.90 47 1.45 1.46 -1% IgA kappa 12.3

23 2.50 2.26 10% IgG kappa 46.65 48 1.46 1.36 7% IgG kappa 41.7

24 1.42 1.43 0% IgM kappa 8.07 49 1.53 1.41 8% IgA kappa 9.5

25 1.35 1.26 6% IgG lambda 22.79 50 1.47 1.46 1% IgG lambda 49.3

AU5821, the serum phosphate concentration(mmol/L) result measured on the AU5821 analyzer; TCA, the serum phosphate concentration(mmol/L) result 
measured on AU5821 after TCA precipitation method.

TABLE 2.  Patient Characteristics Associated with Spurious 
Hyperphosphatemia and Results After Dilution

Patient No.

Characteristic 22 40 45 

Sex M M M

Age (y) 57 62 66

Monoclonal component type IgG kappa IgG kappa IgG kappa

Monoclonal component (g/L) 59.90 73.90 50.10

Serum total protein (g/L) 118.09 121.29 118.56

Serum creatinine (mmol/L) 57.16 544.79 99.92

Serum calcium (mmol/L) 2.18 2.88 2.17

Serum phosphorus by AU5821 (mmol/L) 2.96 5.50 3.19

Serum phosphorus by TCA (mmol/L) 1.56 2.25 1.75

Serum phosphorus by Vitros (mmol/L) 1.69 2.43 1.81

IgG, immunoglobulin.
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However, Roy1 insisted that there is no significant correlation between 
paraprotein interference and concentration or type.

Furthermore, it has been reported that artifactual laboratory 
abnormalities are uncommon; percentage of abnormalities were 
found to be 1.2% and 1.5% in 2 studies.10,11 We found that of the 50 
paraprotein-positive samples, 3 (6%) exhibited phosphate pseudo-
elevation. The incidence of such a phenomenon is not accurately known 
and may be even higher than generally appreciated. It is important for 
clinicians to be aware of the possibility and recognize artifactual errors 
in laboratory parameters so that unnecessary tests and erroneous 
conclusions can be avoided. The wide variation in reported incidences 
of pseudo-hyperphosphatemia may be due to different definitions of the 
phenomenon in different studies. We defined any phosphate value meas-
ured on the AU5821 that was 10% different from the result obtained 
on TCA as being pseudo-hyperphosphatemia. Because TCA could com-
pletely eliminate the paraproteins, we treated the TCA result as the 
real result. There was no significant difference in the serum phosphate 
values between the TCA treatment and the Vitros 5.1 FS dry chemical 
analyzer method, indicating that both methods had a similar ability 
to resist paraprotein interference in the clinical laboratory. The Vitros 
5.1 FS method is reported to be interference-free because the sample 
has to penetrate several slide layers before reaching the reaction layer, 
although the method is based on the reaction of phosphate with am-
monium molybdate. This may therefore have the effect of filtering out 
any interfering compounds.15 Finally, we attempted the dilution method 
commonly used in eliminating analytical interference and compared it 
with the TCA method. The maximum acceptable dilutions of patient 
22 were 8-fold H

2
O, 4-fold NS, and 2-fold low-value phosphate serum 

and those of patient 45 were 16-fold H
2
O, 16-fold NS, and 2-fold se-

rum. The only exception was patient 40, whose results lacked linear-
ity. This patient’s phosphate concentrations measured on the AU5821 
system were 5.5  mmol/L and the overestimated values were absurdly 
high. In addition, the patient had severe renal impairment (creatinine: 
544.79  mmol/L). As a result, this sample is not linear with the TCA 
method regardless of dilution method. However, the TCA treatment re-
sult of this sample was 2.25 mmol/L, and the dry chemical result was 
2.43 mmol/L. These results are a more realistic reflection of the patient’s 
physiological state.

The purpose of the current study was to analyze the clinical labo-
ratory abnormalities caused by paraproteins to improve awareness of 
the possibility of such interference and avoid unnecessary erroneous 
conclusions in practical work. When suspicious results appear, the TCA 
method is preferred for processing samples. If a laboratory does not 
have a deproteinizing reagent, the dry chemical (Vitros) method is reli-
able. Through a series of dilutions, the results were also close to the real 
results except for an unexpectedly high concentration of phosphorus. It 
is very important to provide clinicians and patients with more accurate 
results, which can assist clinicians in making accurate diagnoses.

Conclusion
A high concentration of paraproteins is more likely to cause interfer-
ence, and IgG kappa–type paraproteins are more likely to interfere with 
phosphorous detection. Both the TCA and dry chemical methods can 
effectively eliminate paraprotein interference. Paraprotein interference 
cannot be completely eliminated by dilution, especially with very high 
paraprotein concentrations.TA
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ABSTRACT

Objective: The aim of this work was to compare different local cut-

off values (LCV) and inline cutoff values (ICV) in pregnant women 

in the second  trimester at high risk for carrying fetuses with tri-

somy 21.

Methods: This retrospective cohort study analyzed prenatal screening 

outcomes in pregnant women (n = 311,561). The receiver operating 

characteristic curve was used to evaluate the diagnostic significance 

of the trisomy 21 risk value, alpha-fetoprotein, and free beta human 

chorionic gonadotropin multiple of the median for predicting trisomy 

21 risk. The cutoff value corresponding to the maximal Youden index 

was taken as the LCV. The screening efficiency of both cutoff values 

was compared.

Results: The LCV cutoff value was lower than the ICV cutoff value 

(1/643 vs 1/270). The sensitivity increased by 19.80%, the positive 

predictive value decreased by 0.20%, and the false-positive rate 

increased by 6.50%.

Conclusion: The LCV should be used to determine trisomy 21 risk, 

which can increase the detection rate of trisomy 21 in the second tri-

mester.

Aneuploidy is the presence or the absence of one or more ex-
tra chromosomes.1 Persons who have an extra chromosome 21 are 
diagnosed with Down syndrome (DS), one of the most common fetal 
chromosomal abnormalities, with a prevalence of approximately 1/800 
to 1/600 live births.2 Most individuals with trisomy 21 cannot take care 
of themselves due to severe mental and physical disabilities. The risk of 
a pregnant woman giving birth to a newborn with trisomy 21 increases 
from 1/1480 at 20 years of maternal age to 1/85 at 40 years of mater-
nal age. As there is no treatment for trisomy 21, individuals with DS 
can create serious economic burdens on families and health  care sys-
tems. As such, all pregnant women should undergo prenatal screening 
and counseling,3-5 which can help patients and families decide whether 
or not to continue the pregnancy. Furthermore, counseling should 
be nondirective in nature, and clinicians should support patients and 
families, regardless of the decision that is made.6

Comprehensive indicator screening between 10 and 13 weeks of ges-
tation can detect approximately 82% to 87% of fetuses with trisomy 21, 
whereas screening between 15 and 21 weeks of gestation can detect ap-
proximately 81% of fetuses with the abnormality. The positive detection 
rate of trisomy 21 is higher in women in early pregnancy that underwent 
serum panel testing or integrated screening (ie, ultrasound combined 
with serum panel testing) than that in women that underwent single 
biomarker testing.7 Noninvasive prenatal testing, a high-performance 
screening approach for determining trisomy 21 risk with a detection rate 
of 99%, can be used initially or subsequently in the follow-up of abnormal 
results in the first or second trimester of pregnancy.8 Diagnostic testing 
to confirm positive results includes chorionic villus sampling at 10 to 13 
weeks of gestation or amniocentesis after 15 weeks of gestation.7 Triple 
screening of serum indicators, namely, alpha-fetoprotein (AFP), free beta 
human chorionic gonadotropin (free β-hCG), and unconjugated estriol 
(uE3), is routinely carried out in pregnant women in the second trimes-
ter, which usually yields the lowest positive detection rate and the highest 
false-positive rate (FPR). Another advantage of triple screening is that it 
can detect neural tube defects when screening for trisomy 21 and 18.9,10
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Presently, there is no agreement on the cutoff value for predicting 
trisomy 21 risk in the second trimester of pregnancy. The cutoff value is 
1/250 in France and Finland,11,12 1/300 in the UK and Germany,13,14 and 
1/270 in China and other Asian countries.15,16 As such, it is important to 
establish the trisomy 21 cutoff value in prenatal screening.

The aim of our study was to explore the diagnostic significance of the 
local cutoff value (LCV) in dual-marker prenatal screening of trisomy 
21 in the second trimester. This retrospective cohort study analyzed 
311,561 young pregnant women, including 136 cases of trisomy 21, and 
compared the diagnostic significance of the LCV with the inline cutoff 
value (ICV) for predicting trisomy 21 risk.

Materials and Methods

Participants
This was a retrospective study of young women undergoing routine sec-
ond trimester aneuploidy screenings (15 to 20 weeks and 6 days of ges-
tation) at 48 prenatal health community centers in Hangzhou Women’s 
Hospital (Hangzhou Maternity and Child Health Care Hospital) China, 
from January 2015 to October 2019. There were 136 pregnant women 
carrying fetuses with trisomy 21, including high-risk and low-risk cases, 
and 311,425 pregnant women carrying healthy fetuses. The fetuses with 
trisomy 21 were diagnosed according to results of karyotype analysis of 
amniotic fluid cells and ultrasound examinations.

Inclusion and Exclusion Criteria
The inclusion criteria were as follows: pregnant women at 15 to 20 
weeks and 6 days of gestation, with a singleton pregnancy, voluntarily 
undergoing prenatal screening for determining trisomy 21 risk in the 
second trimester. The exclusion criteria were as follows: patients with a 
history of smoking, diabetes mellitus, chromosomal abnormalities and 
congenital malformations, pregnancy complications or other related 
conditions, fetuses conceived in vitro, or plural gestations. This study 
was approved by the Medical Ethics Committee of Hangzhou Women’s 
Hospital [2021] Medical Ethics Review A (3) - 02.

Reagents and Instruments
The 1235 Automatic Immunoassay System (Perkin Elmer) and double 
labeling kit (AFP/free β-hCG, catalog number 644147, Wallac Oy) were 
used in this study.

Detection Methods
Materials and Test Indicators
Fasting venous blood (2–3 mL) was collected from pregnant women at 
15 to 20 weeks and 6 days of gestation. Serum specimens were stored 
in a refrigerator at 2°C to 8°C and transported to the Prenatal Screening 
Laboratory of Hangzhou Women’s Hospital (Hangzhou Maternity and 
Child Health Hospital) within 1 week from collection.

MoM Calculation
AFP and free β-hCG were expressed as the multiple of the median 
(MoM) for variables, such as gestational age and maternal weight, as 
previously reported.17

Quality Control
Quality control serum specimens (catalog number 39180; Bio-Rad) were 
classified as low value, medium value, or high value. The certificate of 

conformity, which describes the activities organized by the Clinical Lab-
oratory Center of the National Health Commission of China 3 times a 
year, was obtained. All personnel received training and obtained certi-
fication from the relevant health authorities before the start of testing 
and analysis.

Inline Cutoff Value
Life Cycle 4.0 software (Wallac Oy) was used to calculate the ICV of tri-
somy 21 after adjusting for maternal age, maternal weight, and gesta-
tional age at testing. If the trisomy 21 risk value was ≥1:270, then the 
fetus was at high risk of trisomy 21, with all other values indicating that 
the fetus was at low risk of the abnormality.18 According to the ROC, 
the cutoff value corresponding to the maximal Youden index was taken 
as the LCV with the largest area under the curve (AUC) and the best 
screening efficacy.

Prenatal Diagnosis
Pregnant women underwent ultrasound-guided amniocentesis at 17 
to 20 weeks of gestation after providing written informed consent. In 
brief, the amniotic tank was positioned and <30 mL of amniotic fluid 
was collected by puncture through the abdomen with a 20-gauge needle 
and transferred to a sterile centrifuge tube. Specimens were centrifuged 
at 2500  rpm for 10  min. Cells were resuspended in medium and cul-
tured in an incubator at 37°C with 5% CO

2
, and cell proliferation was 

observed. Thirty mitotic phases were counted under a microscope, and 
5 karyotypes were analyzed. Additionally, chromosomal G-banding 
and karyotype analyses were performed according to the International 
Nomenclature System of Human Genetics. The number of abnormal 
karyotypes was increased, adding C and N banding, if necessary.19

Data Analysis
IBM SPSS 24.0 software (IBM Corp) was used for statistical analysis. The 
one-sample Kolmogorov-Smirnov test was used to assess the normality. 
The maternal age, gestational age at testing, and maternal weight in the 
second trimester of pregnancy were expressed as percentiles [M (P

2.5
, 

P
97.5

)]. Skewed data were compared within or between groups using the 
Mann-Whitney U test. The positive rates (PRs) of the 2 methods were 
compared using the χ2 test. To assess the diagnostic significance of AFP 
MoM and free β-hCG MoM, as well as the trisomy 21 risk calculation, 
cutoff values and AUCs were determined using receiver operator char-
acteristic (ROC) curves. The sensitivity (SEN) and the FPR were used to 
evaluate the efficacy of trisomy 21 screening. The SEN was calculated as 
follows: number of true positives/(number of true positives + number 
of false negatives) × 100%. The FPR was calculated as follows: number 
of false positives/(number of true negatives + number of false positives) 
× 100% ÷ number of gold standard. P < .05 was considered statistically 
significant.

Results

Comparison of Patient Characteristics
The maternal age at testing in the second trimester was significantly 
higher in the trisomy 21 group than in the control group (Z  =  9.470, 
P < .001), whereas the gestational age at testing was lower in the trisomy 
21 group than in the control group (Z = 2.579, P = 0.010). No significant 
difference in the maternal weight between the groups was noted (P > 
0.05) (TABLE 1).
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Determination of the Trisomy 21 Risk Value, AFP MoM, 
and Free β-hCG MoM
The trisomy 21 risk value (1/132) was significantly higher in the trisomy 
21 group than in the control group (Z = 16.442, P < .001), whereas the 
trisomy 18 risk value (1/18498) was significantly higher in the trisomy 
21 group than in the control group (Z = 7.820, P < .001). The AFP MoM 
was 0.73 in the trisomy 21 group, which was significantly lower than in 
the control group (0.98, Z = 9.310, P < .001). The free β-hCG MoM was 
2.23 in the trisomy 21 group, which was significantly higher than in the 
control group (0.99, Z = 11.994, P < .001) (TABLE 1).

Diagnostic Value of the Trisomy 21 Risk Value, AFP MoM, 
and Free β-hCG MoM for Predicting Trisomy 21 Risk 
Using Local and Inline Cutoff Values
The LCV for predicting trisomy 21 risk, the AUC, the cutoff value and 
SEN of the trisomy 21 risk calculation, AFP MoM, and free β-hCG MoM 
were 0.907, 1/643 and 0.816; 0.730, 0.75 MoM and 0.559; 0.797, 1.56 
MoM and 0.713, respectively (TABLE 2 and FIGURE 1).

The PRs of the LCVs for predicting the trisomy 21 risk value, AFP 
MoM, and free β-hCG MoM were all higher than those of the ICVs 
(0.120, 0.181, and 0.226 vs 0.055, 0.015, and 0.073, respectively), and 
differences were statistically significant (χ2 = 8189.394, χ2 = 48315.275, 
and χ2 = 28560.839, all P < .001) (TABLE 2). The LCV cutoff value was 
lower than the ICV cutoff value (1/643 vs 1/270), whereas the SEN 
increased by 19.80% (0.816 vs 0.618), the positive predictive value 
(PPV) decreased by 0.20% (0.005 vs 0.003), and the FPR increased by 
6.50% (0.120 vs 0.055) (TABLE 3).

Discussion
The main findings of our study were as follows: differences in the tri-
somy 21 risk value, AFP MoM, and free β-hCG MoM between trisomy 
21 and control groups were statistically significant (P <  .001), and the 
PRs of the LCVs for predicting the trisomy 21 risk value, AFP MoM, and 

free β-hCG MoM were all higher than the PRs of the respective ICVs 
(P < .001). The LCV cutoff value was 1/643, the SEN increased by 19.80% 
(0.816 vs 0.618), the PPV decreased by 0.20% (0.005 vs 0.003), and the 
FPR increased by 6.50% (0.120 vs 0.055), which was lower than the ICV 
cutoff value (1/270).

Prenatal screening, a safe, simple, and economical approach used 
in prenatal health centers worldwide, is critical in pregnant women at 
risk for carrying fetuses with congenital defects such as trisomy 21. 
In Europe, the prevalence of trisomy 21 is 22/10,000.20 Our study 

TABLE 1.  Comparison of Clinical Data Between the Control and the Trisomy 21 Groupa

Variable Control (n = 311,425) Trisomy 21 (n = 136) Z P 

Maternal age (y) 28.80 (21.62–37.61) 33.34 (23.43–44.35) 9.470 <.001

Maternal weight (kg) 55.00 (43.00–75.00) 55.10 (45.00–75.00) 0.745 .456

Gestational age (d) 118.00 (109.00–133.00) 117.00 (109.00–131.00) 2.579 .010

Trisomy 21 risk value 1/4377 (1/121–1/68176) 1/132 (1/5–1/7983) 16.422 <.001

Trisomy 18 risk value 1/56,383 (1/2303–1/100,000) 1/18,498 (1/442–1/100,000) 7.820 <.001

AFP MoM 0.98 (0.54–1.86) 0.73 (0.40–1.51) 9.310 <.001

Free β-hCG MoM 0.99 (0.33–3.62) 2.23 (0.44–12.64) 11.994 <.001

AFP, alpha-fetoprotein; free β-hCG, free beta subunit of human chorionic gonadotropin; MoM, multiple of the median.
aData are presented as median (P

2.5
–P

97.5
).

TABLE 2.  Diagnostic Significance of the Trisomy 21 Risk Value, AFP MoM, and Free β-hCG MoM for Predicting Trisomy 21 Risk

Screening Indicator AUC 95% CI P SEN SPE Youden Index LCV Cutoff High Risk (n) PR ICV Cutoff High Risk (n) PR χ2 P 

Trisomy 21 risk value 0.907 0.878-0.935 <.001 0.816 0.880 0.697 1/643 37357 0.120 1/270 17171 0.055 8189.394 <.001

AFP MoM 0.730 0.683-0.778 <.001 0.559 0.819 0.378 0.75 56419 0.181 0.50 4781 0.015 48315.275 <.001

Free β-hCG MoM 0.797 0.755-0.839 <.001 0.713 0.774 0.488 1.56 70370 0.226 2.50 22798 0.073 28560.839 <.001

AFP, alpha-fetoprotein; free β-hCG, free beta subunit of human chorionic gonadotropin; ICV, inline cutoff value; LCV, local cutoff value; MoM, multiple of 
the median; PR, positive rate; SEN, sensitivity; SPE, specificity.

FIGURE 1.  Receiver operating characteristic curve for 
predicting trisomy 21 risk. AFP, alpha-fetoprotein; free β-hCG,  
free beta subunit of human chorionic gonadotropin; MoM, 
multiple of the median.
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shows statistically significant differences in the PRs of cutoff values 
for predicting trisomy 21 risk. We wanted to understand whether LCV 
is suitable in the local laboratory and the prenatal screen value of LCV 
for trisomy 21 fetuses. In our study, LCV reduced the misdiagnosis 
rate compared with ICV and improved the detection rate. Further-
more, our results showed that the AUC of the trisomy 21 risk value 
was higher than that of AFP MoM and free β-hCG MoM alone (0.907 
vs 0.704 and 0.797). The SEN of the trisomy 21 risk value was 0.816, 
which was higher than that of AFP MoM (0.559) and free β-hCG MoM 
(0.713), consistent with previous studies.21 Liu et  al21 demonstrated 
that the AUC of AFP MoM + free β-hCG MoM was 0.748 (95% CI: 
0.635–0.860), whereas Guo et al22 illustrated that the AUC of the tri-
somy 21 risk value was 0.935 (95% CI: 0.879–0.991), indicating that 
the screening efficacy of AFP MoM + free β-hCG MoM was better than 
that of AFP MoM and free β-hCG MoM alone. Guo et al22 also reported 
that when the FPR was 0.047, the cutoff value and the SEN were 1/265 
and 0.778, respectively. However, when the FPR was 0.223, the cutoff 
value and the SEN were 1/1000 and 0.889.

Hwa et al23 showed that when the FPR was 0.178, the cutoff value 
of the ROC was 1/499 and the SEN was 0.900. However, when the FPR 
was 0.120, the cutoff value was 1/332 and the SEN was 0.800.23, 24 In 
our study, the PRs of the LCVs for predicting the trisomy 21 risk value, 
AFP MoM, and free β-hCG MoM were all higher than those of the re-
spective ICVs.

As such, a reasonable FPR is key to determining the cutoff value. 
However, our results illustrated that trisomy 21 risk value, AFP MoM, 
and free β-hCG MoM were variable with different FPRs. Therefore, 
the LCV should be used to determine the trisomy 21 risk in different 
settings. In addition, we acknowledge the limitations of our study, 
First, there were only 136 cases of trisomy 21 among 311,561 preg-
nant women. Although the incidence of trisomy 21 in our study was 
too low to bias the results, compared with the prevalence of 1/800 to 
1/600 fetuses, additional studies with a larger population of trisomy 
21 cases are needed. Second, the FPR increased by 6.50% (0.120 vs 
0.055) compared with the previous screening (3% to 5%), and the 
former required the next prenatal diagnosis. Finally, from 2015 to 
2019, the local medical system in China only paid for AFP and free 
β-hCG double screening; uE3 is not included in medical insurance. 
Therefore, this study only uses data from double screening instead of a 
AFP, free β-hCG, and uE3 triple screening.

In summary, prenatal health centers should use LCV to determine 
the trisomy 21 risk in the second trimester of pregnancy, which can re-
duce the misdiagnosis rate, increase the detection rate, and eliminate 
unnecessary interventions, thereby increasing the efficacy of prenatal 
screening.

Acknowledgments
The authors are grateful to all participants and contributors. We thank 
Songhe Chen from Hangzhou Women’s Hospital for assistance in 

collecting the data. We also thank Xiao Lu and Shaolei Lv of the Data 
Analysis Department of Zhejiang Biosan Biochemical Technologies for 
their contribution to data matching and model building. We also thank 
International Science Editing (http://www. internationalscienceediting. 
com) for editing this manuscript.  The datasets used and/or analyzed 
during the current study are available from the corresponding author 
on reasonable request.

Funding
This study was supported by The Joint Fund Project of Zhejiang Provincial 
Natural Science Foundation of China under Grant No. LBY23H200009.

Conflicting of Interest Disclosure
The authors have nothing to disclose.

REFERENCES

	1.	 Chitayat D, Langlois S, Wilson. RD. No. 261-Prenatal screening for 
fetal aneuploidy in singleton pregnancies. J Obstet Gynaecol Can. 
2017;39(9):e380–e394.

	2.	 The American College of Obstetricians and Gynecologists’ Committee 
on Practice Bulletins—Obstetrics, Committee on Genetics, and the 
Society for Maternal–Fetal Medicine, Nancy CR, Brian MM. Prac-
tice bulletin No. 163 summary: screening for fetal aneuploidy. Obstet 
Gynecol. 2016;127(5):979–981.

	3.	 Webster A, Schuh M. Mechanisms of aneuploidy in human eggs. 
Trends Cell Biol. 2017;27(1):55–68.

	4.	 Li T, Zhao H, Han X, et al. The spontaneous differentiation and chro-
mosome loss in iPSCs of human trisomy 18 syndrome. Cell Death Dis. 
2017;8(10):e3149.

	5.	 Wang S, Hassold T, Hunt P, et al. Inefficient crossover matura-
tion underlies elevated aneuploidy in human female meiosis. Cell. 
2017;168(6):977–989.

	6.	 Johnston J, Farrell RM, Parens E. Supporting women’s autonomy in 
prenatal testing. N Engl J Med. 2017;377(6):505–507.

	7.	 LeFevre NM, Sundermeyer RL. Fetal aneuploidy: screening and diag-
nostic testing. Am Fam Physician. 2020;101(8):481–488.

	8.	 Cheng Y, Leung WC, Leung TY, et al. Women’s preference for 
non-invasive prenatal DNA testing versus chromosomal microar-
ray after screening for Down syndrome: a prospective study. BJOG. 
2018;25(4):451–459.

	9.	 Metcalfe A, Hippman C, Pastuck M, Johnson JA. Beyond trisomy 21: 
additional chromosomal anomalies detected through routine aneu-
ploidy screening. J Clin Med. 2014;3(2):388–415.

	10.	 Palomaki GE, Bupp C, Gregg AR, Norton ME, Oglesbee D, 
Best RG. Laboratory screening and diagnosis of open neural 
tube defects, 2019 revision: a technical standard of the American 
College of Medical Genetics and Genomics (ACMG). Genet Med. 
2020;22(3):462–474.

	11.	 Royère D. The impact of introducing combined first-trimester tri-
somy 21 screening in the French population. Eur J Public Health. 
2016;26(3):492–497.

TABLE 3.  Diagnostic Significance of LCV and ICV for Predicting Trisomy 21 Risk

Screening Model Cutoff SEN SPE PPV NPV FPR FNR 

ICV 1/270 0.618 0.945 0.005 1.000 0.055 0.382

LCV 1/643 0.816 0.88 0.003 1.000 0.120 0.184

FNR, false negative rate; FPR, false positive rate; ICV, inline cutoff value; LCV, local cutoff value; NPV, negative predictive value; PPV, positive predictive 
value; SEN, sensitivity; SPE, specificity.

10_LABMED_lmad015.indd   60610_LABMED_lmad015.indd   606 26-Oct-23   17:37:0526-Oct-23   17:37:05

D
ow

nloaded from
 https://academ

ic.oup.com
/labm

ed/article/54/6/603/7117716 by guest on 24 February 2025



607www.labmedicine.com

	12.	 Peuhkurinen S, Laitinen P, Honkasalo T, Ryynanen M, Marttala J. 
Comparison of combined, biochemical and nuchal translucency 
screening for Down syndrome in first trimester in Northern Finland. 
Acta Obstet Gyn Scan. 2013;92(7):769–774.

	13.	 Snijders RJ, Noble P, Sebire N, Souka A, Nicolaides KH. UK 
multicentre project on assessment of risk of trisomy 21 by maternal 
age and fetal nuchal-translucency thickness at 10-14 weeks of gesta-
tion. Fetal medicine foundation first trimester screening group. Lancet 
(London). 1998;352(9125):343–346.

	14.	 Hörmansdörfer C, Scharf A, Golatta M, et al. Comparison of prenatal 
risk calculation (PRC) with PIA fetal database software in first-
trimester screening for fetal aneuploidy. Ultrasound Obstet Gynecol. 
2009;33(2):147–151.

	15.	 Lan RY, Chou CT, Wang PH, Chen RC, Hsiao CH. Trisomy 21 screen-
ing based on first and second trimester in a Taiwanese population. 
Taiwan J Obstet Gynecol. 2018;57(4):551–554.

	16.	 Shaw SW, Lin SY, Lin CH, et al. Second-trimester maternal se-
rum quadruple test for Down syndrome screening: a Taiwanese 
population-based study. Taiwan J Obstet Gynecol. 2010;49(1):30–34.

	17.	 Bock JL. Current issues in maternal serum alpha-fetoprotein screen-
ing. Am J Clin Pathol. 1992;97(4):541–554.

	18.	 Huang T, Alberman E, Wald N, Summers AM. Triploidy identified through 
second-trimester serum screening. Prenatal Diag. 2005;25(3):229–233.

	19.	 Ordulu Z, Wong KE, Currall BB, Ivanov AR, Pereira S, Althari S, 
Gusella JF, Talkowski ME. Describing sequencing results of structural 
chromosome rearrangements with a suggested next-generation cyto-
genetic nomenclature. Am J Hum Genet. 2014;94(5):695–709.

	20.	 Loane M, Morris JK, Addor MC, et al. Twenty-year trends in the preva-
lence of Down syndrome and other trisomies in Europe: impact of ma-
ternal age and prenatal screening. Eur. J. Hum. Genet. 2013;21(1):27–33.

	21.	 Liu F, Liang H, Jiang X, et al. Second trimester prenatal screening 
for Down’s syndrome in mainland Chinese subjects using double-
marker analysis of α-fetoprotein and β-human chorionic gonadotropin 
combined with measurement of nuchal fold thickness. Ann Acad Med 
Singap. 2011;40(7):315–318.

	22.	 Guo F, Xiao KC, Lin LH, et al. Assessment of risk cut-off values for 
Down syndrome screening in midtrimester. Chin J Eugen Genet. 
2014;22(02):50–51.

	23.	 Hwa HL, Ko TM, Hsieh FJ, Yen MF, Chou KP, Chen TH. Risk prediction 
for Down’s syndrome in young pregnant women using maternal serum 
biomarkers: determination of cutoff risk from receiver operating char-
acteristic curve analysis. J Eval Clin Pract. 2007;13(2):254–258.

	24.	 Yu D Y, Fu P, Zhang Z H, et al. Evaluation of Down’s syndrome 
screening methods using maternal serum biochemistry in the sec-
ond trimester pregnancy. Zhonghua Yi Xue Yi Chuan Xue Za Zhi. 
2011;28(3):332–335.

10_LABMED_lmad015.indd   60710_LABMED_lmad015.indd   607 26-Oct-23   17:37:0526-Oct-23   17:37:05

D
ow

nloaded from
 https://academ

ic.oup.com
/labm

ed/article/54/6/603/7117716 by guest on 24 February 2025



www.labmedicine.com608

© The Author(s) 2023. Published by Oxford University Press on behalf of American Society for Clinical Pathology. All rights reserved. For permissions, please e-mail: 

journals.permissions@oup.com

Serum aspartate aminotransferase is an adverse 
prognostic indicator for patients with resectable 
pancreatic ductal adenocarcinoma
Meifang He, MD1,2,* , Yin Liu, MS1,*, Hefei Huang, MS1, Jiali Wu, MS1, Juehui Wu, MS1, Ruizhi Wang, MD1 , Dong Wang, MD1

 
1Division of Laboratory Medicine and 2Laboratory of General Surgery, the First 
Affiliated Hospital of Sun Yat-sen University, Guangzhou, China. Corresponding 
author: Dong Wang; cwdong@mail.sysu.edu.cn. *Contributed equally.

Key words: aspartate aminotransferase; prognosis; overall survival; 
nomogram; TNM stage; pancreatic ductal adenocarcinoma

Abbreviations: OS, overall survival; ALT, alanine aminotransferase; AST, 
aspartate aminotransferases; PDAC, pancreatic ductal adenocarcinoma; GGT, 
γ-glutamyltransferase; ALP, alkaline phosphatase; LDH, lactate dehydrogenase; 
HR, hazard ratio

Laboratory Medicine 2023;54:608-612; https://doi.org/10.1093/labmed/lmad014

ABSTRACT

Objective: In this study, the association between preoperative levels 

of serum liver enzymes and overall survival (OS) was evaluated in 

patients with resectable pancreatic cancer.

Methods: Preoperative serum levels of alanine aminotransferase 

(ALT), aspartate aminotransferases (AST), γ-glutamyltransferase, al-

kaline phosphatase, and lactate dehydrogenase of 101 patients with 

pancreatic ductal adenocarcinoma (PDAC) were collected. Univariate 

and multivariate Cox hazard models were used to identify independent 

variables associated with OS in this cohort.

Results: Patients with elevated AST levels had significantly worse OS 

than patients with lower AST levels. A nomogram was created using 

TNM staging and AST levels and was shown to be more accurate in 

prediction than the American Joint Committee on Cancer 8th edition 

standard method.

Conclusion: Preoperative AST levels could be a novel independent 

prognostic biomarker for patients with PDAC. The incorporation of 

AST levels into a nomogram with TNM staging can be an accurate 

predictive model for OS in patients with resectable PDAC.

Pancreatic cancer has a high mortality rate and is the fourth leading 
cause of cancer-related deaths globally, and the incidence has been 
increasing year after year. Pancreatic ductal adenocarcinoma (PDAC) is 
the most common type of pancreatic cancer. The 5-year overall survival 
rate for patients with PDAC is less than 9%, and median survival is less 
than 1  year.1 Although 20% to 30% of patients with resectable PDAC 
receive active therapeutic interventions, postoperation survival periods 
vary from patient to patient. The median survival among surgically 
resected cases is less than 2 years, and the 5‐year survival rate is only 
around 20% to 25%.2 Therefore, it is imperative to identify biomarkers 
that facilitate improved disease prognosis for these patients.

As routine clinical indexes, serum levels of liver enzymes, including 
alanine aminotransferase (ALT), aspartate aminotransferases (AST), 
γ-glutamyltransferase (GGT), alkaline phosphatase (ALP), and lactate 
dehydrogenase (LDH), are informative biomarkers of liver injury and 
predictors of all-cause mortality. Aspartate aminotransferase is a key 
enzyme of amino acid metabolism that catalyzes the reversible trans-
fer of the amine group from L-aspartate to 2-oxoglutarate. Aspartate 
aminotransferase is primarily expressed in mitochondria and is pres-
ent in all tissues except bone, with the highest expression levels in liver 
and skeletal muscle. When liver cells are damaged, the mitochondria 
disintegrate, causing AST to be released into the circulation. Aspartate 
aminotransferase is a specific indicator of abnormal liver function and 
has prognostic value for different types of hepatitis, cancer, and other 
diseases.

Recently, it has been reported that liver enzymes might serve as 
biomarkers for prognostic monitoring and recurrence in different 
cancers, including metastatic colorectal cancer,3 metastatic breast can-
cer,4 advanced urothelial carcinoma,5–8 and advanced PDAC.9,10 Serum 
levels of GGT, LDH, ALP, and ALT have been shown to be independent 
prognostic indicators of advanced PDAC,10–13 and preoperative serum 
levels of LDH and ALP have been identified as independent prognos-
tic factors for disease-free survival and overall survival for patients 
with resectable PDAC.14 Nevertheless, the contributions of other liver 
enzymes, such as ALT and AST, to disease prognosis for patients with 
resectable PDAC have yet to be established.9 Therefore, the relationship 
between the serum liver enzymes, including AST and ALT, and prognosis 
of early stage PDAC merits elucidation.

In this study, we performed a retrospective analysis to explore the fea-
sibility of using serum liver enzymes as prognostic biomarkers to predict 
patient survival in PDAC. We constructed a prognostic nomogram for 
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resectable PDAC based on clinicopathological parameters and evaluated 
whether use of this model resulted in a more accurate prediction of out-
come for patients with PDAC.

Materials and Methods

Patients
This study was approved by the Human Research Ethics Committees 
of the First Affiliated Hospital of Sun Yat-sen University (approval No. 
[2020]339), in accordance with the Helsinki Declaration.

A total of 101 adult patients diagnosed with PDAC (62 males and 39 
females) who underwent curative resection at the First Affiliated Hos-
pital of Sun Yat-sen University from 2003 to 2011 and received stand-
ard treatment with no chemotherapy or radiotherapy before or after 
surgery were enrolled and analyzed retrospectively in this study. Fol-
low-up was based on electronic hospital charts and physician records. In 
general, patients were followed up every 3 months in the first year, every 
6 months for the next 2 years, and annually thereafter. Recurrence was 
defined as disease recurrence locally or in distant organs. Patients who 
did not experience recurrence, cancer-specific death, or any-cause death 
were censored at last follow-up. The inclusion and exclusion criteria 
were as follows: (1) pathological diagnosis of PDAC; (2) no radiother-
apy, chemotherapy, or medication before surgery; (3) complete clinical 
data and follow-up data present; (4) did not receive any drugs known to 
affect indicators of liver function or surgery before enrollment; (5) not 
diagnosed with liver disease, cardiovascular disease, diabetes, or meta-
bolic syndrome; (6) no history or concurrence of other cancers; and (7) 
no concurrence of other severe diseases. Routine clinic data including 
sex, age, tumor size, histological differentiation, and TNM stage were 
collected from patient records.

Laboratory Measurements
Serum biochemical tests were performed on the first visit to the hos-
pital. Blood was collected between 7 AM and 8 AM and centrifuged at 
3500 rpm for 5 minutes to collect serum samples. The serum levels of 
ALT, AST, GGT, ALP, and LDH were evaluated by enzyme method (such 
as the malate dehydrogenase method for AST and LDH method for ALT) 
on an AU5800 automated analyzer (Beckman Coulter) and the corollary 
reagents. Accuracy and precision of all methods were performed in ac-
cordance with the relevant guidelines and regulations.

Statistical Analysis
Statistical analyses were performed by SPSS software version 22 
(IBM). Overall survival was calculated from the date of tumor re-
section to the time of death. Patients who were lost to follow-up 
or died from causes unrelated to PDAC were treated as censored 
events. Cox proportional-hazard regression model was used for 
univariate and multivariate analysis. Significant prognostic factors 
identified by univariate analysis were further evaluated by multivar-
iate Cox regression analysis. Survival curves were plotted using the 
Kaplan-Meier method, and differences between survival curves were 
analyzed using the log rank test. The χ 2 test was used to analyze the 
correlation between AST and clinical characteristics. The prognostic 
nomogram was performed using the R package. The predictive per-
formance of the prognostic nomogram was assessed by C-index and 
receiver operating characteristic curve for overall survival (OS). All 

statistical tests were 2-sided, and a P value of ≤.05 was considered to 
be statistically significant.

Results

Clinical Pathological Characteristics
A cohort of 101 patients with pathologically confirmed PDAC was 
enrolled in this study. Patient characteristics are listed in TABLE 1. 
There were 62 males and 39 females with an average age of 59.5 years. 
The median follow-up time was 32  months with a range from 1 to 
56  months. Regarding tumor differentiation, 25 patients had tumors 
with poor differentiation and 76 patients had tumors with moderate or 
well-defined differentiation. The number of patients diagnosed at stage 
I-II and III-IV were 66 (65.3%) and 35 (34.7%), respectively.

Prognostic Significance of AST in PDAC
The clinical data above and levels of serum liver enzymes (ALT, AST, ALP, 
GGT, and LDH) were included in Cox regression analysis for evaluation 
of OS. Univariate analysis indicated that higher levels of ALT (hazard  

TABLE 1.  Baseline Characteristics in Patients with PDAC

Characteristic No. of Cases (%) 

Sex 101

  Male 62 (61.4)

  Female 39 (38.6)

Age, y 101

  ≤60  47 (46.5)

  >60  54 (53.5)

Tumor size, cm 101

  ≤2  14 (13.9)

  >2 87 (86.1)

Differentiation 101

  Poor 25 (24.8)

  Moderate/well 76 (75.2)

TNM stage 101

  I–II 66 (65.3)

  III–IV 35 (34.7)

Lymphatic spread 101

  Yes 37 (36.6)

  No 64 (63.4)

Metastasis 101

  Yes 14 (13.9)

  No 87 (86.1)

CEA, μg/L 94

  ≤3.1 46 (48.9)

  >3.1 48 (51.1)

CA125, U/mL 87

  ≤19.5 49 (56.3)

  >19.5 38 (43.7)

CA199, U/mL 95

  ≤371.5 55 (57.9)

  >371.5 40 (42.1)

11_LABMED_lmad014.indd   60911_LABMED_lmad014.indd   609 26-Oct-23   17:38:1926-Oct-23   17:38:19

D
ow

nloaded from
 https://academ

ic.oup.com
/labm

ed/article/54/6/608/7110902 by guest on 24 February 2025



2023;54:608-612  |  https://doi.org/10.1093/labmed/lmad014610

ratio [HR]: 1.002, 95% CI = 1.001–1.004, P = .007) and AST (HR: 1.003, 
95% CI  =  1.001–1.005, P  =  .003) were significantly associated with 
higher mortality in PDAC patients (TABLE 2). Variables with P < .05 in 
the univariate analysis were further evaluated in multivariate analysis to 

exclude the confounder effect, confirming that TNM stage (HR: 1.736, 
95% CI = 1.064–2.833, P = .027) and AST (HR: 1.003, 95% CI = 1.001–
1.005, P = .005) were independent predictors for OS. These data suggest 
that serum AST levels are a reliable prognostic indicator for PDAC.

TABLE 2.  Univariate and Multivariate Analysis of Factors 
Associated with OSa

Clinical variables No. of cases HR (95% CI) b P valueb 

Univariate analysis

Sex (M vs F) 62/39 1.211 (0.733–2.002) .455

Age (>60 y vs ≤60 y) 54/47 1.497 (0.811–2.761) .197

Tumor size (>3 cm vs 
≤3 cm)

87/14 1.031 (0.745–1.426) .853

Differentiation (poor vs 
well and moderate)

25/86 1.409 (1.090–1.823) .009

TNM stage (III/IV vs I/II) 45/66 1.344 (1.052–1.715) .018

Lymphatic spread (yes 
vs no)

30/71 1.304 (1.020–1.667) .034

Metastasis (yes vs no) 40/61 1.425 (1.050–1.934) .023

Serum ALT NA 1.002 (1.001-1.004) .007

Serum AST NA 1.003 (1.001–1.005) .003

Serum GGT NA 1.000 (1.000–1.001) .519

Serum ALP NA 1.001 (1.000–1.002) .177

Serum LDH NA 1.002 (1.000–1.005) .065

Multivariate analysis

TNM stage (III/IV vs I/II) 45/66 1.736 (1.064–2.833) .027

Serum AST NA 1.003 (1.001–1.005) .005

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; GGT, γ-glutamyltransferase; LDH, lactate dehydrogen-
ase; NA, not applicable; OS, overall survival; PDAC, pancreatic ductal 
adenocarcinoma.
aAnalysis was conducted on 101 cases.
bHR (hazard ratio) and P values were calculated using univariate or multivar-
iate Cox proportional hazards regression. P values < .05 are shown in bold.

TABLE 3.  Relationship between AST Levels and Clinical 
Characteristics in Patients with PDAC

Variable 
AST (U/L)

Total cases P valuea

≤60 >60 

Sex     

  Male 28 34 62 .683

  Female 20 19 39  

Age, y     

  ≤60 24 23 47 .553

  >60 24 30 54  

Tumor size, cm     

  ≤2  5 9 14 .398

  >2  43 44 87  

Differentiation     

  Poor 7 15 22 .147

  Moderate/well 41 38 79  

TNM stage     

  I–II 31 35 66 1.000

  III–IV 17 18 35  

Lymphatic spread     

  Yes 12 25 37 .024

  No 36 28 64  

Metastasis     

  Yes 11 15 26 .650

  No 37 38 75  

CEA, μg/L     

  ≤3.1 23 23 46 .680

  >3.1 21 27 48  

CA125, U/mL     

  ≤19.5 20 29 49 .288

  >19.5 20 18 38  

CA199, U/mL     

  ≤371.5 27 28 55 .540

  >371.5 17 23 40  

Death     

  Yes 25 41 66 .012

  No 23 12 35  

ALT 48 53 101 .000

AST 48 53 101 .000

GGT 48 53 101 .000

ALP 48 53 101 .160

LDH 48 53 101 .879

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, 
aspartate aminotransferases; CEA, carcinoembryonic anti-
gen; GGT, γ-glutamyltransferase; LDH, lactate dehydrogenase; PDAC, 
pancreatic ductal adenocarcinoma. 
aP values of nominal variables and continuous variables were calculated 
using the χ 2 test and t-test, respectively. P values < .05 are shown in bold.

FIGURE 1. Overall survival curve of patients with 
pancreatic ductal adenocarcinoma according to aspartate 
aminotransferase (AST) levels (P = .005). Kaplan-Meier 
survival curves indicated that higher AST level was 
significantly related to shorter survival.
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Next, X-tile software was used to determine the optimal cut-off value 
of 60 U/L AST levels in the Kaplan-Meier survival analysis. Based on this 
cut-off value, the associations between serum AST levels and clinical 
pathologic factors in patients were analyzed (TABLE 3). The χ 2 test re-
vealed that higher AST levels (>60 U/L) were associated with histological 
differentiation (P = .042) and death (P = .006). Moreover, Kaplan-Meier 
analysis revealed that higher AST level (>60 U/L) was significantly associ-
ated with decreased OS (FIGURE 1). The OS in patients with lower AST 
levels was 13.8 months longer than in patients with higher AST levels.

Nomogram Construction and Prognostic Value in PDAC
To predict the mortality of patients with PDAC, a prognostic nomo-
gram was constructed using multivariate Cox regression model analysis, 
which integrated the 2 independent prognostic indicators for OS, AST, 
and TNM (FIGURE 2). The Harrell’s C-index for mortality prediction 
was 0.802 (95% CI  =  0.66–0.82), which was significantly higher than 
TNM stage alone (0.756). The calibration plot for the probability of mor-
tality demonstrates an optimal agreement between the prediction by 
nomogram and actual observation.

Discussion
Pretreatment serum AST level and its relative indexes are significantly 
associated with OS of patients with advanced PDAC.9,15 However, the 
relationship between the pretreatment serum AST levels and survival 
of patients with resectable early-stage PDAC has not previously been re-
ported. Therefore, the aim of this study was to explore the role of sero-
logic AST levels in disease prognosis for patients with resectable PDAC. 
Here, we attempted to identify serum liver enzymes that could be in-
formative prognostic indicators for patients with resectable PDAC. We 
analyzed data from routine blood test results of liver enzymes from 101 
patients with PDAC. We used univariate and multivariate analysis to de-
termine that serum AST levels and TNM stage were independent prog-
nostic factors for patients with surgically treated PDAC. We found that 
higher AST levels are generally associated with shorter survival time. 
To evaluated the prognostic power of AST, we established a predictive 
nomogram model for patients with PDAC. The C-index of the nomogram 
model predicted OS with an accuracy of 0. 802 (95% CI, 0.66–0.82). In-
terestingly, this nomogram displayed improved accuracy compared to 
the current TNM classification system (C-index = 0.756).

We suggest a potential mechanism for how the established nom-
ogram based on AST can improve prognostic assessment of patients 

with PDAC. First, in pancreatic cancer, tumor cells invading the adja-
cent biliopancreatic ducts obstruct bile and damage hepatocytes, which 
impairs liver function and contributes to elevate AST levels. In addition, 
PDAC is usually accompanied by a proinflammatory state. Inflamma-
tion is an essential promoter of pancreatic cancer development and is 
involved in PDAC initiation, progression, and metastasis.16,17 A  pro-
longed state of inflammation can cause lasting damage to the pancreas 
and release AST into the blood. In addition to the release of cellular con-
tent caused by tissue damage, AST itself plays a key role in cancer cell 
metabolism in PDAC. Cancer cells are often adapted to glycolytic me-
tabolism as a principle mode of energy production. In addition, PDAC 
cancer cells strongly depend on glutamine to supply biomass and en-
ergy for cell growth and replication. Aspartate derived from glutamine 
is transported to the cytoplasm and converted to oxaloacetate by AST 
(GOT1), which is subsequently converted to malic acid and, finally, pyru-
vate. Aspartate aminotransferase is an important regulator in this met-
abolic pathway, which increases the nicotinamide adenine dinucleotide 
phosphate hydrogen/nicotinamide adenine dinucleotide phosphate ra-
tio and maintains reactive oxygen species balance in PDAC cells.18,19

Prognostic biomarkers are needed to better understand the pro-
gression of PDAC and to develop personalized treatment strategies for 
early stage disease. It is necessary to identify readily assessable and ef-
ficient prognostic biomarkers for PDAC. Liver function tests are com-
mon laboratory tests, and previous studies have noted the association 
between AST and the risk of malignancy.20–23 Based on the function of 
AST in PDAC development and the value of serum AST level in prog-
nosis of advanced PDAC,9,15 we therefore hypothesized that serum AST 
levels might also be a prognostic marker for patients with resectable 
early stage PADC. Our data confirming that TNM stage and differen-
tiation are significant prognostic factors for PDAC are consistent with 
other reports.24,25 In addition, among the 101 patients in our study 
cohort, patients with high preoperative serum AST levels had signifi-
cantly poorer OS than patients with low serum AST levels. This find-
ing suggests a possible prognostic role for AST in predicting survival for 
patients with resected early-stage PDAC.

The established nomogram based on serum AST levels could predict 
survival more precisely for patients with resectable PDAC than current 
methods. However, there are several limitations to this study. First, 
this was a retrospective study carried out in a single center in China. 
A large-scale and multicenter prospective study is needed to eliminate 
selectivity bias and validate the conclusion. Further studies using an-
other dataset to verify this prognostic model may shed more light on 

FIGURE 2. Prognostic nomogram for pancreatic ductal adenocarcinoma (PDAC). The nomogram predicts overall survival (OS) 
in patients with PDAC. A patient’s value for each variable is located on the respective axis; the top axis is used to measure the 
score of each variable. The sum of these scores is located on the total points axis, and the bottom line is the survival axes to 
determine the likelihood of 14.59-month OS.
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the clinical application of serum AST levels for prognostic prediction in 
PDAC. Second, the AST cut-off value in this study may not be applicable 
in other studies, and it may be necessary to determine the most appro-
priate AST cut-off value through a meta-analysis that includes various 
AST validated studies. Despite these limitations, this model provides an 
effective tool for predicting OS of patients with PDAC and can be helpful 
when making individualized treatment decisions for patients.

In summary, our data indicated that preoperative serum AST levels, 
but not levels of ALT, LDH, ALP or GGT, are an independent prognos-
tic factor of resectable PDAC. Aspartate aminotransferase is an effective 
and available serum biomarker and may be a reliable prognostic predic-
tor for survival in patients with resected early-stage PDAC. Compared 
to the TNM staging system alone, a prognostic monogram composed of 
serum AST and TNM stage could provide more accurate prognostic pre-
diction for patients with resectable PDAC.
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ABSTRACT

Objective: The aim of this study was to investigate the serum levels 

of CA242 in different types of gynecological diseases and its clinical 

significance.

Methods: A total of 1021 patients with gynecological diseases and 

499 healthy female controls were included in the study. The serum 

CA242 levels were detected and median value, −log
10

 P value, and 

positive rate were calculated. Serum CA125 and HE4 levels of patients 

with ovarian lesions were measured, and the predictive value for ovar-

ian cancer was statistically analyzed.

Results: Higher serum CA242 levels were observed in patients with 

mature teratoma, ovarian cancer, and other gynecological tumor 

diseases than in healthy controls. In contrast, the CA242 levels in 

patients with cervical intraepithelial neoplasia, uterine polyps, or endo-

metrial hyperplasia were comparable to that of controls. Moreover, se-

rum CA242 expression was increased in malignant uterine and ovarian 

diseases compared with benign ones (P < .05). Specifically, combining 

CA242, CA125, and HE4 yielded a higher area under the receiver op-

erating characteristic curve than single biomarkers (P < .05).

Conclusion: Heterogeneous increases in tumor marker CA242 ex-

pression levels are observed in different gynecological diseases, 

suggesting its potential value for clinical diagnosis.

Tumor-associated antigen CA242 is a new sialic acid–containing carbo-
hydrate, present on the cell surface as a glycoprotein/glycolipid or in the 

serum as an O-linked enriched glycoprotein (mucin). Elevated CA242 
levels have long been used clinically as serological diagnostic markers 
for intestinal diseases, especially pancreatic cancer.1–3 However, given 
its high expression in some gynecologic tumors,4–7 an increasing body 
of evidence suggests that CA242 has significant value as a screening 
marker for cancer in females.8 To the best of our knowledge, few reports 
have hitherto compared serum CA242 levels in different populations of 
female tumor and nontumor patients. Therefore, this study sought to 
analyze serum CA242 levels in female patients with different gynecolog-
ical diseases and assess its diagnostic value.

Materials and Methods
All clinical data were collected from 1371 patients admitted to the 
gynecological ward of Shanghai General Hospital from March 2019 to  
November 2019. All patients were informed of the study and agreed to 
undergo serum CA242 quantitative analysis before diagnosis.

All included tumor patients had newly diagnosed cases and had not 
received chemotherapy, radiotherapy, or other antitumor treatments. 
The diagnosis was confirmed by postoperative histopathology. Patients 
with other benign diseases were confirmed by pathology, imaging, and 
laboratory examinations. We excluded patients with comorbidities such 
as autoimmune diseases, mental disorders, severe liver and kidney dys-
function, and other cancers (pancreatic cancer, colorectal cancer, etc). 
Using these inclusion and exclusion criteria, 1021 patients were enrolled 
and divided into 14 groups according to the disease type. In addition, 
499 healthy females that underwent blood testing during the same per-
iod were included in the control group.

All blood samples were collected 1 day after admission. The serum 
was separated by centrifugation at 3000  rpm for 10  min. The serum 
CA242 was detected using the Beijing Kemei CHEMCLIN1500 Immu-
noassay System. The serum CA125 and HE4 in the ovarian cancer group 
were measured using the Beckman Coulter’s DxI 800 Immunoassay Sys-
tem and the Roche E170 Immunoassay System, respectively. The CA242 
reference range was 0 to 25 U/mL, CA125 reference range was 0 to 35 U/
mL, and the HE4 reference range was 0 to 140  pmol/L. A  finding of 
CA242 >25 U/mL is regarded as positive.

All data were analyzed by IBM SPSS Statistics for Windows, version 
21. The Kolmogorov-Smirnov test was used to test for normality. Because 
the data were nonnormally distributed, pairwise comparisons between 
groups were statistically analyzed using the Mann-Whitney U test with 
P < .05 being considered as statistically significant. The −log

10
 P value was 

used to compare the difference in P values between diseases. The receiver 
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operating characteristic (ROC) curve was used to calculate the sensitivity 
and specificity of the biomarkers and determine their diagnostic efficacy.

Results
After statistical analysis of the data, we calculated and listed the me-
dian value, −log

10
 P value, and positive rate of serum CA242 levels 

in 14 gynecological diseases and healthy controls. The median se-
rum CA242 values were higher in 9 diseases than in healthy controls. 
The highest median serum CA242 value (16.57  U/mL) was observed 
in mature teratoma. The median serum CA242 levels were higher in 
patients with ovarian cancer (10.80  U/mL), adenomyosis (10.25  U/
mL), and fallopian tube cancer (9.46 U/mL) than in other gynecolog-
ical diseases and healthy controls. The median serum CA242 values 
in patients with cervical intraepithelial neoplasia (CIN) (4.71 U/mL), 
uterine polyps (4.64 U/mL), and endometrial hyperplasia (4.45 U/mL) 
did not increase significantly compared with healthy controls (FIG-
URE 1). Among the 4 gynecological malignancies (ovarian, fallopian 
tube, endometrial, and cervical cancers), the median and positive rates 
of serum CA242 were higher in fallopian tube and ovarian cancers. In 
contrast, the median (5.15 U/mL) and the positive rate (8.97%) of se-
rum CA242 in cervical cancer was relatively low (TABLE 1).

Compared with healthy controls, the CA242 −log
10

 P value level heat 
map of 14 different diseases showed a −log

10
 P value >1.3 for 9 diseases, 

suggesting that −log
10

 P value has a significant diagnostic value for at 
least 8 gynecological diseases, such as teratoma, ovarian cancer, ovarian 
cyst, and adenomyosis (FIGURE 2).

The highest positive rate was observed in mature teratoma (38.89%) 
followed by ovarian and endometrial cancers. The positive rates of se-
rum CA242 in ovarian cysts and adenomyosis were also relatively high. 
In contrast, the positive rate of serum CA242 in uterine fibroids with 
ovarian cysts (8%) was lower than in ovarian cysts (8.81%) but higher 

than in simple uterine fibroids (4.37%). Among them, the positive rates 
of serum CA242 in CIN, uterine fibroids, endometrial diseases, and uter-
ine polyps were relatively low (TABLE 1).

As shown in TABLE 2, a comparison of serum CA242 levels be-
tween benign and malignant lesions of the same site showed that se-
rum CA242 levels in malignant uterine lesions were higher than in 
benign lesions. Also, the serum CA242 levels in malignant ovarian 
lesions were higher than in benign ovarian lesions. There was a signif-
icant difference between benign/malignant lesions of the uterus and 
ovary (P < .05).

The area under the ROC curve for the diagnosis of ovarian cancer 
using CA242, CA125, and HE4 was 0.631 (sensitivity 64.3% and speci-
ficity 59.7%), 0.703 (sensitivity 78.6% and specificity 59.1%), and 0.839 
(sensitivity 66.7% and specificity 90.6%) (TABLE 3), respectively. The 
area under the ROC curve of the combination of CA125 and CA242 in 
the diagnosis of ovarian cancer was 0.759 (sensitivity 83.3% and spec-
ificity 60.4%), which yielded better diagnostic performance than single 
biomarkers. The area under the ROC curve of CA125 combined with 
HE4 for the diagnosis of ovarian cancer was 0.858 (sensitivity 71.4% 
and specificity 88.7%). When CA242 was added to the above combi-
nation, the area under the curve (AUC) was 0.887, yielding a relatively 
higher sensitivity of 78.6% than CA125 combined with HE4 detection 
and high specificity of 86.8% (FIGURE 3).

Discussion
In 1985, Lindholm isolated the sialylated glycoprotein CA242 by 
immunizing mice with the human colorectal cancer cell line COLO205, 
which has similar antigenic determinant epitopes to CA199 and 
CA50 both. However, its antigenic determinant structure differs 
from CA199 and CA50 and cannot react with sialylated galactosides.9 
With its low expression levels in healthy people and benign diseases, 

FIGURE 1.  The expression levels of serum CA242 in 14 different gynecological diseases. The data are sorted in descending 
order of median value. The concentration of CA242 within the range of lower quartile (25%), median (50%), and upper quartile 
(75%) in each type are shown.
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CA242 is a relatively new tumor marker extensively used in clinical 
practice.10 Overwhelming evidence substantiates that serum CA242 
is a good diagnostic marker for pancreatic and colorectal cancers.11–13 
Lei et  al14 reported that the CA242 value has the highest specificity 
(80.14%) and positive predictive value (69.71%) in diagnosing pancre-
atic cancer. Moreover, when CA242 is combined with CA199, CEA, and 
CA125, the diagnostic sensitivity and specificity for pancreatic can-
cer were improved to 90.4% and 93.8%, respectively, which is signifi-
cantly higher than single tumor markers

.
15 Further studies confirmed 

that the positive detection rate of CA242 was high and assisted in 
diagnosing lung, breast, and other cancers.16–19 Meanwhile, numer-
ous studies5,20–22 reported that the combination of CA242, CA199, and 
CA125 has high application value in the differential diagnosis of ovar-
ian cancer, cervical cancer, and other gynecological cancers, as well as 
in dynamic observation during tumor treatment.

This study showed that the serum levels of CA242 in ovarian, cer-
vical, and other gynecological tumor diseases were high, consistent 
with previous reports.5,23 The median value and positive rate of CA242 
in ovarian, endometrial, and fallopian tube cancer were significantly 
higher than in cervical cancer, followed by nonmalignant diseases such 
as adenomyosis, uterine cavity inflammation, and ovarian cysts. The me-

dian and −log
10

 P values of serum CA242 levels in ovarian cancer were 
significantly higher than those of ovarian cysts. Moreover, the serum 
CA242 levels in endometrial and cervical cancers were higher than in 
endometrial hyperplasia and CIN respectively. These results indicate 
that the higher the degree of malignancy of the gynecological disease, 
the higher the serum CA242 level. We used −log

10
 P value to show the 

CA242 serum levels of 14 gynecological diseases. Mature teratomas and 
ovarian cancer exhibited the highest expression levels compared with 
healthy controls, followed by ovarian cysts, adenomyosis, and endo-
metrial cancer. Eight diseases had −log

10
 P values > 1.3, indicating that 

CA242 expression can be used as a tumor marker for these 8 diseases. 
However, there was no significant difference in intrauterine inflamma-
tion, fallopian tube cancer, tubal inflammation, endometrial hyperplasia 
and uterine polyps (P > .05).

According to the grouping of benign and malignant lesions at the 
same sites, the results showed that serum CA242 was significantly higher 
in serum of malignant lesions at uterine and ovarian sites than at benign 
sites (P < .05). For the fallopian tube site, although the median value of 
CA242 was higher in the serum of malignant lesions compared with be-
nign lesions (P > .05), there was no significant difference between the 
two, probably due to the small number of cases of tubal lesions in this 
study. We also analyzed the diagnostic performance of CA242, CA125, 
and HE4 alone and in combination for ovarian cancer. The area under the 
ROC curve of CA242 combined with CA125 in diagnosing ovarian cancer 
was 0.759, with a sensitivity of 83.3% and a specificity of 60.4%, higher 
than the single marker. The AUC of CA125 combined with HE4 in the 
diagnosis of ovarian cancer was 0.858, with a sensitivity of 71.4%, which 
was inferior to that of CA242 combined with CA125. In contrast, its spec-
ificity of 88.7% was significantly higher than that of CA242 combined 
with CA125. The AUC of the combination of the three tumor markers in 
the diagnosis of ovarian cancer was 0.887, with a sensitivity of 78.6% and 
a specificity of 86.8%, which was higher than the combination of CA125 
and HE4. However, the sensitivity was inferior to that of the combination 
of CA242 and CA125, indicating that the sensitivity of CA242 combined 
with the other two indicators was significantly higher. A good specificity 
was also observed, suggesting the combination of CA242, CA125, and 
HE4 has diagnostic value for ovarian cancer.

In this study, we also found that the median value, positive rate, and 
−log

10
 P value of serum CA242 in patients with mature teratoma were 

TABLE 1.   Comparison of Serum CA242 Levels in Between 14 Different Gynecological Diseases and Healthy Controls

Group n M (P25, P75) Median difference (95% CI) –Log
10

 (P value) Positive rate,  n (%)a 

Mature teratoma 36 16.57 (9.05, 39.93) 12.08 (7.77–19.39) 12.11 14 (38.89)

Ovarian cancer 42 10.80 (4.45, 27.59) 6.31 (2.89–9.11) 5.54 11 (26.19)

Adenomyosis 30 10.25 (4.15, 19.89) 5.76 (2.55–10.49) 4.01 3 (10.00)

Fallopian tube cancer 10 9.46 (2.46, 19.85) 4.97 (−0.62–14.01) 0.99 2 (20)

Uterine cavity inflammation 19 6.85 (2.75, 9.91) 2.36 (−0.22–4.41) 1.08 2 (10.53)

Endometrial cancer 63 6.76 (2.96, 14.27) 2.27 (1.25–4.44) 3.99 10 (15.87)

Salpingitis 17 6.18 (3.18, 12.71) 1.69 (−0.75–3.98) 0.71 0 (0)

Uterine fibroids with ovarian cyst 75 6.12 (3.30, 11.90) 1.63 (0.43–2.90) 2.25 6 (8.00)

Ovarian cyst 159 5.64 (2.72, 13.78) 1.15 (0.61–2.36) 3.34 14 (8.81)

Uterine fibroids 343 5.17 (2.38, 11.69) 0.68 (0.35–1.59) 2.84 15 (4.37)

Cervical cancer 78 5.15 (2.69, 14.59) 0.66 (0.48–2.91) 2.42 7 (8.97)

Cervical intraepithelial neoplasia 47 4.71 (3.32, 13.83) 0.22 (0.04–2.55) 1.38 3 (6.38)

Uterine polyps 27 4.64 (1.21, 10.18) 0.15 (1.30–2.32) 0.09 2 (7.41)

Endometrial hyperplasia 75 4.45 (2.16, 10.57) −0.04 (−0.61–1.26) 0.31 3 (4.00)

Healthy controls 499 4.49 (1.94, 7.89)    

aPositive rate: CA242 >25 U/mL is regarded as positive.

FIGURE 2.   The −log
10 

P values of CA242 in 14 different 
gynecological diseases compared with the normal control 
group.
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the highest among the 14 gynecological diseases. Teratoma is a germ cell 
tumor, and mature teratomas correlate with a lower risk of malignant 
transformation. In contrast, relatively immature teratomas are usually 
associated with higher levels of necrotic components.24,25 Interestingly, 
Wang et al24 and Suh et al26 founded that the combination of CA199 and 
CA125 can differentiate mature cystic teratoma from other malignant 
tumors. Chen et  al27 and Gomes et al28 showed that the combination 
of tumor markers has significant value in the differential diagnosis of 
immature and mature ovarian teratomas. However, few studies have 
assessed the value of CA242 in the clinical diagnosis of teratoma. Our 
future studies will focus on more in-depth stratified study with a larger 
sample size to provide more valuable laboratory data for clinical practice.

In summary, heterogeneous increases in tumor marker CA242 ex-
pression levels are observed in different gynecological diseases. The 
CA242 levels are increased in chronic diseases and malignant tumors of 
the uterus and ovary. Further studies are warranted to assess its clinical 
application value.
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include cervical intraepithelial neoplasia (CIN). Cervical malignant lesions 
include cervical cancer. Benign fallopian tube lesions include salpingitis. 
Malignant fallopian tube lesions include fallopian tube cancer. Comparison 
of benign and malignant lesions is at the same site.
bP < .05.

TABLE 3.  Comparison of the Diagnostic Efficacy of CA242, CA125, and HE4 Alone and in Combination for Ovarian Cancer

Tumor marker AUC 95% CI Sensitivity Specificity P value 

CA242 0.631 0.531~0.731 0.643 0.597 <.05

CA125 0.703 0.600~0.805 0.786 0.591 <.05

HE4 0.839 0.764~0.915 0.667 0.906 <.05

CA242+CA125 0.759 0.671~0.847 0.833 0.604 <.05

CA125+HE4 0.858 0.794~0.922 0.714 0.887 <.05

CA242+CA125+HE4 0.887 0.831~0.944 0.786 0.868 <.05

AUC, area under the curve.

FIGURE 3.  The receiver operating characteristic curve of 
CA242, CA125, and HE4 alone and in combination for the 
diagnosis of ovarian cancer.
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ABSTRACT

Objective: This study aims to estimate the prevalence of anti-

mitochondrial antibody subtype M2 (AMA-M2) and assess its consist-

ency with AMA in a general population.

Methods: A total of 8954 volunteers were included to screen AMA-M2 

using enzyme-linked immunosorbent assay. Sera with AMA-M2 >50 

RU/mL were further tested for AMA using an indirect immunofluores-

cence assay.

Results: The population frequency of AMA-M2 positivity was 9.67%, 

of which 48.04% were males and 51.96% were females. The AMA-M2 

positivity in males had a peak and valley value of 7.81% and 16.88% in 

those aged 40 to 49 and ≥70 years, respectively, whereas it showed a 

balanced age distribution in females. Transferrin and immunoglobulin 

M were the risk factors for AMA-M2 positivity and exercise was the 

only protective factor. Of 155 cases with AMA-M2  >50 RU/mL, 25 

cases were AMA-positive, with a female-to-male ratio of 5.25:1. Only 

2 people, with very high AMA-M2 of 760 and >800 RU/mL, met the di-

agnostic criteria of primary biliary cholangitis (PBC), making the prev-

alence of PBC 223.36 per million in southern China.

Conclusion: We found that AMA-M2 has a low coincidence rate 

with AMA in the general population. A new decision-making point for 

AMA-M2 is needed to improve consistency with AMA and diagnostic 

accuracy.

Introduction
Primary biliary cholangitis (PBC), previously named primary bili-
ary cirrhosis, is a chronic autoimmune cholestatic liver disease with  
progressive histological lesions as nonsuppurative lymphocytic or 
granulomatous interlobular bile duct cholangitis.1,2 Primary biliary 
cholangitis has been reported to be more prevalent in Europe and 
North America than in the Asia Pacific region.3–5 During the last dec-
ade, there has been a marked increase in the number of PBC cases in 
China.6 This may be largely attributed to the awareness and availability 
of early screening of PBC, especially for the application of autoantibody 
testing like antimitochondrial antibodies (AMA). However, most of the 
reported prevalence of PBC was based on the combined case-finding and 
case ascertainment strategy,7 which probably underestimated the PBC 
prevalence in the whole population and neglected preclinical and asymp-
tomatic persons. Thus, epidemiological data on the prevalence of PBC 
based on the general population strategy in China is desirable.

Primary biliary cholangitis typically progresses slowly and insidiously 
to cirrhosis, hepatobiliary malignancies, and eventually to liver-related 
mortality. Therefore, early diagnosis and intervention are essential for 
delaying the development of this disease. Antimitochondrial antibodies 
are serological hallmarks of PBC and are present in more than 95% of 
PBC patients.8 They may antedate other biochemical markers, histolog-
ical changes, and clinical manifestations for several years and persist 
throughout the whole course of the disease.9 As suggested by the Euro-
pean Association for the Study of the Liver (EASL)10 and the American 
College of Gastroenterology (ACG),11 a diagnosis of PBC can be made 
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with the presence of AMA and elevated alkaline phosphatase (ALP), 
even without a liver biopsy. This makes the AMA test particularly at-
tractive for assessing the extent of the PBC spectrum on a population 
scale. Currently, the standard method for detecting AMA in many clin-
ical laboratories is indirect immunofluorescence (IIF), which is based 
on tissue sections. However, the costly, lengthy process and observer 
dependence limit its large-scale clinical application. Recently, quan-
titative detection of its specific subtype, M2 (AMA-M2), by enzyme-
linked immunosorbent assay (ELISA) is widely used in clinical practice, 
especially those using recombinant proteins such as MIT3 targeting 
immunodominant portions of PDC-E2, BCOADC-E2, and OGDC-E2.12 
However, increasing research has reported that ELISA is slightly more 
sensitive but less specific than IIF in biopsy-proven PBC. Its application 
can turn 90% of the PBC-negative tests for AMA by the conventional 
IIF method into positives.13 As suggested by a large-scale characteriza-
tion study, nearly half of prospectively detected AMA in clinical practice 
was not related to a diagnosis of PBC.9 Because AMA-M2 and AMA have 
advantages and disadvantages, the issue is whether they share the same 
prevalence in the general population.

Herein, we report on a population-based epidemiological study to 
estimate the prevalence of PBC and analyze the natural distribution 
of AMA-M2 in both sampled populations and individuals undergoing 
health checkups. Moreover, the related risk factors of AMA-M2, includ-
ing biochemical, immunological, and lifestyles, were analyzed. Our ra-
tionale was that the natural distribution and sources of variations of 
AMA-M2 in the general population would promote the efficiency of 
early screening and accurate diagnosis of PBC.

Methods

Subjects
This was a cross-sectional study conducted in Guangzhou from August 
2010 to June 2014, including 2 cohorts. The volunteers in cohort 1 
(n = 3755) were recruited using a stratified sampling method based on 
the regional population distribution and the proportion of urban and 
rural residents from the sixth national census data of the Guangzhou 
resident population. Adult citizens who lived in Guangzhou for at least 
5 years and lived at the sampling points for at least 1 year were included 
in this study. The participants were invited to complete a questionnaire 
on medical history before they were enrolled. General information, 
living habits, health status, and physical examinations were recorded 

in a secure database with restricted access. Participants in cohort 2 
(n  =  5197) were consecutively enrolled from those who underwent a 
health checkup at the Second Affiliated Hospital of Guangzhou Univer-
sity of Chinese Medicine. Overall, of the 8952 volunteers recruited in 
the study, 4582 (51.2%) were males and 4354 (48.8%) were females. The 
age of participants ranged from 18 to 93 years with a male-to-female 
ratio of 1.05:1, which reflects the general sex distribution in Guangzhou 
(1.08:1) as reported in the sixth national census data of the Guangzhou 
resident population.

Ethical Approval
This study followed the tenets of the Helsinki Declaration. All human 
subjects signed informed consent about using their medical data and blood 
specimens for research purposes before they were enrolled in this study. 
This study was approved by the hospital ethical committee (2013-127-2).

Laboratory Testing
The laboratory indices included clinical chemical analytes, immunoas-
say, and infection markers. The clinical chemical analytes included al-
anine aminotransferase (ALT), aspartate aminotransferase (AST), ALP, 
gamma-glutamyl transferase (GGT), albumin (ALB), total protein (TP), 
and total bilirubin (TBIL), which were measured by Roche Modular P 800 
automatic biochemical analyzer (Roche Diagnostics). The immunoassays 
included prealbumin (PA), immunoglobulin (Ig)G, IgA, IgM, comple-
ment 3 (C3) , C4, rheumatoid factor (RF), antistreptolysin O (ASO), and 
transferrin and were quantified by Roche Modular P or Siemens BNII. 
The serum infection markers of hepatitis B or hepatitis C viruses were 
detected using the cobas e602 analyzer (Roche Diagnostics).

Detection of AMA-M2
Antimitochondrial antibody subtype M2 was measured using an ELISA 
kit (Shanghai Kexin Biotech). The manufacturer’s cutoff was established 
at 25 RU/mL.14 According to the resulting concentrations of AMA-M2, 
patients were categorized into three subgroups for further analysis: 
group 1, AMA-M2 ≤25 RU/mL; group 2, 25< M2 ≤50 RU/mL; and group 
3, AMA-M2 >50 RU/mL (twice the cutoff value).

IIF Assay for AMA
Sera with AMA-M2 >50 RU/mL were additionally tested for AMA (the quad-
ruple tissue matrix; Euroimmun).15 Positivity and patterns were evaluated 
by 2 independent evaluators using fluorescence microscopy, and titer equal 
to or higher than 1:100 was considered positive.

TABLE 1.  Positive Rates of AMA-M2 by Sex and Age Groups

Age, y 
Cohort 1 (n = 3755) Cohort 2 (n = 5197) Total (n = 8952)

Male Female Male Female Male Female 

18-29 29/290 (10.00%)a,b 41/337 (12.17%) 98/1086 (9.02%) 78/777 (10.04%) 127/1376 (9.23%)a,b 119/1114 (10.68%)

30-39 23/286 (8.04%)a,b 37/298 (12.41%) 67/653 (10.26%) 58/559 (10.38%) 90/939 (9.58%)a,b,c 95/857 (11.09%)

40-49 25/320 (7.81%)b 45/403 (11.17%) 27/436 (6.19%) 37/455 (8.13%) 52/756 (6.88%)b 82/858 (9.56%)d

50-59 35/399 (8.77%)a,b 35/413 (8.47%) 25/378 (6.61%) 34/308 (11.04%) 60/777 (7.72%)a,b 69/721 (9.57%)

60-69 34/295 (11.53%)a,b 33/335 (9.85%) 16/167 (9.58%) 14/181 (7.73%) 50/462 (10.82%)a,c 47/516 (9.11%)

≥70 27/160 (16.88%)a 31/219 (14.16%) 10/112 (8.93%) 7/69 (10.14%) 37/272 (13.60%)c 38/288 (13.19%)

Total 173/1750 (9.89%) 222/2005 (11.07%) 243/2832 (8.58%) 228/2349 (9.71%) 416/4582 (9.08%) 450/4354 (10.34%)

a,b,cCompared with the different age groups in the same cohort and with the same sex, no statistically significant difference exists between the 2 groups 
with any identical superscript footnote. 
dCompared with males in the same age group, P < .01.
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TABLE 2.  Physical and Laboratory Characteristics of 3755 Participants Categorized with AMA-M2 Concentrationsa

Measurement parameters 
Group 1 M2 ≤25 RU/mL 

(n = 3360) 
Group 2 25 RU/mL < M2 ≤50 RU/mL  

(n = 240) 
Group 3 M2 >50 RU/mL  

(n = 155) 
P1b P2b P3b 

Age (y) 47.74 ± 15.78 49.38 ± 16.95 47.6 ± 17.16 NS NS NS

Height (m) 1.62 ± 0.08 1.62 ± 0.09 1.61 ± 0.08 NS NS NS

Weight (kg) 59.78 ± 10.65 59.38 ± 10.76 57.6 ± 10.76 NS .017 NS

BMI (kg/m2) 22.79 ± 3.13 22.64 ± 2.98 22.07 ± 3.06 NS .010 NS

Waistline (cm) 81.51 ± 23.19 80.47 ± 9.03 78.70 ± 9.29 NS .004 NS

Hipline (cm) 94.42 ± 7.13 94.30 ± 6.68 93.14 ± 7.44 NS .040 NS

ALT (U/L) 20.42 ± 15.35 21.49 ± 31.67 19.6 ± 17.05 NS NS NS

AST (U/L) 22.26 ± 8.11 24.50 ± 28.02 23.2 ± 13.51 NS NS NS

ALP (U/L) 72.24 ± 21.43 71.64 ± 20.33 78.3 ± 65.59 NS NS NS

GGT (U/L) 28.26 ± 27.92 34.23 ± 75.99 31.8 ± 61.37 NS NS NS

CHE (U/L) 9268.32 ± 1799.03 9271.32 ± 1730.66 8629.8 ± 1566.07 NS .040 .016

TP (g/L) 76.70 ± 4.49 77.27 ± 4.83 76.95 ± 4.96 NS NS NS

ALB (g/L) 47.63 ± 2.84 47.75 ± 3.40 47.38 ± 3.05 NS NS NS

TBIL (μmol/L) 10.83 ± 5.02 10.81 ± 5.51 10.94 ± 7.62 NS NS NS

DBIL (μmol/L) 3.47 ± 2.02 3.48 ± 1.75 3.93 ± 6.02 NS NS NS

IgA (g/L) 2.55 ± 1.04 2.52 ± 0.96 2.60 ± 1.01 NS NS NS

IgG (g/L) 13.08 ± 2.47 13.39 ± 2.37 13.60 ± 3.33 NS NS NS

IgM (g/L) 1.23 ± 0.63 1.29 ± 0.71 1.58 ± 1.41 NS .002 .030

C3 (g/L) 1.09 ± 0.18 1.11 ± 0.16 1.10 ± 0.20 NS NS NS

C4 (g/L) 0.28 ± 0.09 0.29 ± 0.09 0.28 ± 0.13 NS NS NS

RF (IU/mL) 12.09 ± 27.64 12.38 ± 12.69 16.0 ± 53.51 NS NS NS

ASO (IU/mL) 69.12 ± 78.76 56.70 ± 53.65 77.0 ± 83.14 NS NS NS

Transferrin (mg/L) 2.60 ± 0.38 2.59 ± 0.35 2.74 ± 0.44 NS .045 .009

PA (mg/L) 282.03 ± 53.51 286.74 ± 56.24 283.9 ± 56.95 NS NS NS

Questionnaire survey

Sex

  Male 1577 (46.93) 112 (46.67) 61 (39.35) NS NS NS

  Female 1783 (53.07) 128 (53.33) 94 (60.65)

Habitation

  Urban 2470 (73.51) 165 (68.75) 112 (72.26) NS NS NS

  Rural 890 (26.49) 75 (31.25) 43 (27.74)

Exercise

  Less 1921 (57.17) 127 (52.92) 106 (68.39) NS .008 .008

  More 1439 (42.83) 113 (47.08) 49 (31.61)

Fatigue

  No 2450 (72.92) 180 (75.00) 112 (72.26) NS NS NS

  Yes 910 (27.08) 60 (25.00) 43 (27.74)

Smoke

  Nonsmoking 2621 (78.01) 183 (76.25) 126 (81.29)
NS NS NS

  Abstinence 221 (6.58) 15 (6.25) 4 (2.58)

  Smoker 518 (15.42) 42 (17.50) 25 (16.13)

Drink

  Teetotaler 2647 (78.78) 187 (77.92) 127 (81.94)
NS NS NS

  Abstinence 411 (12.23) 30 (12.50) 17 (10.97)

  Alcoholic 302 (8.99) 23 (9.58) 11 (7.10)

ALB, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AMA, antimitochondrial antibody; ASO, antistreptolysin O; AST, aspar-
tate aminotransferase; BMI, body mass index; CHE, cholinesterase;  DBIL, direct bilirubin; GGT, gamma-glutamyl transferase; NS, nonsignificant; PA, 
prealbumin; RF, rheumatoid factor; TBIL, total bilirubin; TP, total protein.
aData are given as mean ± SD or No. (%).
bP1, P2, and P3 were the P values for M2 ≤25 RU/mL vs 25 RU/mL < M2 ≤50 RU/mL, M2 ≤25 RU/mL vs M2 >50 RU/mL, 25 RU/mL< M2 ≤50 RU/mL vs 
M2 >50 RU/mL, respectively.
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FIGURE 1.  Forest plot of various risk factors. A, The risk factors and odds ratio (OR) between M2 ≤25 RU/mL and M2 >50 RU/
mL groups. B, The risk factors and OR between 25 RU/mL< M2 ≤50 RU/mL and M2 >50 RU/mL group. BMI, body mass index; 
CHE, cholinesterase.

FIGURE 2.  The distribution characteristics of the antimitochondrial antibody (AMA)-positive population. A, The positive rates 
of AMA were categorized by sex and age groups. B, The correlation of AMA with quantitative AMA-M2, sex, and age. The black 
circles around the dots represented that the participant had an elevated alkaline phosphatase (ALP) up to 2× the upper limit of 
normal. The numbers above or next to the dots represented the concentration of AMA-M2 in cases with positive AMA.
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TABLE 3.  Physical and Laboratory Characteristics of 155 Participants Categorized by AMAa

Measurement parameters AMA− (n = 140) AMA+ (n = 15) P 

Age (y) 46.78 ± 17.27 55.73 ± 14.24 .041

Height (m) 1.62 ± 0.08 1.57 ± 0.07 .054

Weight (kg) 58.09 ± 10.86 52.18 ± 6.94 .138

BMI (kg/m2) 22.11 ± 3.09 21.16 ± 2.28 .670

Waistline (cm) 78.86 ± 9.51 76.57 ± 6.85 .600

Hipline (cm) 93.27 ± 7.19 90.21 ± 7.49 .391

ALT (U/L) 19.12 ± 16.16 24.71 ± 24.87 .213

AST (U/L) 22.18 ± 8.73 33.93 ± 34.71 .235

ALP (U/L) 72.50 ± 22.40 135.43 ± 203.51 .259

GGT (U/L) 25.37 ± 22.92 96.86 ± 183.64 .440

CHE (U/L) 8699.78 ± 1583.71 7580.75 ± 782.26 .100

TP (g/L) 76.77 ± 4.45 79.11 ± 8.43 .419

ALB (g/L) 47.72 ± 2.78 44.49 ± 3.75 <.001

TBIL (μmol/L) 10.42 ± 4.90 16.23 ± 19.86 .444

DBIL (μmol/L) 3.38 ± 1.65 9.48 ± 18.99 .560

IgA (g/L) 2. 50 ± 0.92 3.35 ± 1.45 .095

IgG (g/L) 13.24 ± 2.67 16.37 ± 6.18 .033

IgM (g/L) 1.37 ± 0.62 3.28 ± 3.58 .001

C3 (g/L) 1.09 ± 0.19 1.17 ± 0.28 .869

C4 (g/L) 0.29 ± 0.13 0.24 ± 0.05 .125

RF (IU/mL) 16.91 ± 57.05 9.75 ± 3.48 .942

ASO (IU/mL) 69.97 ± 77.67 108.78 ± 87.85 .025

Transferrin (mg/L) 2.71 ± 0.39 3.00 ± 0.67 .473

PA (mg/L) 288.35 ± 56.57 253.74 ± 53.18 .044

Questionnaire survey

Sex

  Male 59 (42.14) 2 (13.33) .048

  Female 81 (57.86) 13 (86.67)

Habitation

  Urban 100 (71.43) 12 (80.00) .558

  Rural 40 (28.57) 3 (20.00)

Exercise

  Less 99 (70.71) 7 (46.67) .078

  More 41 (29.29) 8 (53.33)

Fatigue

  No 104 (74.29) 8 (53.33) .125

  Yes 36 (25.71) 7 (46.67)

Smoke

  Nonsmoking 112 (80.00) 14 (93.33)
.325

  Abstinence 4 (2.86) 0 (0.00)

  Smoker 24 (17.14) 1 (6.67)

Drink

  Teetotaler 113 (80.71) 14 (93.33)
1.000

  Abstinence 16 (11.43) 1 (6.67)

  Alcoholic 11 (7.86) 0 (0.00)

ALB, albumin; ALT, alanine aminotransferase; ALP, alkaline phosphatase; AMA, antimitochondrial antibody; ASO, antistreptolysin O; AST, aspartate 
aminotransferase; BMI, body mass index; CHE, cholinesterase; DBIL, direct bilirubin; GGT, gamma-glutamyl transferase; PA, prealbumin; RF, rheumatoid 
factor; TBIL, total bilirubin; TP, total protein.
aData are given as mean ± SD or No. (%).
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Statistical Analysis
Descriptive statistics were expressed as mean ± SD and percentage (%). 
The continuous variables were compared by 1-way analysis of variance or 
Mann-Whitney U test according to the distributions of the data, whereas the 
categorical variables were compared using the χ 2 or Fisher exact test. The sig-
nificant variables were submitted to logistic regression analysis to calculate 
the odds ratio (OR) and the 95% CI. The forest plots of various risk factors 
were drawn using GraphPad Prism 8.0. The statistical analysis was performed 
using SPSS 19.0 with a 2-sided statistically significant P value <.05.

Results

Demographic Characteristics of AMA-M2 Antibody
To improve representativeness and investigate the prevalence of 
AMA-M2, 3755 participants recruited by stratified sampling (cohort 
1) and 5197 participants enrolled from health checkups (cohort 2) were 
included in our study. The quantitative distribution of positive results 
for males and females in each age group is shown in TABLE 1. The 
AMA-M2 positive rate of cohort 1 was a little higher than that of cohort 
2 (10.52% vs 9.06%). In cohort 1, only the positive rates of AMA-M2 of 
males showed a different age distribution with the peak and valley val-
ues being 7.81% and 16.88% in those 40 to 49 years old and ≥70 years 
old, respectively (TABLE 1). There was no other difference between age 
groups, sex, and cohorts. Overall, the population frequency of AMA-M2 
was 9.67% (866/8952), accounting for 9.08% of males and 10.34% of 
females. The age distribution of abnormal AMA-M2 displayed a para-
bolic model with the lowest point at 40 to 49 years where the positive 
rates of AMA-M2 in females (82/858) were 28.03% higher than that in 
males (52/756) (P = .006) (TABLE 1).

Risk Factors for Quantitative AMA-M2
Complete laboratory data and lifestyle parameters were available for 
cohort 1. Thus, a subgroup analysis was performed based on AMA-M2 
concentrations to define the risk factors. All variables of the participants 
did not differ between group 1 (M2 ≤25 RU/mL) and group 2 (25 RU/
mL  < M2  ≤50 RU/mL) but a significant difference was found when 

compared with group 3 (M2  >50 RU/mL). The volunteers in group 3 
(M2 >50 RU/mL) had a significantly lower weight, smaller body mass 
index (BMI), waistline, hipline, and a lower exercise frequency, whereas 
cholinesterase (CHE), IgM, and transferrin were markedly increased 
(TABLE 2). Unexpectedly, no sex differences were found among these 
3 groups (TABLE 2). Finally, the variables with statistical significance 
were included in the next risk assessments. The results showed that 
transferrin was the most significant risk factor in group 3, with an OR 
of 2.325 and 2.628 when compared with group 1 and 2, respectively. 
Immunoglobulin M was a significant risk factor for group 3, with an OR 
of 1.458 when compared with group 1, whereas it was unremarkable 
between group 2 and group 3. The ORs of weight, BMI, waistline, and 
hipline were too close to 1 to be defined as a protective factor. Exercise 
was the only protective factor in group 3 (FIGURE 1).

Correlation of Quantitative AMA-M2 with AMA
The population characteristics in group 3 were remarkably different 
from those in group 1 and group 2. Therefore, sera with AMA-M2 >50 
RU/mL (155 cases from cohort 1 and 180 cases from cohort 2) were fur-
ther tested for AMA using an IIF assay. There were 25 cases (15 cases 
from cohort 1 and 10 cases from cohort 2) in the AMA-M2–positive pop-
ulation that were concurrently AMA-positive, in which 21 cases were 
female and 4 cases were male, accounting for the high female-to-male 
ratio of 5.25:1. The females with positive AMA showed an increasing 
trend with age and more than 80% of these cases were found at 40 to 
69 years old. The males with positive AMA were over 60 years old (FIG-
URE 2A). In these 25 cases, only 2 cases had an elevated ALP up to 2 
times upper limit of normal who had a very high AMA-M2, 760 RU/
mL and >800 RU/mL (FIGURE 2B). According to EASL10 and ACG,11 
these 2 individuals (2/8936, 0.022%) met the diagnostic criteria of PBC, 
increasing speculation about the approximate prevalence of PBC, which 
was 223.81 per million in southern China.

Characteristic and Risk Factor Assessment of Various 
Parameters Categorized by AMA
We also explored whether population characteristics were more dis-
tinctive when categorized by AMA. First, the patients in cohort 1 

FIGURE 3.  Forest plot of risk factors with odds ratio (OR) in the antimitochondrial antibody-positive population. ALB, albumin; 
ASO, antistreptolysin O; PA, prealbumin.

Sex
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with AMA-M2 concentrations >50 RU/mL were further categorized 
into 2 groups: AMA+/M2+ and AMA−/M2+. Unlike the characteristics 
categorized with AMA-M2 concentrations, the populations differed sig-
nificantly when classified by AMA. The AMA-positive population tended 
to have low ALB and PA, increased IgG and IgM, and a sex ratio imbal-
ance. The female-to-male ratio was 6.5:1 with an OR of 4.735 (TABLE 3, 
FIGURE 3). Also, the increased IgG and IgM were significant high-risk 
factors, with OR of 1.232 and 3.260, respectively, whereas ALB was a 
protective factor for the AMA-positive population (FIGURE 3).

Discussion
We conducted a population-based study to screen for PBC with its spe-
cific autoantibodies in representative Guangzhou residents. We started 
from the natural distribution of quantitative AMA-M2 and semi-
quantitative AMA to their associated risk factors.

It is reported that PBC displayed substantial geographical disparity. 
In the Asia-Pacific region, the estimated overall prevalence of PBC was 
204.87 per million in China, 221.01 per million in Japan, 99.6 per mil-
lion in New Zealand, and 39.09 per million in Australia and South Korea.5 
Even in China, the prevalence of PBC varied greatly, ranging from 56.4 
to 492 per million inhabitants.16–18 The apparent inconsistency between 
different studies is due not only to geographical variations but to the 
research methodologies. Some of these studies were based on the case-
finding and case ascertainment strategy and included only diagnosed 
patients, which might have underestimated the prevalence.19 Some 
studies were conducted on people who came to a hospital for a health 
checkup, which might not be the same as the general population and 
may have overestimated PBC prevalence. In this study, we recruited 2 
cohorts of volunteers, a sampled population and those attending health 
checkups. The recruited individuals were almost equally distributed by 
age and sex, which represent the local population. Finally, 2 cases were 
diagnosed as PBC patients, which led to a point prevalence of PBC in 
southern China as 223.36 per million. These 2 cases were found in the 
sampled population, not in the health checkup group. However, this 
point prevalence was much lower than that in another Chinese report 
conducted only on people who came to a hospital for a health checkup.17

Although AMA-M2 is one of the serological markers of PBC, it is not 
disease-specific. The elevation of AMA-M2 had been found in various 
disorders, such as chronic hepatitis C virus infection,20 autoimmune 
hepatitis,21 Sjögren syndrome,22 and hematological malignancies.23 
Thus, the population frequencies of AMA-M2 remained to be clarified. 
In this study, both cohorts showed similar distributions of AMA-M2 
(10.52% vs 9.06% in cohort 1 vs cohort 2). The total positivity rate was 
much higher than that reported by a Chinese study as 0.73%.14 The assay 
methods and the selected population are the main reasons. It is note-
worthy that the AMA-M2 levels of the 2 diagnostic PBC patients were 
760 RU/mL and >800 RU/mL. These results are much higher than the 
cut-off value. Therefore, it seems that the currently used reference in-
terval for AMA-M2 is not proper for the screen of PBC, let  alone the 
diagnosis. As recommended by the American Association for the Study 
of Liver Diseases, liver biopsies were performed only in the presence 
of high titers of autoantibodies with signs suggestive of autoimmune 
liver disease.24 Concerning the low prevalence of PBC, the application 
of AMA-M2 to the general population would lead to a very low positive 
predictive value. Thus, our study highlights the necessity to establish a 
diagnostic level for AMA-M2 for PBC diagnosis.

Primary biliary cholangitis predominantly affects women in their 
fifties and sixties.25,26 Unexpectedly, female predominance was not 
prominent when categorized with AMA-M2 concentrations. However, 
a sex ratio imbalance emerged when the AMA-M2–positive population 
was further categorized with AMA (male-to-female ratio, 1:6.5). Of 
note, the positive reactivity for AMA in this study was close to another 
study conducted in Guangzhou.17 Therefore, these findings imply that 
AMA-M2 (ELISA) and AMA (IIF) had tremendously different screen-
ing performances in different populations. Hu et  al27 suggested that 
although both AMA and AMA-M2 have favorable accuracy for the diag-
nosis of PBC, AMA would be a better and more comprehensive test than 
AMA-M2. Nevertheless, Han et al28 suggested the use of IIF with high 
specificity as a first-line screening test for AMA detection and the use of 
a sensitive AMA-M2 assay as a confirmatory test. The combination of 
AMA-M2 and AMA was not only useful for IIF AMA-negative patients 
but also useful for low-titer AMA-positive patients.

Several prognostic models have been developed and validated for 
survival in untreated PBC patients, such as the Mayo score. Other than 
age and sex, several potential and significant risk factors for PBC have 
been included, such as IgM, ALB, IgG, etc. We tried to explore the risk 
factors related to elevated AMA-M2. Three subgroups were categorized 
according to serum AMA-M2 concentrations in cohort 1.  Group  3 
(AMA-M2  >50 RU/mL) exhibited a different population character, in-
cluding lower weight, smaller BMI, waistline, hipline, higher transferrin, 
and IgM. Logistic regression analysis showed that transferrin had the 
highest OR, which was consistent with the findings of an early study 
that the serum level of transferrin in PBC was higher than in healthy 
blood donors, alcoholic cirrhosis, and fatty liver.29 The significant eleva-
tion of transferrin in PBC patients might be caused by increased efflux 
through the disruptive cell membrane.30 In addition, we also confirmed 
that ALB and exercise were protective factors for the AMA-M2–positive 
population. The ALB reduction in PBC is a signature of impaired liver 
synthesis, which usually indicates the development of cirrhosis.10 In 
the AMA-positive population, the risk effects of sex and IgM were more 
prominent than in the AMA-M2–positive population. Despite smoking 
cessation and limited or no alcohol consumption being recommended 
in the primary care guidelines for PBC,11 our results indicated that the 
demographics of smoking and alcohol consumption had little associa-
tion with AMA-M2 and AMA.

One of the strengths of our study is that the data are based on a 
population-based cohort of inhabitants  that is representative of the 
southern China population. As one of the main limitations of this study, 
AMA-2 was not the only disease-specific autoantibody for PBC.31 Other 
autoantibodies, such as antinuclear antibodies to sp-100 or gp-210, are 
often identified in patients with PBC. Thus, a screening started from 
AMA-M2 might lead to underestimated prevalence. Second, we could 
not obtain follow-up data to learn about development or outcome of the 
participants with different concentrations of AMA-M2. Third, although 
PBC is reported to be almost exclusively a disease of adults,32 it would 
be more thorough to study all ages. Thus, further multicenter research 
to learn disease prevalence, geographic variations, heterogeneity, and 
differences in the sex ratio of PBC in China is desirable.

This study highlights different characteristics and reports on a risk 
assessment of the populations defined by AMA-M2 and AMA. These 
results indicate that more research should focus on the decision-making 
point for AMA-M2 to improve consistency with AMA and accuracy of 
diagnosis.
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ABSTRACT

Background: Ribonucleotide reductase subunit M2 (RRM2) plays a 

key role in cell and hepatitis B virus (HBV) replication. Nevertheless, 

its clinical implications for managing liver diseases have been inade-

quately studied.

Methods: A total of 412 participants were enrolled, including 60 

healthy control individuals, 55 patients with chronic hepatitis B (CHB), 

173 patients with cirrhosis, and 124 patients with hepatocellular carci-

noma (HCC). Serum RRM2 was measured via ELISA.

Results: The level of serum RRM2 in patients with CHB, cirrhosis, 

and HCC was higher than that in healthy controls (P <  .05). A  large 

difference in serum RRM2 was found between HBV-related and non–

HBV-related patients in the cirrhosis group (P < .001), compared with 

the difference between HBV-related HCC and non–HBV-related HCC 

(P =  .86). In the HBV-related cirrhosis group, the serum RRM2 level 

showed significant positive correlations with HBV DNA, hepatitis B 

surface antigen, hepatitis B e antigen, Child-Pugh scores, and MELD 

scores and played a strong role in diagnosing HBV-related cirrhosis in 

CHB, compared with fibrosis-4 score and aspartate aminotransferase–

to-platelet ratio index.

Conclusions: Serum RRM2 is a reliable biomarker for accurate HBV-

related cirrhosis diagnosis and evaluation. Also, serum RRM2 could 

reflect the expression state of HBV replication in patients with HBV-

related cirrhosis.

Hepatitis B virus (HBV)  infection is endemic worldwide and is one of 
the leading causes of viral hepatitis in Southeast Asia. According to the 
World Health Organization, approximately 2 billion people worldwide 
have been infected with HBV, and the number of people with chronic 
HBV infection is approximately 350 million.1 In China and Southeast 
Asian countries, most patients become infected with HBV during the 
perinatal period. Due to the immature immune function of young child-
ren, they cannot clear the virus in a timely manner and they become 
chronically infected with HBV as adults, when the immune system 
becomes able to effectively fight against the infection. As a result, the 
viral infection is usually acute and self-limiting. In some patients, the 
disease progresses to chronic hepatitis B (CHB), liver cirrhosis (LC), and 
HCC due to long-term inflammation. Approximately 20% of patients 
with CHB develop hepatitis B cirrhosis (HBC), and approximately 3% 
develop cirrhosis yearly.2,3

Ribonucleotide reductase (RR) is present in all types of living cells; 
as the only enzyme catalyzing the reduction of ribonucleotides to the 
corresponding deoxyribonucleotides, it is involved in metabolizing 
nucleotides. Human RR consists mainly of large (RRM1) and small 
subunits (RRM2). These subunits play a key role in cell proliferation 
by providing not only various precursor deoxyribonucleotides but also 
regulating the balance of the content of various dNTPs in DNA synthe-
sis and repair.4 

DNA synthesis and repair heavily depend on the balance of the dNTP 
pool, and an imbalance in dNTP levels and their relative amounts can 
lead to cell death or abnormal genetic metabolism. As a DNA polymerase 
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substrate, dNTP affects all aspects of the replication process, and reduced 
RR activity decreases intracellular dNTPs levels, thereby inhibiting DNA 
synthesis and repair, resulting in cell-cycle arrest.5 Therefore, RR plays 
an important role in controlling cell proliferation and maintaining ge-
nome stability. Previous study reports, such as Li et al,6 have stated that 
the activity of this enzyme depends on the level of RRM2 protein.

Recent study results, such as those reported by Liu et  al,7 have 
shown that RR has a crucial role in HBV replication and proliferation in 
hepatocytes. Shao et al11 have suggested that RRM2 is a potential target 
against HBV replication, and its inhibitors are potential novel potential 
drugs against HBV and HCC. Also, Ricardo-Lax et al8 have reported that 
HBV can activate the production of RRM2 through the DNA damage 
pathway. 

Based on its close relationship with HBV replication and propaga-
tion, RR is feasible in the study of chronic liver diseases, especially CHB 
and HBC. Therefore, we made a relevant analysis of RR in the diagnosis 
and evaluation of chronic liver diseases and liver cancer, to provide a 
theoretical basis for its practical application in the clinical setting and 
future antiviral therapy.

Materials and Methods

Study Population
A total of 412 participants were enrolled in our study. These included 
60 healthy control individuals, 55 patients with CHB, 173 patients with 
cirrhosis (of whom 90 had HBV-related cirrhosis), and 124 patients with 
liver cancer (of whom 98 had HBV-related cancer). All included subjects 
were from inpatient and outpatient settings in our hospital, The First 
Affiliated Hospital, Zhejiang University, Hangzhou, China, from March 
2018 through March 2020. Patients with CHB, cirrhosis, or liver cancer 
were diagnosed according to the recent guidelines of the American Asso-
ciation for the Study of Liver Diseases (AASLD). 

We excluded patients infected with viruses other than HBV and 
other liver diseases; those with lung cancer, pancreatic cancer, and 
ovarian cancer, and other malignant tumors except liver cancer; those 
with other comorbidities, including heart diseases, systematic inflam-
mation, chronic kidney disease, etc; and those who had undergone 
radiofrequency ablation and surgical procedures before blood specimen 
collection. 

The study was performed in accordance with the Code of Ethics of 
the World Medical Association (Declaration of Helsinki) and was based 
on the ethical standards of our institution. All study participants pro-
vided written informed consent. The study was approved by the Ethics 
Committee of our hospital.

Data Detection and Collection
Peripheral venous blood was drawn from fasting patients in the early 
morning, and the blood specimens were numbered based on the or-
der in which patient specimens were collected. The supernatant was 
removed after centrifugation and stored in a −80°C freezer. Circulat-
ing RRM2 levels were detected by Human RRM2 ELISA Kits (Shanghai 
Run-BioTech). The specimens had 3 biological repetitions, and the kit 
instructions were strictly followed during all operations.

Other blood tests and imaging examinations were provided by the 
Laboratory Department and Imaging Department of the First Affiliated 
Hospital of Zhejiang University, including aspartate aminotransferase 

(AST), <40 U/L;  alanine aminotransferase (ALT), <40 U/L; alka-
line phosphatase (ALP), 40–150 U/L; gamma-glutamyl transferase 
(GGT), 11–50 U/L; total bilirubin (TBIL, <21  μmol/L); alpha-fetopro-
tein (AFP), <20 ng/mL; and HBV-related tests (HBV DNA, hepatitis B 
surface antigen [HBsAg], hepatitis B surface antibody [HBsAb], hepa-
titis B e antigen [HBeAg], hepatitis B e antibody [HBeAb], and hepati-
tis B c antibody [HBcAb]). We calculated the relevant index as follows: 
APRI = ([100 × AST]/upper limit of normal AST)/platelets (PLT) (×109/L)9 
fibrosis-4 (FIB4) = (age × AST [U/L])/(PLT [109/L] × ALT1/2 [U/L]).10

Statistical Analysis
We processed the data and specimens using SPSS Statistics software, 
version 25 (IBM) and GraphPad Prism 7 (GraphPad Software). Measure-
ment data were expressed as mean (SD) (x ± s). Data between 2 groups 
were analyzed by independent sample t testing, area under the curve 
(AUC) comparisons between groups were made by z testing. Analysis of 
variance (ANOVA) was used among multiple data groups, with P < .05 
indicating statistical significance. Independent variables potentially af-
fecting RRM2 were screened by regression analysis; curves were fitted to 
predict the correlation between RRM2 and other indicators (correlation 
coefficient R).

Results

Clinical Characteristics of Participants
Depending on the type of HBV infection and final diagnosis, we divided 
the enrolled participants into 6 groups: healthy control, CHB, HBV-
related cirrhosis, non–HBV-related cirrhosis, HBV-related HCC, and 
non–HBV-related HCC. As shown in TABLE 1, each group comprised 
more men than women. The average age of people in the healthy control, 
CHB, cirrhosis, and HCC groups was 47.3, 46.7, 52.7, and 61.6 years, 
respectively, which was consistent with the progression of chronic liver 
disease. 

As we expected, healthy controls had good biochemical parameters. 
In contrast, patients in other groups had higher liver function indicators 
such as ALT and AST. Patients with CHB had the highest circulating HBV 
DNA virus, serum HBsAg, and HBeAg levels among patients infected 
with HBV.

Serum RRM2 Level in All Groups
The serum level of RRM2 in patients with liver disease and healthy 
controls is shown in FIGURE 1. All patients had higher circulat-
ing RRM2 levels than healthy controls (mean [SD], 378.5 [79.8] U/L). 
In particular, RRM2 levels in patients with HBV-related cirrhosis and 
HCC were higher than that in patients with CHB. We further divided 
the cirrhosis and liver cancer groups into hepatitis B–related and non–
hepatitis-B-related groups and observed that the HBV-related cirrhosis 
group had higher serum RRM2 levels than the non–HBV-related groups 
(3827.3 [3158.3] U/L vs 761.5 [898.9] U/L; P < .001); there was no sig-
nificant difference in serum RRM2 levels between HBV-related HCC and 
non–HBV-related HCC groups (3326.6 [2885.1] U/L vs 3173.5 [4737.8] 
U/L; P = .86).

Serum RRM2 Values in Cirrhosis
Because we found significantly higher serum RRM2 in the HBV-related 
cirrhosis group than that in the CHB group, we further analyzed the 
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value of RRM2 in the diagnosis and clinical staging of patients with liver 
cirrhosis. We compared the diagnostic performance of serum RRM2 
with widely used serum markers of fibrosis, namely, FIB4 and aspar-
tate aminotransferase–to-platelet ratio index (APRI). We found that at 
the cutoff value of 1715.6 U/L, serum RRM2 provided a sensitivity and 
specificity of 87.5% and 66.6%, respectively, for diagnosing HBV-related 
cirrhosis from CHB. FIB4 demonstrated sensitivity and specificity of 
95.4% and 59.4%, respectively, at the cutoff value of 1.04. In contrast, 
APRI showed sensitivity and specificity of 87.4% and 21.9%, respec-
tively, at the cutoff value of 0.52. 

ROC analysis showed that serum RRM2 had a similar diagnos-
tic value as FIB4 (AUC, 0.684 vs 0.737; P = .45) and had better AUC 
scores than APRI (AUC, 0.684 vs 0.462; P <  .01). The detailed data 
are shown in TABLE 2. Also, when we used combined measurements 
of serum RRM2, APRI, and FIB4, we detected a higher AUC value  
(AUC = 0.791).

Serum RRM2 was also shown to be a potential indicator to as-
sess the severity of HBV-related cirrhosis. Decompensated cirrhosis 
in patients in the HBV group had higher serum RRM2 levels than 
compensated cirrhosis in patients with HBV (4525.4 [3555.1] vs 
2908.9 [2232.9] U/L; P = .009). In contrast, there was no significant 
difference between the compensated and decompensated groups of 
patients with non–HBV-related cirrhosis (818.9 [1038.8] vs 729.0 
[807.5] U/L; P = .93) (FIGURE 2A). Using the Child-Pugh classifica-
tion to verify the severity of cirrhosis in patients with that disease, 
we also acquired significant results, given that patients with Child-
Pugh C who had HBV-related cirrhosis had a higher serum RRM2 level 
than that in patients with Child-Pugh A (P < .001) and Child-Pugh B 
(P = .01; FIGURE 2B).

A correlation between serum RRM2 and Child-Pugh and Model for 
End-Stage Liver Disease (MELD) scores was further examined. A  sig-
nificant positive correlation was found between RRM2 and Child-Pugh 
scores (R  =  0.37; P <  .001). MELD scores also showed a positive and 
significant correlation with RRM2 (R = 0.40; P <  .001) (FIGURE 2C, 
FIGURE 2D).

Correlation between Serum RRM2 and HCC Stage and 
Biomarkers
Participants in this study included 98 patients with HBV-associated 
HCC and 26 patients with non–HBV-associated HCC. Based on tumor 
node metastasis classification (TNM), among patients with HBV-related 
HCC, 44 patients had stage I disease, 33 patients had stage II/III, and 
21 patients had stage IV. There was no significant difference in serum 
RRM2 among the aforementioned groups; the numbers of patients with 

TABLE 1.  Characteristics of the Patients Enrolled in the Study

Variable Control CHB HBV-related cirrhosis Non–HBV-related cirrhosis HBV-related HCC Non–HBV-related HCC 

Male/Female 32/28 37/18 68/22 50/33 84/14 18/8

Age (y), mean (SD) 47.3 (10.4) 46.7 (13.4) 50.0 (9.8) 55.6 (11.8) 60.9 (10.0) 61.6 (10.5)

ALT (IU/L), mean (SD) 23.9 (13.7) 278.3 (365.8) 75.0 (134.7) 72.1 (190.7) 82.5 (100.4) 72.7 (100.2)

AST (IU/L), mean (SD) 20.9 (7.2) 148.1 (168.2) 70.2 (107.8) 76.4 (124.0) 117.0 (216.3) 125.9 (241.3)

ALP (IU/L), mean (SD) 66.6 (22.0) 116.8 (101.1) 109.3 (91.4) 135.8 (113.7) 104.4 (77.5) 137.8 (107.6)

GGT (IU/L), mean (SD) 39.3 (25.5) 126.1 (125.7) 64.2 (81.1) 125.8 (137.4) 107.9 (138.4) 137.0 (176.5)

TBIL (μmol/L), mean (SD) 11.9 (7.9) 68.1 (104.4) 69.9 (104.3) 85.3 (127.2) 34.8 (62.0) 42.3 (72.2)

AFP, mean (SD) 4.0 (1.9) 17.2 (24.6) 67.7 (306.0) 5.0 (8.0) 4768.1 (5008.1) 5426.0 (18331.5)

HBV DNA (Log
10

IU/mL), mean (SD) — 4.0 (2.3) 2.6 (2.8) — 1.6 (2.1) —

HBsAg (IU/mL) ×105, mean (SD) — 121.2 (169.7) 10.1 (16.5) — 2.5 (5.0) —

HBsAb (mIU/mL), mean (SD) — 7.1 (32.3) 35.7 (108.4) — 0.6 (1.3) —

HBeAg (PEIU/mL), mean (SD) — 100.2 (164.1) 17.8 (67.2) — 21.0 (8.9) —

HBeAb (S/CO), mean (SD) — 12.9 (20.7) 3.4 (10.3) — 3.3 (2.2) —

HBcAb (S/CO), mean (SD) — 8.9 (1.9) 7.9 (3.7) — 8.4 (1.0) —

AFP, alpha-fetoprotein; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; 
HBcAb, hepatitis B c antibody; HBeAb, hepatitis B e antibody; HbeAg, hepatitis B e antigen; HbsAb, hepatitis B surface antibody; HBsAg, hepatitis B 
surface antigen; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; PEIU, Paul-Ehrlich-Institut units; S/CO, signal-to-cutoff ratio; TBIL, total bilirubin.

FIGURE 1.  Serum ribonucleotide reductase subunit 
M2 (RRM2) in chronic liver disease and liver cancer. 
Comparison of serum RRM2 in healthy control individuals, 
as well as patients with chronic hepatitis B (CHB), hepatitis 
B virus (HBV)-related cirrhosis, non–HBV-related cirrhosis, 
HBV-related hepatocellular carcinoma (HCC), and non–HBV-
related HCC. *P < .001; **P < .01.
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stage I, II/III, and IV disease in the non–HBV-related group were 11, 
9, and 6, respectively. The 1-way ANOVA results did not indicate a sig-
nificant difference between the groups in patients in the HBV-related 
disease (P = .42) or non–HBV-related disease (P = .72) groups (Supple-
mentary Figure 1).

A total of 57 patients with HCC underwent surgical resection or liver 
biopsy (9 in the non–HBV-related and 48 in the HBV-related groups). 
We obtained the immunohistochemical data of the tumors of these 
patients and made the correlation between these biomarkers with se-
rum RRM2 levels. However, no obvious correlation was shown between 
serum RRM2 and immunohistochemical results (AFP and glypican-3). 
More details are shown in TABLE 3.

Linear Correlation between Serum RRM2 and 
HBV Markers
The results mentioned earlier herein demonstrated a strong associ-
ation between serum RRM2 levels and HBV infection, especially in 
HBV-related cirrhosis. We used the Pearson correlation coefficient to 
analyze the linear correlation between RRM2 and HBV DNA, HBsAg, 
and HBeAg. There was no significant difference between serum RRM2 
levels and HBV DNA, HBsAg, and HBeAg in the CHB group (P >  .05; 
FIGURE 3A). The correlation coefficients between serum RRM2 level 
and HBV DNA, HBsAg, and HBeAg in patients with HBV-related cirrho-
sis were R = 0.48 (P < .001), R = 0.60 (P < .001), and R = 0.58 (P < .001), 
respectively (FIGURE  3B). In patients with HBV-related HCC, 

FIGURE 2.  Serum ribonucleotide reductase subunit M2 (RRM2) in cirrhosis. A, Serum RRM2 level in compensated and 
decompensated cirrhosis. B, Serum ribonucleotide reductase subunit M2 (RRM2) in cirrhosis. *P < .001; **P < .01. Correlation 
analysis between RRM2 and MELD score (C) or Child-Pugh score (D).

TABLE 2.  Diagnostic Performance of RRM2, FIB4, and APRI, Separately and in Combination, in the Prediction of HBV-Related 
Cirrhosis

Analyte AUC (%) Sensitivity (%) Specificity (%) Cutoff Youden index (%) P value 

RRM2 68.4 87.5 66.6 1715.6 54.2 .002

FIB4 73.7 95.4 59.4 1.0 36.0 <.001

APRI 46.2 87.4 21.9 0.5 21.4 .52

RRM2 + FIB4 + APRI 79.1 74.7 84.4 — 59.1 <.001

APRI, aspartate aminotransferase-to-platelet ratio index; FIB4, fibrosis-4 score; HBV, hepatitis B virus; RRM2, ribonucleotide reductase subunit M2.
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significant differences were found between circulating RRM2 and HBV 
DNA (R = 0.40; P < .001) and HBsAg (R = 0.41; P < .001) but not between 
RRM2 and HBeAg (R = 0.05; P = .60; FIGURE 3C).

We further performed a subgroup analysis in patients with HBV-
related cirrhosis based on the level of ALT, AST, ALP, GGT, TBIL, and 
AFP. Patients with HBV-related cirrhosis with ALT, AST, TBIL, or AFP 
of twice the normal upper limit had higher RRM2 levels, compared with 
patients with those values in the normal ranges (TABLE 4). Also, better 
correlation performance was shown between RRM2 and HBV DNA, 
HBsAg, and HBeAg in patients with HBV-related cirrhosis whose ALT or 
ALP values were twice the normal upper limit (ALT-R value, HBV DNA: 

0.58 vs 0.36; HBsAg: 0.71 vs 0.57; HBeAg: 0.59 vs 0.43; ALP-R value, 
HBV DNA: 0.82 vs 0.42; HBsAg: 0.72 vs 0.59; HBeAg: 0.76 vs 0.52).

Discussion
RR is an enzyme necessary for biological DNA synthesis and is one of the 
most highly conserved enzymes. It consists of a large subunit (RRM1) 
and a small subunit (RRM2), which are present at the site of substrate 
binding and metastable effectors and which control substrate specific-
ity and enzyme activity. The contact inhibition region carried by RRM2 
can control the substrate conversion function; hence, RRM2 has both 

TABLE 3.  Correlation between RRM2 and Immunohistochemical Biomarkers in HCC

Variable Result 
HBV-related HCC Non–HBV-related HCC

No. RRM2 P value No. RRM2 P value 

AFP Negative 10 3104 (1797) .88 5 3019 (4764) —

Positive 5 3368 (4568) — — —

GPC-3 Negative 4 2819 (3061) .59 2 6350 (6150) .35

Positive 32 3821 (5079) 8 2394 (3999)

AFP, alpha-fetoprotein; GPC-3, glypican-3; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; RRM2, ribonucleotide reductase subunit M2.

FIGURE 3.  Serum ribonucleotide reductase subunit M2 (RRM2) with hepatitis B virus (HBV). Linear relevance analysis between 
serum RRM2 and HBV-related indicators in chronic hepatitis B (A), HBV-related cirrhosis (B), and HBV-related hepatocellular 
carcinoma (C). HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; PEIU, Paul-Ehrlich-Institut units.
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catalytic and regulatory roles. The transcription of RRM1 and RRM2 is 
regulated by the cell cycle, and mRNA of RRM1 and RRM2 is not detected 
in G0/G1 phase cells; the mRNA expression of RRM1 and RRM2 reaches 
the maximum level in the S phase. RRM1 has a half-life of 18–24 hours, 
and its level is almost constant in proliferating cells and relatively exces-
sive throughout the cell cycle. In contrast, RRM2 protein is specifically 
expressed in the S phase and synthesized in the late G1 or early S phase, 
with a shorter half-life of about 3–4 hours. It is rapidly degraded and 
then slowly accumulates in cells until late mitosis.11 Therefore, the en-
zyme activity depends on the level of RRM2 protein. Thus, in this study, 
the level of RRM2 in the peripheral blood of patients was measured, to 
reflect the RR enzyme activity.

In our study, patients with CHB had significantly higher serum RRM2 
levels than healthy controls (P < .001). The same trend was observed in 
patients with cirrhosis, indicating that HBV can increase RRM2 levels in 
hepatocytes, which is consistent with the findings of a previous study.8 
In patients with cirrhosis, RRM2 levels in the HBV-related group were 
obviously higher than those in healthy controls (P < .001) and CHB (P 
< .01); those levels in the non–HBV-related group were slightly higher 
than the levels in healthy controls (P  =  .01) but significantly lower 
compared with the levels in the CHB group (P <  .001). The results of 
further correlation analysis showed the strong relevance between RRM2 
and HBV-related indicators (HBV DNA, HBsAg, and HBeAg) in the cir-
rhosis group. Our conclusion based on the aforementioned results is 
that cirrhosis and HBV infection could facilitate the serum RRM2 level 
and had a synergistic effect on the rise of serum RRM2.

Because HBV does not carry RR genes, it cannot express RR enzyme 
and needs to rely on dNTPs in hepatocytes to complete the replication 
of its virions. HBV replication in primary rat hepatocytes has been re-
ported to require HBV protein HBx to induce quiescent hepatocytes to 
exit the G0 phase and enter and arrest the G1 phase. Also, exiting the 
G0 and entering the G1 phase activates HBV polymerase and increases 
RRM2 levels, enhancing HBV replication and providing a favorable cel-
lular environment for HBV replication.12 

These findings suggest that activation of RRM2 production in 
hepatocytes by HBV was a potential cause of high serum RRM2 levels in 

patients with HBV. Results of the subgroup analysis revealed that patients 
with HBV-related cirrhosis with high ALT levels had higher RRM2 levels 
and better correlations between RRM2 and HBV-related indexes. These 
findings might partially be explained by the fact that in hepatocyte injury 
RRM2 detected in the blood is more accurate and closer to the actual level 
of RRM2 in hepatocytes and, as a result, more related to the secreted 
substances, such as HBV DNA, HBsAg, and HBeAg.

Previous study reports13–15 have stated that FIB4 may be more relia-
ble than APRI for staging fibrosis in CHB and only moderately accurately 
and sensitively with both scoring systems, which is consistent with the 
findings from our study. We expand the literature by providing informa-
tion regarding the accuracy of serum RRM2 in diagnosing HBV-related cir-
rhosis and comparing it with currently widely used indicators. The ROC 
analysis revealed that serum RRM2 achieved a similar diagnostic value 
to FIB4 and was better than APRI. Moreover, RRM2 achieved the highest 
Youden index, which represented the best screening program. Circulating 
RRM2 also acted as a good biomarker to assess the severity of liver cirrho-
sis. Compared with FIB4 and APRI, which comprise multiple indicators and 
require complex calculation formulas, RRM2 is easy to apply and achieves 
similar clinical applications without a cumbersome calculation process.

Serum RRM2 level was also high in patients with HBV-related HCC. 
Cancer cells rely on RR for dNTP biosynthesis; therefore, elevated RR 
expression is a feature of many types of cancer. The results of previous 
study16–18 have revealed RRM2 overexpression in various malignancies, 
including oral, colorectal, and bladder cancers. Elford et al19 found a sig-
nificant correlation between RR activity and tumor growth rate in a rat 
liver cancer model, with differences in RR enzyme activity of as high as 
200-fold between fast-growing and slow-growing tumor cells. In our study 
findings, there was no significant trend in serum RRM2 between HBV-
associated cirrhosis and HBV-associated HCC or HBV-associated and 
non–HBV-associated HCC. These findings suggest that RRM2 is not a bio-
marker of neoplastic transformation in chronic liver diseases.

There were some limitations to this experiment. First, the number 
of patients with various types of chronic liver diseases and liver cancers 
was quite small, and the study was somewhat biased; the results need 
to be further confirmed by larger samples and multicenter studies. 

TABLE 4.  Correlation between RRM2 and Biochemical Indicators in HBV-Related Cirrhosis

Analyte Range No. RRM2 P value R-Lg(HBVDNA) R-Lg(HBsAg) R-Lg(HBeAg) 

ALT NR 58 2980 (2208) .008 0.36 0.57 0.43

>2 ULN 17 5141 (4595) 0.58 0.71 0.59

AST NR 51 2870 (272) .001 0.33 0.72 0.34

>2 ULN 24 5580 (933) 0.36 0.70 0.57

ALP NR 67 3665 (349) .52 0.42 0.59 0.52

>2 ULN 13 4286 (1080) 0.82 0.72 0.76

GGT NR 60 3366 (300) .09 0.46 0.67 0.56

>2 ULN 19 4705 (1041) 0.54 0.62 0.50

TBIL NR 56 3088 (405) .04 0.36 0.46 0.58

>2 ULN 22 4644 (581) 0.51 0.60 0.54

AFP NR 67 3305 (307) .004 0.60 0.60 0.53

>2 ULN 14 5981 (1304) 0.49 0.70 0.77

AFP, alpha-fetoprotein; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; 
HBV, hepatitis B virus; NR, normal range; R-Lg(HBeAg), correlation between RRM2 level and the Log

10
 of hepatitis B e antigen; R-Lg(HBsAg), correlation 

between RRM2 level and the Log
10

 of hepatitis B surface antigen; R-Lg(HBVDNA), correlation between RRM2 level and the Log
10

 of HBVDNA; RRM2, 
ribonucleotide reductase subunit M2; TBIL, total bilirubin; ULN, upper limit of normal.
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Second, there was a lack of pathological results; serum RRM2 may 
be unstable due to the influence of some unknown factors. Further 
testing of the pathological findings of the extent of liver fibrosis and 
intrahepatocellular RRM2 levels is needed to refine the conclusions.

Conclusions
RRM2 is a reliable biomarker for accurate diagnosis and evaluation of 
HBV-related cirrhosis. Moreover, the expression state of HBV replication 
in patients with cirrhosis and HBV can be indicated by serum RRM2.

Supplementary Data
Supplemental figures and tables can be found in the online version of 
this article at www.labmedicine.com.
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ABSTRACT

Objective: Metabolic-associated fatty liver disease (MAFLD) is new 

nomenclature for the fatty liver condition associated with metabolic 

dysfunction. This study aimed to investigate the association between 

apolipoprotein B/A1 (apo B/A1) ratio, lipoprotein(a), and MAFLD in a 

Korean population.

Methods: This study consisted of 14,419 subjects in the Korean pop-

ulation. Multivariate logistic regression was conducted to analyze the 

association between apo B/A1 ratio and MAFLD.

Results: The prevalence of MAFLD in the general Korean population 

was 34.5%. The apo B/A1 ratio (odds ratio: 3.913, P = .019) was in-

dependently associated with MAFLD. Lipoprotein(a) was significantly 

lower in patients with MAFLD with hepatic fibrosis (P < .0001).

Conclusion: Apolipoprotein B/A1 ratio and lipoprotein(a) have oppo-

site associations with MAFLD. This study suggests that lipoprotein(a) 

should be used with caution as a biomarker for MAFLD, especially in 

patients with hepatic fibrosis.

Introduction
Nonalcoholic fatty liver disease (NAFLD) is one of the most common 
chronic liver diseases, with a global prevalence of 25%.1 Metabolic 
abnormalities, including diabetes and dyslipidemia, are associated 
with NAFLD. Furthermore, NAFLD is significantly associated with an 
increased risk of cardiovascular disease (CVD) and CVD-related mor-
tality.1 Therefore, it is important to clarify the biomarkers for CVD in 
patients with NAFLD.

High apolipoprotein B/A1 ratio (apo B/A1), high lipoprotein(a), 
and NAFLD have been suggested as a risk factors for CVD.1–3 The apo 
B/A1 is also associated with NAFLD, whereas the relationship between 
lipoprotein(a) and NAFLD remains controversial.4–7 Recent studies have 
reported that lipoprotein(a) in patients with NAFLD was lower than 
that in non-NAFLD patients, and the predictive value of lipoprotein(a) 
for CVD risk is impaired in patients with NAFLD.4–6

Recently, “metabolic-associated fatty liver disease (MAFLD)” has 
been proposed to replace “nonalcoholic fatty liver disease.” 8,9 Metabolic-
associated fatty liver disease is diagnosed based on hepatic steatosis 
detected by imaging, blood biomarkers, or histology in addition to the 
presence of overweight/obesity, type 2 diabetes, or evidence of meta-
bolic dysregulation. It has been reported that the MAFLD criteria can 
better identify patients with metabolic dysfunction and high risk of dis-
ease progression, including CVD, than NAFLD criteria.10

Currently, few studies regarding the association between 
apolipoprotein and lipoprotein(a) and MAFLD have been performed. 
This study aimed to investigate the association between apolipoprotein 
B/A1 (apo B/A1) ratio, lipoprotein(a), and MAFLD based on new diag-
nostic criteria in a Korean population.

Materials and Methods
The study subjects were enrolled from the general Korean population that 
visited the author’s institution for a routine health checkup. This cross-sec-
tional study consisted of 14,419 adults who underwent abdominal ultra-
sonography among 51,496 subjects in the Korean population visiting a 
comprehensive health promotion center from January 2021 to December 
2021. Clinical and biochemical data include age, gender, medical history, 
systolic blood pressure, diastolic blood pressure, body mass index (BMI), 
waist circumference, total protein, albumin, aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), gamma-glutamyltransferase 
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(GGT), total cholesterol, high density lipoprotein (HDL)-cholesterol, low 
density lipoprotein (LDL)-cholesterol, lipoprotein(a), apolipoprotein A1, 
apolipoprotein B, triglyceride, fasting glucose, insulin, HbA1c, insulin, 
and high-sensitivity C-reactive protein (hs-CRP).

The BMI was calculated as body weight (kilograms) divided by height 
in meters squared (m2). Scores were calculated by formulas presented 
in previous studies as follows11–14: homeostasis model assessment-
insulin resistance (HOMA-IR) = (insulin × glucose)/405; fibrosis-4 
(FIB-4) = age × AST/platelet × ALT1/2; NAFLD fibrosis score (NFS) = 
−1.675 + 0.037 × age + 0.094 × BMI + 1.13 × fasting glucose intoler-
ance/diabetes (Yes = 1, No = 0) + 0.99 × AST/ALT ratio − 0.013 × plate-
let − 0.66 × albumin; AST/platelet ratio index (APRI) =[(AST/upper 
limit of normal AST) × 100]/platelets.

Hepatic steatosis was assessed using abdominal ultrasonogra-
phy by experienced physicians and MAFLD was diagnosed according 
to the Asian Pacific Association for the Study of the Liver (APASL) 
guidelines.8,9 The presence of hepatic fibrosis in patients with MAFLD 

was assessed by using serum panels such as NFS >0.676, FIB-4 >2.67, 
and APRI >0.562.12–14 Hepatic fibrosis was defined as a score above the 
cutoff in more than 2 panels. This study was approved by the Institu-
tional Review Board of Samsung Changwon Hospital.

Clinical data between MAFLD and non-MAFLD were compared using 
the χ 2 and Mann-Whitney tests, as appropriate. Multivariate logistic re-
gression was conducted to analyze the independent association between 
apo B/A1 ratio, lipoprotein(a), and MAFLD. All statistical analyses were 
done by SPSS statistical software (version 18).

Results
The prevalence of MAFLD in the general Korean population was 34.5% 
(4978/14,419) and was higher in males (43.6%, 4216/9663) than in 
females (16.0% 762/4,756). There were significant differences in clinical 
and laboratory findings between MAFLD and non-MAFLD in both males 
and females (TABLE 1). Patients with MAFLD had higher BMI, waist 

TABLE 1.  Clinical and laboratory data of Korean population with and without MAFLDa

 Non-MAFLD MAFLD
P value 

Male (n = 5447) Female (n = 3994) Total (n = 9441) Male (n = 4216) Female (n = 762) Total (n = 4978) 

Age (y) 47 (46–47) 44 (44–44) 45 (45–46) 46 (45–46) 47 (46–48) 46 (46–46) .0002

Sex (M/F) 5447/3994 (1.36) 4216/762 (5.53) <.0001

Waist circumference 
(cm)

84.4 (84.2–84.6) 78.3 (78.1–78.6) 81.9 (81.7–82.1) 92.9 (92.7–93.3) 90.6 (89.6–91.7) 92.7 (92.4–93.0) <.0001

Body mass index (/
kg/m2)

23.5 (23.4–23.6) 21.5 (21.4–21.6) 22.7 (22.7–22.8) 26.5 (26.3–26.6) 26.6 (26.3–27.0) 26.5 (26.4–26.6) <.0001

Waist-hip ratio 0.88 (0.88–0.88) 0.87 (0.86–0.87) 0.87 (0.87–0.88) 0.92 (0.92–0.92) 0.92 (0.92–0.93) 0.92 (0.92–0.92) <.0001

Total protein (g/dL) 7.3 (7.3–7.3) 7.3 (7.3–7.3) 7.3 (7.3–7.3) 7.4 (7.4–7.4) 7.4 (7.3–7.4) 7.4 (7.4–7.4) <.0001

Albumin (g/dL) 4.9 (4.9–4.9) 4.8 (4.8–4.8) 4.9 (4.9–4.9) 5.0 (4.9–5.0) 4.8 (4.8–4.8) 4.9 (4.9–4.9) <.0001

AST (IU/L) 21 (21–21) 18 (17–18) 20 (19–20) 15 (24–25) 21 (20–22) 24 (24–24) <.0001

ALT (IU/L) 21 (21–21) 14 (13–14) 18 (17–18) 32 (32–33) 23 (22–24) 31 (30–31) <.0001

GGT (IU/L) 26 (25–26) 14 (14–14) 20 (19–20) 41 (40–41) 23 (22–25) 37 (36–38) <.0001

Total cholesterol (mg/dL) 199 (198–200) 195 (194–197) 197 (196–198) 205 (204–207) 202 (198–205) 205 (203–206) <.0001

HDL (mg/dL) 57 (56–57) 68 (67–68) 61 (61–61) 49 (48–49) 53 (52–54) 50 (49–50) <.0001

LDL (mg/dL) 130 (128–131) 120 (119–121) 126 (125–126) 135 (134–136) 130 (128–132) 134 (133–135) <.0001

Triglyceride (mg/dL) 102 (100–103) 76 (75–77) 90 (89–91) 156 (153–159) 124 (118–130) 151 (148–153) <.0001

Apolipoprotein B/A1 
ratio

0.72 (0.71–0.73) 0.58 (0.58–0.59) 0.66 (0.65–0.66) 0.84 (0.83–0.85) 0.75 (0.74–0.77) 0.83 (0.82–0.83) <.0001

Apolipoprotein A (mg/dL) 157 (156–157) 170 (170–172) 162 (162–163) 147 (146–148) 155 (152–157) 148 (147–149) <.0001

Apolipoprotein B (mg/dL) 113 (112–114) 100 (99–101) 107 (107–108) 124 (123–125) 116 (114–118) 123 (122–124) <.0001

Lipoprotein(a) (mg/dL) 9.72 (9.23–10.21) 10.27 (9.72–10.94) 9.93 (9.62–10.28) 7.32 (6.87–7.65) 10.54 (9.05–11.56) 7.68 (7.39–8.05) <.0001

Fasting glucose (mg/dL) 95 (95–96) 92 (92–92) 94 (94–94) 100 (100–101) 99 (98–100) 100 (99–100) <.0001

HbA1C (%) 5.6 (5.6–5.6) 5.5 (5.5–5.5) 5.5 (5.5–5.6) 5.8 (5.8–5.8) 5.8 (5.8–5.9) 5.8 (5.8–5.8) <.0001

Insulin (mU/L) 5.04 (4.96–5.14) 5.39 (5.28–5.49) 5.19 (5.12–5.26) 8.89 (8.70–9.08) 11.09 (10.56–11.53) 9.18 (9.01–9.34) <.0001

HOMA-IR 1.198 (1.178–1.222) 1.231 (1.202–1.261) 1.211 (1.194–1.231) 2.261 (2.213–2.303) 2.727 (2.624–2.916) 2.332 (2.277–2.377) <.0001

hs-CRP (mg/L) 0.47 (0.46–0.48) 0.37 (0.36–0.39) 0.43 (0.42–0.44) 0.82 (0.79–0.84) 1.03 (0.95–1.15) 0.845 (0.82–0.88) <.0001

FIB-4 0.860 (0.849–0.869) 0.806 (0.794–0.816) 0.834 (0.826–0.844) 0.770 (0.759–0.781) 0.713 (0.692–0.747) 0.763 (0.753–0.772) <.0001

NFS –2.826 
(–2.866 to –2.792)

–2.925 
(–2.979 to –2.884)

–2.87  
(–2.898 to –2.84)

–2.600 
(–2.640 to –2.560)

–2.585 
(–2.693 to –2.446)

–2.599 
(–2.637 to –2.564)

<.0001

APRI 0.285 (0.282–0.288) 0.227 (0.224–0.230) 0.261 (0.258–0.263) 0.319 (0.314–0.324) 0.247 (0.241–0.257) 0.309 (0.306–0.313) <.0001

ALT, alanine aminotransferase; APRI, AST/platelet ratio index; AST, aspartate aminotransferase; FIB-4, fibrosis-4; GGT, gamma-glutamyltransferase; 
HbA1C, hemoglobin A1c; HDL, high-density lipoprotein; HOMA–IR, homeostasis model assessment–insulin resistance; hs-CRP, high-sensitivity C-reactive 
protein; LDL, low-density lipoprotein; MAFLD, metabolic-associated fatty liver disease; NFS, NAFLD fibrosis score.
aContinuous data are expressed as median (95% CI).
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circumference, waist-hip ratio, total cholesterol, LDL-cholesterol, triglyc-
eride, apo B, apo B/A1 ratio, fasting glucose, HbA1c, insulin, HOMA-IR, 
and hs-CRP (P < .0001 for all, TABLE 1). Compared to MAFLD patients 
without hepatic fibrosis, lipoprotein(a), apo B, and apo B/A1 ratio were 
significantly lower in MAFLD patients with hepatic fibrosis (P < .0001) 
(FIGURE 1). Lipoprotein(a) levels are inversely associated with the 
MAFLD (P < .0001) (TABLE 1, FIGURE 1).

Multivariate logistic regression analysis revealed that apo B/A1 ra-
tio (odds ratio: 3.913, P = .019), HOMA-IR (odds ratio: 1.536, P = .000), 
and HbA1c (odds ratio: 1.619, P = .000) were independently associated 
with the MAFLD, whereas total cholesterol (P = .103), LDL-cholesterol 
(P = .225), and triglyceride (P = .104) were not associated with MAFLD 
(TABLE 2).

Discussion
This study demonstrates that apo B/A1 ratio and lipoprotein(a) levels 
had opposite associations with MAFLD. The apo B as the carrier of 
chylomicrons and LDL is a key atherogenic lipoprotein, whereas apo 
A1 is the major component of HDL particles. The apo B/A1 ratio has 

been reported to be directly related to the risk for CVD and can be useful 
for cardiovascular risk stratification.2,3 Also, lipoprotein(a) as an LDL-
like particle has been reported to be another independent biomarker 
for CVD.3 Therefore, high apo B/A1 and high lipoprotein(a) have been 
considered conventional cardiovascular risk factors. However, this 
study showed that lipoprotein(a) level was paradoxically reduced in 
subjects with MAFLD, especially with hepatic fibrosis. Considering that 
lipoprotein(a) is synthesized in the liver, serum lipoprotein(a) levels 
might decrease in hepatic fibrosis. Furthermore, the apo B/A1 ratio level 
in patients with hepatic fibrosis was lower than that in patients without 
fibrosis. This suggests that hepatic fibrosis might attenuate the clinical 
utility of apo B/A1 ratio in patients with MAFLD.

There are some studies regarding inverse associations between 
lipoprotein(a) and diabetes and metabolic syndrome.15,16 It could be 
inferred that lipoprotein(a) level decreases in patients with MAFLD 
because diabetes and metabolic syndrome are also risk factors for 
NAFLD and MALFD. Few studies regarding the association between 
apolipoprotein and lipoprotein(a) and MAFLD have been performed.17 
To the best of my knowledge, this is the first study regarding the asso-
ciation between apo B/A1 ratio, lipoprotein(a), and MAFLD in a Korean 

FIGURE 1.  Comparison of lipoprotein(a) (A), apolipoprotein B (B), apolipoprotein B/A1 ratio (C) among subgroups with or 
without metabolic-associated fatty liver disease (MAFLD) and hepatic fibrosis. *P < .0001.
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population. This study could contribute to a better understanding of 
biomarker-driven therapeutics and clinical translation of the various 
therapeutics for fatty liver diseases.18,19

Some limitations should be noted. First, fatty liver in this study was 
diagnosed by abdominal ultrasonography, which may be insensitive 
in case of mild steatosis and obesity. However, ultrasonography is the 
most common approach for fatty liver and the APASL guidelines also 
recommend use of imaging techniques as well as liver biopsy. Second, 
hepatic fibrosis was assessed by using noninvasive serum panels. Third, 
this was a cross-sectional study regarding the association between apo 
B/A1 ratio, lipoprotein(a), and MAFLD and does not prove the causal-
ity of them. Future prospective studies would be recommended to in-
vestigate a causal relationship between apo B/A1 ratio, lipoprotein(a), 
and MAFLD.

In conclusion, apo B/A1 ratio could be a useful biomarker for MALFD, 
whereas lipoprotein(a) should be used with caution as a predictive bio-
marker for MAFLD in a Korean population. The apo B/A1 ratio was also 
less valuable as a predictive biomarker in MAFLD patients with hepatic 
fibrosis. Further clinical study would be warranted to investigate the re-
lationship between lipoprotein(a) and CVD risk in MAFLD patients with 
hepatic fibrosis.
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ABSTRACT

Objective: The aim of the study was to assess the diagnostic value 

of tumor markers in discriminating between lung cancer and benign 

chest diseases (BCDs).

Methods: There were 322 patients enrolled in this investigation including 

180 cases of lung cancer and 142 cases of BCD. Serum neuron-specific 

enolase (NSE), cancer antigen 125, cancer antigen 19-9, squamous cell 

carcinoma–related antigen, and cytokeratin fragment  19 (CYFRA 21-

1) were compared between different populations, cancer stages, and 

before and after treatment. Logistic regression and receiver operating 

characteristic curves were used to evaluate the diagnostic markers.

Results: Both NSE and CYFRA 21-1 were significantly associated 

with lung cancer. The CYFRA 21-1 showed the best performance, as 

well as its combinations, for lung cancer diagnosis. It also showed sig-

nificant change 6 months after radical surgery in lung cancer patients.

Conclusion: The marker CYFRA 21-1 could be developed as an adju-

vant marker for the early diagnosis of lung cancer and as a prognostic 

marker for lung cancer treatment.

Introduction
Lung cancer is the most common cancer and the leading cause of cancer 
death in China,1 with a mortality of 610.2 per 100,000.2 Early diagnosis 

is critical for lung cancer patients to receive adequate and appropriate 
treatments in a timely manner to improve mortality.3,4 For lung cancer, 
the 5-year survival rate can reach 70% to 80% when the patients are 
diagnosed at early stages, but the rate is less than 15% when they are 
diagnosed at advanced stages.5 Based on the SEER Cancer Statistics Re-
view 2016, with current approaches, only 16% of diagnosed lung cancer 
patients did not have metastases.6 This was partly due to poor detec-
tion because of the lack of history or symptoms of lung cancer. The pri-
mary screening methods for lung cancer include chest X-ray, computed 
tomography (CT), magnetic resonance imaging, and positron emission 
tomography. Although the low-dose CT widely used in lung cancer 
screening effectively reduces mortality, it has a considerable cost to the 
health system and the patient’s body. Low-dose CT also has the problem 
of false positives.7,8 These issues would make noninvasive, convenient, 
and low-cost circulating screening markers highly valuable for the diag-
nosis of lung cancer and its progression assessment.

Currently, tumor markers such as neuron-specific enolase (NSE), 
cancer antigen 125 (CA 125), cancer antigen 19-9 (CA 19-9), squa-
mous cell carcinoma–related antigen (SCC), and cytokeratin  fragment 
19 (CYFRA 21-1) are widely used for noninvasive cancer screening and 
monitoring of its progression.9–14 They have become increasingly acces-
sible to patients, but their effectiveness is still unsatisfactory due to the 
heterogeneity of tumors and individuals. The clinical role of the serum 
tumor markers NSE, CA 125, CA 19-9, SCC, and CYFRA 21-1 in lung 
cancer remains unclear. In this study, changes in serum levels of tumor 
marker NSE, CA 125, CA 19-9, SCC, and CYFRA 21-1 were evaluated in 
patients with lung cancer to identify the most suitable markers for the 
diagnosis of lung cancer.

Materials and Methods

Ethical Approval
The study was carried out in accordance with the Declaration of Helsinki 
(as revised in 2013). This was a retrospective observational study cover-
ing a total of 322 patients successively admitted to Beijing Chao-Yang 
Hospital, and it was approved by the Ethics Committee of Beijing Chao-
Yang Hospital.

Patients
The inclusion criteria were as follows: (1) patients diagnosed with lung 
cancer by pathological examination with a confirmed TNM staging; (2) 
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patients with complete data regarding serum levels of NSE, CA 125, 
CA 19-9, SCC, and CYFRA21-1 before treatment; and (3) patients with 
complete clinical data. Accordingly, 180 patients with lung cancer who 
met the criteria were enrolled. Also enrolled were 142 patients with be-
nign chest diseases (BCD) as controls, for whom clinical data for tumor 
markers were available for this study. Data on clinicopathological char-
acteristics, including sex, age, and TNM tumor staging information, 
were recorded for analysis.

Blood Sample Collection and Tumor Marker Measurement
Blood samples were obtained before patients received any therapy. The 
samples were centrifuged at 1000g for 15  min, followed by collection 
of serum. Electrochemiluminescence technology was used for immu-
noassay analysis per the manufacturer’s instruction (Roche cobas e601 
module) to measure the concentration of NSE, CA 125, CA 19-9, SCC, 
and CYFRA 21-1 in each sample. Levels above the following values was 
considered abnormal: NSE, 16.3 ng/mL; CA 125, 35 U/mL; CA 19-9, 39 
U/mL; SCC, 1.5 ng/mL; and CYFRA 21-1, 3.3 ng/mL.

Statistical Analysis
Information is presented here as number (percentage) or median (inter-
quartile range) for categorical characteristics. Univariate and multiple 
logistic regression models were used to identify correlation, in which 
odds ratios (ORs) with 95% CIs were calculated using SPSS (version 22.0 
IBM). Diagnostic efficacy was evaluated using the receiver operating 
characteristic (ROC) curve. A two-tailed Wilcoxon paired test was used 
to compare biomarker levels before and after treatment.

Results

Clinicopathological Characteristics of the Study 
Population
The clinicopathological characteristics of all study participants, specifi-
cally age, tumor stage, and other chest diseases, are summarized in TA-
BLE 1. There was no significant difference in age or sex between the 
lung cancer group and the benign chest disease (BCD) control group. 
The lung cancer patients were distributed relatively evenly across tumor 
stages, with 67 in stage I (37.2%), 53 in stage III (29.4%), 40 in stage IV 
(22.3%), and 20 in stage II (11.1%). The BCDs of patients in the control 
group included tuberculosis (2, 1.4%), chronic obstructive pulmonary 
disease (40, 28.2%), lung infection (22, 15.5%), pulmonary embolism 
(31, 21.8%), pulmonary fibrosis (13, 9.2%), and asthma (34, 23.9%).

Levels of NSE, CA 125, CA 19-9, SCC, and CYFRA 21-1 in 
Different Populations
Information on serum levels of NSE, CA 125, CA 19-9, SCC, and CYFRA 
21-1 of the two study groups is listed in TABLE 2. Median levels of NSE 
and CYFRA 21-1 in the control group (12.47 ng/mL and 2.44 ng/mL) 
were significantly lower than those in the lung cancer group (14.94 ng/
mL and 3.31 ng/mL) with P < .001. The rate of above-normal levels in 
the lung cancer group was much higher than in the control group for all 
5 markers. In the lung cancer group, 51.7% of the participants showed 
a higher level of CYFRA 21-1, whereas 14.1% of participants with BCDs 
had a higher level of CYFRA 21-1.

We further evaluated the correlation between each marker and the 
lung cancer stages. The NSE, CA 125, and CYFRA 21-1 markers showed 

stepwise increases along with cancer progression (TABLE 2, median 
and range). Their levels during late stages (stages III and IV) were sig-
nificantly higher than at early stages (stages I  and II), as shown in 
FIGURE 1. Particularly for CYFRA 21-1, patients as early as stage II had 
significantly higher levels than those in the control group, which implies 
the possibility of an early marker.

These results indicate that NSE level and CYFRA 21-1 level are 
closely associated with lung cancer, and CYFRA 21-1 showed the diver-
gence well in different stages of lung cancer.

Identification of Diagnostic Markers for Lung Cancer
To assess their value for diagnosis, univariate regression analyses were 
performed to identify biomarkers associated with the result (lung cancer 
or not). The markers NSE (OR = 1.119, P < .001), CA 19-9 (OR = 1.018, 
P = .043), and CYFRA 21-1 (OR = 2.007, P < .001) were found to be posi-
tive independent diagnostic risk factors, but SCC (OR = 1.040, P = .405) 
and CA 125 (OR = 1.004, P = .104) were not, as shown in TABLE 3. Ad-
ditional multiple logistic regression analyses were performed, and the 
results showed NSE (OR = 1.070, P = .022) and CYFRA 21-1 (OR = 1.914, 
P < .001) to be true independent positive markers that were significantly 
correlated with lung cancer when the combination of the 3 factors was 
considered (TABLE 3).

Diagnostic Characteristics of Tumor Markers in 
Lung Cancer
The ROC curve was used for the assessment of the diagnostic per-
formance of NSE, CA  19-9, CYFRA 21-1 and their combinations to 
discriminate patients with lung cancer patients from CBD patients 
(FIGURE 2). Results showed that the combination of CYFRA 21-1 and 
NSE had the best performance (area under the curve [AUC] = 0.748), 
followed by the single markers CYFRA 21-1 (AUC  =  0.736), NSE 

TABLE 1.  Clinicopathological characteristics

 
Lung cancer group   

(n = 180) 
Control group 

(n = 142) 

Age, y

  Mean 61.79 62.66

  Range 28–85 32–88

Sex

  Male 114 97

  Female 66 45

Tumor stage, n (%)

  I 67 (37.2) NA

  II 20 (11.1) NA

  III 53 (29.4) NA

  IV 40 (22.3) NA

Benign chest diseases, n (%)

  Tuberculosis NA 2 (1.4)

  Chronic obstructive pulmonary disease NA 40 (28.2)

  Lung infection NA 22 (15.5)

  Pulmonary embolism NA 31 (21.8)

  Pulmonary fibrosis NA 13 (9.2)

  Asthma NA 34 (23.9)

NA, not applicable.
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(AUC = 0.659), and CA 19-9 (AUC = 0.599) (FIGURE 2A–D). The com-
bination of CYFRA 21-1 and NSE has better AUC but has compromised 
specificity from 0.852 to 0.789 compared to the individual CYFRA 21-1 
level. On the other hand, analysis of early diagnosis for lung cancer 
showed CYFRA 21-1 has the best performance (AUC = 0.612), followed 
by CA 19-9 (AUC = 0.585) and NSE (AUC = 0.562), as shown in FIG-
URE 2E–G. Although the performance of CYFRA 21-1 is not good 
enough to become an ideal early diagnostic marker, the specificity is 
as high as that of current lung cancer diagnosis, demonstrating that 
it could be a complement to the existing lung cancer early detection 
procedures to increase specificity. It is noteworthy that the combina-
tion of CYFRA 21-1 with NSE did not improve the performances at all 
for early diagnosis (AUC = 0.616) (FIGURE 2H).

Potential of CYFRA 21-1 as a Prognostic Marker for 
Lung Cancer
Because serum levels of some of the markers were significantly dif-
ferent across the tumor stages of lung cancer (FIGURE 1), although 
not qualified as early markers (FIGURE 2B), the question remained 
whether they could be prognostic markers for lung cancer. An in-house 
database of follow-up visits to the hospital was searched and it was 
found that 37 of the enrolled participants had been retested for the tu-
mor markers in the 6-month follow-up visit after an operation follow-
ing the first test. Paired comparisons of all 5 marker levels before and 
after surgery were performed (FIGURE 3). Results indicated that only 
CYFRA 21-1 had a significant decrease after tumor resection, whereas 
both CA 125 and CA 19-9 showed even higher levels after resection. 
This suggests the potential of CYFRA 21-1 as a prognostic marker for 
lung cancer treatment.

Discussion
The tumor marker CYFRA 21-1, a fragment of the protein 
cytokeratin 19 implicated in the transformation of epithelial cells to 
cancer cells, is released into circulation from inside cells when they un-
dergo necrosis. Several studies have attempted to assess CYFRA 21-1 
as a diagnostic biomarker of lung cancers.15,16 This is consistent with 
previous reports stating that CYFRA 21-1 is more specific than sensi-
tive for the diagnosis 17; even so, it is more sensitive than some other 
tumor antigen markers. The marker NSE, also known as enolase-2, is 
a multifunctional cytoplasmic enzyme, changes in which are related to 
several diseases, such as inflammation and cancers. Generally, NSE is 
expressed in some specific tissues but is elevated in serum when ma-
lignancy develops, especially lung cancers.18 Neuron-specific enolase 
usually works better individually than other tumor antigen markers,19 
but its levels are also significantly higher in patients with benign lung 
diseases than in healthy controls.18,20 Similar to CYFRA 21-1, NSE has 
shown low sensitivity. However, Chen et  al20 reported that NSE is a 
biomarker with a high positive rate, but CYFRA 21-1 has a better sen-
sitivity for stage I small cell lung cancer (SCLC). In this this study, ROC 
revealed that both CYFRA 21-1 and NSE have relatively high specific-
ity but poor sensitivity. All these could partly explain much, if not all, 
of why NSE can hardly be complementary to CYFRA 21-1 to improve 
the performance although both of them are independent factors. This 
situation is slightly different from some other reports in which NSE, 
CA 125, CA 19-9, or SCC could help improve the lung cancer diagnos-
tic performance of CYFRA 21-1 when combined with it.21–23 Although 
many previous studies have presented significant correlations between 
cancers and CA 125, CA 19-9 or SCC levels, their role as diagnostic 
or prognostic biomarkers is still controversial. In this study, CA 19-9 

TABLE 2.  Comparison of positive rates of SCC, NSE, CA 125, CA 19-9, and CYFRA 21-1 in the two groups

 Lung cancer group (n = 180) Control group (n = 142) P value 

SCC (ng/mL) baseline   .345

  Median (range) 0.51 (0.2–70) 0.59 (0.2–9.23)  

  Normal (<1.5), n (%) 162 (90.0) 123 (86.6)  

  Elevated (≥1.5), n (%) 18 (10.0) 19 (13.4)  

NSE (ng/mL) baseline   <.001

  Median (range) 14.94 (8.15–311.6) 12.47 (7–35.69)  

  Normal (<16.3), n (%) 113 (62.8) 122 (85.9)  

  Elevated (≥16.3), n (%) 67 (37.2) 20 (14.1)  

CA 125 (U/mL) baseline   .353

  Median (range) 12.49 (3.68–3064) 14.88 (2.84–327.4)  

  Normal (<35), n (%) 134 (74.4) 112 (78.9)  

  Elevated (≥35), n (%) 46 (25.6) 30 (21.1)  

CA 19-9 (U/mL) baseline   .076

  Median (range) 12.29 (0.6–455.3) 9.7(0.6–93.4)  

  Normal (<39), n (%) 165 (91.7) 137 (96.5)  

  Elevated (≥39), n (%) 15 (8.3) 5 (3.5)  

CYFRA 21-1 (ng/mL) baseline   <.001

  Median (range) 3.31 (0.89–55.52) 2.44 (0.54–5.17)  

  Normal (<3.3), n (%) 87 (48.3) 122 (85.9)  

  Elevated (≥3.3), n (%) 93 (51.7) 20 (14.1)  

CA 19-9, cancer antigen 19-9; CA 125, cancer antigen 125; CYFRA 21-1, cytokeratin fragment 19; NSE, neuron-specific enolase; SCC, squamous cell 
carcinoma–related antigen. 
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FIGURE 1.  Variations of tumor markers across lung cancer stages and the benign chest disease patients: SCC (A), NSE (B), 
CA 125 (C), CA 19-9 (D) and CYFRA 21-1 (E). Rank sum (Kruskal-Wallis) test was used for analysis. *P < .05, **P < .01, vs control 
group.
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TABLE 3.  Univariate and multiple logistic regression analyses to identify the individual risk factors for lung cancer

Various 
Univariate logistic regression Multiple logistic regression

OR 95% CI P value OR 95% CI P value 

SCC 1.040 0.948–1.141 .405 NA NA NA

NSE 1.119 1.060–1.182 <.001 1.070 1.010–1.134 .022

CA 125 1.004 0.999–1.009 .104 NA NA NA

CA 19-9 1.018 1.001–1.036 .043 1.004 0.987–1.022 .640

CYFRA 21–1 2.007 1.566–2.571 <.001 1.914 1.479–2.476 <.001

CA 19-9, cancer antigen 19-9; CA 125, cancer antigen 125; CYFRA 21-1, cytokeratin fragment 19; NA, not applicable; NSE, neuron-specific enolase; OR, 
odds ratio; SCC, squamous cell carcinoma–related antigen.
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FIGURE 2.  Receiver operating characteristic (ROC) analysis of identified lung cancer risk factors for diagnosis and early 
diagnosis. ROC of NSE (A, E), CA 19-9 (B, F), CYFRA 21-1 (C, G), and the combination of CA 19-9 and CYFRA 21-1 (D, H) for 
whole lung cancer patients (A-D) and early-stage lung cancer patients (E-H).
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presented limited significance as an independent risk factor in uni-
variate regression. Heterogeneities in diseases, population, gender, 
geography, and other situations may explain the discrepancies. For in-
stance, CA 19-9 might be more related to liver cancers and performed 
better when it was combined with radiological and imaging features of 
the cancer patients.24 The marker CA 125 was found to be more spe-
cific for women with advanced-stage ovarian cancer, but it is also a 
marker for women with endometriosis.25 Early studies support the di-
agnostic role of SCC in squamous types of cancers, but recent evidence 
has shown contrasting roles in non-SCLC (NSCLC), which implies a 
possible dual pathogenic role of SCC in different histologic types of 
NSCLC.26 Therefore, a more detailed and rational grouping may ex-
plain the correlations of these biomarkers for specific patients.

Early diagnosis significantly improves the survival rates of lung can-
cer patients. In general, survival rates are 5 to 10 times higher for those 
diagnosed early than for those diagnosed late.27 These results indicate 
that none of the markers except CYFRA 21-1 have much potential for 
the early diagnosis of lung cancer. This is not surprising and is consistent 
with the findings of previous reports, because solid tumors at such an 
early stage are so small that they are difficult to detect with noninvasive 
methods such as circulating biochemical alterations alone. Despite the 
poor performance in early diagnosis, we found CYFRA 21-1 to have rel-
atively high specificity in the ROC analyses. This indicates that CYFRA 
21-1 could be developed as an adjuvant diagnostic marker with existing 
detection methods such as CT to increase specificity and improve the 
situation of overdiagnosis.

The result of this study also showed CYFRA 21-1 was significantly 
associated with different stages of lung cancer, especially the late stages 
with a relatively high tumor burden, providing new information on 
the potential of CYFRA 21-1 to become a prognostic marker. Although 
many studies have been conducted on the role of biomarkers in diag-
nosis, few have assessed their role in cancer progression, so this result 
could shed light on such uses. Yu et al28 found that CYFRA 21-1 was 
significantly higher in the patients with advanced lung cancers and as-
sociated with the overall survival in NSCLC, whereas Cabrera et al29 re-
ported that high levels of CYFRA 21-1 are related to distant metastasis. 
Recently, Chen et al30 showed CYFRA 21-1 was significantly different 

across lung cancer stages in particular NSCLC, and Yoshimura et al31 
reported that the CYFRA 21-1 level measured 4  months after treat-
ment is a valuable prognostic marker for NSCLC patients. In this work, 
a database was searched to collect clinical information on follow-ups 
of recruited patients, and it was found that the biomarker levels of 37 
participants were measured 6 months after radical surgery. Similar to 
the above studies, the levels of CYFRA 21-1, but not the other markers 
of these patients, exhibited a decreased pattern. These observations 
agree with studies by others that CYFRA 21-1 is relevant to high tumor 
burden and poor survival of cancer patients.32,33 Also, CYFRA 21-1 was 
reported to predict therapeutic efficacy of chemotherapy34 and immu-
notherapy.35 Another study showed that a higher level of CYFRA 21-1 
was correlated with more advanced stages and shorter overall survival 
in lung cancer28 and was considered a prognostic marker in advanced 
NSCLC.31 Here, the results on CYFRA 21-1 further support this con-
clusion for early and advanced stages of Chinese lung cancer patients. 
However, the sample size in this study is very small. More clinical data 
on the long-term outcome using CYFRA 21-1 are required in future 
studies to establish a prognostic model.

Interestingly, rather than declining, CA 125 and CA 19-9 levels 
increased during the 6  months after tumor resection in 26 patients, 
although their CYFRA 21-1 level decreased. It is presumed that the 
levels were affected by inflammation caused by the surgery, because 
upregulation of CA 125 has also been reported to be associated with 
inflammation and congestion,36,37 and upregulated levels of CA 19-9 
are common in pancreatitis and cholecystitis and co-occurred with 
upregulation of the inflammatory protein CRP.38,39

Conclusion
Based on the results of this study, it was concluded that CYFRA 21-1 
could be developed as an adjuvant marker for the early diagnosis of lung 
cancer and as a prognostic marker for lung cancer treatment.

Limitations
This study had several limitations that should be recognized. First, 
the sample size was relatively small. This could have led to selection 
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bias, so a multiple-center study with a larger sample size is required 
to validate and assess the performance of CYFRA 21-1. Second, 
due to the retrospective nature of the study, there was a lack of fol-
low-up visits of the enrolled patients to analyze long-term outcomes 
of cancer stages that would indicate progression, overall survival, 
and progression-free survival. Third, there was no analysis of the 
subtypes of lung cancer.
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ABSTRACT

Objective: Semaphorin 3A (Sema3A) plays a regulatory role in im-

mune responses. The aim of this study was to evaluate Sema3A levels 

in patients with systemic sclerosis (SSc), especially in major vascular 

involvements such as digital ulcer (DU), scleroderma renal crisis (SRC), 

pulmonary arterial hypertension (PAH), and to compare Sema3A level 

with SSc disease activity.

Methods: In SSc patients, patients with DU, SRC, or PAH were grouped 

as major vascular involvements and those without as nonvascular, and 

Sema3A levels were compared between the groups and with a healthy 

control group. The Sema3A levels and acute phase reactants in SSc 

patients, as well as their association with the Valentini disease activity 

index and modified Rodnan skin score, were evaluated.

Results: The Sema3A values (mean ± SD) were 57.60 ± 19.81 ng/mL 

in the control group (n = 31), 44.32 ± 5.87 ng/mL in patients with ma-

jor vascular involvement SSc (n = 21), and 49.96 ± 14.00 ng/mL in the 

nonvascular SSc group (n = 35). When all SSc patients were examined 

as a single group, the mean Sema3A value was significantly lower 

than controls (P  =  .016). The SSc with major vascular involvement 

group had significantly lower Sema3A levels than SSc with nonmajor 

vascular involvement group (P =  .04). No correlation was found be-

tween Sema3A, acute phase reactants, and disease activity scores. 

Also, no relationship was observed between Sema3A levels and dif-

fuse (48.36 ± 11.47 ng/mL) or limited (47.43 ± 12.38 ng/mL) SSc types 

(P = .775).

Conclusion: Our study suggests that Sema3A may play a significant 

role in the pathogenesis of vasculopathy and can be used as a bio-

marker in SSc patients with vascular complications such as DU and 

PAH.

Introduction
Systemic sclerosis (SSc) is a connective tissue disorder with an unclear 
etiology characterized by vasculopathy, autoimmunity, and fibrosis of 
skin and internal organs.1 Major vascular involvements comprise dig-
ital ulcers (DU) and pulmonary arterial hypertension (PAH), which may 
lead to significant morbidity and even mortality.1–5 Frequent periods 
of vasospasm and subsequent fibrointimal proliferation result in tissue 
hypoxemia/ischemia and damage. Endothelial dysfunction, a major un-
derlying pathologic factor of vasculopathy, arises from increased levels 
of endothelin-1 (ET-1), a potent vasoconstrictor, in skin, lungs, and the 
sera, and decreased levels of nitric oxide (NO), which is a potent vaso-
dilator. Vascular endothelial growth factor (VEGF) further contributes 
to the pathologic process via defective angiogenesis and profibrotic 
effects.6

Acute-phase reactants such as C-reactive protein (CRP) and eryth-
rocyte sedimentation rate (ESR) levels can be within normal range in 
patients with SSc, and the search for biomarkers predicting prominent 
vasculopathy (DU, renal crisis, PAH) is in progress.7 Accordingly, predic-
tive values for ET-1 and VEGF have been investigated.8 Likewise, the role 
of another biomarker of DU and PAH, semaphorin 3A (Sema3A), is also 
a matter of interest.

Semaphorins are molecules that are thought to mediate various bio-
logical processes such as axonal growth, inflammation, apoptosis, angi-
ogenesis and bone remodeling.9 Sema3A is a member of the semaphorin 
family affecting the nervous system, tumor growth, autoimmunity, and 
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rheumatic diseases via its receptor neutrophilin 1 (NP1).10 Sema3A is 
assumed to be involved in competitive inhibition against VEGF via NP1.11 
Reduced levels of Sema3A in the sera and the synovial fluid of rheu-
matoid arthritis (RA) patients in comparison with osteoarthritis (OA) 
patients has been demonstrated.12 Furthermore, injection of Sema3A 
reduced disease activity and joint damage in mice with RA.13 Similarly, it 
has been observed that serum Sema3A levels are lower in lupus patients 
when compared to healthy controls.14 Injection of Sema3A reduced the 
level of proteinuria in mice with lupus nephritis.15 In familial Mediter-
ranean fever patients, Sema3A levels during an attack were observed to 
be lower than healthy subjects.16 In SSc patients, Rimar et al17 reported 
levels of Sema3A were reduced in comparison with healthy controls 
but were similar to those of lupus patients. In contrast, Romano et al18 
observed similar Sema3A levels in SSc patients and healthy subjects, yet 
in SSc patients with a history of DU, levels of Sema3A receptor NP1 were 
lower than in patients without DU. Because reduced levels of Sema3A 
have been demonstrated in various vasculopathic conditions such as di-
abetic retinopathy, lupus, and SSc (particularly in patients with DUs), it 
is intriguing to consider whether Sema3A can distinguish major vascular 
involvements in SSc.

In this study, we aimed to evaluate Sema3A levels in SSc patients 
with and without major vascular involvement and to better elucidate the 
contribution of Sema3A to the etiopathogenesis.

Materials and Methods

Study Design
This study was conducted with Yıldırım Beyazıt University Faculty of 
Medicine Clinical Research Ethics Committee approval (IRB No. E21-
21) and was therefore carried out in accordance with ethical standards 
set forth in the 1964 Declaration of Helsinki and its latter amendments.

Study Subjects
Between March 1 and June 1, 2021, consecutive SSc patients at Yıldırım 
Beyazıt University Faculty of Medicine and Ankara City Hospital Rheu-
matology Clinic meeting 2013 American College of Rheumatology/
European League Against Rheumatism SSc classification criteria19 be-
tween ages 18 and 70 were enrolled. Patients under the age of 18, or 
those with peripheral arterial disease, pregnancy, or malignancy were 
excluded from the study. A  control group was formed from healthy 
subjects with similar age and gender characteristics, without any disease 
or drug use. Written consent was obtained from all participants. Data 
regarding demographics, clinical characteristics, laboratory and imaging 
findings, and pulmonary function test results were obtained from hos-
pital records and are recorded. Valentini disease activity index (VDAI) 
score and modified Rodnan skin score (mRSS) were calculated.

The patient cases were defined as diffuse and limited scleroderma ac-
cording to skin involvement. Diffuse cutaneous systemic sclerosis is the 
form of the disease that extends from the distal of the extremities to the 
proximal and the trunk and shows the hardening of the skin in a rela-
tively short time, such as months or years. Limited systemic sclerosis is 
slower progression to the proximal parts of the upper extremities.

The mRSS is a semiquantitative method for evaluation of skin 
thickness through palpation. Seventeen skin areas (on the face, ante-
rior chest, abdomen and upper arm, forearm, hand, fingers, thigh, leg, 
foot bilaterally) are scored using a semiquantitative scale of 0 to 3 (0, 

normal skin; 1, mild thickness; 2, moderate thickness; 3, severe thick-
ness with inability to pinch the skin into a fold) up to a maximum score 
of 51.20 The VDAI was used to measure disease activity. It comprises 
10 variables: presence of scleredema, digital necrosis, arthritis, mRSS 
greater than 14, lung carbon monoxide diffusing capacity lower than 
80%, ESR greater than 30 mm/h, hypocomplementemia (low C3 and/
or C4), and patient-reported worsening of cardiopulmonary, and skin 
and vascular symptoms in the past month. The total score ranges from 
0 to 10.21 The North American working group defines DU as a lesion 
with a visually noticeable depth and loss of continuity of the epithelial 
lining, which may be peeling or covered with a crust or necrotic tissue.22 
Pulmonary arterial hypertension is defined as mean pulmonary artery 
pressure >20 mmHg, pulmonary wedge pressure <15 mmHg, and pul-
monary vascular resistance ≥3 Wood’s units.23 Among SSc patients, 
patients with PAH, DU, and SSc renal crisis were grouped as patients 
with major vascular involvement.

Laboratory Investigations
Venous participant samples were centrifuged at 1000g at 4°C for 10 
minutes. Separated serum samples were stored at −80°C until biochem-
ical workup. Before analyses, frozen serum samples were thawed at 
room temperature and vortexed to homogenization. The Sema3A levels 
were measured by a commercial enzyme-linked immunosorbent assay 
kit (Human Semaphorin 3A ELISA, Elabscience) in accordance with the 
manufacturer’s manual (with intra-assay and interassay coefficients of 
variation, 3.77% and 4.2%, respectively).

Statistical Analysis
Statistical analysis of the data was conducted with SPSS 24.0 (IBM) 
package program. Normality of variables was evaluated with Shapiro-
Wilk test and visually by plots and histograms. Continuous variables 
were presented as mean ± SD and compared between groups by Stu-
dent t-test or one-way analysis of variance test, according to number 
of groups compared. Categorical variables are presented as number and 
percentage and compared between groups by χ 2 test or by Fisher ex-
act test in case the 1 or more cell count is less than 5. All P values <.05 
were considered statistically significant.

Results
A total of 56 SSc patients (21 with major vascular involvement) and 31 
healthy controls were enrolled. Demographics, comorbidities, and SSc 
manifestations are presented in TABLE 1. No differences regarding age 
and sex were observed between SSc patients and healthy controls. The 
age in SSc group was 51.78 ± 11.33 (mean ± SD) years, with Raynaud’s 
phenomenon being the most common symptom (100%) followed by 
sclerodactyly (82.1%), gastroesophageal reflux (62.5%), dyspnea (46%), 
and arthritis (33.9%). When the antibody profiles of patients with 
diffuse and limited scleroderma were evaluated, anti–SCL-70 positiv-
ity was higher in diffuse SSc (18 [64.2]) than in limited SSc (7 [21.8]) 
(P < .001) (TABLE 2).

Mean Sema3A levels were significantly lower in SSc patients than 
healthy subjects (47.85 ± 11.88 vs 57.60 ± 19.8  ng/mL, P  = .016). In 
SSc patients with major vascular involvements, Sema3A levels were 
lower than in both healthy subjects and SSc patients without major vas-
cular involvements (TABLE 3). In SSc patients without major vascu-
lar involvements, Sema3A levels were not significantly different from 
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TABLE 1.  Demographics and Clinical Characteristics of Patients With Systemic Sclerosis and Control Group

 All SSc patients (n = 56) Control group (n = 31) P value 

Age (y), mean (SD) 51.78 (11.33) 47.45 (12.24) .101a

Sex, female, n (%) 53 (94.6) 29 (93.5) .834a

 
SSc patients

All SSc patients (n = 56) Major vascular involvement (n = 21) Nonmajor vascular (n = 35) P value

Sex, female, n (%)  

Age (y), mean (SD)

53 (94. 6)  

51.78 (11.33)

19 (90.5)  

48.40 (13.4)

34 (97.1)  

53.7 (9.5)

.549a

Smoking, n (%) 

  Nonsmoker 

  Smoker  

  Ex-smoker

37 (66.1)  

7 (12.5)  

12 (21.4)

14 (66.7)  

3 (14.3)  

4 (19)

23 (65.7)  

4 (11.4)

8 (22.9)

.916a

Age at diagnosis (y), mean (SD) 41.96 (12.71) 37.71 (11.83) 44.51 (12.7) .052a

Clinical f﻿﻿indings, n (%)

  Raynaud’s phenomenon 56 (100) 21 (100) 35 (100)

  Calcinosis 3 (5.4) 2 (9.5) 1 (2.9) .549b

  Sclerodactyly 46 (82.1) 19 (90.5) 27 (77.1) .29a

  Telangiectasia 17 (30.4) 9 (42.4) 8 (22.9) .202a

  Arthritis 19 (33.9) 6 (28.6) 13 (37.1) .716a

  GERD 35 (62.5) 14 (66.7) 21 (60) .831a

  Dysphagia 19 (33.9) 9 (42.9) 10 (28.6) .423a

  Dyspnea 26 (46.4) 9 (42.9) 17 (48.6) .890a

  Cough 19 (33.9) 9 (42.9) 10 (28.6) .423a

  Digital ulcer 21 (37.5) 21 (100) 0 (0) <.001b

  Lung involvement 20 (35.7) 10 (47.6) 10 (28.6) .249a

  PAH 1 (1.8) 1 (4.8) 0 (0) .375b

Current medications, n (%)

  Acetylsalicylic acid 41 (73.2) 16 (76.2) 25 (71.4)

  Calcium channel blockers 27 (48.2) 11 (52.4) 16 (45.7)

  Corticosteroid 21 (37.5) 10 (47.6) 11 (31.4)

  Hydroxychloroquine 32 (57.1) 12 (57.1) 20 (57.1)

  Methotrexate 7 (12.5) 4 (19) 3 (8.6)

  Bosentan 0 0 0

  Phosphodiesterase V inhibitors 6 (10.7) 4 (19) 2 (5.7)

  Pentoxifylline 11 (19.6) 4 (19) 7 (20)

  Proton pump inhibitors 11 (19.6) 5 (23.8) 6 (17.1)

  Mycophenolate mofetil 5 (8.9) 4 (19) 1 (2.9)

  Azathioprine 11 (19.6) 5 (23.8) 6 (17.1)

  Colchicine 10 (17.9) 5 (23.8) 5 (14.3)

  ACE inhibitors or ARB 16 (28.6) 6 (28.6) 10 (28.6)

  Nonsteroidal anti-inflammatory drugs 4 (7.1) 1 (4.8) 3 (8.6)

  Rituximab 1 (1.8) 1 (4.8) 0 (0)

  Cyclophosphamide 2 (3.6) 0 2 (5.7)

ACE, angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor blockers; GERD, gastroesophageal reflux disease; PAH, pulmonary arterial 
hypertension; SSc, systemic sclerosis.
aPearson χ 2 test. 
bFisher exact test.
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healthy subjects (49.96 ± 14 vs 57.6 ± 19, 81  ng/mL, P  = .07). The 
Sema3A levels were also similar when SSc patients were grouped as lim-
ited and diffuse (TABLE 3).

When SSc patients were subgrouped according to VDAI (3 as cutoff) 
and mRSS scores (14 as cutoff), no significant differences were observed 
in CRP, ESR, fibrinogen, and Sema3A levels (TABLE 4).

Discussion
Our results demonstrated significantly reduced levels of Sema3A in 
SSc patients compared with healthy subjects. Furthermore, Sema3A 
levels were significantly lower in SSc patients with major vasculopathic 
manifestations (DU, SRC, and PAH) than SSc patients without. Sema3A 
levels were not significantly different between patients without major 
vascular involvement and healthy subjects. When SSc patients were 
grouped according to mRSS and VDAI, Sema3A levels were similar.

The semaphorin family comprises nearly 20 extracellular signal 
proteins, playing roles in various biological processes, including in-

flammation, apoptosis, fibrosis, angiogenesis, and bone remodeling. 
In class 8, 1 and 2 semaphorins exist in nonvertebrates, whereas 
3 to 7 exist in vertebrates and 8 in viruses. In class 1, 4 to 6 act as 
transmembrane proteins, 2, 3, and 5 are secreted, and 7 bound to 
glycosylphosphatidylinositol. Semaphorins are found in immune 
pathways and tumor pathogenesis in addition to neurons, where they were 
first discovered. Semaphorin 3A and VEGF competitively bind to NP-1 
receptor. Additionally, Sema3A downregulates CD100 and upregulates 
CD72 in B lymphocytes. In CD19, CD25 B regulatory lymphocytes, ex-
pression of interleukin 10, transforming growth factor β, and Sema3A 
were increased. Semaphorin 3A also inhibits the Ras/mitogen-activated 
protein kinase (MAPK) pathway in T cells.24 Semaphorin 3A is effective 
in the collapse of the actin cytoskeleton in endothelial cells.25 It was de-
termined that Sema3A increased hepatocellular carcinoma progression 
in cells by increasing the expression of the gelsolin-like actin-capping 
protein, galectin-3, enolase 2, and epithelial cell adhesion molecule. 
Semaphorin 6D exerts distinct biological activities on endothelial cells 
in different regions of the cardiac tube.26 Satue et al27 found the Sema E 
gene was overexpressed in metastatic lung cancer cells.

Semaphorin 3A has been demonstrated to be involved in the path-
ogenesis of various rheumatic conditions. In RA, Sema3A levels were 
reduced both in the sera and the synovial fluid in comparison to OA and 
healthy controls and had a negative correlation with disease activity 
parameters.12 In patients with lupus and antiphospholipid syndrome, 
Sema3A levels were lower than in controls and further reduced in exist-
ence of a thrombotic event or obstetric comorbidity.28 In another study 
on lupus patients, Sema3A levels were lower in lupus patients with ne-
phritis than in patients without.29 Semaphorin 3A injections altered 

TABLE 2.  Antibody Positivity Percentages in Patients With 
Limited and Diffuse Cutaneous Scleroderma

 lcSSc, n (%) dcSSc, n (%) pa 

Anti-centromere 13 (40.6) 6 (21.4) .083

Anti–Scl-70 7 (21.8) 18 (64.2) <.001

dcSSc, diffuse cutaneous scleroderma; lcSSc, limited cutaneous sclero-
derma.
aPearson χ 2 test.

TABLE 3.  Comparisons of Semaphorin 3A Levels Between Different Involvement of SSC Patients and Control Groupa

 SSc patients Control group P value

Semaphorin 3A (ng/mL), mean (SD) 47.85 (11.88) 57.60 (19.81) .016b

 Major vascular involvement SSc Nonmajor vascular SSc Control group P value P
1
 P

2
 P

3
 

Semaphorin 3A (ng/mL), mean (SD) 44.32 (5.87) 49.96 (14.00) 57. 6 (19.81) .008c .04 .001 .07

 Diffuse cutaneous SSc Limited cutaneous SSc P value

Semaphorin 3A (ng/mL), mean (SD) 48.36 (11.47) 47.43 (12.38) .775c

SSc, systemic sclerosis. 
aP

1
: major vascular involvement SSc vs nonmajor vascular SSc; P

2
: major vascular involvement SSc vs control group; P

3
: nonmajor vascular SSc vs control 

group.
bStudent t-test. 
cAnalysis of variance.

TABLE 4.  Evaluation of Disease Activity With Semaphorin 3A and Acute-Phase Reactants According to Valentini Disease 
Activity Score and Modified Rodnan Skin Score

 Valentinidisease activity score <3 Valentinidisease activity score >3 P valuea 

Semaphorin 3A (ng/mL), mean (SD) 47.92 (12.57) 47.85 (12.57) .916

CRP, mean (SD) 2.24 (3.79) 8.22 (12.55) .169

ESR (mm/h), mean (SD) 13. 62 (8.12) 23. 6 (20. 30) .159

Fibrinogen (g/l), mean (SD) 3. 11 (0.96) 2.86 (0.81) .627

 Modified Rodnan skin score <14 Modified Rodnan skin score >14  

Semaphorin 3A (ng/mL), mean (SD) 47. 57 (13.55) 47.73 (10.01) .96

CRP (mg/l), mean (SD) 2. 93 (5.91) 3. 31 (7. 10) .829

ESR (g/l), mean (SD) 15. 10 (9.21) 16. 00 (14.45) .784

Fibrinogen, mean (SD) 3.06 (1.09) 2. 93 (5.91) .915

CRP, C-reactive protein; ESR, erythrocyte sedimentation rate.
aStudent t-test.
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neovascularization in mice with diabetic retinopathy VEGF.30 In our 
study, we observed further reduced levels of Sema3A in SSc patients with 
major vascular involvement, regardless of VDAI and mRSS scores, in ac-
cordance with the potential protective role of Sema3A in vasculopathic 
processes.

Pulmonary arterial hypertension is one of the most devastating 
vasculopathic complications of SSc, with significant functional dete-
rioration and increased mortality. Decreased NO and prostacyclin ex-
pression and increased ET-1 production lead to endothelial damage 
and dysfunction.31 In the pathogenesis of DU, VEGF, endostatin, ET 
1, asymmetric dimethyl-L-arginine, platelet activating factor acetyl 
hydrolase, galectin-1, and  angiopoietin-like protein 3 are assumed to 
play a role.32,33 It has been reported that Sema3E levels were higher in 
SSc patients than in patients with Raynaud’s phenomenon, with early 
capillaroscopic changes and with DUs.34 In another study, increased 
VEGF and decreased NP-1 levels were observed in SSc patients.34 Rimar 
et al17 reported decreased levels of Sema3A in SSc and demonstrated a 
negative correlation with anti–Scl-70 positivity. On the other hand, Ro-
mano et al18 observed similar Sema3A levels in SSc patients and healthy 
subjects, yet in SSc patients with history of DU, levels of Sema3A re-
ceptor NP-1 were lower than in patients without DU. In our study, 
DU was present in all SSc patients in the vasculopathic group and the 
Sema3A levels were significantly lower than in the nonvasculopathic 
group, which imply that decreased Sema3A levels can be attributed to its 
increased consumption in a prominent vasculopathic process.

There were several limitations to our study in addition to its single-
center and cross-sectional nature. The number of patients with PAH and 
renal crisis was limited. The participant composition of this study was 
female (94.65% and 93.5% in the SSc and control groups, respectively). 
Systemic sclerosis is a rare disease and the female-to-male ratio ranges 
from 3: 1 to 8: 1,1 similar to our study. The female-dominated sample 
did not cause bias due to the nature of the disease. Furthermore, most 
of the patients were under appropriate treatment. Although patients 
under treatment were included in the study due to the cross-sectional 
nature of the study, no statistically significant difference was found be-
tween drug use in the vascular and nonvascular groups. Further studies 
of a prospective nature involving treatment-naive patients will better 
demonstrate the true role of Sema3A in SSc and related vasculopathy.

Conclusion
Our results suggest a relation between vasculopathy and Sema3A levels 
in SSc and imply that Sema3A may be a biomarker for distinguishing 
patients with potential to manifest major vascular involvement. Larger 
and prospective studies would further elucidate the potential use of 
Sema3A in SSc patients as a biomarker.
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ABSTRACT

Objective: The aim of this study was to optimize the currently used di-

rect spectrophotometric serum prolidase enzyme activity (SPEA) assay 

method and compare its diagnostic accuracy with current precipitation 

and direct spectrophotometric assay methods, AST-to-ALT ratio, age 

platelet index, AST-to-platelet ratio index, cirrhosis discriminate score, 

Doha score, FIB-4, FibroQ, fibrosis index, Goteborg University Cirrho-

sis Index , King’s score, and Pohl score for distinguishing Ishak F0 from 

F1–F3 in patients with chronic hepatitis B (CHB) infection.

Methods: Liver biopsy results from 112 patients were included in this 

study. 

Results: The SPEA values were 529 (292–794) U/L, 671 (486–927) U/L, 

and 1077 (867–1399) U/L with the precipitation, current, and optimized 

direct spectrophotometric assay methods, respectively. According to 

multivariate logistic regression analysis optimized direct spectropho-

tometric SPEA was the only statistically significant parameter to pre-

dict the early stages of liver fibrosis. 

Conclusions: Optimized direct spectrophotometric SPEA assay 

method could be used to distinguish early stages of liver fibrosis in 

patients with CHB infection instead of the currently  used spectro-

photometric SPEA assay methods and other evaluated liver fibrosis 

indexes. 

Distinguishing the early stages of liver fibrosis is critical for the 
management of patients with chronic hepatitis B (CHB) infection.1,2 
To determine the stage of liver fibrosis, liver biopsy is the gold stand-
ard diagnostic tool used today. However, it is invasive, prone to many 
complications, and inconsistent results may be encountered due to sam-
pling error or within-between observer variabilities.3–5 For these reasons, 
there is a great need for a simple, noninvasive, cost-effective, and easily ac-
cessible biochemical test such as serum prolidase enzyme activity (SPEA).

Prolidase enzyme (EC 3.4.13.9) is a manganese-dependent cytosolic 
exopeptidase that is involved in the degradation of iminodipeptides 
with proline and/or hydroxyproline at the C-terminus in the final step 
of collagen breakdown.6,7 Spectrophotometric SPEA assay methods used 
today are the precipitation and direct assays. The direct spectrophoto-
metric SPEA assay method is more practical and less time-consuming 
than the precipitation assay.8,9 However, higher accuracy in a direct 
spectrophotometric SPEA assay method is needed, as different results 
are obtained with the currently used spectrophotometric SPEA assay 
methods carried out for determination of fibrosis stages in different 
kinds of diseases, as the prolidase enzyme has been shown to be impor-
tant in the pathophysiology of different kinds of disorders.10–14
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In this study, we aimed to optimize the currently used spectrophoto-
metric SPEA assay method and compare its diagnostic accuracy with the 
precipitation and currently used direct spectrophotometric SPEA assay 
methods and other noninvasive liver fibrosis indexes such as aspartate 
aminotransferase (AST)-to-alanine aminotransferase (ALT) ratio (AAR), age 
platelet index (API), AST-to-platelet ratio index (APRI), cirrhosis discrimi-
nant score (CDS), Doha score, fibrosis index based on four factors (FIB-4), 
FibroQ, fibrosis index, Goteborg University Cirrhosis Index (GUCI), King’s 
score, and Pohl score for the differentiation of early stages of liver fibrosis 
(F0 vs F1–F3) in liver biopsy performed patients with CHB infection.

Materials and Methods

Patient Selection
After gaining the approval of the local ethics committee of Hitit Uni-
versity (2016-18) and informed consent from all participants, patients 
with CHB infection who had a liver biopsy 1 to 3 day after having blood 
drawn were included in this study; 14 stage 0 and 10 stage 1 liver fi-
brosis patients’ SPEA were analyzed from blood samples drawn within 
6 months after liver biopsy. Patients <18 years of age, taking antiviral 
treatment, with co-infection with hepatitis C, D, or HIV, autoimmune 
hepatitis, or cholangitis were excluded from the study. 

Materials
Human recombinant prolidase, trizma base, MnCl

2
-4H

2
O, reduced glu-

tathione (GSH), Triton X-100, gly-pro, proline, hydrocholoric acid (HCl), 
trichloroacetic acid (TCA), glacial acetic acid (GAA), orthophosphoric 
acid (OPA) and ninhydrin were used for spectrophotometric SPEA assay 
methods. All chemicals were of analytical grade. Absorbances were meas-
ured at 515 nm using a UV/Vis spectrophotometer (Biochrom Libra S60).

Procedures of the Precipitation and Direct 
Spectrophotometric SPEA Assay Methods
In the precipitation spectrophotometric SPEA assay method, the serum 
sample was diluted and activated with 50 mM pH 7.8 Tris-HCl buffer 
containing 1  mM MnCl

2
 and then incubated at 37°C for 180 minutes 

(original method is 24 hours). Activated serum was mixed with 50 mM 
of pH 7.8 Tris-HCl buffer containing 94 mM glycine-L-proline and 1 mM 
MnCl

2
 for the enzyme-substrate incubation at 37°C for 30 minutes. At 

the end of this incubation, 0.45 M TCA was added immediately and 
samples were centrifuged. For the ninhydrin reaction, supernatant, 
GAA, and ninhydrin reagent (25  g/L ninhydrin was prepared with 
600 mL GAA and 400 mL of 6 M orthophosphoric acid mixture) were 
pipetted, vortexed, and incubated at 90°C for 10 minutes. At the end of 
the incubation, absorbances were read against the reagent blank in spec-
trophotometer at the 515 nm wavelength. 

In the currently used direct spectrophotometric SPEA assay method, 
the serum sample was diluted and activated with 50 mM pH 7.0 Tris-
HCl buffer containing 50 mM MnCl

2
 and 1 mM GSH, and incubated at 

37°C for 30 minutes. Enzyme-substrate incubation was performed for 5 
minutes at 37°C with 50 mM pH 7.8 Tris-HCl buffer containing 144 mM 
glycine-L-proline, 50 mM MnCl

2
, and 1 mM GSH. To inhibit the SPEA 

by pH change, GAA was added immediately. For the ninhydrin reaction, 
50 mM pH 7.8 Tris-HCl buffer and ninhydrin reagent (30 g/L ninhydrin 
was prepared with 0.5 M orthophosphoric acid) were pipetted, vortexed, 
and incubated at 90°C for 20 minutes. At the end of the incubation, 

samples were immediately kept in ice water, and absorbances were read 
against the sample blank in which the substrate was not added in the 
spectrophotometer at the 515 nm wavelength.

Optimization of the Direct Spectrophotometric SPEA 
Assay Method
Enzyme-substrate incubation, activation, and proline assay steps of the 
currently used direct spectrophotometric SPEA assay method have been 
optimized as follows, and method validation was performed.

Enzyme-Substrate Incubation Step
Optimum enzyme-substrate incubation time and temperature were de-
termined by incubation of the gly-pro substrate with the presence or ab-
sence of human recombinant prolidase at 37°C, 45°C, 50°C, and 55°C for 
5, 10, 15, 20, 25, 30, 40, 50, and 60 minutes after activation with 1 mM 
GSH and 50 mM MnCl

2
-4H

2
O at 37°C for 30 minutes.

Activation Step
This step was optimized using different concentrations of MnCl

2
-4H

2
O, 

GSH and Triton X-100 as activators at 45°C for 0, 5, 10, 15, 20, 25, 30, 
40, 50, 60, 90, 120, 150, and 180 minutes of incubation. For incubation 
temperature, 45°C was selected based on the maximum SPEA that was 
determined at this temperature in the enzyme-substrate incubation step.

Proline Assay Step
For the optimization of proline-ninhydrin condensation step, the fol-
lowing experiments were done. First, it was decided whether the 
samples should be cooled at room temperature or in ice water after the 
incubation of 12.5  mg/dL of proline standard with ninhydrin reagent 
(25 g/L ninhydrin, 0.6 L GAA, and 0.4 L 6 M OPA) at 80°C by considering 
whether pH 7.8 Tris-HCl buffer was necessary or not. Second, optimum 
ninhydrin reagent was determined by comparing the coefficients of var-
iation (CV) percentage and maximum delta absorbance values obtained 
with the following 4 different ninhydrin reagents for 12.5 mg/dL of pro-
line standard repeated 20 times in 60 minutes of incubation at 80°C: 
reagent A: 12.5 g ninhydrin was dissolved in 1 L GAA; reagent B: 25 g 
ninhydrin was dissolved in 1 L 0.5 M OPA; reagent C: 25 g ninhydrin was 
dissolved in 0.6 L GAA and 0.4 L 6 M OPA; reagent D: 20 g ninhydrin was 
dissolved in 0.6 L GAA and 0.4 L distilled water. Third, optimum ninhy-
drin concentration was determined by taking into account the lowest 
CV percentage and maximum delta absorbance results obtained with the 
use of following ninhydrin reagents in 40, 45, 50, 60, 70, and 80 minutes 
of incubation for 12.5 mg/dL and 24 mg/dL of proline standards at 80°C: 
reagent E: 10 g ninhydrin was dissolved in 0.6 L GAA and 0.4 L distilled 
water; reagent F: 15 g ninhydrin was dissolved in 0.6 L GAA and 0.4 L 
distilled water; reagent G: 20 g ninhydrin was dissolved in 0.6 L GAA and 
0.4 L distilled water; reagent H: 25 g ninhydrin was dissolved in 0.6 L 
GAA and 0.4  L distilled water. Fourth, optimum reading interval was 
determined according to the stability time of proline-ninhydrin conden-
sation in ice water. For this purpose, a series of 12.5 mg/dL of proline 
standards were incubated at 80°C for 45 minutes and cooled for 5, 10, 
20, 30, 40, 50, 60, 70, 80, and 90 minutes in ice water.

Method Validation
Intra- and inter-day precisions and linearity were performed accord-
ing to the protocols of the  Clinical and Laboratory Standards Insti-
tute (CLSI).
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Intra- and Inter-Assay Precision.—The intra- and inter- assay precision 
studies were done based on CLSI EP05-A3 and CLSI EP15-A3 protocols, 
respectively.15,16 Both of these precision studies were performed using 
low and high SPEA levels of pooled human sera separately. Intra-
assay precision was determined by analyzing a total of 40 samples, 20 
in the morning and 20 in the afternoon, at low and high SPEA levels, 
respectively, of pooled human sera within a day. The inter-assay precision 
was determined based on a total of 20 measurement results by analyzing 
4 replicates per day over a total of 5 consecutive days for low and high 
SPEA levels of pooled human sera separately.

Linearity.—Linearity was determined according to the CLSI EP06-A 
protocol.17 In this experiment, human serum pool with a high SPEA 
level (4492 U/L) was diluted with human serum pool with a low SPEA 
level (150 U/L) according to the procedure that was determined in CLSI 
EP06-A protocol using 8 different sample combinations. Each dilution 
was measured 3 times in a single run, and linearity was evaluated by 
linear regression analysis. The observed values were plotted against the 
expected values wherein R2 >0.99 was considered as linear and acceptable. 

Other Biochemistry Tests
The AST, ALT, albumin, total bilirubin, direct bilirubin, international 
normalization ratio (INR), and complete blood count analysis were done 
with commercially available kits. The AAR, API, APRI, CDS, Doha Score, 
FIB-4, FibroQ, fibrosis index, GUCI, King’s Score and Pohl Score were 
calculated as follows:

AAR = AST/ALT; API = [Age in years: <30 = 0; 30–39 = 1; 40–49 = 2; 50–59 
= 3; 60–69 = 4; ≥70 = 5. Platelet (×109/L): ≥225 = 0; 200–224 = 1; 175–199 
= 2; 150–174 = 3; 125–149 = 4; <125 = 5]; APRI = 100 × (AST/AST upper 
limit of normal)/Platelet (×109/L); CDS = [Platelet (×109/L) + (ALT/AST) + 
INR. Platelet (×109/L): ≥340 = 0; 280–339 = 1; 220–279 = 2; 160–219 = 3; 
100–159 = 4; 40–99 = 5; <40 = 6). ALT/AST: ≥1.7 = 0; 1.2–1.7 = 1; 0.6–1.19 = 
2; <0.6 = 3. INR: ≤1.1 = 0; 1.1–1.4 = 1; >1.4 = 2]; Doha score = 8.5 − [0.2 × al-
bumin (g/dL)] + (0.01 × AST) − [0.02 × Platelet (×109/L)]; FIB-4 = Age × AST/
Platelet (×109/L) × ALT1/2; FibroQ = 10 × Age × AST × INR/Platelet (×109/L) 
× ALT; Fibrosis index = 8 − (0.01 × Platelet (×109/L)) – albumin (g/dL); GUCI 
= 100 × AST × INR/Platelet (×109/L); King’s score = Age × AST × INR/Platelet 
(×109/L); Pohl score = Positive if AAR ≥1 and Platelet (×109/L) <150. 

Liver Biopsy
Liver biopsy was used as the gold standard diagnostic tool to compare 
the diagnostic accuracy of the spectrophotometric SPEA assay methods. 
Liver fibrosis stages were determined according to the Ishak staging 
system.18 A single senior pathologist (Z.G.) interpreted all liver biopsy 
specimens independent of the SPEA results.

Statistical Analysis
Hitit University licensed IBM SPSS 23 package program was used for 
statistical analysis of the results. According to the Kolmogorov–Smirnov 
analysis, continuous variables were presented as mean ± SD or median 
(25th–75th quartile), as appropriate. Kruskal-Wallis analysis of variance 
(ANOVA) or one-way ANOVA with Bonferroni correction and nonpara-
metric related samples Friedman two-way ANOVA by ranks test were 
done for the comparison of groups. Spearman correlation analysis was 
used to determine the associations between fibrosis stages and bio-
chemistry tests. The diagnostic powers of spectrophotometric SPEA as-
say methods and commonly used fibrosis indexes were determined by 

performing receiver operating characteristic (ROC) analysis for the dif-
ferentiation of F0 and F1 to F3 fibrosis stages. For the prediction of early 
stage liver fibrosis, logistic regression analyses were used. A P < .05 was 
considered statistically significant.

Results

Patients Characteristics
According to the Ishak fibrosis score, the numbers of patients with F0, 
F1, F2, and F3 fibrosis were 42, 43, 21, and 6, respectively. The SPEA val-
ues were 529 (292–794) U/L, 671 (486–927) U/L, and 1077 (867–1399) 
U/L with the precipitation, currently used direct and optimized direct 
assay methods, respectively. Demographics, laboratory test values, and 
SPEA results of the spectrophotometric assay methods based on fibrosis 
stages are presented in TABLE 1. 

Associations between the early stages (F0–F3) of liver fibrosis and 
optimized direct SPEA, currently used direct SPEA, precipitation SPEA, 
age, albumin, ALT, AST, direct bilirubin, total bilirubin, INR, platelets, 
AAR, API, CDS, Doha score, FIB-4, FibroQ, fibrosis index, GUCI, King’s 
score, and Pohl score are shown in TABLE 2. 

Optimized Direct Spectrophotometric SPEA 
Assay Method
Enzyme-Substrate Incubation Step
The highest enzyme activity was determined at 5 minutes of incubation 
at 37°C, 45°C, 50°C, and 55°C incubation temperatures; the highest en-
zyme activity was obtained at 45°C.

Activation Step
In 0, 5, 10, 15, 20, 25, 30, 40, 50, 60, 90, 120, 150, and 180 minutes of 
activation incubations at 45°C, the highest enzyme activity was achieved 
at 150, 120, 30, and 25 minutes, consecutively, without a statistically 
significant difference (P = .440). To not increase the total analysis time 
for the SPEA assay method, 30 minutes incubation time was preferred. 
After deciding the optimum activation time, optimum concentrations of 
MnCl

2
-4H

2
O, GSH, and Triton X-100 as an activator were determined by 

25 mM, 38 mM, 51 mM, 63 mM, 76 mM, and 101 mM of MnCl
2
-4H

2
O; 

1  mM and 2  mM of GSH; and 0.1% Triton X-100 combinations. The 
highest enzyme activity was obtained with the combination of 63 mM 
MnCl

2
-4H

2
O and 1 mM GSH as activators. 

Proline Assay Step
The maximum delta absorbance value was obtained with the addition of 
pH 7.8 Tris-HCl buffer by cooling the samples in ice water. In the com-
parison of the delta absorbance values obtained with ninhydrin reagents 
A, B, C, and D, the lowest CV percentage and maximum delta absorbance 
value were obtained with reagent D. In comparison of the delta absorb-
ance values obtained with ninhydrin reagents E, F, G, and H, maximum 
delta absorbance value with the lowest CV% was obtained with reagent 
F. As a result, for the proline assay, it was decided to incubate the samples 
for 45 minutes at 80°C with ninhydrin reagent containing 15 g/L ninhy-
drin, 0.6 L GAA, and 0.4 L distilled water. Optimum reading interval was 
up to 90 minutes for samples kept in ice water because there were no 
statistically significant differences among the absorbance values, accord-
ing to the nonparametric related samples Friedman two-way analysis of 
variance by ranks test (P = .943).
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Method Validation
Intra- and Inter-Assay Precision.—The intra-assay CV levels were 7.4% 
and 6.2%, whereas inter-assay CV levels were 9.2% and 7.7% for low and 
high SPEA levels of pooled human sera, respectively. 

Linearity.—The correlation coefficient of the SPEA calibration curve was 
found to be 0.992 (P < .001). The SPEA was linear between 150 and 4492 
U/L.

Diagnostic Accuracy of the Spectrophotometric SPEA 
Assay Methods and Biochemical Tests
According to the ROC analysis to distinguish the F0 from F1 to F3 fi-
brosis stages, areas under the curve (AUROC) with 95% CI for the pre-
cipitation, currently used, and optimized direct spectrophotometric 
SPEA assay methods were 0.638 (0.519–0.757), 0.585 (0.461–0.708), 

and 0.775 (0.669–0.880) (P = .014, P = .187, and P < .001), respectively. 
AUROC values for other parameters are presented in FIGURE 1. The 
AUROC of optimized direct spectrophotometric SPEA was higher than 
the other evaluated 11 liver fibrosis indexes in our study cohort. In 
addition, optimized direct spectrophotometric SPEA was the only sta-
tistically significant parameter according to the multivariate logistic 
regression analysis among the statistically significant parameters in 
univariate logistic regression analysis for the prediction of early stage 
liver fibrosis (TABLE 3). 

Discussion
To the best of our knowledge, this is the first study in which direct spec-
trophotometric SPEA assay method was optimized. The diagnostic ac-
curacy of currently used spectrophotometric SPEA assay methods and 

TABLE 1.  Demographics and laboratory test results according to the liver fibrosis stages

Variables Stage 0 (n = 42) Stage 1 (n = 43) Stage 2 (n = 21) Stage 3 (n = 6) P 

Age, y 41 ± 12 43 ± 11 45 ± 11 50 ± 16 .320

Sex, F/M 19/23 18/25 10/11 0/6 .182

Optimized direct SPEA, U/L 922 (795–1126)a 1034 (919–1332)b 1384 (1100–1766) 1790 (1403–2548) <.001

Currently used direct SPEA, U/L 634 (480–880) 685 (529–807) 909 (516–986) 733 (469–932) .502

Precipitation SPEA, U/L 389 (255–678) 557 (294–802) 658 (407–1294) 767 (594–965) .049

Albumin, g/L 44 ± 3.2c 43 ± 2.4 42 ± 4.5 40 ± 2.0 .008

ALT, U/L 32 (19–56) 39 (18–69) 58 (33–89) 83 (64–541)d .004

AST, U/L 24 (18–29)e 25 (18–48) 41 (26–72) 46 (36–224) .002

Direct bilirubin, mg/dL 0.22 (0.17–0.30) 0.22 (0.19–0.33) 0.27 (0.22–0.37) 0.43 (0.20–0.65) .054

Total bilirubin, mg/dL 0.58 (0.39–0.80) 0.59 (0.44–0.83) 0.69 (0.62–0.89) 1.14 (0.75–1.49)f .020

INR 1.04 ± 0.07g 1.07 ± 0.09 1.11 ± 0.11 1.16 ± 0.09 .001

Platelets, ×109/L 232 ± 62h 214 ± 44 207 ± 53 154 ± 42 .009

AAR 0.80 (0.58–1.00) 0.76 (0.53–1.01) 0.75 (0.55–0.93) 0.49 (0.42–0.65) .102

API 2 (2–4)i 3 (2–4) 4 (2.5–5) 6 (3–8) .024

APRI 0.29 (0.24–0.41)j 0.32 (0.25–0.72)k 0.52 (0.38–0.93) 0.92 (0.56–5.65) <.001

CDS 4.54 (4.03–5.38) 4.99 (4.07–5.99) 5.11 (4.40–6.36) 6.67 (5.75–7.53)l .009

Doha score 3.17 (2.60–4.00)m 3.84 (2.92–4.77) 3.97 (3.14–5.03) 5.21 (4.28–7.71) .005

FIB-4 0.79 (0.63–1.02)n 0.94 (0.63–1.29) 0.97 (0.82–1.84) 2.24 (1.10–3.38) .006

FibroQ 1.48 (1.12–1.91) 1.59 (1.17–2.38) 1.57 (1.13–2.81) 2.09 (1.15–3.17) .561

Fibrosis index 1.27 (0.86–1.70) 1.59 (1.14–1.95) 1.69 (1.09–2.28) 2.45 (1.86–2.99)o .002

GUCI 10 (8.5–15)p 12 (8.9–26) 19 (14–39) 35 (22–226)r <.001

King’s score 4.24 (3.56–6.22)s 5.77 (3.10–8.93) 8.59 (5.91–16.9) 18.7 (12.6–106)t <.001

Pohl score (+/−) 1/41 0/43 0/21 0/6  

ALT, alanine aminotransferase; AST, aspartate aminotransferase; INR, international normalization ratio; AAR, AST-to-ALT ratio; API, age platelet index; 
APRI, AST-to-platelet ratio index; CDS, cirrhosis discriminate score; GUCI, Goteborg University Cirrhosis Index; SPEA, serum prolidase enzyme activity.
aP = .001 vs stage 2, P = .001 vs stage 3. 
bP = .026 vs stage 3.
cP = .034 vs stage 2.
dP = .014 vs stage 0, P = .05 vs stage 1. 
eP = .016 vs stage 2, P = .019 vs stage 3. 
fP = .045 vs stage 0, P = .044 vs stage 1.
gP = .015 vs stage 2, P = .009 vs stage 3. 
hP = .007 vs stage 3.
iP = .05 vs stage 3.
jP = .008 vs stage 2, P = .005 vs stage 3.  
kP = .038 vs stage 3.  
lP = .006 vs stage 0, P = .044 vs stage 1. 
mP = .007 vs stage 3. 
nP = .020 vs stage 3. 
oP = .004 vs stage 0, P = .05 vs stage 1. 
pP = .004 vs stage 2, P = .003 vs stage 3. 
rP = .031 vs stage 1. 
sP = .002 vs stage 2, P = .002 vs stage 3. 
tP = .034 vs stage 1.
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some liver fibrosis indexes, AAR, API, APRI, CDS, Doha score, FIB-4, 
FibroQ, fibrosis index, GUCI, King’s score and Pohl score, were also 
evaluated to distinguish the F0 and F1 to F3 liver fibrosis stages in 
patients with CHB infection. According to this study, an optimized di-
rect spectrophotometric SPEA assay method could be preferred over the 
currently used methods, as well as some fibrosis indexes for the evalua-
tion of early liver fibrosis stages in patients with CHB infection. 

Hepatitis B is a worldwide viral infection, causing acute and chronic 
liver diseases. According to WHO, 296 million people were living with 
CHB infection in 2019, and approximately 820,000 of these patients 
died, generally from cirrhosis and hepatocellular carcinoma–related 
complications.19 Starting medical therapy for CHB infection as soon as 
possible prevents or delays cirrhosis, complications, hepatocellular car-
cinoma, and transition to the decompensated phase and increases sur-
vival.1,2 Liver biopsy is currently the gold standard diagnostic tool for 
staging the liver fibrosis, but it is invasive and carries many risks and 
complications.3–5 Therefore, the search for noninvasive methods like 
SPEA to diagnose the early stages of liver fibrosis is critical. 

There are 2 spectrophotometric SPEA assay methods used today. One 
of them requires TCA precipitation whereas the other does not.8,9 Of 
these, the direct assay method is cost-effective, more practical, and less 
time-consuming than the precipitation method. However, the analyti-
cal steps of the direct method should be optimized in terms of activators 
such as MnCl

2
-4H

2
O and GSH concentrations, incubation times and in-

cubation temperatures for activation, enzyme-substrate incubation, and 
proline-ninhydrin condensation steps, as these factors are not evaluated in 
the currently used direct SPEA assay method. Therefore, in this study, op-
timum activation, enzyme-substrate, and proline-ninhydrin condensation 
incubation conditions were determined for the direct spectrophotometric 
SPEA assay method based on the higher enzyme activity to improve the 
diagnostic power of SPEA in a collagen metabolism–related disorder like 
fibrosis in patients with CHB infection. On the other hand, Triton X-100 
is used in the precipitation spectrophotometric SPEA assay method,8 but it 
should be noted that the use of Triton X-100 is forbidden in the European 
Union since January 2021 due to its effect as a hormone disrupter. There-
fore, the precipitation spectrophotometric SPEA assay method has become 
less practical and will not be appropriate for future studies. Because Tri-
ton X-100 is not used in direct spectrophotometric SPEA assay methods, 
optimized direct spectrophotometric SPEA assay method would be the 
method of choice in the future for spectrophotometric SPEA analysis.

TABLE 2.  Associations between the early stages (F0–F3) of 
liver fibrosis and evaluated parameters

Variables Early stages of liver fibrosis 

Optimized direct SPEA, U/L r = 0.462, P < .001

Currently used direct SPEA, U/L r = 0.131, P = .167

Precipitation SPEA, U/L r = 0.263, P = .005

Age, y r = 0.114, P = .231

Albumin, g/L r = −0.290, P = .002

ALT, U/L r = 0.307, P = .001

AST, U/L r = 0.329, P < .001

Direct bilirubin, mg/dL r = 0.228, P = .017

Total bilirubin, mg/dL r = 0.219, P = .021

INR r = 0.363, P < .001

Platelets, ×109/L r = −0.268, P = .005

AAR r = −0.155, P = .105

API r = 0.270, P = .004

APRI r = 0.377, P < .001

CDS r = 0.260, P = .006

Doha score r = 0.310, P = .001

FIB-4 r = 0.321, P = .001

FibroQ r = 0.130, P = .176

Fibrosis index r = 0.328, P = .001

GUCI r = 0.400, P < .001

King’s score r = 0.414, P < .001

Pohl score (+/−) r = −0.111, P = .250

ALT, alanine aminotransferase; AST, aspartate aminotransferase; INR, 
international normalization ratio; AAR, AST-to-ALT ratio; API, age platelet 
index; APRI, AST-to-platelet ratio index; CDS, cirrhosis discriminate score; 
GUCI, Goteborg University Cirrhosis Index; SPEA, serum prolidase en-
zyme activity.

FIGURE 1. Areas under the curve (AUROC) of serum 
prolidase enzyme activities and liver fibrosis indexes to 
distinguish the F0 from F1–F3 liver fibrosis stages. ALT, 
alanine aminotransferase; AST, aspartate aminotransferase; 
INR, international normalized ratio. AAR, AST-to-ALT ratio; 
API, age platelet index; APRI, AST-to-platelet ratio index; 
CDS, cirrhosis discriminate score; GUCI, Goteborg University 
Cirrhosis Index; SPEA, serum prolidase enzyme activity.
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Apart from activator, incubation time, and temperature, sponta-
neous hydrolysis of gly-pro is a problem that should be addressed in 
spectrophotometric SPEA assay methods. To increase accuracy, sponta-
neous hydrolysis of gly-pro should be minimized. In this study, whether 
the spontaneous formation of glycine and proline from gly-pro substrate 
could be stopped with 5, 10, 15, and 20 minutes of incubation in ice wa-
ter or not was also investigated. In this experiment, mean SPEA of the 
samples that were not kept in ice water and kept in ice water for 5 minutes 
were the same (P = 1.000), but mean SPEA of the samples that were kept 
in ice water for 10, 15, and 20 minutes were statistically significantly lower 
(P = .008). Therefore, it was shown, in ice water, that enzyme-substrate in-
cubation time should be as short as possible to achieve minimum sponta-
neous hydrolysis of gly-pro substrate as well as the maximum SPEA.

Sample blank was added for each sample to eliminate the interfer-
ence that may derive from ornithine, citrulline, cysteine, lysine, and 
hydroxylysine at the ninhydrine condensation step.20

In the study by Myara et al,8 as in our study, it was concluded that 
SPEA increased in patients with liver fibrosis. They did not find a statisti-
cally significant association between fibrosis stages and SPEA, but there 
were statistically significant correlations between the fibrosis stages and 
both precipitation and optimized direct spectrophotometric SPEA assay 
method results in our study. This may be explained by the optimization 
of the currently used direct spectrophotometric SPEA assay method as 
well as the inclusion of patients with early stage liver fibrosis (F0–F3) 
in our study. Myara and colleagues considered that SPEA may increase 
only in the early stage of liver fibrosis and may decrease in advanced 
liver fibrosis due to slower collagen turnover in the advanced liver fi-
brosis stages as a result of the high level of collagen deposition. In our 
study, both the precipitation and optimized direct spectrophotomet-
ric SPEA assay method results increased at least until stage 3, but the 

currently used direct spectrophotometric SPEA assay method results 
increased until stage 2 liver fibrosis. It is not known whether the pre-
cipitation and optimized direct spectrophotometric SPEA assay method 
results increase or decrease in patients with cirrhosis, but according to 
this study, it can be predicted that results of the currently used direct 
spectrophotometric SPEA assay method will decrease. 

Myara et  al8 found that SPEA was not statistically significantly 
correlated with ALT, AST, alkaline phosphatase, γ-glutamyltransferase, 
total bilirubin, or albumin, but in our study, optimized direct spec-
trophotometric SPEA assay method results statistically significantly 
correlated with AST, ALT, albumin, and platelets, whereas precipitation 
spectrophotometric SPEA assay method results statistically significantly 
correlated only with AST. According to the ROC and logistic regres-
sion analyses, SPEA measured by the optimized direct spectrophoto-
metric assay had the highest diagnostic accuracy among the evaluated 
parameters. We therefore considered that especially the optimized 
direct spectrophotometric SPEA assay method could be used to distin-
guish the early stages of liver fibrosis. 

Duygu et  al21 concluded that SPEA measured with the currently 
used direct spectrophotometric assay method increased in patients 
with CHB infection and inactive hepatitis B infection compared with 
the control group, and SPEA may be used as a biomarker in CHB infec-
tion, as in our study. They did not find an association between SPEA 
and Knodell fibrosis score. In our study, there was no statistically sig-
nificant association between fibrosis stages and currently used direct 
spectrophotometric SPEA assay method results, as in their study. Both 
of these results show that currently used direct spectrophotometric 
SPEA assay method may not have enough diagnostic accuracy espe-
cially to distinguish the liver fibrosis stages, and it should be optimized 
as was done in our study. 

TABLE 3.  Variables associated with the prediction of early stage liver fibrosis by univariate and multivariate logistic regression 
analyses

Variables 
Univariate analysis Multivariate analysis

OR (95% CI) Wald P OR (95% CI) Wald P  

Optimized direct SPEA, U/L 1.002 (1.001–1.004) 15.5 <.001 1.002 (1.001–1.004) 9.23 .002

Precipitation SPEA, U/L 1.001 (1.000–1.002) 5.70 .017 1.001 (1.000–1.002) 1.71 .191

Albumin, g/L 0.113 (0.026–0.492) 8.45 .004 0.231 (0.022–2.446) 1.48 .223

ALT, U/L 1.004 (1.000–1.007) 3.95 .047 0.991 (0.965–1.017) 0.48 .489

Direct Bilirubin, mg/dL 9.106 (0.974–85.15) 3.75 .053 2.760 (0.147–51.70) 0.46 .497

Total bilirubin, mg/dL 3.782 (1.191–12.01) 5.09 .024 1.708 (0.183–15.98) 0.22 .639

INR 3359 (22.38–504,235) 10.1 .001 133.2 (0.007–2,689,836) 0.94 .333

Platelets, ×109/L 0.990 (0.982–0.999) 4.77 .029 1.017 (0.920–1.124) 0.11 .744

AAR 0.215 (0.041–1.119) 3.34 .068 0.006 (0.000–5.306) 2.19 .139

API 1.421 (1.116–1.810) 8.12 .004 1.344 (0.546–3.307) 0.42 .520

APRI 1.323 (1.001–1.747) 3.88 .049 0.029 (0.000–116.1) 0.70 .402

CDS 1.487 (1.033–2.141) 4.56 .033 0.268 (0.040–1.822) 1.81 .178

Doha score 1.444 (1.075–1.939) 5.97 .015 5.829 (0.046–736.4) 0.51 .475

FIB-4 1.682 (1.075–2.633) 5.18 .023 0.262 (0.001–87.52) 0.21 .651

FibroQ 1.420 (0.939–2.148) 2.76 .097 1.553 (0.076–31.86) 0.08 .775

Fibrosis index 2.786 (1.411–5.501) 8.72 .003 0.189 (0.000–4.251) 0.11 .744

GUCI 1.007 (1.000–1.014) 4.02 .045 1.087 (0.891–1.326) 0.67 .412

King’s score 1.019 (1.001–1.037) 4.51 .034 1.039 (0.800–1.350) 0.08 .774

ALT, alanine aminotransferase; AST, aspartate aminotransferase; INR, international normalization ratio; AAR, AST-to-ALT ratio; API, age platelet index; 
APRI, AST-to-platelet ratio index; CDS, cirrhosis discriminate score; GUCI, Goteborg University Cirrhosis Index; SPEA, serum prolidase enzyme activity.
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Nazligul et al22 observed a statistically significant correlation between 
precipitation spectrophotometric SPEA results and fibrosis score in patients 
with CHB and chronic viral hepatitis C (n=29 and n=25, respectively). They 
found that SPEA was statistically significantly higher in patients with 
chronic viral hepatitis than controls. According to their analysis, there was 
no statistically significant difference for SPEA, ALT, and fibrosis scores in 
terms of the chronic viral hepatitis etiology. They concluded that SPEA may 
be used for predicting stage of liver fibrosis in patients with viral hepatitis.

One study limitation is that the blood samples were not drawn 
within 3 days of the liver biopsy in 14 stage 0 and 10 stage 1 liver fibro-
sis patients for the SPEA assays. However, no interference was expected 
due to the time interval between liver biopsy and blood draw for SPEA 
results, because patients were not taking antiviral treatment, did not 
have co-infection with hepatitis C, D, or HIV, autoimmune hepatitis, or 
cholangitis and had F0 and F1 stage liver fibrosis, and <6 histological ac-
tivity index. In addition, most of these blood samples were drawn within 
2 months after liver biopsy. 

In conclusion, optimized direct spectrophotometric SPEA assay method 
could be preferred instead of the currently used spectrophotometric SPEA 
assay methods to distinguish the early stages of liver fibrosis (F0 vs F1–
F3) in patients with CHB infection. In this optimized direct spectropho-
tometric SPEA assay method, after 30 minutes of activation with pH 7.0 
Tris-HCl buffer containing 63 mM MnCl

2
-4H

2
O and 1 mM GSH at 45°C, 

enzyme-substrate incubation was performed for 5 minutes at 45°C with 
pH 7.8 Tris-HCl buffer containing 94 mM of glycine-L-proline substrate. At 
the end of this incubation, GAA was added immediately to inhibit the SPEA 
by pH change. For the ninhydrin reaction, ninhydrin reagent (600 mL of 
GAA, 400 mL of distilled water, and 15 g/L ninhydrin) and pH 7.8 Tris-HCl 
buffer are pipetted, vortexed, and then incubated at 80°C for 45 minutes. 
At the end of the incubation, samples were immediately kept in ice water 
for 5 minutes and absorbances were read against the reagent blank in spec-
trophotometer at 515 nm wavelength within 90 minutes. 
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CORRECTION

Correction to: A meta-analysis of the accuracy of Xpert 
MTB/RIF in diagnosing intestinal tuberculosis

This is a correction to: Yuan-Lin Ding, BSMed, and others, A meta-
analysis of the accuracy of Xpert MTB/RIF in diagnosing intestinal tuber-
culosis, Laboratory Medicine, 2023; lmad072, https://doi.org/10.1093/
labmed/lmad072.

In the originally published version of this manuscript, the corre-
sponding author’s surname was incorrectly represented. The correct 
name is Xu-Guang Guo, where the last name is Guo.

This error has been corrected online.

Published by Oxford University Press on behalf of American Society for Clinical Pathology, 2023. 
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Is very high platelet count always associated with 
essential thrombocythemia? An unusual presentation in 
a child
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ABSTRACT 

Myeloproliferative neoplasms are rare in childhood. They are 

categorized as Philadelphia chromosome-positive and Philadelphia 

chromosome-negative. Chronic myeloid leukemia (CML) is the most 

common myeloproliferative disease in which the Philadelphia chromo-

some is detected as a result of BCR-ABL rearrangements. In others, 

the most common genetic abnormality is JAK2V617F mutation. The 

coexistence of these 2 abnormalities in CML is unexpected, and rare 

cases have recently been reported in adults. We present a child who 

had a very high platelet count in which we found this coexistence. The 

clinical presentation, laboratory findings, management, and prognosis 

of this coexistence is challenging in such a rare condition.

Patient History
An 11-year-old female patient was admitted to our center with severe 
headache and intermittent vomiting that started 2 weeks before. Plate-
let count was found to be very high in a test 3 days before in a local hos-
pital where she went with these complaints. It is known that patient's 
platelet count was 298X109/L 1 year before. The patient had no history 
of disease or drug use. There is also no family history with a diagnosis 
of thrombosis and thrombocytosis. Her grandmother and aunt were un-

der follow-up due to brain tumor. There was no hepatosplenomegaly or 
lymphadenopathy, and her neurological examination was normal. For 
treatment, acetylsalicylic acid and hydroxyurea were given.

In our evaluation, complete blood count revealed the following: he-
moglobin 12.7  g/dL, red cell blood count 500X1010/L, leukocyte count 
13.5X109/L, and platelet count >3000X109/L. For leukocyte subgroups, 
neutrophil count was 7.8X109/L and basophil count was 0.8X109/L. Periph-
eral smear showed myeloid precursors, basophilia, and thrombocytosis. 
Liver and kidney function tests and other biochemical parameters were in 
the normal range. The sedimentation rate was 76 mm/h and platelet func-
tion tests (PFA-100) were too high to be measured. There was no path-
ological finding in magnetic resonance imaging of the central nervous 
system. Abdominal ultrasonography (USG) evaluation was also normal.

Bone marrow aspiration was performed on the patient. Direct micro-
scopic examination revealed an increase in myeloid precursors and an 
increased number of atypical megakaryocytes (FIGURE 1). No atypical 
cells were detected in the flowcytometric analysis of the bone marrow, 
and 2.1% progenitor cells were found. Bone marrow cytogenetic analysis 
revealed the karyotype as 46XX,t(9;22)(q34,q11.2)[7]/92,XXXX,t(9;22)
(q34,q11.2)[3]. The BCR-ABL and JAK2 V617F mutations were studied. 
The quantitative value of t(9;22)-p210 was 0.60134292 positive, the ABL 
copy number was 125,845, the BCR-ABL copy number was 75,676, and 
the international scale (IS) value was 30.65727162. The JAK2 V617F 
mutation was identified at a low variant allele frequency of 2% to 5%.

Given these results, the patient was diagnosed with CML presenting 
with extreme thrombocytosis. As an emergent approach, intravenous 
hydration was given to the patient with 0,45% saline and 5% dex-
trose at a dose of 3000  mL/m2/d. Thrombopheresis was performed 
daily for 4 days. Acetylsalicylic acid was discontinued due to the risk 
of acquired von Willebrand disease because of excessive platelet count 
and the impaired platelet function test. Low-molecular-weight hepa-
rin was given at a dose of 200 U/kg/d. Because the JAK2 V617F mu-
tation was identified at a low variant allele frequency (2%-5%), it was 
decided that ruxolitinib treatment would not be beneficial. Anagrelide 
1.5  mg/d, hydroxyurea 20  mg/kg/d and imatinib mesylate 300  mg/
m2/d were combined as initial therapy. Hydroxyurea was discontinued 
and the other medications were continued in the outpatient setting. In 
weekly control examinations after discharge, the platelet counts were 
388X109/L, 290X109/L, and 180X109/L. Given these platelet counts 
and patient’s well-being, low-molecular-weight heparin was discontin-
ued first and then the anagrelide dose was halved. Platelet counts during 
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1 month are shown in FIGURE 2. A control bone marrow aspiration 
was performed 40 days after initial diagnosis with a 263X109/L plate-
let count. Morphology was normal on direct microscopic examina-
tion. The quantitative value of t(9;22)-p210 was positive at the rate of 
0.05253886, the ABL copy number was 35,764, the BCR-ABL copy num-
ber was 1879, and the IS value was 3.803873263. A significant decrease 
in BCR-ABL copy numbers was obtained compared with the initial diag-
nosis. The JAK2 V617F mutation was also negative. Anagrelide was dis-
continued and treatment with imatinib mesylate was continued. In the 
follow-up, the platelet counts remained within the normal range. Bone 
marrow aspiration was reassessed 8 months after first admission with 
normal morphological findings. The quantitative value of t(9;22)-p210 
was 0.00107803, the ABL copy number was 147,491, the BCR-ABL copy 
number was 159, and the IS value was 0.098071794. Eventually, the pa-
tient had a major molecular response to imatinib mesylate. At the time 
of this report, patient was still under follow-up for 8 months after diag-
nosis, and her BCR-ABL copy numbers had decreased regularly, plate-
let counts were within normal limits, and she is being followed up with 
imatinib mesylate treatment without problems.

Clinical and Laboratory Information
Although chronic myeloid leukemia (CML) is known as an adult dis-
ease, it is also seen in childhood, with an estimated incidence of 2.5 
cases per million per year.1 Detection of the Philadelphia chromosome, 
which is defined by the presence of BCR-ABL gene rearrangements, is 
essential for the diagnosis of CML. Common laboratory findings are 
leukocytosis, increased basophil count, thrombocytosis, and mild ane-
mia in which myeloid precursors can be detected in a peripheral blood 
smear.2 Chronic myeloid leukemia cases presenting with isolated exces-
sive thrombocytosis are rarely encountered.3,4 Other myeloproliferative 
disorders such as essential thrombocythemia (ET) and polycythemia 
vera are rare in children, and the JAK2 V617F mutation is positive in 
some of these patients.5,6 In the diagnostic criteria of these myeloid 
disorders, it is stated that BCR-ABL must be negative and for CML, 
there should be no abnormalities other than BCR-ABL.7 However, in the 
last decade, JAK mutations with BCR-ABL and various other rare ge-
netic disorders have been identified in adult CML. A literature review of 
adult CML cases with BCR-ABL and JAK2 V617F mutation is shown in 
TABLE 1.8-37

FIGURE 1.  A and B: Atypical (dwarf) megakaryocytes with magnification ×100, C: Atypical (dwarf) megakaryocytes with 
magnification ×40, D: Atypical (dwarf) megakaryocytes with magnification ×10.
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Discussion
Myeloproliferative neoplasms are clonal disorders of hematopoi-
etic stem cells. Essential thrombocythemia is a disease associated 
with isolated thrombocytosis and associated bleeding or thrombosis 
complications. The annual incidence of ET, which is very rare in child-
ren, is approximately 1 child in 10,000,000.38 Although JAK2 V617F 
mutation is detected in approximately 55% of adult ET patients, the 
genetic profile of pediatric cases has not yet been clarified due to the 
small number of patients. One of the certain diagnostic criteria for ET 
is that BCR-ABL rearrangements should not be detected.39 Problems 
related to bleeding and thrombosis are taken into consideration in 
treatment strategies and follow-up for ET patients. Although acetyl-
salicylic acid is generally the first choice, hydroxyurea and anagrelide 
can be added to drug combinations according to symptoms and plate-
let count.40 Because it is known that very high platelet counts can lead 
to acquired von Willebrand disease, acetylsalicylic acid should be used 
carefully. We discontinued acetylsalicylic acid because our patient’s 
platelet count was too high to be measured at the first application, 
and we applied low-molecular-weight heparin in terms of thrombosis 
risk. In addition, thrombopheresis was performed daily for 4 days to 
reduce the very high platelet count rapidly until the effectiveness of 
the drugs was revealed. There are some studies in which therapeutic 
thrombopheresis is effective in reducing thrombotic problems that may 
be caused by thrombocytosis in adult patients with myeloproliferative 
disorders.41,42 Similarly, there are some data about the efficacy and 
safety of hydroxyurea and anagrelide combined with imatinib mesylate 
in reducing platelet count in adults in chronic or accelerated phases of 
CML.43-45 We also administered hydroxyurea and anagrelide together 
with imatinib mesylate for a short time. We did not encounter any side 
effects and observed that these medications were effective in reducing 
the platelet count.

It has not been clarified how BCR-ABL coexists with JAK muta-
tion in CML. There are different opinions, such as a single clone car-

rying both abnormalities together or 2 different clones having these 
abnormalities separately.36 The definitive effect on the prognosis of this 
association, which has been recently defined in adult cases, is not yet 
known. There are case reports that JAK mutation may remain positive 
while BCR-ABL becomes negative with imatinib mesylate treatment and 
that second-generation tyrosine kinase inhibitors might be more effec-
tive in these patients due to the development of resistance to imatinib 
mesylate. In addition, it is emphasized that cases with persistent JAK 
mutation positivity should be followed up for development of polycythe-
mia vera or myelofibrosis.14 We also found JAK2 V617F mutation with 
BCR-ABL at the initial diagnosis of our patient. However, we did not 
add ruxolitinib to her treatment because the JAK2 V617F mutation was 
identified at a low variant allele frequency of 2% to 5%. The control JAK2 
V617F status of bone marrow 40 days after the initial diagnosis was 
found to be negative, and the BCR-ABL rearrangement ratio was signif-
icantly reduced. Presumably, in childhood CML cases with JAK2 V617F 
mutation accompanying at first diagnosis and without splenomegaly, re-
sponse to imatinib mesylate treatment can be better, and this mutation 
may become negative in the follow-up, unlike adults. Also, additional 
cytogenetic abnormalities with BCR-ABL can be detected in 5% to 10% 
of adult cases.46 It has also been reported that these are rare conditions 
in children and their effects on prognosis are uncertain.47 The karyo-
type analysis of our patient’s bone marrow was 46XX,t(9;22)(q34,q11.2)
[7]/92,XXXX,t(9;22)(q34,q11.2)[3]. The patient will be followed closely 
for the development of resistance to the first-generation tyrosine kinase 
inhibitor and need for stem cell transplantation.

Whereas JAK2, CALR, and MPL mutations are considered driver 
events, mutations in other genes, particularly TET2, ASXL1, and 
DNMT3A, are found in over half of patients with myeloproliferative 
disorders.48 In some pediatric case reports, cases with these mutations 
without BCR-ABL, which had similar laboratory and physical examina-
tion findings to CML, have been described as atypical CML.49,50 How-
ever, according to latest classification of the World Health Organization 

FIGURE 2.  Platelet counts during 1 month.
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in 2022, the term “myelodysplastic syndrome (MDS)/ myeloproliferative 
neoplasm (MPN) with neutrophilia” replaces the term atypic CML.48 
When the literature was reviewed in terms of other mutations detected 
with BCR-ABL, simultaneous ASXL1 mutations were detected in 3 pe-
diatric cases. Because it was a period before the use of tyrosine kinase 
inhibitors TABLE 2, all of them underwent stem cell transplantation, 
and 2 of them died.51

In conclusion, although the most common etiologies of 
thrombocytosis include reactive causes, such as secondary iron defi-
ciency anemia, infections, surgery etc. in childhood, extremely high 

platelet count and absence of splenomegaly on physical examination 
do not suggest CML initially for children. There are some concerns that 
patients with CML who have unusual physical examinations and lab-
oratory findings may rapidly progress to the accelerated phase; there-
fore, this is an important point to take into account. Moreover, the 
presence of additional genetic abnormalities with BCR-ABL require 
careful monitoring in terms of drug resistance or the development of 
other myeloproliferative diseases over time. Multicenter studies and 
further research are needed to better define these rare diseases in 
childhood.

TABLE 1.  Literature review of adult chronic myeloid leukemia cases with BCR-ABL and JAK2 V617F

References Age (years)/sex JAK2 V617F status Treatment Outcomes 

Kramer et al8 50/ M Simultaneous Imatinib BCR-ABL negative/ JAK2 positive

Campiotti et al9 69/ M Simultaneous Imatinib BCR-ABL and JAK2 decreased

Lewandowski et al10 80/ M Simultaneous Imatinib, hydroxyurea BCR-ABL decreased/ JAK2 positive

58/ M Simultaneous Imatinib BCR-ABL decreased/ JAK2 positive

80/ F Simultaneous Hydroxyurea BCR-ABL increased/ JAK2 positive

Pagnano et al11 73/ M Simultaneous Imatinib, hydroxyurea BCR-ABL decreased/ JAK2 positive

Hassan et al12 60/ M Simultaneous Hydroxyurea, imatinib Death

Hussein et al13 55/ M Simultaneous Imatinib BCR-ABL decreased/ JAK2 positive

Xu et al14 21/ F Simultaneous Imatinib BCR-ABL decreased/ JAK2 positive

Mirza et al15 73/ F Simultaneous Hydroxyurea, imatinib NA

Inami et al16 43/ M Simultaneous Interferon, hydroxyurea, imatinib BCR-ABL decreased/ JAK2 positive

Bornhauser et al17 66/ M Simultaneous Imatinib, hydroxyurea BCR-ABL increased/ JAK2 positive

Cambier et al18 64/ M Simultaneous Imatinib BCR-ABL decreased/ JAK2 positive

Scott et al19 NA/M Simultaneous Imatinib NA

Park et al20 36/ M Simultaneous Hydroxyurea BCR-ABL increased/ NA

58/ M Simultaneous Hydroxyurea, dasatinib BCR-ABL increased/ NA

De Conchon et al21 52/ F Simultaneous Hydroxyurea, imatinib BCR-ABL and JAK2 decreased

Pardini et al22 67/ M Simultaneous Imatinib, hydroxyurea BCR-ABL decreased/ JAK2 positive

Kim et al23 49/ M Simultaneous Imatinib, dasatinib BCR-ABL and JAK2 decreased

64/ M Simultaneous Imatinib, nilotinib BCR-ABL decreased/ JAK2 positive

Hussein et al24 45/ M Simultaneous Imatinib BCR-ABL and JAK2 decreased

32/M CML after MPN Anagrelide, hydroxyurea, imatinib BCR-ABL and JAK2 decreased

Veronese et al25 82/ F Simultaneous Imatinib, hydroxyurea, salicylic acid BCR-ABL decreased/ JAK2 positive

62/ M Simultaneous Imatinib, salicylic acid BCR-ABL decreased/ JAK2 positive

Caocci et al26 70/ M Simultaneous Interferon, imatinib BCR-ABL decreased/ JAK2 positive

Pastore et al27 42/ F Simultaneous Imatinib BCR-ABL decreased/ JAK2 positive

Lee et al28 53/ M MPN after CML Interferon, imatinib, anagrelide, hydroxyurea BCR-ABL decreased/ JAK2 positive

60/ F MPN after CML Imatinib, nilotinib, anagrelide BCR-ABL decreased/ JAK2 positive

Maerki et al29 77/ M Simultaneous Bortezomib, anti-CML therapy NA

Shi et al30 65/ M Simultaneous Hydroxyurea, Imatinib, Dasatinib BCR-ABL decreased/ JAK2 positive

Gattenlohner et al31 67/ M Simultaneous Imatinib BCR-ABL decreased/ JAK2 positive

Inokuchi et al32 43/ M Simultaneous Interferon, hydroxyurea, imatinib, dasatinib BCR-ABL decreased/ JAK2 negative

Ursuleac et al33 61/ M CML after MPN Hydroxyurea, imatinib BCR-ABL decreased/ JAK2 positive

Pingali et al34 39/ M CML after MPN Imatinib, dasatinib, nilotinib BCR-ABL decreased/ JAK2 positive

Warsi et al35 68/ M Simultaneous Imatinib, hydroxyurea, salicylic acid BCR-ABL negative/ NA

Frikha et al36 60/ M Simultaneous Imatinib NA

39/ F Simultaneous Imatinib BCR-ABL increased/ NA

Ali et al37 57/ M Simultaneous Hydroxyurea, dasatinib BCR-ABL decreased/ JAK2 negative

CML, chronic myeloid leukemia; F, female; M, male; MPN, myeloproliferative neoplasm; NA, not available
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ABSTRACT 

Chronic lymphocytic leukemia/small lymphocytic lymphoma (CLL/SLL) 

is the most common leukemia in adults in Western countries. Transfor-

mation of CLL/SLL to plasmablastic lymphoma (PBL) is exceedingly 

rare and often has an extremely poor response to treatment. A thor-

ough molecular workup may help in determining clonality-relatedness 

and prognosis. We describe two cases of CLL/SLL that transformed 

into PBL, with an extensive molecular workup in one case, and a re-

view of the literature.

Introduction
Chronic lymphocytic leukemia/small lymphocytic lymphoma (CLL/SLL) 
is a neoplasm composed of small mature B-cells. It is the most common 
leukemia among adults in Western countries, with an annual incidence 
rate of about 5 cases per 100,000 population.1 The disease usually 
follows an indolent course with many factors (patient demographics, 
clinical stage, and molecular markers) affecting the prognosis.

A subset of patients with CLL/SLL transforms into a more aggres-
sive lymphoma (Richter transformation), with a reported incidence of 
2% to 8%.2 Diffuse large B-cell lymphoma (DLBCL) accounts for 95% 
to 99% of the transformation cases whereas classic Hodgkin lymphoma 

and less common lymphoma subtypes comprise the remainder.3 Diffuse 
large B-cell lymphoma may be clonally related or unrelated to CLL/SLL. 
Establishing the clonal relationship is important because clonally re-
lated cases have a worse prognosis and are treated more aggressively. 
Clonally unrelated DLBCL has a prognosis similar to de novo DLBCL.4

Transformation of CLL/SLL to plasmablastic lymphoma (PBL) is ex-
ceedingly rare, with few cases reported in the literature.5–17 Here, we re-
view all reported cases that had a preexisting CLL/SLL in addition to 2 
cases we encountered in our practice. We discuss defining morphological 
and phenotypic features, diagnostic challenges, determining relatedness 
to the initial CLL/SLL, association with Epstein-Barr virus (EBV) infec-
tion, treatment, and outcome. Also, we discuss a detailed mutational 
and genetic analysis that was performed on 1 of our cases.

Methods
The pertinent samples available for pathologic assessment included 
bone marrow aspirate and core biopsy, pleural fluid, and axillary lymph 
node tissue. All the samples were processed and stained using standard 
procedures. Immunohistochemical stains, flow cytometry, and molec-
ular testing18 were performed using standard techniques. Please see the 
supplementary material for details on procedures, antibodies, primers, 
and probes used.

Case 1
An elderly patient with chronic kidney disease and monoclonal 
gammopathy was examined to rule out plasma cell neoplasm. A bone 
marrow biopsy was performed. The marrow aspirate showed trilineage 
hematopoiesis and frequent mature-appearing, mainly small lymphoid 
cells with scant cytoplasm, condensed nuclear chromatin, and inconspic-
uous nucleoli as well as few plasma cells. The bone marrow core biopsy 
(40% cellular) showed multiple lymphoid aggregates of small lymphoid 
cells (FIGURE 1A). Immno histochemical staining revealed aggregates 
of CD19-positive B cells (25% of total) expressing CD23 (FIGURE 1B) 
and immunoglobulin (Ig)M (dim) and interstitially present, CD138-
positive, plasma cells (5% of total) expressing IgM. Cyclin D1 was neg-
ative in both.

Flow cytometric analysis revealed a monotypic B-cell population 
(29%) which was small in size and positive for CD5, CD19, CD20, CD22, 
CD200, CD5, HLA-DR, and CD45 with kappa light chain restriction 
(FIGURE 2A). CD38 was negative. In addition, a population of plasma 
cells comprising 2% of the total sample was also identified which was 

D
ow

nloaded from
 https://academ

ic.oup.com
/labm

ed/article/54/6/e177/7224274 by guest on 24 February 2025

journals.permissions@oup.com
https://orcid.org/0000-0002-0037-2707
mailto:saja.asakrah@emory.edu
https://doi.org/﻿10.1093/labmed/lmad060


2023;54:e177-e185  |  https://doi.org/10.1093/labmed/lmad060e178

FIGURE 1.  Bone marrow core biopsy -case1 (A-B): (A) H&E section shows multiple interstitial lymphoid aggregates are present 
(focally paratrabecular). The vast majority of the lymphocytes are small and mature-looking. (B) B-cells are estimated as about 25% 
of cells in sections, and positive for CD23. Pleural fluid- case-1 (C-D): (C) W-G stained smear demonstrates numerous large lymphoid 
cells with mono/multi nuclei, prominent nucleoli and moderate amount of cytoplasm with vacuoles. (D) The neoplastic cells are 
positive for IgM, and negative for ALK1 and HHV-8 immunostains (not shown). Lymph node biopsy-case-2 (E-F): (E) mostly shows 
small monomorphic mature lymphocytes. (F) Immunohistochemical stains on the lymph node biopsy reveal the cells to be positive 
for CD23 as well as other stains that are not shown including CD5, CD20, and PAX5. Pleural fluid-case-2 (G-H): (G) Monotonous 
proliferation of plasmablast-like cells. (H) These cells were positive for MUM1. H&E: hematoxylin and eosin, WG-Wright–Giemsa stain.
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positive for CD38, CD138, CD19, CD27, CD81, CD200, and CD45 (dim) 
with kappa light chain restriction (FIGURE 2A). Cytogenetic studies 
showed a normal karyotype, 46, XX (30).  A fluorescence in situ hybrid-
ization (FISH) panel for CLL revealed monosomy 6 in 44% of the cells 
(FIGURE 3A), whereas a FISH panel for plasma cell myeloma did not re-
veal any abnormalities. The phenotype is characteristic of CLL/SLL. A dif-
ferential diagnosis of B-cell lymphoma with plasmacytic differentiation 
including CLL/SLL, marginal zone lymphoma, and lymphoplasmacytic 
lymphoma versus coexisting mature B-cell lymphoma with IgM plasma 
cell dyscrasia/IgM monoclonal gammopathy of undetermined signifi-
cance were considered. The phenotypic and cytological characteristics 
are more supportive of CLL/SLL. At that time, the patient was asymp-
tomatic with mild anemia, and therefore a “wait and watch” approach 
was adopted.

One month later, the patient presented with a large right-sided 
pleural effusion. A positron emission tomography scan revealed nu-
merous fluorodeoxyglucose-avid lymph nodes within the neck, axillae, 
right hilar region, retroperitoneum, and bilateral inguinal region. Mi-
croscopic examination of the pleural fluid revealed numerous large 
plasmablast-like cells with single or multiple nuclei, prominent nucleoli, 
and cytoplasmic vacuoles (FIGURE 1C and D). Flow cytometric anal-
ysis revealed 2 populations: a monotypic plasmacytic population (26% 
of the total events) with large cell size, positive for CD38, CD138, 
CD45(dim) with cytoplasmic kappa light chain restriction and negative 
for CD19, CD20, CD22, CD11c, CD5, CD10 and CD200 (FIGURE 2B), 
and a monotypic small cell size B-cell population (2% of the total events), 
which was positive for CD19, CD20, CD22, CD5, CD200, HLA-DR, CD45 
(bright), CD26 (dim) with a cytoplasmic kappa light chain restriction 
and negative for CD38 (FIGURE 2B). Additionally, the plasmablast-like 
cells were positive for IgM (FIGURE 1D) and negative for ALK-1 and 
human herpes virus 8 (HHV-8) by immunohistochemistry and negative 
for EBER by in situ hybridization. A FISH test for 6q23 was performed 
on the pleural fluid cell block and showed monosomy 6 in 39% of cells 
(FIGURE 3B).

Whole exome and transcriptome sequencing using the Duoseq plat-
form19 revealed that both the plasmablast-like cells and the cells from 
CLL/SLL had TP53 E258K, TP53 T155S, and KMT2D R4964C mutations. 
Additionally, both also had t(2;3). The plasmablast-like cells showed 

MYC-IGH fusion t (8;14), and t (1;6), which were not seen in the cells 
of CLL/SLL. The MYD88 mutation was not identified in either CLL or 
plasmablastic neoplastic cells (complete findings in TABLE 1)

The patient was treated with an anti-CD38 (daratumumab)-based 
regimen with an initially remarkable clinical response. However, the 
response was not sustained, and the patient’s disease progressed. The 
therapy was changed to rituximab, doxorubicin, dexamethasone, vin-
cristine, and cyclophosphamide (R-CHOP). The patient’s disease became 
refractory to therapy and unfortunately, she died.

Case 2
The second case involved an elderly patient with a history of left-breast 
invasive ductal carcinoma and CLL/SLL. The patient’s breast carcinoma 
and CLL/SLL were diagnosed simultaneously in an axillary lymph node 
biopsy.

The lymph node biopsy findings were consistent with CLL/SLL with 
no evidence of transformation (mature small lymphocytes, positive for 
CD5, CD20 [dim], CD23, and PAX5 (FIGURE 1E and F) and negative 
for CD10, CD30, CD15, BCL-6, cyclin D1, with a low Ki67. A subsequent 
bone marrow biopsy revealed up to 90% involvement by similar B-cell 
lymphoma. The flow cytometric analysis performed on the same sample 
revealed a kappa-restricted mature B-cell population positive for CD19, 
CD20, CD22, HLA-DR, and CD5 (dim) (FIGURE 2C). The patient was 
prescribed bendamustine. Rituxan was also prescribed but was held 
after the first cycle.

Five years after the initial diagnosis, the patient developed right 
pleural effusion with monotonous proliferation of plasmablast-like 
mononuclear cells positive for MUM1 (FIGURE 1G and H) and CD30, 
CD45, c-MYC (partial), and CD3 (partial) with kappa light chain restric-
tion (by in situ hybridization). The cells were diffusely positive for EBER 
(ISH) and negative for CD20, CD79a, PAX5, CD138, CD56, Cyclin D1, 
HHV-8, ALK-1, pan-keratin AE1-3, GATA-3.

Flow cytometric analysis revealed a distinct kappa-restricted pop-
ulation of plasmacytic cells positive for CD38 (bright), CD56 (bright), 
CD138 (dim), CD22 (dim) and CD81 and negative/dim for CD45 
(FIGURE 2D). IGH/IGK (immunoglobulin heavy and light chain) gene 
rearrangement polymerase chain reaction studies on the pleural fluid 

Figure 1.  Continued
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FIGURE 2.  Representative dot-plots of 10-color flow cytometry analysis (antibody-fluorochrome combination is listed along 
the axes of the plots): (A) Case1 CLL/SLL: Monotypic B-cell population (green population), small cell size, 29% of total analyzed 
cells): Positive for CD19, CD5, CD200, CD45, and exhibits kappa immunoglobulin light chain restriction. Plasma cell population 
(Blue population) positive for CD19, CD200 (bright), and surface kappa light chain. T/NK-cells painted cyan. (B) Case1 PBL: 
Monotypic plasmablast-like population (blue) 26% of total analyzed events): Positive for CD38, and showing cytoplasmic kappa 
light chain restriction. Monotypic B-cells 2% (green) showing kappa light chain restriction (C) Case2 CLL/SLL: Monotypic 
B-cell population (blue) 80% positive for CD19, CD5(dim), CD20, CD200 (bright), and exhibits kappa immunoglobulin light chain 
restriction. (D) Case 2 PBL: A distinct plasmablast-like population (blue), positive for CD38, CD138 (dim), CD56 (bright), and 
kappa restriction.
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sample and the initial right axillary lymph node biopsy showed sim-
ilar peaks in both samples, indicating clonal relatedness (FIGURE 4). 
The patient received DA-R-Velcade EPOCH (dose adjusted rituximab, 
bortezomib [velcade], etoposide, prednisone, vincristine, cyclophos-
phamide, and doxorubicin). The patient’s clinical condition unfor-
tunately worsened, and a computed tomography scan confirmed 
refractory disease.

Discussion
There are multiple recognized large B-cell lymphomas that are 
characterized by plasmablastic differentiation that require a specific 
immunohistochemistry panel and diligent clinical correlation for de-
finitive identification.20 Some of these lymphomas are often associated 
with immunosuppression, such as primary effusion lymphoma and PBL, 
whereas others are characterized by certain genetic aberrations, such as 

FIGURE 3.  (A) Case 1 CLL/SLL: A FISH panel for CLL revealed monosomy 6 in 44% of the cells. (B) Case 1 PBL: FISH test for 
6q23 performed on the pleural fluid cell block section showed monosomy 6 in 39% of cells.

TABLE 1.  Molecular and cytogenetic testing results for case 1

Variants identified by WES and Translocations/fusions Chronic lymphocytic leukemia Plasmablastic lymphoma 

TP53 E258K Present Present

TP53 T155S Present Present

KMT2D R4964C Present Present

MYC-IGH fusion,
 t(8;14)(q24;q32)

Absent present

RCC; IRF4,
t(1;6)(p35;p25)

Absent present

ANKMY1; Unknown
t(2;3)(q37;p21)

Present present

FBXL5; Unknown
T(4;13)(p15;q14)

Absent present

FIGURE 4.  Case 2 B-cell IGH/IGK gene rearrangement PCR studies on the initial right axillary lymph node sample (A) and the 
pleural fluid sample (B) show similar peaks (150 bp and 200 bp) of kappa light chain, indicating clonal relatedness.
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ALK-positive DLBCL. In rare situations, lower-grade lymphomas12 or 
plasma cell myeloma21 may show plasmablastic transformation as the 
disease progresses. Plasmablastic transformation of CLL/SLL is exceed-
ingly rare with very few reported cases5–17 (see TABLE 2).

In addition to what has been reported elsewhere, we present 2 
CLL/SLL cases that subsequently transformed into PBL. Both cases 
presented with pleural effusion with numerous neoplastic cells morpho-
logically and phenotypically consistent with plasmablasts. The lack of 
ALK-1 and HHV-8 staining by immunohistochemistry rule out ALK-1-
positive DLBCL and HHV-8-associated lymphoproliferative disorders, 
respectively.

Demonstrating shared genetic aberrations, molecular mutations, 
and IGH/IGK clones between the CLL and PBL lymphoma cells are the 
best diagnostic methods to confirm the plasmablastic transformation of 
CLL. Only a few cases of CLL/SLL and PBL with proven clonality related-
ness have been reported (see TABLE 2). In a few cases, a common clonal 
origin was demonstrated between the plasmablastic cells and the CLL/
SLL cells by IGH gene rearrangement molecular studies.6,8–12 Gasljevic et 
al5 used the presence of trisomies 12, 3, and 8 in both the original CLL 
and the transformed cells as proof of clonal relatedness. Ramalingam 
et al15 and Pines et al17 assumed clonal relatedness based on heavy and 
light chain restriction, but this could not rule out de novo PBL. In a large 
subset of the reported cases, cytogenetic and molecular studies were ei-
ther not done7,13,17 or did not display clonal relatedness.14,16 Clonality 
relatedness with the initial CLL/SLL is demonstrated in both of our 
cases. Similar mutations, genetic aberrations, and light chain restric-
tion in the CLL cells and the plasmablastic cells were observed in the 
first case. Both CLL and PBL lymphomas showed monosomy 6, by FISH, 
and similar TP53 and KMT2D mutations (see TABLE 1). Similar clonal 
peaks on IGH/IGK gene rearrangement studies on both the CLL cells and 
plasmablastic cells are observed in the second case. In both cases, these 
genetic findings support the diagnosis of a plasmablastic transforma-
tion of the patient’s known CLL/SLL.

Unique to this report, a comprehensive mutational analysis was 
performed in case 1, which not only showed the common TP53 and 
KMT2D mutations between the CLL and PBL clones but also showed 
additional MYC and IRF4 rearrangement exclusively in the transformed 
PBL lymphoma (TABLE 1). It is well known that TP53 gene disruptions 
confer poor prognosis and treatment resistance in B-cell lymphomas, 
including CLL.22,23 Chronic lymphocytic leukemia clones with TP53 mu-
tation show expansion and fitness advantage under therapeutic selec-
tion.24

Mutations in KMT2D have been implicated in multiple B-cell 
malignancies with high frequencies in follicular lymphoma and DLBCL; 
however, it has been rarely reported in CLL, particularly in Western study 
cohorts.25–27 The KMT2D mutation is more frequent in Chinese patients 
with CLL and is an independent risk factor for disease progression and 
earlier treatment.28 The IRF4 gene is located in chromosome 6p25-p23 
in humans and encodes the IRF4 transcription factor that is abundantly 
expressed in macrophages, dendritic cells, B cells, plasma cells, and acti-
vated T cells. It regulates the differentiation and development of B cells. 
IRF4 gene rearrangement is found in a well-recognized large B-cell lym-
phoma entity by the World Health Organization with distinct morphologic 
and clinical features. It is rarely reported in low-grade B-cell lymphomas.29 
We found a single study that reported t (1;6) resulting in IRF4 rearrange-
ment in 8 CLL cases.30 In this study, t (1;6) was found exclusively in 
unmutated CLL and was frequently associated with an advanced clinical Pa
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stage and transformation to DLBCL. The role of MYC translocations in 
CLL is well studied.31–33 MYC translocations in CLL are associated with 
increased prolymphocytes, complex cytogenetic abnormalities, and a poor 
prognosis. In addition, MYC gene rearrangement is not uncommonly seen 
in de novo and transformed PBL.12,20 All these genetic changes could ex-
plain the aggressive clinical course and poor response to therapy in our 
case. However, their role in the plasmablastic transformation of CLL is not 
known and requires further investigation.

Epstein-Barr virus–driven PBL is often associated with dysfunctional 
immune response and HIV infection and presents as a de novo disease34. 
It is rarely reported in transformed PBL.6,12 Only 1 of our PBL cases and 
1 of the reported transformed PBL cases12 (see TABLE 2) showed EBV 
positivity with a proven clonal relatedness to the initial CLL. Recent 
studies show EBV infecting a subset of chronic lymphocytic leukemia 
cells, particularly observed under immunosuppressive medication and 
often associated with a more clinically aggressive course and Richter’s 
transformation, which may represent a novel type of immunodeficiency-
related lymphoma.35 Case 2 was negative for HIV; however, the patient 
received a platin-based regimen for a nonhematology malignancy, which 
might have caused immune dysregulation and subsequent EBV-driven 
plasmablastic transformation. There was no HIV testing for case 1 and 
the patient did not receive any chemotherapy before the transformation.

Treatment for a transformation to PBL requires an aggressive and 
multimodal (radiation and chemotherapy) approach.6–17 Both mye-
loma and lymphoma-based regimens were attempted in the limited 
number of reported cases with no improvement in outcome. Previously 
reported cases have used cyclophosphamide, vincristine, dexametha-
sone, etoposide, bortezomib, rituximab, prednisone, and doxorubicin 
in different combinations and doses6–8,12–16 (see TABLE 2). One case 
report reported the use of daratumumab as well.6 In all the previously 
reported cases, the patients died despite aggressive treatment.5–17 In 
our cases, the first case was initially treated with daratumumab with an 
initial good response but was changed to doxorubicin, Rituxan, dexa-
methasone, vincristine, and cyclophosphamide after relapse. The second 
case was treated with 1 cycle of R-CHOP which was changed to DA-R-
Velcade-EPOCH. Unfortunately, both patients’ diseases had an overall 
poor response to therapy, and follow-up ended with refractory disease.

Conclusion
In conclusion, we have described 2 cases of CLL that transformed into 
clonally related PBL. The clonal relation, in the first case, was proved by 
the presence of similar mutations and light chain restriction in the CLL 
and PBL cells. In the second case, clonality was proven by the presence 
of clonal rearrangements with similar peaks in IGH/IGK studies on both 
the CLL cells and plasmablastic cells. For the first case, a thorough mo-
lecular workup revealed the presence of TP53 and KMT2D mutations in 
both the CLL and PBL and the acquisition of new translocations, t(1;6) 
and t(8;14), by the PBL cells. These genetic abnormalities may play a crit-
ical role in the disease’s progression and transformation. Immunosup-
pression before transformation (case 2) may also have a role in disease 
progression and transformation.
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ABSTRACT 

Objective:  Patient Safety Monitoring in International Laboratories 

(pSMILE) is a resource ensuring quality testing in clinical laboratories 

performing National Institutes of Health–funded HIV research requiring 

specific staff training. We demonstrate the development of an online 

asynchronous training model using Kern’s 6-step approach to support 

pSMILE functions.

Methods:  An existing curriculum was revamped to incorporate Kern’s 

approach. Metrics for success were described in rubrics with feed-

back guiding improvements and updates.

Results:  Curriculum updates took more than a year. Direct observations 

of skills informed curriculum changes. Module self-evaluations were 

reviewed to assess performance and the overall curriculum. The con-

tent, curriculum, and training documentation were deemed compliant 

with International Organization for Standardization (ISO) 9001:2015.

Conclusion:  Asynchronous training for highly skilled and self-directed 

staff is a novel way to deploy training while maintaining productivity 

of existing staff. Feedback and evaluation allowed for curriculum 

updates including previously underdeveloped topics. Kern’s approach 

ensured that the needs of the sponsor, management, laboratories, and 

learners were met.

Introduction
Patient Safety Monitoring in International Laboratories (pSMILE) is a 
contract resource between the National Institutes of Health (NIH) Di-
vision of AIDS (DAIDS) and Johns Hopkins University  with a mission 
to provide laboratory quality assurance support, guidance, and training 
to international clinical laboratories performing NIH-funded research 
originally focused on HIV but now including other infectious diseases. 
The 10 technical team members of pSMILE are medical laboratory 
scientists (MLSs) with an average of 20 years of clinical laboratory expe-
rience in diverse settings and disciplines. Staff members are credentialed 
laboratorians, holding MLS certifications from the American Society for 
Clinical Pathology and American Medical Technologists. They possess 
a wide range of experience from large university hospital laboratories 
and commercial laboratories as well as international research and clin-
ical laboratories. Team members also possess a wide range of knowl-
edge and experience gained from working in nearly every department, 
including chemistry, hematology, immunology, microbiology, and flow 
cytometry.1 The international quality assurance/quality control (QA/
QC) coordinators are expected to use their professional knowledge of 
clinical laboratory principles, theories, practices, and methodologies 
to review and recommend quality improvement, assurance and control 
programs in international laboratories. This includes extensive work co-
ordinating and monitoring external quality assessment (EQA) , also re-
ferred to as proficiency testing, activities.

Although our work encompasses the knowledge and experience 
gained from working in clinical laboratories, it is unique, requiring spe-
cific and detailed training. Each employee works with approximately 20 
international laboratories on a variety of issues related to compliance 
with DAIDS good clinical laboratory practice (GCLP).2 We have developed 
standard operating procedures (SOPs) for all of the types of laboratory 

© The Author(s) 2023. Published by Oxford University Press on behalf of American Society for Clinical Pathology. All rights reserved. For permissions, please e-mail: 
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assistance that we provide. All new employees need to be thoroughly 
trained in pSMILE procedures as well as taught how to interact and 
navigate the collaboration between the laboratories, NIH, and clinical 
trials networks and investigators that perform the research studies. Ad-
ditionally, many of our core function processes are automated, driven 
by 3 databases designed and created by the pSMILE information tech-
nology (IT) team. These automated processes are complex and require 
extensive training to ensure that the deliverables of the contract are ful-
filled in compliance with our contractual requirements, GCLP standards 
and our ISO 9001:2015 certification. Completion of the entire training 
curriculum for new pSMILE employees takes approximately 12 months 
and includes an online asynchronous training program combined with 
1-on-1 mentorship training with current staff members.

This online asynchronous training program was designed for new 
pSMILE employees in 2007.3 Over the years, portions of the curriculum 
were updated to align with changes to the pSMILE project scope and direc-
tion. With an evolution in workflow and documentation of processes, the 
pSMILE training team undertook a complete redesign of the curriculum 
in 2013 using the Six-Step Approach to Curriculum Development for 
Medical Education by David Kern.4,5 The delivery method was also moved 
from the Moodle open-source software (moodle.org) platform to Black-
board (Blackboard.com) in 2017. The program was thoroughly reviewed 
and updated again in 2020 to ensure that the modules remained current 
and relevant. In 2021, the curriculum was once again modified to address 
a staffing shortage that necessitated more expeditious training, with a re-
duction in training time from 9 months to 4 months. See FIGURE 1 for 
timeline summary. Herein we describe our experience with the creation 
of an online asynchronous training model to ensure evidence-based edu-
cation that produces International QA/QC Coordinators who are compe-
tent and prepared to assist international laboratories.

Kern’s approach identifies 6 progressive steps to evaluate the 
curriculum’s applicability, appropriateness, and feasibility. Applicability can 
be defined as the determination that the curriculum meets the goals and 
objectives of the training program. Appropriateness refers to the notion 
that the instructional procedures work well for both the targeted learners 
and the curriculum content. Feasibility can include both budgetary and lo-
gistical considerations. It is the process of determining that what may ap-
pear to be a great curriculum in theory can actually be practically achieved.

The steps to curriculum development as described by Kern are meant 
to create a cyclical process in which the steps influence each other, al-
though they are presented in sequential order.4,5 The 6 steps are as 
follows: (1) problem identification and general needs assessment, (2) 
targeted needs assessment, (3) goals and objectives, (4) educational 
strategies, (5) implementation, and (6) evaluation and feedback. Each 
of the 6 steps leads the developer through a series of questions designed 
to help guide the creation or redesign of the curriculum. The steps are 
described below along with pSMILE’s assessment of each of the succes-
sive steps (also see FIGURE 2). The format and the additional questions 
in each step were completed according to the Kern model.

Step 1: Problem Identification and General Needs 
Assessment
In step 1 of Kern’s approach, the educator identifies the problem that 
necessitates a new (or modified) curriculum and compares the current 
educational approach with the ideal approach. This allows the identifi-
cation of limitations in the existing curriculum and the proposal of im-
provement that will address the needed end product of the curriculum.

Problem Identification
The pSMILE staff must be adequately and appropriately trained to en-
sure the health and safety of research study participants, the integrity 
of study data, and the safety of the international staff performing lab-
oratory testing. Although the staff are experienced MLSs, the job of an 
international QA/QC coordinator is complex and requires training to 
ensure that staff meet contractual and regulatory requirements, in addi-
tion to possessing the technical skills to perform the job.

Limitations in Curriculum Prior to Redesign
pSMILE international QA/QC coordinators were previously trained using 
an asynchronous training curriculum developed in 2006 using the Moodle 
delivery platform.6 As of 2013, the curriculum had not been updated, al-
though many internal pSMILE procedures had changed. In addition, the 
pSMILE contract had just been renewed for 7 more years. The new pSMILE 

1
Training

curriculum
developed

using Moodle
platform

2007

3
Moved to

Blackboard
platform;
further

updates
made based
on feedback

2016

5
Revisions
made to

incorporate
new virtual

work
environment
and to make
the process

more
expeditious

2021

2
Complete
redesign

using Kern’s
approach

2013

4
Updates

made based
on feedback
from trainees
with addition

of several
new training

topics

2020

FIGURE 1. Timeline summarizing the evolution of the pSMILE training curriculum.
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contract contained many changes in approach, scope, and requirements 
that needed to be incorporated into an updated curriculum.

Following completion of the Moodle online training modules, new 
pSMILE staff members were paired with experienced coordinators for 1 
to 2 weeks. New employees were rotated through the staff to give them 
exposure to unique styles and approaches to solving problems and to a 
wide variety of projects and tasks. Although the mentorship rotations 
were effective, they lacked a standardized, validated assessment tool to 
ensure the learners acquired the desired knowledge from the rotation.

Approaches to Improve Curriculum
By evaluating what had been the existing approach and comparing it 
with an ideal approach, Kern guides us to analyze the gaps between cur-
rent practice and what we seek to achieve. By delineating between the 
responsibilities of the sponsor, the contracted organization, and the 
contract team itself, we were able to identify external resources to assist 
with the comprehensive training. We were also able to focus our efforts 
on the finer details of pSMILE coordinator task training and identify 
ways to improve over the current training model.

Sponsor
•	 Provides training to all new pSMILE employees on GCLP- and NIH-

specific procedures for completion of contract deliverables

Institution
•	 Provides institutional/department-based mandatory training

•	 Provides access to basic computer skills training (MS Outlook, MS 
Excel, MS Word, SharePoint, MS PowerPoint)

pSMILE
•	 Provides in-depth, hands-on training in all pSMILE processes and 

procedures
•	 Provides simulated training working with mock scenarios to 

build familiarity and comfort level with pSMILE processes and 
procedures

•	 Provides up to 2 weeks of 1-on-1 mentorship with each of the 
experienced pSMILE coordinators, which has clear objectives, 
requirements for covered topics, and an assessment tool to ensure 
that the mentorship rotation is effective.

Step 2: Targeted Needs Assessment
A curriculum for the training of new pSMILE coordinators already 
existed. The program had been highly successful and was used to train 
8 coordinators. However, areas for improvement in the program were 
identified through the feedback of learners and trainers, leading us to 
identify this as a targeted environment that could benefit from curric-
ulum redesign. In step 2, Kern suggests that the educators focus on the 
needs of the targeted learners. To determine the needs of the targeted 
learners, the following methods were used: (1) review of the curric-
ulum with the education/training committee to determine applicability 
and effectiveness, (2) careful review of the contract to ensure that the 
training program met the requirements of the new contract, and (3) 

Step 1:
Problem

Job requirements are complex.
Current curriculum does not
address comlpexity. Need for
improved delivery method to ensure
contractual obligations are met.

Combination of self-directed
asynchronous online learning
and one-on-one mentorship.

Step 2:
Targeted needs

assessment

Feedback from learners,
experienced staff, and
trainers indicate that the
program is effective.
Additional changes made
based on needs of the
contract.

Determination of resources
required including budget,
personnel and equipment.
Assessment of
communication styles and
barriers to communication.

Learner has previous
laboratory experience, but

required for the job.
Curriculum needs more
real-life applicability which
can be enhanced by
providing simulated case
load and mentorship.

Detailed curriculum
developed with Goals,
Objectives, Methods, and

Step 3:
Goals and
objectives

Step 6:
Evaluation

Step 5:
Implementation

Step 4:
Educational
strategies

FIGURE 2. Steps for curriculum development as assessed by pSMILE. Thomas, Patricia A., MD, David E. Kern, MD, MPH, Mark 
T. Hughes, MD, MA, Sean A. Tackett, MD, MPH, and Belinda Y. Chen, MD, eds. Curriculum Development for Medical Education: 
A Six-Step Approach. pp. 9, Figure 1.1 . © 2022 Johns Hopkins University Press. Figure reprinted with permission of Johns 
Hopkins University Press.
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informal discussions with experienced pSMILE staff, many of whom 
completed the curriculum, to obtain suggestions for improvement.

Targeted Learners
The targeted learners for this curriculum are new employees of the 
pSMILE project. The learners are experienced MLSs with extensive 
backgrounds in all areas of the clinical laboratory. They typically have 
some background in QA, QC, laboratory audits, and proficiency testing. 
They may or may not have international experience, which also affects 
how well they comprehend the nature of the work and how quickly they 
assimilate certain aspects of the curriculum.

Needs Assessment
Informal feedback from learners and trainers using the Moodle curric-
ulum modules was previously used to make changes and updates to the 
training modules. However, the need to completely redesign the curric-
ulum was determined based on the response by learners and trainers 
alike that the modules felt somewhat disjointed and at times lacked con-
tinuity. The training committee surveyed recent graduates of the pro-
gram and the project manager and determined that a simulated work 
environment would provide the best sense of continuity to the modules.

Survey of Recent Graduates, Trainers and Management
Kern’s model for curriculum development relies heavily on the feedback of 
all recent participants in the training program to inform improvements. 
Prior to the initial redesign of the curriculum in 2013, The 3 most recent 
graduates of the training curriculum were surveyed to determine their 
feedback on the current program’s strengths and weaknesses. At the 
time, there had been very little turnover in staff, so the number of recent 
graduates was small. To further validate the need for change, current and 
former trainers were also interviewed informally to determine feedback 
on the program’s effectiveness and difficulties in delivering it.

All felt that the modules were valuable but lacked depth and connection 
to the actual work at pSMILE. They also felt that the modules stood discon-
nected from one another, making it difficult to understand how the pieces 
of the curriculum fit together to make up a typical pSMILE coordinator’s 
caseload. All recent graduates felt that using a simulated caseload of inter-
national laboratories would help add relevance to each module.

The pSMILE management acknowledged gaps in the existing Moodle 
training, such as handling investigation reports required when a labo-
ratory has unsatisfactory performance on a proficiency testing event. 
Management agreed that the use of a simulated caseload would improve 
the training program.

Since the initial redesign, an additional 5 coordinators were trained 
on the new curriculum. Their feedback allowed for the continued im-
provement of the program, a key to the Kern model, which is not meant 
to be static but rather an ongoing, fluid process of improvement. Trainee 
feedback was reviewed by the training team at the completion of each 
module. When trainee responses identified problems in training organi-
zation or content every effort was made to address the issue in real time.

Step 3: Goals and Objectives

Goals
The goal of the training curriculum is to develop pSMILE international 
QA/QC coordinators who are competent to perform all tasks required to 

provide laboratory QA support, training, and guidance to NIH-funded 
international HIV research laboratories.

Objectives
The module-specific objectives were written to address specific tasks re-
quired for job performance. The detailed steps for each of these tasks are 
outlined in the pSMILE internal SOPs. Trainees are expected to meet the 
objectives in adherence to the pSMILE Internal SOPs. Detailed curric-
ulum objectives are provided in TABLE 1, which contains a summary of 
each training module of the newly developed curriculum.

Step 4: Educational Strategies
Kern’s step 4 identifies and selects educational strategies that will allow 
the curriculum to attain the goals identified in step 3.

The educational strategy developed uses a combination of online 
asynchronous training modules originally delivered via the Moodle on-
line platform. Once the curriculum was revised, the individual training 
topics were loaded onto the Blackboard platform. Additional training is 
provided by 1-on-1 mentoring with experienced coordinators. The online 
training modules are designed to simulate the work environment of an 
international QA/QC coordinator by providing the learners with a case-
load of simulated international laboratories. The pSMILE skills must be 
built onto the learners’ prior knowledge, and the Moodle modules allow 
for a constructivist method of building this expertise. The use of simu-
lation reinforces the construction of new knowledge and incorporates 
experiential learning by allowing the learner to experience the typical 
workflow of the pSMILE job.

After completing the online training modules, the learner works side 
by side with an experienced coordinator on a 7-week rotation. During 
the mentorship rotation, the learning is at first observational learning. 
The trainee learns by observing their mentor and is then given a chance 
to reinforce that learning by reproducing the mentor’s work. By the end 
of the rotation, the trainee should be completing all the work with the 
mentor standing by to observe and correct any mistakes, allowing for 
experiential learning. By spending 1 week with each coordinator, the 
learner is exposed to a variety of work styles and experiences the daily 
workflow of the pSMILE project firsthand.

Content
The curriculum content was designed to provide pSMILE international 
QA/QC coordinators with the specific skills needed to perform all job 
duties. Completion of the training program serves as the evidence of 
initial competency of newly hired staff.

Methods
Blackboard asynchronous training modules are followed by 1-on-1 men-
torship by experienced pSMILE coordinators. Time for completion of 
this portion of the training is approximately 6 months. The content out-
line (TABLE 1) is very similar to the original curriculum. The full curric-
ulum contains 17 topics. Following the successful completion of the first 
10 training topics, new coordinators will be assigned their first set of site 
laboratories. Topics 1 through 10 include orientation and an overview 
of the project followed by detailed training on the daily operations and 
job duties of the coordinators. Topics 11 through 17 provide additional 
specialized supplemental skills, such as validation and travel procedures, 
which can be completed after the coordinators begin working with their 
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TABLE 1. pSMILE training curriculum for international QA/QC coordinators

Module number: name (approx. 
time to complete) 

Summary of learning objectives Summary of measurement of proficiency 

1: Introduction
(1 week)

•	 Select and access the appropriate tools to begin the training pro-
gram

•	 Schedule and complete required JHU-specific training modules
•	 Describe the applicable components of the work environment
•	 Review and prepare for the requirements for working remote or 

virtual

•	 Complete and pass all quizzes for institution -specific modules (with a 
minimum of 80% score) and required DAIDS IT security training

•	 Print out and begin completing items on the pSMILE training 
checklist

•	 Demonstrate ability to work off site productively from laptop through 
using the current method for connecting to the pSMILE server

2: International Involvement and 
Diversity
(1 week)

•	 Explain the role of the pSMILE contract within the DAIDS Interna-
tional HIV studies

•	 Demonstrate knowledge and understanding of the pSMILE con-
tract, workflow, network/NIH partners and international involve-
ment

•	 Demonstrate awareness and knowledge of pSMILE’s mission, vi-
sion, and core values

•	 Discuss the role of pSMILE and the pSMILE contract
•	 Discuss pSMILE’s mission, vision, and core values
•	 Discuss the assigned diversity activities

3: Protocols, PALs and Preparing 
Site Folders
(1 week)

•	 Correctly follow approved methods of pSMILE data collection, 
storage, and development

•	 Identify the laboratory safety testing used in NIH supported 
studies

•	 Correctly follow approved methods to set up a new laboratory on 
the pSMILE internal server

•	 Correctly prepare a laboratory site folder complete with subfolders 
following pSMILE internal SOPs

•	 Review assigned SOPs and network protocols
•	 Complete a spreadsheet that relates information from network 

protocols to the information in the corresponding site PALs

4: GCLP & QM
(1 week)

•	 Navigate DAIDS GCLP guidelines
•	 Detect DAIDS GCLP failures

•	 Complete and pass the required DAIDS GCLP online course
•	 Discuss current DAIDS GCLP Guidelines and other QM resources
•	 Discuss the pSMILE quality policy and QM system

5: Site Assessment and Action 
Plans
(1 week)

•	 Interpret DAIDS requirements from an annual Laboratory Assessment 
report

•	 Develop APs using available resources and review the process of 
working with a site to resolve AP items

•	 Discuss best practices for communication with site laboratories 
via email

•	 Review assigned audits and related APs
•	 Prepare a complete AP from an assigned Laboratory Assessment re-

port
•	 Prepare an Audit/AP email using pSMILE template

6: EQA Theory
(2 weeks)

•	 Explain purpose and identify significant items and attachments in 
the EQA Summary, Schedule, and EQA Monthly Report

•	 List major EQA providers, log into and navigate major provider 
websites using own accounts

•	 Identify qualitative and quantitative peer group information from 
different providers’ Participant Summary Reports

•	 Use HIV package inserts to determine correct information on 
assay and results

•	 Demonstrate comprehension of the critical sections of each EQA doc-
ument type as outlined in the topic 6 Assignments section by inde-
pendently successfully completing 80% of the tasks

•	 Use HIV test package inserts to correctly identify test generation, re-
porting requirements and testing method

7: AutoSMILE
(8 weeks)
*This includes working with each 
coordinator for 1 to 2 weeks after 
completion of topic 8

•	 Navigate the AutoSMILE home page
•	 Enter and review EQA results
•	 Create EQA reviews, schedules and monthly EQA and AP emails
•	 Correctly file analytes according to method

•	 Review and complete assigned EQA Reviews providing appropriate 
comments and/or suggested actions with 90% accuracy

•	 Generate a monthly EQA email including appropriate attachments
•	 Successfully complete a 1- or 2-week rotation with each pSMILE co-

ordinator

8: Investigation Reports
(1 week)

•	 Describe the investigation process from initiation to completion
•	 Analyze the data presented for completeness, accuracy and cor-

rect conclusion
•	 Recommend additions or corrections to the IR as needed
•	 Review the process of investigating EQA failures using the elec-

tronic IR

•	 Review and complete assigned IRs, providing appropriate comments 
and/or suggested actions, with 80% accuracy

9: pSMILE Website
(3 days)

•	 Manually upload and download documents to site folders
•	 Upload documents by accessing the pSMILE mass upload 

functions
•	 Correctly manage requests for site access, documents and re-

sources
•	 Locate and obtain site information from the oversight master list

•	 Correctly upload and download documents to the pSMILE website
•	 Successfully upload EQA documents both manually and using the 

mass upload function
•	 Search “Resource” section to access requested documents and suc-

cessfully download identified documents

10: Preparation for Working with 
Site Laboratories
(1 week)

•	 Review ISO 9001 standards and certification process
•	 Demonstrate an awareness of pSMILE’s Quality Key Indicators, 

core functions, quality objectives, and QMS
•	 Take notes during the pSMILE staff meeting
•	 Complete the process of reviewing all required SOPs.

•	 Demonstrate an awareness of ISO 9001 standards and certification 
process

•	 Complete reading and signing off on assigned SOPs
•	 Successfully take minutes at pSMILE staff meetings for one week
•	 Review all the available information on assigned site laboratories
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laboratories. The goal is to complete the entire training program, in-
cluding the supplemental topics, by the end of the first 12 months at 
pSMILE.

The primary changes to the curriculum involved the use of a sim-
ulated work environment that includes providing the learner with 
a simulated laboratory. The learner is given a background story so 
that they can understand the laboratory’s culture, language, and any 
barriers to communication. All modules revolve around the same sim-
ulated laboratory so that the learner can build that information into 
improved understanding of the laboratory. Additionally, improved 
evaluation tools help to guide the ongoing real-time improvement of 
the curriculum.

Step 5: Implementation
In Kern’s step 5, the necessary resources to implement the curriculum are 
identified and an implementation strategy is initiated. Implementation of 
this curriculum was made possible by the support of the pSMILE project 
manager, the university, and the sponsor. Proper training of personnel is key 
to the success of the pSMILE project. Adequate time, resources, equipment, 
and facilities are provided by the project in support of this curriculum.

Resources
Personnel
Two training coordinators who are certified and experienced MLSs and 
have extensive international QA/QC experience on the pSMILE project 

Following the successful completion of the first 10 training topics, new coordinators will be assigned their first set of site laboratories. They will begin working with those 
laboratories following the completion of topic 10. They should continue working through training topics 11-17, as time allows, with the goal of completing the entire train-

ing program by the end of the first 12 months at pSMILE.

11: Validation
(2 weeks) 

•	 Identify and describe the required elements of qualitative and 
quantitative validations

•	 Explain the concept of total allowable error (TEa) and use the 
pSMILE TEa table appropriately

•	 Describe the requirements for, and evaluation of, precision, ac-
curacy, linearity, measurement and reportable ranges, and refer-
ence range verification

•	 Demonstrate proficiency with the pSMILE validation tools 

•	 Correctly analyze precision, accuracy, and linearity data using pSMILE 
validation tools

•	 Identify causes of failed validation results and suggest methods for 
troubleshooting

•	 Review a completed validation plan and summary
•	 Evaluate a site validation summary and develop a response using the 

pSMILE validation email and review templates 

12: QC
(2 weeks)

•	 Explain the concept of internal QC and interpret QC charts and 
data

•	 Outline the internal QC differences between quantitative and 
qualitative methods

•	 Describe the usefulness of sensitive QC ranges and how to ac-
quire them

•	 Identify causes of QC failures and how to address them

•	 Locate pSMILE QC tools available in the Resources section of the 
psmile.org website

•	 Correctly identify a bias, shift and trend in both quality control and 
EQA records

•	 Accurately calculate SD and coefficient of variation of raw data pro-
vided

•	 Provide solutions to given QC failure examples

13: Correlation Testing
(1 week)

•	 Describe the pSMILE approach to correlation testing and how it 
can be implemented to meet GCLP guidelines

•	 Direct site laboratories to appropriate resources for developing 
correlation testing policy and SOPs

•	 Assist sites with correlation testing action items listed in site 
audits and APs

•	 Review all assigned materials and discuss application with members 
of the training team

•	 Complete correlation exercises with 80% accuracy
•	 Respond to correlation action items on assigned APs with minimum 

80% accuracy

14: Parallel Testing and Reagent 
Lot Verification
(1 week)

•	 Outline acceptable methods of parallel testing and communi-
cate this information to laboratories participating in DAIDS clin-
ical trials

•	 Assist pSMILE site laboratories with the development of appro-
priate parallel testing programs for new lot numbers of testing 
reagents and control materials

•	 Review written materials including SOPs related to reagent lot verifi-
cation and parallel testing

•	 Apply knowledge of reagent lot verification and parallel testing to res-
olution of action items from selected APs

15: pSMILE EQA Audit
(2 weeks)

•	 Develop a working knowledge of the pSMILE EQA audit process
•	 Review the process for ordering EQA surveys
•	 Complete an EQA audit for assigned site

•	 Locate pSMILE EQA Audit templates
•	 Correctly complete all 4 parts of EQA audit for assigned site

16: pSMILE Travel
(3 days)

•	 Explain the roles and responsibilities of the pSMILE coordinator 
while traveling

•	 Follow travel policies and procedures while traveling for the 
contract, from DAIDS travel request to submitting request for 
reimbursement

•	 Promote security awareness through studying relevant SOPs.
•	 Access the necessary tools in order to submit a travel request, 

prepare a coverage plan, complete trip reimbursement, and 
write a trip report.

•	 Review all travel related SOPs
•	 Demonstrate ability to retrieve pSMILE travel references, tools, and 

resources located on the internal server
•	 Review documents generated for a completed site visit

17: Training Completion
(2 days)

•	 Complete all training checklists for topics 1-16
•	 Complete the pSMILE Training Completion Form

•	 N/A

AP, action plan; DAIDS, Division of AIDS; EQA, external quality assessment; GCLP, good clinical laboratory practice IT, information technology; IR, investi-
gation report; NIH; National Institutes of Health; pSMILE, Patient Safety Monitoring in International Laboratories; QC, quality control; QM, quality manage-
ment; QMS, QM system; SOPs, standard operating procedures; PALs, protocol analyte lists; ISO, International Organization for Standardization .

Table 1. Continued
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are dedicated to the training team. Both coordinators have a strong 
desire to teach and have a caring and supportive attitude. When they 
have an active trainee, approximately 20% of their workday is devoted 
to teaching. Salary support is provided by the pSMILE contract. The re-
maining pSMILE staff (who serve as mentors to the learners) provide 
additional training support during the mentorship phase.

Facilities, Equipment, Materials
When first implemented, the training took place in an office location 
with provision of all necessary computer equipment, software, and 
office supplies. The project staff has since moved to telecommuting 
and remote work. All training activities are now conducted via virtual 
tools, with computer equipment and software provided for off-site 
work.

Funding
Budget for all the materials and equipment listed above is provided by 
the NIH contract that supports the pSMILE project. Additional funding 
for materials and personnel support is provided by the institution.

Communication
Communication between educators and learners occurs verbally, by 
phone teleconference, by email, and through the feedback mechanisms 
included in each module. The learner attends the daily pSMILE staff 
meeting. Updates are provided to the staff on the progress of training as 
applicable. The learner then meets with the training coordinators to dis-
cuss the day’s activities, goals, and objectives and answer any questions. 
The learner works independently on the Blackboard modules.

Operations
The training coordinators are responsible for preparation of the Black-
board modules and providing all supporting documents needed to com-
plete each module. They are responsible for directing the daily activities 
of the learner to ensure that the training progresses efficiently. The 
trainers also collect all evaluation data and make any necessary curric-
ulum revisions.

Barriers
Primary barriers to the implementation of this curriculum are the 
demands of the pSMILE project that would necessitate the training 
coordinators pausing their training duties to handle emergent duties re-
lated to the contract. In addition, there are times that the learner may 
have to be redirected in their training schedule to meet immediate con-
tract demands. These barriers can be overcome by flexibility on the part 
of the trainee and the trainers.

Additional barriers are occasionally encountered when a mentorship 
fails due to personnel or personality conflicts. Training coordinators 
must be vigilant and monitor the mentor–mentee relationship to ensure 
that personality differences do not affect the learning.

Introducing the Curriculum
The introduction of the original asynchronous Moodle-based curric-
ulum occurred in 2007. Small and subtle changes to the curriculum 
occurred continuously to adapt to needs and changes of the project. The 
redesigned curriculum developed using the Kern model was introduced 
in 2017 when 2 new staff members were hired. The new curriculum was 
piloted and reevaluated after the pilot period to determine effectiveness.

Step 6: Evaluation
The sixth and final step in the Kern approach to curriculum develop-
ment is evaluation and feedback. in this step, both the curriculum and 
its effectiveness and the individual learners are assessed. The evaluation 
can be both formative (occurring throughout the training process) and 
summative (occurring at the conclusion of training).

The evaluation of the pSMILE curriculum occurred over a period of 
several years. This curriculum is typically used by only 1 learner at a time, 
and over the last 15 years, there have been only 13 coordinators trained 
using this program. This makes evaluation slow and somewhat unreliable. 
In the early years of the curriculum, formal evaluation was conducted 
in the form of a questionnaire at the end of each module. The question-
naire consisted of very general “customer satisfaction” questions. Learner 
evaluation was conducted by grading written assignments; however, the 
grading was done by different instructors and an answer key was not used. 
This led to inconsistent grading of assignments and potential instrument 
bias and interrater unreliability. Informal evaluation also occurred during 
the mentorship phase using informal feedback given to the learners by 
the mentors. As the evaluation methods previously used lacked validity, 
a revamp of the evaluation at the end of each module was added in 2020.

For the redesigned curriculum, we proposed to improve the evalua-
tion and feedback process. The learner self-evaluations at the end of each 
module now contain questions that are more targeted to the objectives 
and competencies of each module. The evaluation also includes 
questions that address the curriculum components. Additionally, the 
evaluation of the learners based on written assignments is graded with 
the use of a standardized answer key and a grading rubric. This not only 
standardizes the grading of each assignment, providing interrater reli-
ability, but it helps to eliminate instrument bias. The data collected is 
also used to guide feedback to the learners. The use of the rubric allows 
for the collection of valid data that will either give evidence of the ef-
fectiveness of the training or will guide the improvement of the curric-
ulum. During the mentorship phase, mentors are given an evaluation 
form that directs and guides the evaluation of their trainees, rather than 
leaving the feedback to random comments.

Evaluation Questions and Measurement Methods
An example of a module course evaluation form is shown in FIGURE 3 
and the mentorship evaluation rubric is provided in TABLE 2. Meas-
urement of the evaluation of learners is conducted by a combination of 
direct observation of skills, self-evaluation, and evaluation by a mentor. 
The direct observation of skills takes place at the end of each module. 
The training coordinator will give direct feedback to the learner. Scores 
on the direct observation are used to inform changes to the curriculum.

Analysis of Training Evaluation
The training coordinators collect feedback on the effectiveness of 
each training module. Trainees are not permitted to move to the next 
module without completing the postmodule evaluation. The training 
coordinators also compile cumulative feedback following completion of 
the entire curriculum.

The training coordinators analyze feedback from the post module self-
evaluations and the grading of written assignments is compared to deter-
mine whether there is a weakness in the curriculum or a need for the learner 
to repeat any sections to ensure competency. Feedback from the mentor-
ship evaluation is also compared with the cumulative module evaluations to 
determine whether improvements to the curriculum are necessary.
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pSMILE Coordinator Training Evaluation
Blackboard Training Curriculum

Module #6 EQA Theory

Please complete this evaluation for the training course.
Your experience in learning the content of the module is
highly valued. Please respond honestly. All responses will
contribute to changes in the course.

After completing Module #6 EQA Theory:

1. I understand the purpose of the EQA Schedule and
can identify the purpose of each row and column.

Agree ______
Somewhat Agree ______
Somewhat Disagree ______
Disagree ______
Comments:

I can identify the major EQA providers and navigate
their websites to obtain information that I need
for EQA review.

Agree ______
Somewhat Agree ______
Somewhat Disagree ______
Disagree ______
Comments:

I understand the EQA summary and can explain the

and the purpose of each row and column.

Agree ______
Somewhat Agree ______
Somewhat Disagree ______
Disagree ______
Comments:

I am able to make updates to an EQA summary based
on the information gathered from the EQA review.

Agree ______
Somewhat Agree ______
Somewhat Disagree ______
Disagree ______
Comments:

I understand the purpose of the monthly EQA email
following the approved pSMILE format, including all
required attachments.

Agree ______
Somewhat Agree ______
Somewhat Disagree ______
Disagree ______
Comments:

2.

3.

4.
 

5.

Please evaluate the effectiveness of the instruction to meet
the objectives outlined at the beginning of the module:

1. The amount of time allowed for this module
was appropriate.

Agree ______
Somewhat Agree ______
Somewhat Disagree ______
Disagree ______
Comments:

The module adequately explained the requirements to
complete each of the objectives.

Agree ______
Somewhat Agree ______
Somewhat Disagree ______
Disagree ______
Comments:

The instructor provided opportunities for face-to-face
interactions.

Agree ______
Somewhat Agree ______
Somewhat Disagree ______
Disagree ______
Comments:

The instructor’s feedback was appropriate.

Agree ______
Somewhat Agree ______
Somewhat Disagree ______
Disagree ______
Comments:

2.

3.

4.

 

FIGURE 3. Example of training module evaluation form. EQA, external quality assessment; pSMILE, Patient Safety Monitoring in 
International Laboratories
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Reporting of Results
Collated evaluation results, including the mentorship evaluation, are 
presented to the project manager. This information is used to determine 
whether the learner is ready to graduate to full work responsibilities. 
Evaluation results are also discussed between the training committee 
and the project manager in an effort to continue ongoing improvement 
to the curriculum. The effectiveness of the curriculum is further shown 
by the successful addition of the new coordinators to the pSMILE work-
flow. Following their first year of employment, all new staff members 
received annual review ratings at or above expectations.

Discussion
The transition from Moodle to Blackboard was a lengthy process 
involving selection of a new training platform, learning how to use 
Blackboard effectively, and determining how to best optimize training 
materials for the selected platform. A small committee of trainers 
collaborated on reorganization of existing training materials with the 
goal of updating them to accommodate changes in pSMILE procedures 
as well as making training information and assignments more rele-
vant. Blackboard training updates included a requirement for new 
coordinators to complete an evaluation at the end of each training sec-
tion. Information obtained during review of these evaluations as well 
as direct discussion with trainees was invaluable in making meaningful 
revisions to training materials on an ongoing basis.

Lessons Learned and Future Challenges
Laboratory support for international laboratories participating in NIH 
HIV, tuberculosis, and other infectious disease clinical trials is not 
static. The work of pSMILE coordinators is constantly evolving to meet 
changing requirements generated by new protocols, testing methods, 
and shifting site laboratory responsibilities. Although these changes 
are incorporated into the flow of work for pSMILE coordinators on an 
ongoing basis, the process of updating the training program is often 
slower, leading to the situation in 2020 where a complete revamp of 
the training program was required. Revising the training program is 
time consuming if updates are allowed to accumulate. One of the major 
challenges is making revisions in real time, avoiding making a large 
number of modifications prior to preparing the training program for a 
new learner. This process has already been initiated as shown in TABLE 
3 (Examples of Real Time Updates to the Training Program). The table 
identifies issues with the training program that needed to be addressed 
and how the training team responded.

Another area of the training program that could be better supported 
is the time allocated for new learners to shadow and work with expe-
rienced pSMILE coordinators. Two identifiable factors make this area 
of training challenging for the trainer. First, the lack of in-person con-
tact with the learner and reliance on a now totally virtual platform for 
communication, and second, the ability to meet the demands of reg-
ular work requirements while training at the same time. The workload 
for coordinators is often difficult to predict, making it challenging to 

TABLE 2. Excerpt from pSMILE coordinator training: mentorship evaluation rubric

Criteria for evaluation 
of coordinator trainee 

Does not demonstrate criteria 
Adequate demonstration of criteria, but 

needs improvement 
Excellent demonstration of criteria 

1 3 5

1 EQA review Does not complete EQA review independently 
following the pSMILE internal SOP. Incor-
rectly identifies shifts, trends, bias. Incorrectly 
identifies need for an investigation.

Completes the EQA review independently with 
few errors or corrections necessary by the 
mentor.

Completes the EQA review independently, in com-
pliance with pSMILE internal SOPs with no errors 
or corrections necessary.

2 EQA summary Does not update EQA summary correctly based 
on review (e.g., Uses incorrect color-coding, 
comments are incorrect, missing date reviewed, 
etc.)

Correctly updates EQA summary based on re-
view. Occasional errors or corrections necessary 
by the mentor.

Correctly updates EQA summary based on review. 
No errors or corrections necessary by the mentor.

3 Investigation 
reports

Does not demonstrate understanding of the 
investigation process and workflow. Unable to 
assess whether an investigation is acceptable. 
Unable to assist laboratory with investigation 
steps.

Demonstrates understanding of the investigation 
process and workflow. Able to assess whether 
an investigation is acceptable with assistance 
from the mentor. Able to assist laboratory with 
investigation steps with assistance from the 
mentor.

Demonstrates understanding of the investigation 
process and workflow. Able to assess whether 
an investigation is acceptable without assistance 
from the mentor. Able to assist laboratory with 
investigation steps without assistance from the 
mentor.

4 Email corre-
spondence

Uses incorrect email contact list for laboratory. 
Does not follow pSMILE template for email for-
mat. Does not include appropriate attachments 
to EQA email.

Requires occasional assistance from mentor to 
perform the following: uses correct email contact 
list for laboratory; follows pSMILE template for 
email format; includes appropriate attachments 
to EQA email.

Performs the following independently: uses 
correct email contact list for laboratory; follows 
pSMILE template for email format;. includes ap-
propriate attachments to EQA email.

5 pSMILE web-
site

Unable to navigate through website. Unable 
to upload, download or update documents on 
website.

With occasional assistance is able to navi-
gate website, upload, download, and update 
documents on website.

Independently is able to navigate website, upload, 
download, and update documents on website.

6 Laboratory site 
assessment

Does not demonstrate understanding of GCLP 
audit report. Unable to distinguish audit findings.

With minimal assistance from mentor, 
demonstrates understanding of GCLP audit re-
port. Distinguishes audit findings.

Independently reviews and understands GCLP 
audit report. Distinguishes audit findings.

7 Action plans Does not develop an action plan from GCLP audit 
report using the approved template and SOP. 
Unable to describe audit findings and provide 
appropriate suggested actions.

Develops an action plan from a GCLP audit re-
port using the approved template and SOP with 
minimal assistance. Describes audit findings 
and provides appropriate suggested actions 
most of the time. Occasionally deviates from the 
approved format.

Develops an action plan from a GCLP audit report 
using the approved template and SOP without 
assistance. Describes audit findings and provides 
appropriate suggested actions. Does not deviate 
from the approved format.

AP, action plan; EQA, external quality assessment; pSMILE, Patient Safety Monitoring in International Laboratories; SOP, standard operating procedure.
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create an optimal training environment where there is time to answer 
questions, provide guidance, and review work for the trainee coordi-
nator. Future measures that could be introduced to improve the expe-
rience for both educator and learner include providing coordinators 
with opportunities to develop training skills, such as webinars and 
in-person continuing education programs, if available, and using backup 
coordinators to help with day-to-day work if more time is needed for the 
trainer to provide effective training.

The pSMILE training program is long and often stressful for 
trainee coordinators. New employees are invariably well qualified and 
highly motivated, but it can still be confusing and difficult to put all 
the pieces together prior to beginning the process of working with 
site laboratories. Trainers should be able to provide encouragement 
as well as help with connecting the dots and explaining how pSMILE 
interacts with laboratories, networks, and other organizations. The 
ability of trainers to provide motivation and reassurance will aid the 
development of a training environment conducive to producing ef-
fective, confident, and knowledgeable pSMILE coordinators with the 
ability to use their skills to support the work of international clinical 
laboratories.

Conclusion
The use of asynchronous training for highly skilled and self-directed 
staff is a novel way to deploy training without hampering the pro-
ductivity of existing staff. For this model to be successful, it is 
important to ensure that the curriculum is well developed and con-
tinually updated for relevance. Using feedback and evaluation of 
trainees allowed us to update our curriculum to include topics that 

had previously been lacking or underdeveloped. We were also able to 
improve the mentorship rotations, which is key to the success of the 
program. The fact that we have updated the curriculum continuously 
since the initial 2013 redesign demonstrates one of the key points of 
the Kern 6-step method, which is meant to be fluid, interactive, and 
interchangeable. The 6 steps are not intended to be purely sequential, 
but rather are designed to lead the curriculum developer to return 
again and again to previous steps to ensure continuous improvement. 
The use of Kern’s 6-step approach in this manner ensured that the 
curriculum met the needs of the contract, the sponsor, the project 
manager, and the learners, thereby validating its appropriateness, ap-
plicability, and feasibility.
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TABLE 3. Examples of real time updates to the training program

Source of 
change 

Issue Discussion 

Learner-
generated 
feedback

Training material failed 
to successfully explain 
pSMILE’s working 
relationships with 
collaborating organi-
zations.

Learners did not fully understand the complex relationships between pSMILE, NIH, and collaborating networks. Failure to grasp these 
interactions caused confusion and frustration that affected progress on other training topics.
The training team developed visual resources to better explain the relationships between organizations and pSMILE. In addition, more 
time was allotted in feedback sessions with the training team to ensure that trainees fully understood the most important interactions.
Additional considerations: There may be a need for members of the training team to work 1-on-1 with the learner while covering this 
topic.

Reorganization of train-
ing topics to improve the 
logical flow of training 
activities.

Learners made meaningful suggestions that assisted pSMILE trainers with improving the flow of training materials and assignments.
One example involved moving the topic on creating APs to follow DAIDS GCLP. This made sense as the AP section is highly dependent 
on GCLP knowledge. Previously it would have taken many weeks before learners had the opportunity to begin the AP topic.

Initiated by 
the pSMILE 
training 
team

Adapting the training 
program to accommo-
date the ability to work 
virtually and transitioning 
to a total virtual platform.

The ability to work effectively using a virtual platform gained increased importance over time, especially in response to the COVID-19 
pandemic and the decision for pSMILE to move to a totally virtual workplace.
The training team moved topics on working virtually from the end of the training program to the beginning. Extensive IT support was 
initiated for new learners to ensure they had access to equipment and resources needed to effectively work on assigned training 
modules.

Implementing changes 
to the HIV EQA section to 
improve clarity.

HIV EQA is currently particularly challenging due to the many test methods and generations of each test available. Accurate knowl-
edge of this testing area is critically important to ensure that appropriate EQA is ordered and that results are correctly submitted and 
evaluated.
This section was revised to include different scenarios requiring trainee coordinators to select the appropriate HIV EQA. Additional 
exercises were provided when necessary to ensure optimal comprehension of HIV testing requirements.

Changes to 
pSMILE’s 
internal 
processes

Updating training 
program to incorporate 
the introduction of the 
online IR

IR review is an important part of the work performed by pSMILE coordinators. Site laboratories are required to complete an IR when 
they receive a score of less than 100% on any protocol analyte.
During the process of making updates to the training program significant changes were made to incorporate changing this process 
from a manual process to an online process.

AP, action plan; DAIDS, Division of AIDS; EQA, external quality assessment; GCLP, good clinical laboratory practice IT, information technology; IR, investi-
gation report; pSMILE, Patient Safety Monitoring in International Laboratories.
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ABSTRACT 

The Rh-D negative pregnancy is commonly associated with 

alloimmunization against D-antigen. It can be prevented by anti-D 

prophylaxis in pregnant patients with negative results on antibody 

screening. Hence, it is essential to exclude alloantibody-D in the pres-

ence of multiple alloantibodies. Anti-G antibody is formed after ex-

posure to G antigen in neonate RBCs. Blood-group discrepancy was 

noted in reverse grouping, and antibody-screening results were pos-

itive in our case individual, a 28-year old Odiya Indian woman. We 

performed antibody identification on serum specimens from this pa-

tient, which revealed the pattern of anti-D + anti-C antibody speci-

ficity. Blood-group discrepancy was solved using rr (ce/ce)–phenotype 

pooled cells for reverse grouping. We identified anti-G antibodies by 

themselves without anti-D and anti-C after performing sequential ad-

sorption of serum with rʹrʹ (Ce/Ce) and R2R2 (DcE/DcE) group-O RBCs 

in the mother, who had rr phenotype and primigravida designation. 

After completing antibody screening at the first antenatal check-up, 

we recommended prophylactic anti-D for the mother in any future 

pregnancies she may have.

The G antigen belongs to the Rh blood-group system; the amino acid 
serine on the RBCs secures its phenotyping as G-antigen. Allen and 
Tippet1 first documented the existence of the G antigen in 1958 in most 
D-positive and all C-positive RBCs. The amino acid substitution from 

serine to proline at position 103 on the RhD-RhCE proteins results in 
a G-negative phenotype.2 Anti-G exists as the combined reactive pat-
tern of anti-C and anti-D on antibody-identification testing. It was first 
noticed in a patient with the rr phenotype who received a transfusion of 
D-antigen–positive RBCs.1 
Anti-G–antibody identification is vital in patients testing Rh-negative 
in pregnancy who lack the C and D antigens needed to provide RhIg 
prophylaxis, after excluding the presence of anti-D.1-4 Hemolytic dis-
ease of the fetus and newborn (HDFN) caused by anti-G is mild to 
moderate in severity and rarely intrauterine; exchange transfusion is 
required in rare instances. In our case individual, we found anti-G by 
itself, without anti-D and anti-C. Anti-G may be IgM, IgG, or a com-
bination of IgM + IgG, causing a discrepancy in the reverse grouping. 
Hence, we advised that anti-D prophylaxis be administered to prevent 
alloimmunization against Rh D antigen and HDFN in the fetus in any 
future pregnancies.

Case Report
A 28-year-old Odiya Indian Woman with the primigravida designation, 
who was at 38 weeks gestation and had an Hb measurement of 11.9 g/
dL, was admitted to the labor room for delivery. She had no previous 
history of trauma or invasive procedures such as cordocentesis, amni-
ocentesis, abortion, or transfusion. She had been given a prophylactic 
transfusion of Rh immunoglobulin at 20 weeks gestation in another 
hospital. 
Blood grouping was performed with column agglutination technology 
(Tulip Diagnostics Pvt. LTD). There was no forward blood-group discrep-
ancy; discrepancy in reverse grouping was noted with pooled A, B, and 
O cells (FIGURE 1A). The discrepancy was solved using rr-phenotype 
pooled cells (FIGURE 1B). The patient had an RBC phenotype of rr 
(D-C-c+E-e+). The antibody-screening result was positive (FIGURE 
2A), and an anti-D and anti-C pattern was observed in the antibody-
identification panel (FIGURE 2B).

Primarily, we suspected anti-D and anti-C antibodies. We performed 
sequential serial adsorption of patient serum with rʹrʹ (dCe/dCe) and 
R2R2 (DcE/DcE) group-O RBCs in 2 separate test tubes at 37°C for 1 
hour to exclude the possible presence of anti-G antibody. Adsorption of 
patient serum was performed with rʹrʹ RBCs 3 times. Then the adsorbed 
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serum was tested with rʹrʹ and R2R2 RBC suspension. We observed no 
reaction with rʹrʹ RBCs, reflecting the complete adsorption of anti-G or 
anti-G+C. There was also no reaction with R2R2 RBC suspension; thus, 
anti-D was ruled out (FIGURE 3).

Similarly, we tested the adsorbed serum of R2R2 RBCs 3 times 
against R2R2 and rʹrʹ RBC suspension. Here, also, no reaction with 
R2R2 RBC suspension indicates complete adsorption of anti-G or anti-
G+D. Anti-C was excluded because there was no rʹrʹ RBC suspension re-
action with adsorbed serum (FIGURE 3). Acid elution was performed 
via the Gamma Elu-Kit II (Immucor Inc.). We tested eluate of the first 
adsorbed serum specimens of rʹrʹ and R2R2 RBCs against antibody-
screening-reagent RBCs. The presence of the reaction pattern of anti-
D+C with antibody-screening-reagent RBCs implies the existence of 
anti-G antibodies (FIGURE 3).

The titre of the serum from the mother with rʹrʹ RBCs was 64. We 
noted IgM and IgG specificities of the antibody after DTT (dithiothreitol, 
0.01 M) treatment of the serum from the mother. The results from the 
direct antiglobulin test (DAT) of the baby were 3+ and with IgG spec-
ificity. The blood group of the baby, a boy , was O-positive. Further, 
cold acid elution of the RBCs of the neonate was performed; the eluate 
showed a pattern of anti-D and anti-C. The baby had pathological jaun-
dice, with total serum bilirubin of 7.3 mg/dL at 6 hours after birth and 
was treated with a double dose of phototherapy for 24 hours. The total 
serum bilirubin was 14.1 mg/dL at 72 hours after birth and 14.8 mg/dL 
at 96 hours after birth; at that point, mother and baby were discharged 
from the hospital.

Discussion
D antigen is the most immunogenic Rh antigen; it produces anti-D 
antibodies in Rh D–negative pregnancy. To provide anti-D prophylaxis, 
one must exclude anti-D in the presence of anti-G antibodies. Anti-G 
causes discrepancy in reverse grouping. Additional reverse-grouping 
reactions are mainly due to unexpected antibodies in patient serum. 
These antibodies can be found via antibody screening and identification 
testing. After identifying antibody specificity, antigen-negative pooled 
cells of identified specificity are used to solve discrepancies in the re-
verse grouping. DTT treatment determines the nature of the antibody 
(ie, IgG or IgM). DTT disrupts the sulfide bonds of IgM antibodies and 
diagnoses underlying IgG antibodies. In our case individual, anti-G is of 
IgG and IgM type.

In a study by Palfi et al,5 in 27 women with alloimmunization, the 
combination of antibodies was anti-G + anti-C (14.8%), anti-D + anti-G 
(25.9%), anti-D + anti-C (11.1%), and anti-D + anti-C + anti-G (48.1%). 
Of 27 specimens, 24 (88.9%) of anti-G specimens existed in a mixture 
with anti-D and/or anti-C.5 Anti-G is present in approximately 30% of 
cases with combined anti-D + anti-C reactivity in serological testing.6 
The basis of anti-G formation is that blood donors testing D-negative 
are not compulsively screened for antigens other than D antigens. It is 
rare to find incompatibility between RBC donor cells with a recipient 
who tests positive for C, E, or G antigen and negative for anti-D antigen. 
So, there is always a risk of anti-D alloimmunization when transfused to 
females of childbearing potential testing D-negative or patients with the 
rr phenotype testing D-negative who have received multiple D positive 
transfusions.7 

Differential adsorption and elution techniques are generally used 
to differentiate anti-G, anti-C, and anti-D due to feasibility.8,9 Rare 
rGr reagent cells can be used to detect anti-G in patients.10 Due to the 
unavailability of rGr reagent cells to identify anti-G, we performed 
an absorption elution study. R2R2 (DcE/ DcE) and rʹrʹ (Ce/ce) RBCs 
should also be used for titration of anti-D and anti-C per the recom-
mendation of Jernman et al.10 However, the inadequate amount of 
specimen material from the mother did not allow us to titrate with 
R2R2-phenotype RBCs.

Anti-G in the causation of HDFN mainly has been reported to be of 
mild intensity11; occasionally, it is reported to be of moderate to severe 
intensity and may require intrauterine transfusion or exchange transfu-
sion.7,10 RBCs for exchange transfusion should be D-, C-, and G-antigen 
negative. Due to the nonavailability of rGr reagent cells, we performed 
titration using rr RBC suspension. The condition of the patient was man-
aged using phototherapy and did not require an exchange transfusion. 
In our case, the results from DAT of the baby were positive, and elution 
showed a pattern of anti-C. Differentiation of anti-D, anti-C, and an-
ti-G by themselves, in combination with the eluate from the baby, was 
not performed due to the unavailability of a sufficient specimen. We 
counseled clinicians and the relatives of the mother and baby to mon-
itor the presence of anti-D alloimmunization in any future pregnancies.

Conclusion
To determine whether anti-G antibody by itself or a combination 
of anti-G and/or anti-D antibody is present, anti-C, sequential 

A B

FIGURE 1.  A, Blood group showing discrepancy in mother. B, Resolution of Blood Group Discrepancy.
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adsorption, and elution techniques are required. The presence of 
anti-D and anti-C can be masked by anti-G. The confirmation of the 
presence of anti-D is vital to prevent anti-D alloimmunization in 
pregnancy. It is necessary to identify anti-D in such circumstances 
so that timely RhIg prophylaxis can be administered to pregnant 
female patients who test Rh-D–negative. Hence, it is essential to 
find out whether anti-G is present by itself or in combination with 
another antibody or antibodies. In the case we discuss herein, the 

mother should have been transfused with rr packed RBCs when in-
dicated.
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FIGURE 2.  A, Antibody Screening. B, Antibody Identification.
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FIGURE 3.  Flowchart of serial adsorption and elution to identify anti-G antibody.
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ABSTRACT 

Serum protein electrophoresis (SPE) and immunofixation (IFE) assays 

are commonly used to diagnose and monitor patients with multiple 

myeloma (MM).

Identifying analytical interferences in SPE and IFE caused by thera-

peutic monoclonal antibodies (tmAbs) can be challenging. Here we 

report the case of a 72-year-old male with a long history of relapsed 

immunoglobulin (Ig)G kappa MM. A follow-up SPE showed the original 

peak plus 2 additional cathode peaks. Immunofixation was ordered 

as a reflex test to investigate the new peaks that showed initial pa-

tient monoclonal IgG kappa in addition to 2 restricted bands of the 

IgG kappa type. Therapeutic monoclonal antibody interference was 

suspected and the patient’s chart was reviewed. The patient was not 

on any antimyeloma monoclonal antibody therapy. However, preexpo-

sure prophylaxis therapeutic monoclonal antibodies tixagevimab plus 

cilgavimab (Evusheld) for severe acute SARS-CoV-2 was administered 

approximately 45 minutes before sample collection, which led to the 

identifiable spikes and correlated bands. After 2 days, the IgG kappa 

bands disappeared, confirming this therapy’s effect on SPE and IFE. 

Therefore, clinical pathologists should be aware of when providers 

prescribe new monoclonal antibody therapy and become familiar 

with the position of commonly prescribed (tmAbs) therapies at their 

institutions.

Clinical History
A 73-year-old male was followed for a medical history of relapsed im-
munoglobulin (Ig)G kappa multiple myeloma (MM) who was being 
managed and maintained on chemotherapy and immunosuppressants. 
He was diagnosed with MM in August 2013 and was initially treated 
with Velcade, Revlimid, and dexamethasone (VRD). He presented 
again in March 2016 with a biochemical relapse. At that point, he was 
prescribed the VDT-PACE regime (bortezomib, dexamethasone, tha-
lidomide, cisplatin, doxorubicin, cyclophosphamide, and etoposide) 
and stem-cell collection for autologous stem-cell transplant in May 
2016. However, the patient did not undergo an autologous stem-cell 
transplant as he had achieved clinical remission. He continued the 
VRD regimen with dose adjustments due to neuropathy as an adverse 
treatment effect. He maintained a zero M-protein by protein electro-
phoresis and immunofixation until August 2019, when he had an in-
dolent relapse, and the M-protein level was 0.1 g/dL. The M-protein 
level fluctuated and rose to 0.4 g/dL in September 2019 (FIGURE 1A) 
and 0.2 g/dL in November 2019. He was switched to daratumumab/
Pomalyst in early 2020 with minimal improvement in idle relapse 
status.

Clinical and Laboratory Data
The patient underwent an autologous stem-cell transplant in 2021 
and has been on carfilzomib, lenalidomide, and dexamethasone (KRD) 
maintenance therapy since then. His M-protein level was 0.3 in the 
middle of 2021. This patient recently received a combination of SARS-
CoV-2 spike protein-directed attachment inhibitor monoclonal an-
tibody. The pathologist found 2 unusual peaks in the serum protein 
electrophoresis (SPE) approximately 45 minutes postadministration 
(FIGURE 1B) and ordered immunofixation (IFE), which showed 2 ad-
ditional restricted bands along with the patient’s original M-protein 
(FIGURE 1C).

On further investigation and after chart review, we discovered 
that the interference was due to Evusheld, which is a combination 
of tixagevimab with cilgavimab used for preexposure prophylaxis 
against SARS-CoV-2 infection (COVID-19) for immunocompromised 
populations. The peaks and the restricted bands disappeared in the sub-
sequent specimen collection (FIGURE 1D) (after 2 days). This interfer-
ence has been found in several other patients when the specimens were 
collected within 90 minutes of drug administration.
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Discussion
Electrophoretic techniques such as SPE and IFE are commonly used for 
diagnosis and assess therapeutic responses in patients with MM. Al-
though therapeutic monoclonal antibodies (tmAbs) have been in use 
for several decades, a relatively recent clinical trial involving siltuximab 
for the treatment of MM was the first instance when interference with 
SPE and IFE results was recognized.1 Identifying analytical interference 
in SPE and IFE results introduced by exposure to tmAbs can be chal-
lenging. Humanized IgG1κ monoclonal antibodies such as siltuximab, 
daratumumab, and elotuzumab can all produce a spike in concentrations 
up to 1 g/L.1 For example, daratumumab, a frequently used monoclonal 
antibody that targets CD38 causing analytical inference, is now a well-
documented phenomenon.2,3

Global vaccinations against the SARS-CoV-2 infections have been 
used to control the pandemic. However, certain immunocompromised 
patients may not be able to mount an appropriate immune response to 
the vaccines and require additional prophylactic measures.4 Therapeutic 
monoclonal antibodies can provide rapid immunoprophylaxis against 
certain infections irrespective of the immune system status.5 How-
ever, they can produce interference in SEP and IFE results in patients 
with plasma cell neoplasms.6 To the best of our knowledge, the case we 
presented is the first ever documentation of analytic interference of 
tixagevimab with cilgavimab administered for preexposure prophylaxis 
for COVID-19.

The tixagevimab/cilgavimab combination has been used to pre-
vent COVID-19 infection in immunocompromised populations. 
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FIGURE 1.  Serum protein electrophoresis (SPE) and immunofixation (IFE). A: SPE showing the original M-protein position. B: 
SPE showing the original M-protein plus the 2 additional peaks from therapy interference. C: IFE showing the original M-protein 
plus the 2 additional bands from therapy interference. D: IFE showing the original M-protein position only after 2 days.
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Both are recombinant human IgG monoclonal antibodies that pre-
vent the SARS-CoV-2 virus from entering the cells and causing 
infection. They simultaneously bind to the receptor-binding do-
main of the spike protein on the virus. This prevents the inter-
action of the virus with the angiotensin-converting enzyme 2 
receptor, inhibiting it from attaching to the cells and getting acti-
vated.6 A recent study examined the analytical interference of the 
tixagevimab/cilgavimab combination using serum samples from 
patients with hypogammaglobulinemia and normal globulin levels. 
The serum samples were spiked with tixagevimab and/or cilgavimab 
at 1 times and 10 times Cmax (maximum drug serum concentration 
after administration). Saline was used as a negative control. Serum 
drug concentrations were measured using standard manufacturer 
protocols for the SPIFE 3000 analyzer (Helena Laboratories). They 
reported no increase in serum immunoglobulin levels.3 We use a dif-
ferent system, the Capillarys 3 TERA electrophoresis system (Sebia), 
which may have a lower limit of detection. This was proved when 
we verified with our capillary instrument that we could measure any 
peaks down to 0.05 g/dL.

Other parameters could also explain the discrepancy between the 2 
assays, such as low M-protein concentrations, hypogammaglobulinemia 
background, and M-protein central gamma migration.7

The growing list and expanding use of tmAbs poses a problem for 
clinical pathologists and oncologists with interpreting SPE and IFE 
results for patients with plasma cell neoplasms. The tmAb artifact 
can be detected in patients taking this kind of therapy, which affects 
the interpretation of SPE/IFE results and subsequently can affect the 
monitoring of the patients with plasma cell neoplasms. Therefore, clin-
ical pathologists should be aware of the position of commonly prescribed 
tmAbs at their institutions. Also, oncologists should be aware of the po-
tential false-positive results. Immunofixation is more sensitive than SPE 
to distinguish tmAb from M-protein. Care must be taken to follow the 
patients on monoclonal antibody therapy with IFE and SPE, and not SPE 
alone.

Conclusion
It is impossible to avoid interference from tmAbs on electrophoretic 
assays. Laboratory personnel should be conscious of this phenomenon, 
as misinterpretation can lead to significant clinical consequences. A note 
from the pharmacist each time a plasma cell neoplasm patient receives 
tmAb treatment may also help raise awareness and identify artifactual 
M-protein spikes. At the same time, continuous communication be-
tween the pathologists and the clinical team may help create awareness 
of this phenomenon and prevent adverse clinical outcomes for patients.
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ABSTRACT 

Background:  Rapid detection of carbapenemase production in gram 

negative bacilli has important treatment considerations.

Objective:  We evaluated a lateral flow assay (LFA) for carbapenemase 

production compared with molecular detection of 5 (bla
KPC

, bla
NDM

, 

bla
VIM

, bla
IMP

, and bla
OXA-48

) carbapenemase genes.

Methods:  A total of 218 carbapenem nonsusceptible strains, in-

cluding species of Enterobacterales, Pseudomonas aeruginosa 

isolated from clinical cultures were tested using the Cepheid Xpert 

Carba-R assay and the NG Biotech Carba-5 lateral flow immuno-

assay.

Results:  Overall agreement with LFA was 98.2% with accuracy for 

each target >99% compared with polymerase chain reaction. Results 

were available within 15 minutes compared with 1 hour for molecular 

detection.

Conclusion:  The use of accurate, rapid diagnostics compliments 

antimicrobial stewardship programs.

Introduction
Antimicrobial resistance is an ever-growing threat to the global public 
health. Carbapenemase-producing Enterobacterales are 1 of the most 
critically concerning antimicrobial-resistant pathogens. In 2019, 
antibiotic-resistant bacteria and fungi caused more than 2.8 million 
infections and 35,000 deaths within the United States alone.1 Two ad-
ditional urgent threats include carbapenem-resistant Acinetobacter spe-
cies and carbapenem-resistant Pseudomonas aeruginosa.1 Although there 
are multiple mechanisms of carbapenem resistance, resistance due to 
enzymatic hydrolysis is of particular concern. Organisms that encode 
carbapenemases, coupled with other antimicrobial resistance (AMR) 
genes, can express an extremely drug-resistant phenotype making these 
infections difficult to treat.2,3 Five of the most common carbapenemase 
enzymes identified in clinical isolates are bla

KPC
, bla

NDM
, bla

VIM
, bla

IMP
, 

and bla
OXA-48

.
Accurate testing methods are crucial to identify gram-negative 

bacilli (GNB)-expressing carbapenemases. This is usually done through 
a combination of cultured-based methods coupled with phenotypic 
antimicrobial susceptibility testing (AST), which is then confirmed 
with a molecular assay or additional phenotypic testing, for example, 
the modified carbapenem inactivation method (mCIM). There are, how-
ever, some practical issues with some of these testing methods. Culture 
methods are usually cost-effective but have slow turnaround times and 
are less sensitive. Molecular methods usually have faster turnaround 
times along with high sensitivity and specificity but are more expensive 
and may require more training and expertise to perform.4

In this study, we sought to evaluate the performance and di-
agnostic accuracy of the NG-Test Carba 5 (NG Biotech), an 
immunochromatographic lateral flow assay for the rapid detection and 
differentiation of 5 carbapenemases directly from isolated colonies 
grown in culture.

Methods
We evaluated diagnostic accuracy and analytic performance using well-
characterized isolates that had been identified in clinical cultures from 
Rush University Medical Center in Chicago, IL. Clinical culture sources 
included bloodstream, urine, respiratory, and wound/tissue specimens. 
We did not include surveillance isolates. Isolates were tested fresh or 
passaged twice from frozen stocks on to trypticase soy agar with 5% 
sheep blood (Remel) and incubated overnight at 37°C in ambient air. 
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Routine AST was performed using the NM56 panel on the MicroScan 
WalkAway (Beckman Coulter). Representative colonies from cultures 
containing a carbapenem nonsusceptible organism based on clinical 
breakpoints established by the Clinical and Laboratory Standards In-
stitute (CLSI) (meropenem and imipenem imipenem minimal inhib-
itory concentration (MIC)  ≥ 2 µg/mL; ertapenem MIC ≥1 µg/mL for 
Enterobacterales, and meropenem and imipenem MIC ≥ 4 µg/mL for P 
aeruginosa and Acinetobacter spp.) were selected and tested for pheno-
typic production of a carbapenemase in accordance with the NG-Test 
Carba 5 assay package insert.5 Briefly, 150 µL of extraction buffer was 
dispensed into microtubes provided with the kit. Three representative 
colonies were re-suspended by vortexing the suspension for 5 to 10 
seconds. Then 100 µL of the sample mixture was added to the sample 
well on the test cassette and incubated for 15 minutes at room temper-
ature. Results were interpreted only if the valid internal control line 
appeared. We constructed 2 × 2 data tables to determine the positive 
percent agreement (PPA) and negative percent agreement (NPA) for 
each carbapenemase target using the Xpert Carba-R assay (Cepheid) as 
the comparator.6 Measures of agreement using the kappa statistic were 
determined based on the method of Landis.7 Analyses were performed 
using Prism 9 (GraphPad).

Results
In this single center study, we tested 218 GNB isolates using the NG-Test 
Carba 5 assay. The majority of isolates (85%) were Enterobacterales, 
mostly Klebsiella pneumoniae (n = 84) and Escherichia coli (n = 59), along 
with 35 nonfermenting GNB. There were 132 carbapenemase-producing 
organisms and 86 carbapenem-resistant, non-carbapenemase-
producing isolates in total. Two isolates, 1 E coli and 1 K pneumoniae, 
expressed multiple carbapenemases.

There were 128 carbapenemases detected using the LFA, with the 
majority being identified as bla

KPC
. Overall, the PPA and NPA was 97.0% 

(95% CI 92.4%-99.2%) and 100% (95% CI 95.8%-100%), respectively. 
Analytic performance of the device stratified by each carbapenemase is 
shown in TABLE 1. The PPA for each target was above 92% for all targets 
except for bla

IMP
, which had a PPA of 82.3% (a single false positive). This 

false-positive isolate was positive for bla
IMP

 using a different polymerase 
chain reaction assay (data not shown). We attribute the reduced perfor-
mance to the number of isolates included that were positive for bla

IMP
 by 

molecular testing. Notably, the test showed excellent NPA (100% for all 
targets) when compared against the Xpert Carba-R assay. Overall agree-
ment of the NG-Test Carba-5 assay was 98.2% (95% CI 95.3%-99.5%), 
and the LFA had an almost perfect level of agreement (κ = 0.962, 95% CI 
.925-0.999) when compared with results obtained by molecular testing.

There was a single isolate that yielded an invalid result (internal control 
line not present) with the LFA on initial testing. This was a very mucoid iso-
late of K pneumoniae that on repeat testing yielded a valid internal control 
and target test results. We hypothesize that the colony consistency was the 
cause of the initial invalid result and that insufficient biomass was gathered 
on the loop to resuspend in the extraction buffer reagent.

There were 4 samples that yielded discordant test results between 
the NG-Test Carba-5 and the Xpert Carba-R assay. In all instances, a 
carbapenemase gene was detected using the Xpert assay but the lateral 
flow assay was reported as negative for all targets. Internal controls on 
each cassette were valid on testing.

We also compared the direct test cost and setup demands. The list 
price for 1 NG-Test Carba 5 kit is $473, with a direct cost per test of 
$23.65. The list price for 1 kit of the Xpert Carba-R is $590, with a direct 
cost per test of $59. These prices do not include other fixed or variable 
costs for performing testing, such as the price of a GeneXpert system or 
personnel costs. Estimated hands-on time for setting up a sample for 
the NG-Test Carba 5 and the Xpert Carba-R were the same at approx-
imately 2 minutes per sample. Time to detection on the GeneXpert is 
48 minutes from assay initialization, whereas the results with the LFA 
device were available within 15 minutes of adding the sample to the test 
cassette. To the best of our knowledge, this is the fastest phenotypic test 
for carbapenemase detection and differentiation available.

Discussion
Carbapenem resistance in GNB represents a growing problem for 
health care facilities and the public health. New combination beta-
lactam/beta-lactamase inhibitor agents are only effective against cer-
tain classes of carbapenemases.3 Therefore, accurate detection and 
identification of carbapenemase production in GNB is critical for pa-
tient management.

There is no single approach for carbapenemase detection in GNB 
recovered from clinical cultures. One commonly used phenotypic ap-
proach that confirms carbapenemase production is the mCIM8 and the 
EDTA-carbapenem inactivation method (eCIM),9 which differentiates 
metallo-beta-lactamases from serine carbapenemases. Both the mCIM and 
eCIM can be performed with relative ease in most clinical microbiology 
laboratories and both are recommended by the CLSI for carbapenemase 
detection/confirmation.10 These assays have performed well in studies 
examining their performance compared to rapid molecular diagnostics 
or culture plus sequencing for Enterobacterales and Pseudomonas 
aeruginosa.11,12 Despite the relative ease in which the mCIM and eCIM can 
be performed, the main limitation of these methods is the additional over-
night incubation requirement. The mCIM has not been endorsed by the 

TABLE 1.  Performance of the NG-Test Carba 5 assay stratified by carbapenemase

Carbapenemase gene TP FP FN TN Positive percent agreement 95% CI Negative percent agreement 95% CI Kappa statistic 95% CI 

bla
IMP

5 0 1 212 83.3 35.9, 99.6 100.0 98.3, 100.0 0.907 0.725, 1.000

bla
KPC

70 0 1 147 98.6 92.4, 99.9 100.0 97.5-100.0 0.990 0.969, 1.000

bla
NDM

26 0 1 191 96.3 81.0, 99.9 100.0 98.1-100.0 0.967 0.922, 1.000

bla
OXA-48

17 0 0 201 100.0 80.5, 100.0 100.0 98.2, 100.0 1.000 1.000, 1.000

bla
VIM

12 0 1 205 92.3 64.0, 99.8 100.0 98.2, 100.0 0.958 0.875, 1.000

Overall 128 0 4 86 97.0 92.4, 99.2 100.0 95.8, 100.0 0.962 0.925, 0.999

FN, false negative; FP, false positive; TN, true negative; TP, true positive
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CLSI for Acinetobacter species due to reduced sensitivity and specificity that 
has been described.13 Furthermore, these phenotypic tests do not specify 
which carbapenemase is expressed. Another rapid phenotypic test is the 
Rapidec Carba NP. This test performs well and is easier to setup than the 
traditional Carba NP but also fails to specify the carbapenemase detected.14 
Results are available for this test within 2 hours.

With multiple enzymes capable of yielding a resistant phenotype and 
with targeted antimicrobial therapy options available, identifying the 
carbapenemase present in a carbapenem-resistant isolate is essential 
to guide antimicrobial therapy decisions. Molecular testing options are 
available that can differentiate among the most common carbapenemase 
enzymes that may be produced. These assays display good analytic per-
formance15 but require analyzers, molecular expertise to implement, 
and are more expensive than phenotypic alternatives.

The NG-Test Carba 5 assay is a lateral flow immunochromatographic 
assay that can detect and differentiate between 5 of the most common 
carbapenemases frequently identified in clinical isolates. Our results of 
the performance of the NG-Test Carba 5 are similar to those of Jenkins 
and colleagues16 in their multicenter evaluation of the assay. Other lat-
eral flow assays have shown similar performance, although 1 assay, the 
RESIST-4, does not test for the presence of bla

IMP
.17 As we and others 

have shown, the NG-Test Carba 5 is simple and rapid to perform, making 
it the fastest test currently available for detection and differentiation of 
clinically relevant carbapenemases.

In settings of low prevalence, or where molecular equipment or ex-
pertise is limited, this assay could fill a critical niche in the detection and 
differentiation of clinically relevant carbapenemases from specimens. 
Moreover, this test can be used to help guide antimicrobial therapy 
decisions while awaiting formal AST results with combination beta-
lactam/beta-lactamase inhibitor (βL/βLI) if such testing is not routinely 
performed in the local microbiology laboratory.

Our study does have limitations. First, this was a single center 
study. Another limitation is the diversity of carbapenemases present 
in our isolates. In this study, the majority of carbapenemases produced 
by isolates was bla

KPC
, and only a limited number of isolates were posi-

tive for bla
IMP

. Therefore, the results may not be widely generalizable in 
areas where bla

KPC
 is not the predominant carbapenemase. Finally, we did 

not perform sequencing analyses of isolates to determine whether false 
negatives with NG-test Carba 5 were due to certain subtypes or mutations 
that might affect antibody binding. Additional studies investigating LFA 
negative/PCR positive carbapenemase discrepant results are needed.

In conclusion, the NG Carba-5 assay is a rapid lateral flow device 
that is both easy to perform and interpret and displays excellent per-
formance in detecting carbapenemases in GNB isolates recovered in cul-
ture. Use of this test in settings without molecular capabilities would 
be prudent given the increasing prevalence and risk for worse outcomes 
due to improper treatment.
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ABSTRACT 

Objective:  Health professions education programs were severely 

affected by the COVID-19 pandemic at clinical and didactic training 

levels. The purpose for this American Society for Clinical Pathology–

Board of Certification (BOC) study was to determine the impact of 

the COVID-19 pandemic on the graduates who sat for BOC certifica-

tion in their respective professional disciplines from the perspective 

of program directors (PDs). A separate article will be published on the 

graduates’ perspective.

Methods:  A survey was sent to all PDs from the National Accrediting 

Agency for Clinical Laboratory Science, Accrediting Bureau of Health 

Education Schools, and Commission on Accreditation of Allied Health 

Education Programs, accredited programs whose graduates are certi-

fied by the BOC, to determine the impact of COVID-19 on healthcare 

graduates and education programs during the pandemic.

Results:  A total of 201 PDs responded. All programs consistently 

reported that the pandemic had a negative impact on their students’ 

BOC pass rate and scores. When asked what educational formats were 

used, all groups used virtual live lectures and recorded lectures. Uni-

versity programs were found to use more online student laboratories 

and simulation laboratory sessions than the hospital programs, af-

fecting the psychomotor skills of their students.

Conclusion:  The results indicated that the effects from the COVID-19 

pandemic were related to the inherent differences between hospital 

and university programs. This study revealed that the pandemic af-

fected university programs more than hospital programs.

Introduction
Health professions education programs were severely affected by the 
COVID-19 pandemic at clinical and didactic training levels. Beginning 
in March 2020, United States hospitals witnessed a massive increase in 
the number of patients needing specialized care and diagnostic labora-
tory testing, especially for COVID-19. The pandemic resulted in exhaus-
tion of personnel, equipment, and financial resources in most medical 
facilities. The increased spread of COVID-19 also had major effects on 
the education systems, as these medical facilities were used as training 
sites for most health professional students, and social distancing 
restrictions affected didactic training.

Several studies have looked at how the pandemic affected the edu-
cation of healthcare professionals.1-3 At the beginning of the pandemic, 
health professional programs moved quickly to online or other distance-
learning solutions to lessen the spread of the virus.2 A metanarrative 
found many programs that rapidly shifted to remote education tried to 
imitate the in-person classroom through video-conferencing (called emer-
gency remote education or ERE).3 As the pandemic progressed, programs 
became more innovative, especially in the use of digital tools.4 This led to 
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increased workload for faculty who had to reorganize or redesign courses 
in a manner that would provide successful learning outcomes.2

In an international survey of medical students, the students re-
ported “an overall significant negative impact of the COVID-19 pan-
demic on their undergraduate training”. However, when the students 
had an increase in clinical responsibilities, they were less likely to report 
a negative impact on training.5 Because this study included participants 
from 45 countries, not all countries had the same teaching resources, 
especially in terms of online, virtual availability.

A survey in pathology education6 discovered the pandemic caused a 
paradigm shift for teaching pathology residents. The study found both 
faculty and trainees perceived a decrease in the quality and effectiveness 
of the teaching and learning. This was most likely related to the learning 
curve necessary in the initial transition to virtual pathology laboratories 
and to technology limitations. Prior to the pandemic, few programs 
taught with digital photography, but this teaching modality has become 
more prevalent and is likely to remain.

A study at the Mayo Clinic7 found the addition of a virtual learning 
component to in-person teaching is practical and “makes life a little 
easier”. They found online learning may be relaxing for some but 
stressful for others. They also found programs that required a signifi-
cant amount of hands-on training, such as phlebotomy and cytology, 
were more affected. All programs with clinical rotations saw a decrease 
in clinical rotation time, which was replaced with virtual learning.

The majority of the studies above called for more research into the 
pandemic’s impact on the education of health profession students, espe-
cially with online, virtual, and digital technologies. The purpose for this 
American Society for Clinical Pathology (ASCP) Board of Certification 
(BOC) study was to determine the impact of COVID-19 pandemic on the 
graduates who sat for the BOC certification in their respective profes-
sional disciplines from the perspective of PDs.

Methods
The ASCP BOC Research and Development Committee conducted 2 
surveys to determine the impact of COVID-19 on healthcare graduates 
and education programs during the pandemic. One survey was sent to 
all PDs from National Accrediting Agency for Clinical Laboratory Science 
(NAACLS), Accrediting Bureau of Health Education Schools (ABHES), 
and Commission on Accreditation of Allied Health Education Programs 
(CAAHEP) accredited programs whose graduates are certified by the 
BOC. A second survey was sent to graduates who sat for the BOC exam-
ination from 2020 to the survey launch date in 2022. The surveys were 
distributed as electronic invitations via Key Survey (an online survey 
tool) on June 06, 2022. A reminder was sent on July 6, 2022, and the 
surveys were closed on October 11, 2022. A total of 180 graduates and 
201 PDs responded. This article reports on the PDs’ responses. A sepa-
rate article will report on the graduates’ responses.

Results

Demographics of Respondents
Of the PD respondents, 164 (82%) were from university programs (Med-
ical Laboratory Technician [MLT], Medical Laboratory Scientist [MLS], 
others), and 35 (18%) were from hospital programs. The PDs represented 
42 states and 8 distinct NAACLS/CAAHEP/BHES accredited programs. 

Altogether, MLS and MLT programs directors made up the majority 
of the respondents (87%), with more MLS PDs responding (MLS PD 
49.8%; MLT PD 37.3%). The hospital PDs were from MLS (88.5%) and 
Phlebotomy (11.5%) programs. Note that MLT programs are considered 
a university program (ie, community college, technical college, college, 
etc). University programs responding to the survey in descending order 
of percentages included MLS (40.8%), MLT (45.7%), Cytology (3.7%), 
Histotechnician (3.7), Phlebotomy (3%), Technologist in Molecular Bi-
ology (1.8%), Histotechnologist (0.6%), and Pathologists’ Assistant 
(0.6%). Because of the low numbers (13%) of programs other than MLS 
and MLT responding, the data related to these other programs were 
collapsed for reporting purposes.

Effect of COVID-19 on Program Structure
Responses on how the programs classes were affected indicated that 
university programs were more likely to use an online format than 
hospital programs (92.7% vs 56.8%, respectively) with MLT slightly 
more likely than MLS programs (97.3% vs 83%, respectively). A 
smaller percentage (65.4%) of the other programs used an online 
format. In responses on what formats they used, all groups indicated 
they used virtual live lectures and recorded lectures, but the univer-
sity programs were found to use more online student laboratories 
and simulation laboratory sessions than the hospital programs 
(FIGURES 1 and 2).

The effects of the pandemic were also measured using factors re-
flecting faculty effort. University programs were more likely to split 
up their classes into smaller cohorts to allow for social distancing, 
which caused additional teaching time for the faculty. Both types 
of program sites reported spending more time online. Faculty had 
to adjust their personal schedule to handle online or hybrid classes 
(FIGURE 3).

The effect of COVID-19 on nonclinical student learning laboratories 
was greater than that of the didactic portion of the programs, with a 
greater effect on university programs. Although no hospital programs 
cancelled their student laboratories, 15.2% of university programs’ 
laboratories were cancelled. More hospital programs reported no 
changes in their student (nonclinical) laboratory sessions (37.8%) vs 
university programs (11.6%). Other methods used to ensure student 
laboratories were provided included delaying or doubling up on the stu-
dent laboratories at a later date, moving to an online format or replacing 
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FIGURE 1.  Percentage of programs that moved to online 
format.
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with simulation or other activities (FIGURE 4). It is interesting to 
note that because California requires clinical hours, programs in the 
state were able to justify continuing their face-to-face laboratories. 
Comments in the PD Voices box show how programs responded to the 
pandemic.

PD Voices—Student Laboratories
“Moved online for final weeks of Spring semester 2020; delayed start for 
Summer 2020 labs then doubled up when in-person allowed; resumed all 
in-person labs Fall 2020 with heightened PPE requirements.”
“We used an online format and delayed clinical Mar-May of 2020, and then 
went to a hybrid format with online lecture and in person lab/clinical from 
May 2020-Aug 2021. We were fully in person last academic year.”
“In early fall 2020, we divided the class into cohorts to accommodate safe 
distancing for in- person labs, but went back to fully online about six weeks 
into the semester. Knowing that was a possibility, we altered the scheduling 
for some labs to ensure that students got hands- on experience with as many 
techniques as possible.”
“Replaced with simulation or other activities during Spring and Summer 
Semesters of 2020”

“Second year of pandemic was split into two labs with social distancing and 
increased precautions”
“We were off campus for 6 weeks. During that time we moved lab online, and 
also complemented with other activities. Once we were back on campus, we 
spent some extra time with slide sets.”
“In California all applied education hours (~1700) must be in a CLIA lab- no 
online or simulation hours may be counted toward training.”

Not only were nonclinical student laboratories affected by the pan-
demic, but clinical rotations were as well. Again, university programs 
were more affected than hospital programs. Both types of program sites 
reported delayed, cancelled, and shortened clinical rotations; but univer-
sity programs saw a higher percentage of these effects. To provide clin-
ical experiences, students were either placed at a different clinical site 
or the faculty replaced the experiences with simulations (FIGURE 5). 
Although all areas were affected, the universities had the most diffi-
culty placing students in blood bank (64.6%) and microbiology (64.6%) 
rotations with hematology (51.8%) falling closely behind, whereas in 
hospital programs, chemistry (40.5%), hematology (40.5%), and blood 
bank (37.8%) rotations were the most affected.

Effect of COVID-19 on Student Learning
From responses regarding which domains of learning were affected, 
university programs indicated they observed a larger effect on the psy-
chomotor skill development of their students than hospital programs 
observed in their students.

However, both university and hospital programs reported an 
increased effect on the affective domain (ie, the attitudes and values) of 
their students. When comparing program types, programs other than 
MLS and MLT saw less of an effect in all domains (FIGURE 6A and B).

Some universities (10.6%) allowed programs to change their grading 
scale. One option was to offer a pass/fail option on student grades per 
university requirement. Other options included lowering the passing 
grade or modified laboratory component of the grade.

When asked whether student grades were affected, twice as many 
university programs as hospital programs reported a negative impact. A 
small percentage of university students actually showed a positive effect 
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FIGURE 2.  Types of online formats utilized.
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FIGURE 3.  Pandemic effect on program classes and faculty.
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on their grades (FIGURE 7). No significant difference between the pro-
gram types was noted.

PD Voices—Impact on Student Grades
“COVID was especially difficult for borderline students and poor test-takers 
who would have otherwise buoyed their grades with extra time at the scope - 
during the first year of the pandemic all rotations were cancelled and during 
the second there was very limited access to the lab to allow for screening prac-
tice. Students in the latter cohort had trouble acclimating to normal scope 
work and if they were not high performing in the early portion of the year it 
was difficult to predict how they would handle.”
“I actually think we did a good job handling the move to virtual lectures and 
labs one day each week. Each group of students (1st yr, 2nd yr, Web-blended, 
and PHB were each on campus a different day of the week to avoid overlap. 
Some labs were successful in the virtual format, such as viewing growth on 
agar with the entire class at a time. Students’ grades were better, generally 
due to allowing more “hand-holding”, especially in the lab.”
“Regarding the question about did COVID impact student performance - 
interestingly some students did better by being at home for a few months 
and others did not, so it was a very personal type of response. Also - when 

we resumed student labs, we limited the # of students so ran every lab 
twice - this took lots of schedule planning and extra instructor time. We 
also had to use a larger classroom so the PD spent many hours readjusting 
the schedule and trying to locate a room to use or use zoom to deliver live 
instruction”
“Some faculty saw higher grades than normal and had concerns about exam 
integrity with the online exams - there was no way to be sure students weren’t 
looking up answers. Our pass rate for the class of 2020 was the lowest in 
many years.”

Effect of COVID-19 on Students
University programs saw a higher effect of COVID on student re-
tention than hospital programs, which affected student enrollment 
numbers. Universities reported that 20.1% of students took a leave 
of absence compared with 2.7% of students in hospital programs. Uni-
versity programs also saw a significantly higher number of students 
who withdrew from the program than hospital programs (32.3% vs 
2.7%). When university programs were compared, MLT programs saw 
a higher number of students withdraw from the program than MLS 
programs (42.7% vs 14.0%). University students did have the option of 
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FIGURE 4.  Effect of COVID-19 pandemic on student laboratories.
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FIGURE 5.  Effect of COVID-19 pandemic on clinical rotations.
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taking a reduced course load; 15.2% took advantage of this alternative 
rather than withdrawing from the program completely (FIGURE 8). 

Additionally, although not addressed in the survey questions, several 
programs indicated an issue with recruitment and admissions.

Given the challenges of a constantly changing educational environ-
ment, approximately one-third of university students and one-fourth of 
hospital students were affected by a delayed program completion date. 
In addition, students from more than one-half of university programs 
experienced a delay in taking their certification examinations compared 
with approximately one-third of hospital programs (56.7% vs 29.7%, re-
spectively). A closer look at the data from university programs revealed 
that students in MLT programs were twice as likely to be affected by a 
delay compared with those of MLS programs or other health professions 
programs. Similarly, a higher percentage of MLT students reported to 
their PDs they experienced a delay in taking their certification exam 
than MLS or other programs (61.3% vs 44% vs 53.8%, respectively). 
Reasons for the delay included a delayed graduation date, trouble finding 
an exam site, or financial issues (FIGURE 9).

Effect of COVID-19 on BOC Examination Scores
A total of 59.8% of university programs reported that their pass rate 
was negatively affected whereas 54.1% of hospital programs noticed a 

negative effect. A total of 37.8% of university programs and 45.9% of 
hospital programs reported not being affected by the pandemic.

In terms of scores on the BOC certification exams, 59.8% of univer-
sity programs and 51.4% of hospital programs reported a negative effect. 
A total of 39% of university programs and 48.6% of hospital programs 
reported that scores were not affected. Four (2.4%) university programs 
actually reported that their board pass rate was positively affected.

COVID-19 Effect on Faculty
Not only did the COVID pandemic affect students, but faculty were 
also affected. At both university and hospital programs, time to pre-
pare and time to teach significantly extended into their personal time 
(FIGURE 8). A higher percentage of faculty from the other programs 
group (15%) than MLS (5%) or MLT (4%) were reassigned. Program 
directors reported that their faculty had to spend much more time 
communicating with students, especially about program changes, ex-
pectations, and requirements. They also spent a significant amount of 
time reminding students of assignments and evaluations that were due. 
Communications with affiliates also increased significantly, as hospitals 
made changes in the requirements for students to rotate. Students also 
required increased personal attention, including advising, tutoring, and 
counseling (FIGURE 10).

PD Voices—Personal Impact
“Overnight, we moved into non-stop course prep. Somedays, things changed 
by the hour.”
“Converting to delivering all classes by Zoom and providing some ‘dry lab’ 
experiences increased preparation time. Readjusting the schedule also took 
lots of extra effort and time to plan it.”
“I have worked harder the past two years tracking students, developing curric-
ulum (mentoring, resilience, adding to professionalism lecture) and revising 
exams. The students are requiring more attention, more reminders- some-
thing I did not experience previously as the students were self- starters and 
kept themselves on track and met program expectations. Resuming training 
after the covid break- I know have a weekly recorded update stating what is 
due, selfcare reminders, expectations in rotations, and revisit program expec-
tations”
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FIGURE 6.  A. Learning domains affected by facility type. B. Learning domains affected by program type.
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FIGURE 7.  How student grades were affected.
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“Since we had to have social distancing and smaller labs, all lectures had to be 
asynchronous due to half the class in lab while the other half were at home. 
Since we only have one faculty member teaching a course, it was impossible to 
have live lecture while teaching lab at the same time.”
“HUGE amount of prep for faculty regarding virtual labs. Lectures not as dif-
ficult.”
“My theory was already being presented online but because the labs were so 
changed it caused me to spend more time tutoring weaknesses online with 
students one-on-one.”
“Had to teach instructors how to use Microsoft Teams for lecturing; when 
we came back on site, had to split into 2 smaller groups for social distancing 
which meant more time used for student labs”

Despite all of the challenges, 64.6% of university programs and 73% of 
hospital programs reported that there were no faculty changes. When 
looking at the breakdown by program type, higher percentages of MLS 
and MLT faculty retired or resigned vs other programs. 

Both university and hospital programs reported that faculty either 
took a leave of absence or family medical leave, retired/resigned from 
their position, or were reassigned (FIGURE 11). Comments are in-
cluded in FIGURE 12.

Discussion
The purpose of this study was to characterize the impact of COVID-19 
pandemic on US accredited laboratory sciences programs using survey 
responses from associated PDs. Several themes emerged from the quan-
titative and qualitative data collected, highlighting commonalities and 
differences between university and hospital programs. First, the data 
indicated that the effects from the COVID-19 pandemic were related 
to the inherent differences between hospital and university programs. 
University programs had more experience in online program offerings 
prior to the pandemic. Brown et al8 reported a 21.7% increase in on-
line courses and programs offered by universities from 2016 to 2020. 
However, the same survey data indicated that hospital programs re-
ported 10 online course offerings in 2020 compared to only 1 online 
course in 2016. This study revealed that the pandemic forced approx-
imately 97% of university programs to reformat classes to virtual 
learning compared with 58% of hospital programs. Unlike hospitals, 
learning management systems are commonly used in universities and 
supported with resources for technology and information technology 
and pedagogical expertise. For instance, a PD from a hospital program 
stated that their students were at a disadvantage due to the lack of 
technology to record live or prerecorded lectures; further, firewalls 
limited internet access. Thus, their students were unable to review 
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FIGURE 8.  Reasons student numbers were affected.
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FIGURE 9.  Delay in taking certification exam.
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lectures for reinforcement of information. Common to both types of 
programs, faculty and students were required to learn new technology 
in a short period of time during the pandemic and develop quality 
simulations, and internet access/stability was cited as an issue among 
faculty and students.

Although better equipped to use advanced technology to de-
liver online classes, university programs faced a greater challenge of 
finding the time and expertise to develop pedagogical materials to re-
place the loss of student laboratory sessions. The structure of univer-
sity programs commonly incorporates student laboratory sessions to 
train students in basic and intermediate laboratory skills prior to clin-
ical rotations. For this purpose, the majority of university programs 
(60%) developed simulation laboratory sessions compared with, only 
13% of hospital programs. Some programs handled this restriction by 
delaying or doubling up on student laboratory sessions when allowed.

The pandemic had less of an effect on clinical rotations of hospital 
programs vs university programs, most likely due to hospital’s smaller stu-
dent cohort size and easier access to and placement of students in the clin-
ical laboratory. Indeed, the data indicated that 49% of hospital programs 
did not alter clinical rotations. Less than 30% of hospitals’ clinical 
rotations were delayed or cancelled compared with university programs 

(56% delayed and 30% cancelled). However, both types of settings found 
the need to shorten rotations (university, 49%; hospital, 22%).

Overall, the lack of hands-on experience from reduced exposure 
to student laboratory sessions and clinical rotations produced more 
problems related to psychomotor and affective domain skills of the 
students, especially in students from university programs. Indeed, the 
university PDs observed 3 times more of an effect on psychomotor skills 
(60% vs 22%) due to program changes than students from hospital 
programs. Comparing MLS to MLT and other disciplines, the largest 
impact was observed among MLTs. The lack of interaction between fac-
ulty and students that occurs in face-to-face instruction also generated 
a deficiency in affective domain skills of students in both settings (46% 
of university programs and 35% of hospital programs). Subsequently, 
an increase in student problems related to communication, attendance, 
dependability, and other soft skills were observed in clinical rotations.

Related to the BOC examinations, the pandemic created not only 
delays in taking the examinations but also lower pass rates for some 
programs. In this study, the majority of hospital and university PDs re-
ported a negative effect of the pandemic on ASCP BOC scores and pass 
rates. Based on the ASCP BOC annual statistics, a noticeable decrease 
in the average pass rates for first-time examinees was observed in both 
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FIGURE 12.  Pandemic effect on faculty retention.
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2021 and 2022 compared with 2019 and 2020 statistics. For MLS, the 
NAACLS first-time pass rates in 2019, 2020, 2021, and 2022 were 85%,9 
83%,10 79%,11 and 78%,12 respectively. For MLT, the NAACLS/ABHES 
first time pass rates for the same years were 83%, 84%, 78%, and 78%, 
respectively. In terms of average test scores, it is worth noting that al-
though a decline was observed over 2019 to 2022, the difference in ef-
fect was minimal between the years. More information on test scores 
and pass rates for MLS, MLT, and other programs can be found on the 
ASCP BOC website.9-12

Based on the comments from the PDs received from the survey, 
many of the problems derived from processing certification 
applications, delays in responding to the applicants, and transcript 
review by ASCP BOC. In addition, comments indicated that students 
needing more time to prepare for the examinations and locating an 
available testing site contributed to the delay in scheduling the exami-
nation. Students reported to the PDs that the changes in the program 
structure, especially related to reduced clinical rotations, left them 
feeling more anxious and less confident in their knowledge. This re-
sponse coupled with relaxed certification requirements of clinical 
laboratories employees were suggested reasons for a high number 
of graduates of the programs who did not elect to take the certifica-
tion examinations. Although the first-time pass rate was lower, PDs 
reported that most of these students were successful on the second 
attempt at passing the examination, evidence that students required 
more preparation for the examination.

Currently, many health profession programs housed in universities 
are faced with budget cuts due to a decrease in student enrollment 
and retention as a result of the pandemic. Program directors reported 
that 20% of university students chose to take a leave of absence from 
the program and a significant number withdrew, especially from MLT 
programs, during the pandemic. Factors such as the vaccine mandate, 
financial restraints due to the inability to work, and lack of time devoted 
to academics due to being forced to work overtime were reported in 
this study. Decreased enrollment and attrition were also attributed to 
a delay in completing prerequisites or lack of preparation from prereq-
uisite courses.

Unknown are other possible effects from the pandemic on enroll-
ment and attrition, including the lack of disability accommodations 
in the educational programs, domestic abuse, and lack of household 
supplies and food. The inability to recruit in-person during the pan-
demic also had a major impact on enrollment numbers, especially for a 
health profession program that is less visible than other programs. His-
torically, hospital programs enroll smaller cohorts from larger applicant 
pools and are more likely to be at full capacity.

Future Studies
Future longitudinal studies will reveal the long-term effects from the 
COVID-19 pandemic, including health profession programs’ recovery 

rates with regards to enrollment, retention, attainment of clinical 
sites, and student preparedness for the program and the ASCP BOC 
examinations. In addition, assessment of graduates’ skills and affec-
tive domain performance in the clinical laboratory workforce should 
be conducted. Future studies could also reveal the value of innovative 
teaching strategies that were developed during the postpandemic era.
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On labmedicine.com

This month, the website features several case studies. In 

“Is very high platelet count always associated with essential 

thrombocythemia? An unusual presentation in a child,” Aktekin 

et al describe a pediatric patient with a very high platelet count 

who had 2 mutations common in chronic myeloid leukemia. 

Khanna et al describe 2 patients with chronic lymphocytic 

leukemia/small lymphocytic lymphoma whose cases transformed 

to plasmablastic lymphoma, an exceedingly rare occurrence, 

in “Plasmablastic transformation of chronic lymphocytic 

leukemia: a review of literature and report on 2 cases.” On the 

transfusion medicine front, Nivedita et al present the case of a 

patient with a suspected anti-G antibody in “The exclusion of 

anti-D alloantibody in a suspected anti-G antibody in a pregnant 

28-year-old Odiya Indian woman.” 

Check out these articles and more on labmedicine.com.

Lablogatory

Recent contributions to the blog for medical laboratory 

professionals include microbiology, hematology, and cytology 

case studies as well as posts on forensic pathology and 

laboratory safety. To see why over half a million readers visit 

Lablogatory each year, visit labmedicineblog.com.
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