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Noninvasive biomarkers for lupus nephritis
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Key words: lupus nephritis; laboratory medicine; noninvasive biomarker;
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Abbreviations: LN, lupus nephritis; SLE, systemic lupus erythematosus;
ESRD, end-stage renal disease; dsDNA, double-stranded DNA; IFN-I, type |
interferon; miRNA, microRNA; PBMCs, peripheral blood mononuclear cells; IL,
interleukin; BLyS, B-lymphocyte stimulator protein; TNF, tumor necrosis factor;
IFNAR1, IFN alpha/beta receptor 1; VCAM-1, vascular cell adhesion molecule-1;
AECA, anti-endothelial cell antibodies; AXL, a receptor tyrosine kinase; IGFBP2,
insulin like growth factor binding protein 2; TNFR, TNF receptor; TFH, T follicular
helper cells; UFCR, urinary ferritin/creatinine ratio; NRP-1, neuropilin-1

Laboratory Medicine 2024;55:535-542; https://doi.org/10.1093/labmed/Imae015

ABSTRACT

Lupus nephritis (LN) is one of the most severe clinical manifestations
of systemic lupus erythematosus (SLE). Notably, the clinical
manifestations of LN are not always consistent with the histopatho-
logical findings. Therefore, the diagnosis and activity monitoring of
this disease are challenging and largely depend on invasive renal bi-
opsy. Renal biopsy has side effects and is associated with the risk of
bleeding and infection. There is a growing interest in the development
of novel noninvasive biomarkers for LN. In this review, we summarize
most of the LN biomarkers discovered so far by correlating current
knowledge with future perspectives. These biomarkers fundamentally
reflect the biological processes of kidney damage and repair during
disease. Furthermore, this review highlights the role of urinary cell phe-
notype detection in the diagnosis, monitoring, and treatment of LN
and summarizes the limitations and countermeasures of this test.

Introduction
Lupus nephritis (LN) is one of the most severe clinical manifestations

in patients with systemic lupus erythematosus (SLE), which has a

significantly high morbidity and mortality." Generally, about 30%-
60% of adults and up to 70% of children with SLE will develop related
nephritis as the disease progresses.”’ Additionally, 10%-30% of LN
patients eventually develop end-stage renal disease (ESRD), requiring
dialysis and transplantation.”"” As a chronic autoimmune disease, the
pathogenesis of LN involves multiple factors, including the deposition of
autoantibodies and complements in the glomerulus and the activation of
the innate and adaptive immunity, which ultimately lead to glomerular,
interstitial, tubular, and vascular damage. It is worth mentioning that the
clinical manifestations of LN are not always consistent with the histo-
pathological findings.'"'” At present, the clinical diagnosis of LN mainly
depends on renal histopathological changes. Renal biopsy is the gold
standard for diagnosis and classification of the histopathological changes
of the kidneys, but it is an invasive procedure that is unsuitable for con-
tinuous monitoring of patients.'*'* Additionally, there are puncture-
related side effects, such as bleeding and infection, associated with renal
biopsy. Therefore, there is an urgent need to identify novel noninvasive
biomarkers that can effectively reflect the activity and severity of LN.

Noninvasive biomarkers are laboratory indicators of biological, bi-
ochemical, or molecular substances obtained by noninvasive methods.
They can be qualitatively and quantitatively detected by laboratory
techniques, and their changes are closely related to the occurrence and
development of diseases. Compared with renal biopsy, noninvasive
biomarkers in blood and urine can significantly increase the frequency
of kidney damage assessment, aid in monitoring disease activity, and
guide clinical treatment in patients with LN."""" A large number of
studies have been conducted to develop novel noninvasive biomarkers
for the biological processes in LN, especially those in urine, which fun-
damentally reflect the biological processes of kidney damage and re-
pair during disease, such as inflammatory cell recruitment, immune
cell activation and differentiation, and renal vascular damage and re-
pair, etc.'®% In addition, it is well known that the choice of treatment
strategy for LN patients mainly depends on nephritis severity, and late
diagnosis of LN is associated with a high frequency of ESRD.”""* There-
fore, early diagnosis, continuous monitoring, and early intervention of
LN are important to significantly improve prognosis. To address these
issues, there has been a growing interest in the development of novel
noninvasive LN biomarkers over the past decade. The in-depth multidi-
mensional study of this disease has led to the gradual incorporation of
many noninvasive biomarkers, particularly urinary biomarkers, into the
diagnostic strategy for LN. In this review, we mainly discuss the possible
roles of potential noninvasive biomarkers in the early diagnosis, activity
monitoring, and treatment guidance of LN by correlating the current
knowledge with future perspectives (TABLE 1).

© The Author(s) 2024. Published by Oxford University Press on behalf of American Society for Clinical Pathology.
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TABLE 1. Summary of biomarkers reviewed®

| Biomarker : Sample type . Key points : Reference

| Gene ‘ ‘ ‘

CHADRISheplotype  Blood | Associated with diffuse proliferative glomerulonephritis | O
CFN-polymorphisms  (Blood | Associated with immune-mediated glomerular damage | B
mRVA  Bood  mir125a5p mir-146a-5p, and mir-221-3p suggested therapeutic effect | m
CMdtoantibody L

| Anti-NCS | Associated with renal disease and deserves further investigation
Associated with renal disease and deserves further investigation

Associated with renal disease and deserves further investigation

| Associated with endothelial damage

| Cytokines

Bys  seum  Associated withthe frequencyof (N s
CFNART senm Associated with the frequency of LN\ s
e luie | Associated with the disease activity of LN. om0
CENG e Associated with the extent of kidney damage w
s seumUrine  Associated withrenalivovement . om®
CChemokines
ccLeMcP-) o Seumrine  Associated with active LN patients . w@
CCLAMP1) SeumMrne | Associated with renal disease actvity . @
CCCLsRANTES) Seumrine  Associated withactive LN patients . ae
ccLzMcr3y e Associated with renal disease actvity 8
ccLemcP2  uine  Associated with renal disease actvity .8
ccLioMP-3®  iSewm | Associated withactive LN patients a4
cxels(L®  sewm | Associated withactive LN patients @
ocxcloMe  Seumfrne | Associated withactive LN patients 4
CoxcLio@p10)  (SeumMrne | Associated with renal disease actvity . s&
CoxeL (T Senm Associated with renal disease actviy %
CCXCLI3@BCA)  Sewm | Associated withrenal diseaseactvty . @
COXCL16(SR-PSOXY)  Seum/rine | Associated with renal disease actvity . 8
oxet e Associated with renal disease actiity 8
COtherprotens L
CTWEAK uine  Associated with renal ivolvement . ms
o6 luie | Associated withrenal involvement . ws
URCR ‘uie  Significantl higher than that of SLE patients without (N~ | 2
eFBP2  sewm  Associatedwithrenalhistoogy . oms
CINFRINFR2 Sewm  Associated with renal histology . oms o
e sewm  Associated with damage and repai of renal vascular endotheliom | S
NP1 luie  [EayprognostcbiomarkerintN w
M. lsenmAssociated withremalhistology . omeo
e uie  Associatedwiththe disease actvityof N\ B
Cmmwecels L
CD8+Tcels  uine  Associated with renal disease actvity &

| CD4/CD8 ratio
| CD14+ monocytes

TFH cells Urine Elevated in biopsies and deserves further investigation

AECA, anti-endothelial cell antibodies; anti-NCS, antinucleosome; anti-C1q, anti-complement 1q; AXL, a receptor tyrosine kinase; BCA-1, B cell attracting
chemokine 1; BLyS, B-lymphocyte stimulator protein; CX3CL1, C-X3-C motif chemokine ligand 1; HLA, human leukocyte antigen; IFN-I, type | interferon;
IFNAR1, interferon alpha/beta receptor 1; IGFBP2, insulin like growth factor binding protein 2; IP-10, IFN gamma inducible protein10; I-TAC, IFN inducible
T cell a chemoattractant; MCP, monocyte chemoattractant protein; MIG, monokine induced by gamma interferon; MIP, macrophage inflammatory protein;
NRP-1, neuropilin-1; OPG, osteoprotegerin; RANTES, regulated upon activation, normal T cell expressed and secreted; SR-PSOX, scavenger receptor for
phosphatidylserine and oxidized low-density lipoprotein and bacteria; TFH cells, T follicular helper cells; TGF-B, transforming growth factor-3; TNFR, tumor
necrosis factor receptor; TWEAK, TNF-like weak inducer of apoptosis; UFCR, urinary ferritin/creatinine ratio; VCAM-1, vascular cell adhesion molecule-1.
It must be taken into account that these data are only available in 1-2 studies, and these findings should be updated as more validation experiments are
conducted.

536 Laboratory Medicine 2024;55:535-542 | https://doi.org/10.1093/labmed/Imae015
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Conventional Laboratory Biomarkers for LN

The conventional laboratory markers used for LN diagnosis and
monitoring mainly include proteinuria, protein/creatinine ratio, glomer-
ular filtration rate, plasma complement levels (C3 and C4), anti-double-
stranded (ds)DNA antibody, anti-cardiolipin antibody, rheumatoid
factor, serum immunoglobulin, blood cell counts, as well as erythrocyte
sedimentation rate and so on. Among these markers, the diagnostic
specificity and sensitivity of the protein/creatinine ratio, plasma com-
plement, anti-dsDNA antibody and serum immunoglobulins (IgG and
IgA) for LN are relatively higher than those of the others. However
these markers are still insufficient to diagnose renal damage or to mon-
itor disease activity, and patients still need further renal biopsy.”>*>%®
For example, it is difficult to distinguish between irreversible glomer-
ular capillary damage and ongoing LN activity in most patients with
persistent proteinuria.”” Moreover, Pinheiro et al®’ reported that LN
may recur in the absence of an elevated level of anti-dsDNA. Likewise,
Soliman et al'® found that the diagnostic efficacy of anti-dsDNA varied
across different assay platforms, making it difficult to achieve uni-
formity in clinical judgment. Based on these findings, we believe that LN
can develop before the levels of any of these commonly used laboratory
markers are altered and can continue to develop without obvious clinical
signs. Correlations between these conventional laboratory biomarkers
and LN are incomplete, and their utility in reflecting disease activity
and predicting prognosis remains controversial.’® Therefore, there is an
urgent need to develop novel noninvasive biomarkers that can replace
kidney biopsy and conventional biomarkers to better reflect the extent

of kidney damage in patients with LN.

Blood Biomarkers for LN

The biggest problem with renal biopsy is that it can cause a variety
of complications, including hematuria, kidney damage and loss, and
even death.®® Also, due to differences in infrastructure and personnel
qualifications in different regions, not all the medical institutions can
perform this test.”””" Compared with renal biopsy, side effects caused
by venous blood collection are almost negligible. Of note, the detection
of blood biomarkers requires relatively low infrastructure and personnel
qualifications, making it easier to perform, especially in remote areas.
Great effort has been made to identify novel noninvasive biomarkers
in blood. To date, several studies have screened candidate biomarkers,
including genes, cytokines, chemokines, autoantibodies, adhesion

molecules, and factors involved in kidney damage and repair.””"

Genes as Biomarkers for LN

Genetic factors are important in the pathogenesis of LN. Specifi-
cally, differences in levels of protein biomarkers, such as cytokines,
chemokines, and autoantibodies in the serum and urine of LN patients
can reflect genetic and epigenetic differences. In recent decades, nu-
merous studies have evaluated the potential roles of genes in predicting
LN susceptibility. On one hand, detection of changes in gene sequence,
such as single nucleotide polymorphisms, is expected to be a novel bi-
omarker indicating susceptibility to LN. For example, Marchini et al**
found that the interactions of HLA-DQA and HLA-DR alleles in an
Italian population confer a susceptibility to LN in SLE patients; the
HLA-DR15 haplotype is especially associated with diffuse proliferative

174

glomerulonephritis. Besides, Lodi et al”” reported that type I interferon

www.labmedicine.com

(IFN-I) apparently promoted immune-mediated glomerular damage
in LN. Therefore, gene polymorphisms that enhanced IFN-I signaling
were identified as risk factors for SLE and LN.”” On the other hand, ep-
igenetic modifications by DNA methylation, histone modification, and
micro (mi)RNA can also influence gene expression and alter cell function
without changing the genome sequence, thereby affecting LN suscepti-
bility.”” Su et al”® used next-generation sequencing technology and real-
time quantitative polymerase chain reaction technology to screen the
different expression levels of miRNAs in the peripheral blood mononu-
clear cells (PBMCs) of SLE patients with and without LN. Ultimately, the
study revealed that mir-125a-5p, miR-146a-5p, and mir-221-3p were
significantly decreased in PBMCs of SLE patients with LN and then sig-
nificantly increased after treatment, suggesting their role as biomarkers

in early diagnosis and treatment guidance of LN.”

Serum Protein as Biomarkers for LN

In addition to cells, blood also contains a large number of bioactive
substances, such as proteins. In recent decades, several studies have
been conducted to screen serum biomarkers in LN patients based on
proteomics.'®**7® Various soluble serum proteins, including cytokines,
chemokines, adhesion molecules, and autoantibodies, were found to be
correlated with LN disease severity and activity. For cytokines, Chun et
al”’ found that SLE patients had higher serum levels of cytokines such as
interleukin (IL)-6, IL-10, IL-12, and IFN-y compared with normal healthy
controls, but no significant differences in levels were observed between
SLE patients with and without LN. These findings suggest that due to
the common molecular pathways among various inflammatory diseases,
the efficacy of serum cytokines in the diagnosis and differential diag-
nosis of LN is limited; more studies focusing on the correlations between
cytokines in urine (or specific cells) and disease are being conducted. No-
tably, Lopez et al*" analyzed in depth the expression levels of pathogenic
IFNa, B-lymphocyte stimulator protein (BLyS), and IL-17 axis in var-
ious blood cell types such as T and B lymphocytes, monocytes, dendritic
cells, and neutrophils. They found that tumor necrosis factor (TNF)
superfamily cytokine BLyS and related ligand IFN alpha/beta receptor
1 (IFNAR1) levels on monocytes or in the serum were associated with
the frequency of nephritis.”"*” For chemokines, numerous studies have
shown that serum chemokines, including CCL3 (MIP-1a), CXCL10 (IP-
10), CXCL11 (I-TAC), and CXCL13 (BCA-1), are strongly associated with
disease activity of LN.*****” Also, Fu et al*' reported that the transcrip-
tional levels of interferon-inducible chemokines, including CCL2 (MCP-
1), CCL5 (RANTES), CCL19 (MIP-3[3), CXCL8 (IL-8), and CXCL9 (MIG),
are also strongly associated with active LN patients.’”*"** Compared
with cytokines, the levels of chemokines are more significantly changed
in the blood of LN patients, and their potential as specific biomarkers is
greater. For adhesion molecules, Yao et al>’ found that serum vascular
cell adhesion molecule-1 (VCAM-1) was significantly increased in pro-
liferative LN, suggesting that it can be used as a potential biomarker to
assess the onset and remission of proliferative LN. It is reported that
VCAM-1 is involved in the damage and repair of renal vascular endo-
thelium during the disease course of LN patients.’® For autoantibodies,
a large number of studies have revealed the strong correlation between
antinucleosome, anti-complement 1q, and anti-o-actinin and renal dis-
ease in SLE patients.””” However, their role in assessing the severity and
activity of LN remains to be further validated. Kondo et al*° developed a

solubilized cell surface protein capture enzyme-linked immunosorbent
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assay to detect the serum antibodies in LN patients and further found a
significant correlation between anti-endothelial cell antibodies (AECA)
and glomerular hypercellularity, indicating that AECA, particularly IgA-
AECA, are associated with endothelial damage. For other proteins, Wu
et al”® found that serum AXL (a receptor tyrosine kinase), insulin-like
growth factor binding protein 2 (IGFBP2), and TNF receptor (TNFR)
were significantly elevated in patients with active LN and showed signif-
icant positive correlations with the renal pathology activity index.”® AXL
and IGFBP2 are involved in regulating the innate immune response of
monocytes and T cells, respectively, and seem to be biomarkers of partic-
ular interest in LN studies,”*® whereas TNFR1 and TNFR?2 are found
predominately in glomerular cells and tubular cells, respectively.”® Once
TNF-o binds to its receptors, a complex signaling cascade involving ap-
optosis and inflammation occurs.”® Ultimately, the expression levels of
specific serum proteins are closely related to the kidney damage, and its
detection can be used to monitor the disease activity and guide treat-
ment. However, the usefulness of serum protein detection in assessing

LN susceptibility in SLE patients is limited.

Urinary Biomarkers for LN

Like blood, urine also contains a variety of components, such as epithe-
lial cells, proteins, glucose, inorganic salts, and trace elements, which
can be used as biomarkers for laboratory medicine. Arazi et al”® used
single cell transcriptomics to analyze kidney and urine samples from LN
patients and healthy individuals. Their finding revealed similarities in
the molecular signatures of urine and kidney tissues, highlighting the
superiority of urine samples in understanding kidney damage. Addi-
tionally, numerous studies have demonstrated that the phenotype and
composition of urine cells were similar to those cells observed in renal
biopsies, suggesting that the immune cells examined in urine originated
from the kidney.'® Of note, urine collection is clinically very easy with
few side effects; hence, it can be used to significantly improve the fre-
quency of continuous monitoring in LN patients.33’78’79 Therefore, urine
testing has the potential to serve as a surrogate for renal biopsy in

assessing the extent of kidney damage and inflammation level.

Urinary Immune Cells as Biomarkers for LN

Numerous studies have reported that urinary cell phenotype correlates
with renal interstitial infiltration, which can reflect the disease activity
and kidney damage.?’ Normally, there are no blood cells in the urine
of healthy people, but some T cells, B cells, and macrophages may be
observed in the urine of LN patients and other patients with prolifer-
ative renal diseases.">**% Therefore, the classification and counting of
cells in urine may be a potential noninvasive biomarker for identifying
and diagnosing of LN. Urine sediment analysis, including erythrocyte
and leukocyte counts, as well as morphological analysis, can indicate
the presence of renal disease and inflammation. However, this test has
a very limited role in the differential diagnosis of renal diseases. Some
researchers have introduced flow cytometry to further analyze the
urine cell phenotype and preliminarily obtained a urinary cellular pro-
file of SLE patients with LN. Abdelati et al* found that the numbers of
CD3+CD4+, CD3+CD8+, and CD14+ cells in the urine of SLE patients
with LN were significantly higher than those patients without LN. In
particular, CD14+ monocyte counts were much higher in the urine of
patients with class IV LN than those with class III LN and could serve
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as a potentially sensitive and specific biomarker for detecting prolif-
erative LN.®® In another study, a low CD4/CD8 ratio was found to be
a specific manifestation of LN, suggesting that the shift of urinary T
cells into CD8+ T cells is a marker that distinguishes LN from other
inflammatory kidney diseases, such as diabetic nephropathy.®” There-
fore, both the absolute number and the proportion of urinary CD8+ T
cells may be considered as promising biomarkers for assessing renal ac-
tivity in patients with LN.®" This finding was supported in the study by
Kopetschke et al.°” They found that the numbers of urinary T cells, B
cells, and macrophages were correlated with the disease activity of LN;
however, due to the low number of B cells and macrophages in urine, T
cells remained the best cellular biomarker for LN. Of course, with the
development of laboratory medicine technologies, it is conceivable that
there will be more research focus on cells that are less abundant in urine,
such as B cells and T follicular helper cells (TFH). Several studies have al-
ready confirmed that B cells and TFH cells are elevated in lupus biopsies
and their number alterations in urine may be consistent with those in

kidney tissue, which deserve further investigation.***"

Urinary Proteins as Biomarkers for LN

It is well known that the activation of inflammatory pathways within
the kidneys are early responses to kidney damage. During the inflam-
matory process, cytokines are secreted by immune cells such as T cells
and macrophages and participate in the chemoattraction, migration,
and activation of inflammatory cells. Fava et al*’ analyzed the uri-
nary proteomic profiles in patients with LN and found that urinary
IL-16, CD163, and TGE-f3 have the ability to mirror nephritis activity.
Of note, IL-16 is a CD4 ligand with proinflammatory and chemo-
tactic properties. Single cell RNA sequencing also showed that a large
number of immune cells capable of producing IL-16 infiltrated at the
inflammatory site of the kidney in LN patients, which supports the
idea of IL-16 as a potential noninvasive marker for LN diagnosis and
treatment monitoring.*® Furthermore, Hiyry et al®* detected high
levels of IL-16 expression in the plasma, urine, and kidney tissues in
SLE patients, and only urinary IL-16 could differentiate patients with
proliferative LN from those SLE patients without LN. Therefore, it is
necessary to study the expression levels of cytokines and other in-
flammatory substances in the urine of LN patients. Similarly, Arazi et
al” analyzed kidney samples and urinary cells from patients with LN
using single cell RNA sequencing. The researchers found that a variety
of immune cells, including myeloid cells, T cells, B cells, and natural
killer cells in the kidney had a clear interferon response, and the gene
expression of urine cells was highly consistent with that of kidney
cells. Therefore, the IFN-I test in urinary cells can distinguish LN from
other forms of nephritis and truly reflect the extent of kidney damage.
Also, IL-35 has immunosuppressive and anti-inflammatory effects
and is significantly elevated in the blood and urine of LN patients,
which may aid in assessing renal involvement in SLE patients.” Cai
et al’® demonstrated that LAIR1 could be used as a novel potential
target of the IL-35-regulated JAK/STAT signaling pathway, and its
expression level in urine was significantly correlated with clinical in-
flammatory parameters of LN. For chemokines, Klocke et al*® found
that 9 urinary chemokines were significantly elevated in LN patients
and correlated with disease activity and urinary cell counts. These
chemokines include CCL2, CCL3, CCL5, CCL7, CCL8, CXCL9, CXCL10,
CXCL16, and CX3CL1.***®*® This finding was corroborated in the
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FIGURE 1. Summary of noninvasive biomarkers for lupus nephritis. AECA, anti-endothelial cell antibodies; anti-NCS,
antinucleosome; anti-C1q, anti-complement 1q; AXL, a receptor tyrosine kinase; HLA, human leukocyte antigen; IFN-I, type
| interferon; IFNAR1, interferon alpha/beta receptor 1; IGFBP2, insulin-like growth factor binding protein 2; IL, interleukin;
mBLyS, membrane B-lymphocyte stimulator protein; miRNA, microRNA; NRP-1, neuropilin-1; OPG, osteoprotegerin; TFH, T
follicular helper; TGF-3, transforming growth factor-3; TNFR, tumor necrosis factor receptor; TWEAK, TNF-like weak inducer
of apoptosis; UFCR, urinary ferritin/creatinine ratio; VCAM-1, vascular cell adhesion molecule-1; VEGF, vascular endothelial

growth factor.
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study by Kulkarni and Anders.”” Additionally, Kulkarni and Anders’
1°® reported that CCL2 and CCL3 were highly expressed
in both glomeruli and urine of LN patients, suggesting that the ex-

and Singh et a

pression of chemokines in urine was consistent with that in kidney
tissues. However, there was no significant correlation between urinary
chemokine concentration and serum chemokine levels. These results
indicate that elevated chemokines in urine mainly originate from the
kidney rather than the blood. For other proteins, El-Shehaby et al*’
found that urinary levels of TNF-like weak inducer of apoptosis and
osteoprotegerin were positively correlated with renal involvement as
assessed by the renal disease activity index. These proteins were in-
volved in the harmful physiological responses of cell survival, prolif-
eration, differentiation, angiogenesis, migration and apoptosis, and
then contributed to kidney damage in LN.”*" Kidney damage leads
to the impairment of glomerular filtration function, which ultimately
results in increased levels of protein substances in the urine. Qi et al*?
evaluated the clinical significance of urinary ferritin/creatinine ratio
(UFCR) in LN, and found that the UFCR level in LN patients was sig-
nificantly higher than that in patients without LN. Because ferritin
cannot be filtered by normal glomeruli, damage of glomerular filtra-
tion should be the cause of elevated UFCR.>? Moreover, Torres-Salido
et al® found that the transmembrane receptor neuropilin-1 (NRP-1) is
highly expressed in urine and renal tissue of LN patients, which could
be used as an early prognostic biomarker of LN. In the kidney, NRP-1
could promote renal recovery through endothelial proliferation and

migration, mesangial migration, and local T cell cytotoxicity.

www.labmedicine.com

Conclusion
A large number of potential noninvasive biomarkers targeting can-
didate genes, immune responses, inflammation, and kidney damage
have been reported (FIGURE 1). Compared with renal biopsy, non-
invasive biomarkers have many advantages. First, renal biopsy has
high requirements for medical environment, facilities, equipment, and
personnel qualification, and in addition to possible puncture-related
complications, up to 35% of renal biopsies may fail to obtain adequate
samples,®” whereas the collection procedure for noninvasive biomarkers,
especially from urine, is straightforward and efficient, with almost no
unqualified specimen. Second, renal biopsy requires a clear clinical indi-
cation of kidney damage; therefore, renal biopsy is a lagging indicator. In
contrast, the alterations signaled by noninvasive biomarkers can occur
before kidney damage and therefore can be applied to assess and pre-
dict the risk of LN in patients with SLE. Third, the contraindications
for renal biopsy include coagulation disorders, heart disease, mental
illness, solitary kidney, and kidney atrophy, thus making it unsuitable
for all patients. However, there are few contraindications for noninva-
sive biomarker tests, and urine tests in particular are suitable for almost
everyone. Finally, histological classification artificially divides disease
types based on a point in time, whereas the detection of noninvasive
biomarkers can dynamically and continuously reflect the specific changes
in the kidneys of LN patients. Based on these advantages, the develop-
ment of noninvasive biomarkers has been very rapid in recent decades.
We also are aware that the noninvasive biomarkers in these studies
have some disadvantages. More effort should be made to apply
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noninvasive biomarkers to clinical practice or incorporate them into
clinical treatment guidelines for LN. For urinary cell detection, we
find that the number of immune cells in LN patients varied slightly
across different studies.'®*®® These differences could be explained
by the differences in sample volume obtained, sample prepara-
tion techniques, gating strategy and patient ethnicity. Therefore, a
standardized detection process must be established to apply urinary
cell detection in clinical practice and ensure consistent results from
different laboratories. In addition, assuming that urinary immune
cells originated from the kidney, their role and clinical significance in
renal disease remain unclear and must be evaluated. For serum pro-
tein detection, most studies have validated the efficacy of noninvasive
biomarkers in SLE populations. If these biomarkers are to be applied
in clinical practice, they need to be further validated in other types
of nephritis to evaluate their potential in differential diagnosis. For
urinary protein detection, it is necessary to consider the influence of
urinary tract infection on the specificity of the detection biomarkers
and further evaluate its efficacy. Because most inflammatory diseases
of the urinary system share a common molecular pathway, it is con-
ceivable that potential biomarkers in urine may not be specific to a
particular disease.”® Above all, more clinical trials are needed to fur-
ther validate the diagnostic efficacy of novel noninvasive biomarkers
and therefore promote the translation of basic research into clinical
practice.

In conclusion, noninvasive biomarkers may provide a new turning
point for disease diagnosis, monitoring, and treatment guidance in
patients with LN, avoiding the hazards of repeat renal biopsy and un-
timely diagnosis. A better understanding of the distinct biological role
and molecular mechanisms of noninvasive biomarkers in LN is also cru-
cial for the development of possible therapeutic targets and strategies.
Therefore, in addition to aiding in the diagnosis, monitoring, and treat-
ment guidance of LN, noninvasive biomarkers may act as possible ther-

apeutic targets for LN and must be investigated in detail in the future.
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ABSTRACT

Pancreatic cancer (PC) is usually detected in the advanced stages.
Liquid biopsy has become a revolutionary strategy for cancer
diagnosis and prognosis prediction. This study aims to investigate the
diagnostic and prognostic value of circulating exosomal glypican-1
(GPC-1) in PC. We systematically searched relevant studies. For
diagnostic accuracy, pooled sensitivity and specificity and the area
under the summary receiver operating characteristic curve (AUC)
were calculated. Regarding prognostic value, hazard ratios (HRs) and
95% ClIs for overall survival (OS) were summarized by using a
random-effects model. We found 8 studies that examined the
diagnostic value of circulating exosomal GPC-1 in PC, and 3 studies
that investigated its prognostic value. Pooled sensitivity and specificity
were 0.88 (95% CI, 0.65-0.97) and 0.86 (95% CI, 0.72-0.94). The
AUC was 0.93 (95% ClI, 0.90-0.95). Prognostic analysis showed that
higher levels of circulating exosomal GPC-1 were associated with
poorer OS in PC patients, and the combined HR for OS was 4.59
(random-effects model, 95% CI = 1.17-18.03, P = .022). The results of
both studies were robust and neither had publication bias. Circulating
exosomal GPC-1 may be used as a diagnostic and prognostic
biomarker for PC. However, this result needs to be validated by
further research using a larger sample size

Introduction
Lupus nephritis (LN) is one of the most severe clinical manifestations
in patients with systemic lupus erythematosus (SLE), which has a

significantly high morbidity and mortality.'-* Generally, about 30%-
60% of adults and up to 70% of children with SLE will develop related
nephritis as the disease progresses.*” Additionally, 10%-30% of LN
patients eventually develop end-stage renal disease (ESRD), requiring
dialysis and transplantation.®° As a chronic autoimmune disease, the
pathogenesis of LN involves multiple factors, including the deposition of
autoantibodies and complements in the glomerulus and the activation of
the innate and adaptive immunity, which ultimately lead to glomerular,
interstitial, tubular, and vascular damage. It is worth mentioning that the
clinical manifestations of LN are not always consistent with the histo-
pathological findings.'*? At present, the clinical diagnosis of LN mainly
depends on renal histopathological changes. Renal biopsy is the gold
standard for diagnosis and classification of the histopathological changes
of the kidneys, but it is an invasive procedure that is unsuitable for con-
tinuous monitoring of patients.’*'* Additionally, there are puncture-
related side effects, such as bleeding and infection, associated with renal
biopsy. Therefore, there is an urgent need to identify novel noninvasive
biomarkers that can effectively reflect the activity and severity of LN.

Noninvasive biomarkers are laboratory indicators of biological, bi-
ochemical, or molecular substances obtained by noninvasive methods.
They can be qualitatively and quantitatively detected by laboratory
techniques, and their changes are closely related to the occurrence and
development of diseases. Compared with renal biopsy, noninvasive
biomarkers in blood and urine can significantly increase the frequency
of kidney damage assessment, aid in monitoring disease activity, and
guide clinical treatment in patients with LN.**'" A large number of
studies have been conducted to develop novel noninvasive biomarkers
for the biological processes in LN, especially those in urine, which fun-
damentally reflect the biological processes of kidney damage and re-
pair during disease, such as inflammatory cell recruitment, immune
cell activation and differentiation, and renal vascular damage and re-
pair, etc.'®2° In addition, it is well known that the choice of treatment
strategy for LN patients mainly depends on nephritis severity, and late
diagnosis of LN is associated with a high frequency of ESRD.?? There-
fore, early diagnosis, continuous monitoring, and early intervention of
LN are important to significantly improve prognosis. To address these
issues, there has been a growing interest in the development of novel
noninvasive LN biomarkers over the past decade. The in-depth multidi-
mensional study of this disease has led to the gradual incorporation of
many noninvasive biomarkers, particularly urinary biomarkers, into the
diagnostic strategy for LN. In this review, we mainly discuss the possible
roles of potential noninvasive biomarkers in the early diagnosis, activity
monitoring, and treatment guidance of LN by correlating the current
knowledge with future perspectives (TABLE 1).
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TABLE 1. Summary of biomarkers reviewed?

Blood Type Compatibility

Blood type of donor
0- O+ A- A+ B- B+ AB- AB+
AB+ | N | N | A v | N | N | N |
AB- \ N v v
Blood B+ \ v v v
type of B- v \
recipient | A+ \ y y \
A- v v
O+ v \
0- \

Conventional Laboratory Biomarkers for LN

The conventional laboratory markers used for LN diagnosis and
monitoring mainly include proteinuria, protein/creatinine ratio, glomer-
ular filtration rate, plasma complement levels (C3 and C4), anti-double-
stranded (ds)DNA antibody, anti-cardiolipin antibody, rheumatoid
factor, serum immunoglobulin, blood cell counts, as well as erythrocyte
sedimentation rate and so on. Among these markers, the diagnostic
specificity and sensitivity of the protein/creatinine ratio, plasma com-
plement, anti-dsDNA antibody and serum immunoglobulins (IgG and
IgA) for LN are relatively higher than those of the others. However
these markers are still insufficient to diagnose renal damage or to
mon- itor disease activity, and patients still need further renal
biopsy.?®6¢ For example, it is difficult to distinguish between
irreversible glomer- ular capillary damage and ongoing LN activity
in most patients with persistent proteinuria.?® Moreover, Pinheiro et
al” reported that LN may recur in the absence of an elevated level of
anti-dsDNA. Likewise, Soliman et al*® found that the diagnostic efficacy
of anti-dsDNA varied across different assay platforms, making it
difficult to achieve uni- formity in clinical judgment. Based on these
findings, we believe that LN can develop before the levels of any of
these commonly used laboratory markers are altered and can continue to
develop without obvious clinical signs. Correlations between these
conventional laboratory biomarkers and LN are incomplete, and their
utility in reflecting disease activity and predicting prognosis remains
controversial.®® Therefore, there is an urgent need to develop novel
noninvasive biomarkers that can replace kidney biopsy and
conventional biomarkers to better reflect the extent of kidney damage
in patients with LN.

Blood Biomarkers for LN

The biggest problem with renal biopsy is that it can cause a variety
of complications, including hematuria, kidney damage and loss, and
even death.®® Also, due to differences in infrastructure and personnel
qualifications in different regions, not all the medical institutions can
perform this test.”>’* Compared with renal biopsy, side effects caused
by venous blood collection are almost negligible. Of note, the detection
of blood biomarkers requires relatively low infrastructure and personnel
qualifications, making it easier to perform, especially in remote areas.
Great effort has been made to identify novel noninvasive biomarkers

Laboratory Medicine

in blood. To date, several studies have screened candidate biomarkers,
including genes, cytokines, chemokines, autoantibodies, adhesion
molecules, and factors involved in kidney damage and repair.”>"®

Genes as Biomarkers for LN

Genetic factors are important in the pathogenesis of LN. Specifi-
cally, differences in levels of protein biomarkers, such as cytokines,
chemokines, and autoantibodies in the serum and urine of LN patients
can reflect genetic and epigenetic differences. In recent decades, nu-
merous studies have evaluated the potential roles of genes in predicting
LN susceptibility. On one hand, detection of changes in gene sequence,
such as single nucleotide polymorphisms, is expected to be a novel bi-
omarker indicating susceptibility to LN. For example, Marchini et al**
found that the interactions of HLA-DQA and HLA-DR alleles in an
Italian population confer a susceptibility to LN in SLE patients; the
HLA-DR15 haplotype is especially associated with diffuse proliferative
glomerulonephritis. Besides, Lodi et al’™® reported that type | interferon
(IFN-1) apparently promoted immune-mediated glomerular damage
in LN. Therefore, gene polymorphisms that enhanced IFN-I signaling
were identified as risk factors for SLE and LN.?® On the other hand, ep-
igenetic modifications by DNA methylation, histone modification, and
micro (mi)RNA can also influence gene expression and alter cell function
without changing the genome sequence, thereby affecting LN suscepti-
bility.” Su et al’® used next-generation sequencing technology and real-
time quantitative polymerase chain reaction technology to screen the
different expression levels of miRNAs in the peripheral blood mononu-
clear cells (PBMCs) of SLE patients with and without LN. Ultimately, the
study revealed that mir-125a-5p, miR-146a-5p, and mir-221-3p were
significantly decreased in PBMCs of SLE patients with LN and then sig-
nificantly increased after treatment, suggesting their role as biomarkers
in early diagnosis and treatment guidance of LN.?

Serum Protein as Biomarkers for LN

In addition to cells, blood also contains a large number of bioactive
substances, such as proteins. In recent decades, several studies have
been conducted to screen serum biomarkers in LN patients based on
proteomics.*®3%76 Various soluble serum proteins, including cytokines,
chemokines, adhesion molecules, and autoantibodies, were found to be

correlated with LN disease severity and activity. For cytokines, Chun et
2024;55:535-542 | https://doi.org/10.1093/labmed/Imae015

G20z Arenige4 ¥z uo 1senb Aq 9£S0£9//SES/S/SS/RI0NIR/PaLIGe]/WOo0°dNo-ILapede)/:Sdny WOy Ppeojumoq



al” found that SLE patients had higher serum levels of cytokines such as
interleukin (IL)-6, 1L-10, IL-12, and IFN-y compared with normal healthy
controls, but no significant differences in levels were observed between
SLE patients with and without LN. These findings suggest that due to
the common molecular pathways among various inflammatory diseases,
the efficacy of serum cytokines in the diagnosis and differential diag-
nosis of LN is limited; more studies focusing on the correlations between
cytokines in urine (or specific cells) and disease are being conducted. No-
tably, Lopez et al® analyzed in depth the expression levels of pathogenic
IFNa, B-lymphocyte stimulator protein (BLyS), and IL-17 axis in var-
ious blood cell types such as T and B lymphocytes, monocytes, dendritic
cells, and neutrophils. They found that tumor necrosis factor (TNF)
superfamily cytokine BLyS and related ligand IFN alpha/beta
receptor 1 (IFNAR1) levels on monocytes or in the serum were
associated with the frequency of nephritis.***?> For chemokines,
numerous studies have shown that serum chemokines, including CCL3
(MIP-1a), CXCL10 (IP- 10), CXCL11 (I-TAC), and CXCL13 (BCA-1),
are strongly associated with disease activity of LN.**447 Also, Fu et al**
reported that the transcrip- tional levels of interferon-inducible
chemokines, including CCL2 (MCP- 1), CCL5 (RANTES), CCL19 (MIP-
38), CXCL8 (IL-8), and CXCL9 (MIG),

are also strongly associated with active LN patients.®”*44 Compared
with cytokines, the levels of chemokines are more significantly changed
in the blood of LN patients, and their potential as specific biomarkers is
greater. For adhesion molecules, Yao et al®” found that serum vascular
cell adhesion molecule-1 (VCAM-1) was significantly increased in pro-
liferative LN, suggesting that it can be used as a potential biomarker to
assess the onset and remission of proliferative LN. It is reported that
VCAM-1 is involved in the damage and repair of renal vascular endo-
thelium during the disease course of LN patients.®® For
autoantibodies, a large number of studies have revealed the strong
correlation between antinucleosome, anti-complement 1q, and anti-a-
actinin and renal dis- ease in SLE patients.?’-?® However, their role in
assessing the severity and activity of LN remains to be further validated.
Kondo et al*® developed a solubilized cell surface protein capture
enzyme-linked immunosorbenassay to detect the serum antibodies in
LN patients and further found a significant correlation between anti-
endothelial cell antibodies (AECA) and glomerular hypercellularity,
indicating that AECA, particularly IgA- AECA, are associated with
endothelial damage. For other proteins, Wu et al*® found that serum
AXL (a receptor tyrosine kinase), insulin-like growth factor binding
protein 2 (IGFBP2), and TNF receptor (TNFR) were significantly
elevated in patients with active LN and showed signif- icant positive
correlations with the renal pathology activity index.>®* AXL and IGFBP2
are involved in regulating the innate immune response of monocytes and
T cells, respectively, and seem to be biomarkers of partic- ular interest in
LN studies,>*>*° whereas TNFR1 and TNFR2 are found predominately
in glomerular cells and tubular cells, respectively.%® Once TNF-a binds
to its receptors, a complex signaling cascade involving ap- optosis and
inflammation occurs.%® Ultimately, the expression levels of specific
serum proteins are closely related to the kidney damage, and its
detection can be used to monitor the disease activity and guide treat-
ment. However, the usefulness of serum protein detection in assessing
LN susceptibility in SLE patients is limited.

Urinary Biomarkers for LN
Like blood, urine also contains a variety of components, such as epithe-
lial cells, proteins, glucose, inorganic salts, and trace elements, which

www.labmedicine.com

can be used as biomarkers for laboratory medicine. Arazi et al?® used
single cell transcriptomics to analyze kidney and urine samples from LN
patients and healthy individuals. Their finding revealed similarities in
the molecular signatures of urine and kidney tissues, highlighting the
superiority of urine samples in understanding kidney damage. Addi-
tionally, numerous studies have demonstrated that the phenotype and
composition of urine cells were similar to those cells observed in renal
biopsies, suggesting that the immune cells examined in urine originated
from the kidney.*® Of note, urine collection is clinically very easy with
few side effects; hence, it can be used to significantly improve the fre-
quency of continuous monitoring in LN patients.*787° Therefore, urine
testing has the potential to serve as a surrogate for renal biopsy in
assessing the extent of kidney damage and inflammation level.

Urinary Immune Cells as Biomarkers for LN

Numerous studies have reported that urinary cell phenotype correlates
with renal interstitial infiltration, which can reflect the disease activity
and kidney damage.®® Normally, there are no blood cells in the urine
of healthy people, but some T cells, B cells, and macrophages may be
observed in the urine of LN patients and other patients with prolifer-
ative renal diseases.*>“%®3 Therefore, the classification and counting of
cells in urine may be a potential noninvasive biomarker for identifying
and diagnosing of LN. Urine sediment analysis, including erythrocyte
and leukocyte counts, as well as morphological analysis, can indicate
the presence of renal disease and inflammation. However, this test has
a very limited role in the differential diagnosis of renal diseases. Some
researchers have introduced flow cytometry to further analyze the
urine cell phenotype and preliminarily obtained a urinary cellular pro-
file of SLE patients with LN. Abdelati et al®® found that the numbers of
CD3+CD4+, CD3+CD8+, and CD14+ cells in the urine of SLE patients
with LN were significantly higher than those patients without LN. In
particular, CD14+ monocyte counts were much higher in the urine of
patients with class 1V LN than those with class 111 LN and could serve

as a potentially sensitive and specific biomarker for detecting prolif-
erative LN.5% In another study, a low CD4/CDS8 ratio was found to be
a specific manifestation of LN, suggesting that the shift of urinary T
cells into CD8+ T cells is a marker that distinguishes LN from other
inflammatory kidney diseases, such as diabetic nephropathy.®? There-
fore, both the absolute number and the proportion of urinary CD8+ T
cells may be considered as promising biomarkers for assessing renal ac-
tivity in patients with LN.5* This finding was supported in the study by
Kopetschke et al.®? They found that the numbers of urinary T cells, B
cells, and macrophages were correlated with the disease activity of LN;
however, due to the low number of B cells and macrophages in urine, T
cells remained the best cellular biomarker for LN. Of course, with the
development of laboratory medicine technologies, it is conceivable that
there will be more research focus on cells that are less abundant in urine,
such as B cells and T follicular helper cells (TFH). Several studies have
al- ready confirmed that B cells and TFH cells are elevated in lupus
biopsies and their number alterations in urine may be consistent with
those in kidney tissue, which deserve further investigation. 8!

Urinary Proteins as Biomarkers for LN

It is well known that the activation of inflammatory pathways within
the kidneys are early responses to kidney damage. During the inflam-
matory process, cytokines are secreted by immune cells such as T cells
and macrophages and participate in the chemoattraction, migration,
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and activation of inflammatory cells. Fava et al*® analyzed the uri-
nary proteomic profiles in patients with LN and found that urinary
IL-16, CD163, and TGF-8 have the ability to mirror nephritis activity.
Of note, IL-16 is a CD4 ligand with proinflammatory and chemo-
tactic properties. Single cell RNA sequencing also showed that a large
number of immune cells capable of producing IL-16 infiltrated at the
inflammatory site of the kidney in LN patients, which supports the
idea of IL-16 as a potential noninvasive marker for LN diagnosis and
treatment monitoring.®®* Furthermore, Hayry et al®* detected high
levels of IL-16 expression in the plasma, urine, and kidney tissues in
SLE patients, and only urinary IL-16 could differentiate patients with
proliferative LN from those SLE patients without LN. Therefore, it is
necessary to study the expression levels of cytokines and other in-
flammatory substances in the urine of LN patients. Similarly, Arazi et
al?® analyzed kidney samples and urinary cells from patients with LN
using single cell RNA sequencing. The researchers found that a variety

of immune cells, including myeloid cells, T cells, B cells, and natural
killer cells in the kidney had a clear interferon response, and the gene
expression of urine cells was highly consistent with that of kidney
cells. Therefore, the IFN-I test in urinary cells can distinguish LN from
other forms of nephritis and truly reflect the extent of kidney damage.
Also, 1L-35 has immunosuppressive and anti-inflammatory effects
and is significantly elevated in the blood and urine of LN patients,
which may aid in assessing renal involvement in SLE patients.* Cai
et al*® demonstrated that LAIR1 could be used as a novel potential
target of the IL-35-regulated JAK/STAT signaling pathway, and its
expression level in urine was significantly correlated with clinical in-
flammatory parameters of LN. For chemokines, Klocke et al*® found
that 9 urinary chemokines were significantly elevated in LN patients
and correlated with disease activity and urinary cell counts. These
chemokines include CCL2, CCL3, CCL5, CCL7, CCL8, CXCL9, CXCL10,
CXCL16, and CX3CL1.%2464 This finding was corroborated in the

FIGURE 1. Summary of noninvasive biomarkers for lupus nephritis. AECA, anti-endothelial cell antibodies; anti-NCS,
antinucleosome; anti-C1q, anti-complement 1q; AXL, a receptor tyrosine kinase; HLA, human leukocyte antigen; IFN-I, type
linterferon; IFNARL, interferon alpha/beta receptor 1; IGFBP2, insulin-like growth factor binding protein 2; IL, interleukin;
mBLyS, membrane B-lymphocyte stimulator protein; miRNA, microRNA; NRP-1, neuropilin-1; OPG, osteoprotegerin; TFH, T
follicular helper; TGF-8, transforming growth factor-8; TNFR, tumor necrosis factor receptor; TWEAK, TNF-like weak inducer
of apoptosis; UFCR, urinary ferritin/creatinine ratio; VCAM-1, vascular cell adhesion molecule-1; VEGF, vascular endothelial

growth factor.
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study by Kulkarni and Anders.*® Additionally, Kulkarni and Anders*
and Singh et al®® reported that CCL2 and CCL3 were highly expressed
in both glomeruli and urine of LN patients, suggesting that the ex-
pression of chemokines in urine was consistent with that in kidney
tissues. However, there was no significant correlation between urinary
chemokine concentration and serum chemokine levels. These results
indicate that elevated chemokines in urine mainly originate from the
kidney rather than the blood. For other proteins, EI-Shehaby et al*
found that urinary levels of TNF-like weak inducer of apoptosis and
osteoprotegerin were positively correlated with renal involvement as
assessed by the renal disease activity index. These proteins were in-
volved in the harmful physiological responses of cell survival, prolif-
eration, differentiation, angiogenesis, migration and apoptosis, and
then contributed to kidney damage in LN.*%%! Kidney damage leads
to the impairment of glomerular filtration function, which ultimately
results in increased levels of protein substances in the urine. Qi et al®
evaluated the clinical significance of urinary ferritin/creatinine ratio
(UFCR) in LN, and found that the UFCR level in LN patients was sig-
nificantly higher than that in patients without LN. Because ferritin
cannot be filtered by normal glomeruli, damage of glomerular filtra-
tion should be the cause of elevated UFCR.5? Moreover, Torres-Salido
et al® found that the transmembrane receptor neuropilin-1 (NRP-1) is
highly expressed in urine and renal tissue of LN patients, which could
be used as an early prognostic biomarker of LN. In the kidney, NRP-1
could promote renal recovery through endothelial proliferation and
migration, mesangial migration, and local T cell cytotoxicity.

Conclusion
A large number of potential noninvasive biomarkers targeting can-
didate genes, immune responses, inflammation, and kidney damage
have been reported (FIGURE 1). Compared with renal biopsy, non-
invasive biomarkers have many advantages. First, renal biopsy has
high requirements for medical environment, facilities, equipment, and
personnel qualification, and in addition to possible puncture-related
complications, up to 35% of renal biopsies may fail to obtain adequate
samples,® whereas the collection procedure for noninvasive biomarkers,
especially from urine, is straightforward and efficient, with almost no
unqualified specimen. Second, renal biopsy requires a clear clinical indi-
cation of kidney damage; therefore, renal biopsy is a lagging indicator. In
contrast, the alterations signaled by noninvasive biomarkers can occur
before kidney damage and therefore can be applied to assess and pre-
dict the risk of LN in patients with SLE. Third, the contraindications
for renal biopsy include coagulation disorders, heart disease, mental
illness, solitary kidney, and kidney atrophy, thus making it unsuitable
for all patients. However, there are few contraindications for noninva-
sive biomarker tests, and urine tests in particular are suitable for almost
everyone. Finally, histological classification artificially divides disease
types based on a point in time, whereas the detection of noninvasive
biomarkers can dynamically and continuously reflect the specific changes
in the kidneys of LN patients. Based on these advantages, the develop-
ment of noninvasive biomarkers has been very rapid in recent decades.
We also are aware that the noninvasive biomarkers in these studies
have some disadvantages. More effort should be made to apply
noninvasive biomarkers to clinical practice or incorporate them into
clinical treatment guidelines for LN. For urinary cell detection, we
find that the number of immune cells in LN patients varied slightly
across different studies.'®6-%% These differences could be explained
by the differences in sample volume obtained, sample prepara-
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tion techniques, gating strategy and patient ethnicity. Therefore, a
standardized detection process must be established to apply urinary
cell detection in clinical practice and ensure consistent results from
different laboratories. In addition, assuming that urinary immune
cells originated from the kidney, their role and clinical significance in
renal disease remain unclear and must be evaluated. For serum pro-
tein detection, most studies have validated the efficacy of noninvasive
biomarkers in SLE populations. If these biomarkers are to be applied
in clinical practice, they need to be further validated in other types
of nephritis to evaluate their potential in differential diagnosis. For
urinary protein detection, it is necessary to consider the influence of
urinary tract infection on the specificity of the detection biomarkers
and further evaluate its efficacy. Because most inflammatory diseases
of the urinary system share a common molecular pathway, it is con-
ceivable that potential biomarkers in urine may not be specific to a
particular disease.®® Above all, more clinical trials are needed to fur-
ther validate the diagnostic efficacy of novel noninvasive biomarkers
and therefore promote the translation of basic research into clinical
practice.

In conclusion, noninvasive biomarkers may provide a new turning
point for disease diagnosis, monitoring, and treatment guidance in
patients with LN, avoiding the hazards of repeat renal biopsy and un-
timely diagnosis. A better understanding of the distinct biological role
and molecular mechanisms of noninvasive biomarkers in LN is also cru-
cial for the development of possible therapeutic targets and strategies.
Therefore, in addition to aiding in the diagnosis, monitoring, and treat-
ment guidance of LN, noninvasive biomarkers may act as possible ther-
apeutic targets for LN and must be investigated in detail in the future.
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ABSTRACT

Objective: This study was conducted to estimate prevalence of direct
antiglobulin test (DAT) positivity and its impact on transfusion support
in patients with thalassemia.

Methods: The DAT testing was performed for patients with (-
thalassemia who received transfusion from November 2021 to March
2022. Elution was done for DAT-positive samples.

Results: Of 180 patients, 21 (11.6%) were DAT positive. Immunoglob-
ulin G (IgG) was present in 4 (19%) and 1gG+C3d was present in 8
(38%). Only complement was present in 9 (42.8%) patients. The IgG-
reactive DATs were associated with pan-reactive eluate. Patients who
were DAT-positive had significantly higher levels of serum bilirubin, fer-
ritin, and IgG than those who were DAT-negative.

Conclusion: Autoantibody formation in multiply transfused thalasse-
mia patients is common and merits equal attention as alloimmunization.
It is particularly important as DAT-positive red blood cells may undergo
clinically significant hemolysis, which may increase the transfusion
requirements with associated sequalae such as increased serum fer-
ritin and splenomegaly.

Thalassemia is an inherited hemolytic disorder caused by partial or com-
plete defect in a- or B-globin chain synthesis. The curative treatment
for thalassemia is stem cell transplant, in the absence of which severe
disease is managed by regular and lifelong red blood cell (RBC) trans-
fusion to keep the hemoglobin (Hb) level between 9 and 11.5 g/dL.*
Gene therapy by autologous hematopoietic stem cells modified with a
lentiviral vector expressing the B-globin gene is a promising approach to
completely cure S thalassemia.?

A major complication of transfusion therapy in thalassemia is
the development of anti-RBC antibodies (alloantibodies and/or
autoantibodies). Although formation of alloantibodies occurs due to
phenotypic differences between donor and patient RBCs, immuno-
logic disturbances arising from chronic overstimulation of the immune
system caused by the joint effect of allogeneic transfusions and sple-
nectomy are responsible for the development of autoantibodies.® It is
hypothesized that the missing role of the spleen in filtering damaged
and conformationally changed RBCs after splenectomy may further aug-
ment the immune response and lead to the formation of autoantibodies.*
Thus, it is not uncommon to find positive direct antiglobulin tests
(DATS) in thalassemic patients even when phenotypically matched RBCs
have been transfused.

The prevalence of RBC autoantibodies has been estimated to be
6.5% in chronically or intermittently transfused patients® as compared
to 1.4% in the general population.® The autoantibodies can remain si-
lent or cause accelerated clearance of RBCs and autoimmune hemolytic
anemia (AIHA),® resulting in clinical hemolysis. Autoantibodies may
also cause difficulty in cross-matching blood and shorten the duration
of RBC survival, requiring immunosuppressive therapy or splenectomy.
In some patients, there are anti-RBC autoantibodies present that give
a positive DAT without notable RBC destruction.® The antibody eluted
from the RBCs in such cases often reacts with all RBCs except Rh null
RBCs. This prospective study was conducted to estimate the prevalence
of DAT positivity and its impact on transfusion support in thalassemia
patients. We also studied the association of various clinical and labora-
tory parameters with DAT positivity.

Materials and Methods
This study was conducted prospectively on participants with B thalasse-
mia for a period of 5 months (from November 2021 to March 2022) after
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obtaining written informed consent and a waiver from the institutional
ethical review board. Patients with connective tissue and autoimmune
diseases were excluded from the study.

We used EDTA samples received for routine compatibility testing. No ex-
tra sample was taken. Plasma was separated and stored at —80°C in aliquots,
which were thawed at room temperature later and used for antibody screen-
ing, anti-hepatitis C (HCV) antibody testing, and total serum immunoglob-
ulin G (IgG) estimation. The RBCs were used for performing the DAT.

The DAT was performed by conventional tube technique using AABB
standard.® Briefly, 1 drop of 2% to 5% suspension of RBCs was dispensed
into test tubes and washed 3 times with normal saline, the final wash
decanted completely. Two drops of polyspecific antihuman globulin
(AHG) reagent (Eryclone Anti-Human Globulin, Tulip Diagnostics)
were then added, mixed well, tube-centrifuged at 10009 for 30 s, and
cells were examined for agglutination. All reactions were graded and re-
corded.* Further distinction of autoantibody was done using monospe-
cific gel cards (IgG/C3cC3d) (DC-Screening |, DiaMed)

Ether elution was performed on all DAT positive samples following
the standard method” and eluate was tested for the presence of antibody
using reagent RBC panel in AHG phase. Antibody screening and identifi-
cation was performed by the column agglutination technique using com-
mercially available 3-cell (ID-Diacell I-11-111 DiaMed) and 11-cell panels
(ID-Diapanel, DiaMed), respectively.

Serum IgG concentrations were quantified using the enzyme-linked
immunosorbent assay (ELISA) method (Invitrogen, ThermoFisher Sci-
entific). Maximum detection limit of this assay is 0.105 pg/mL (52,500
1U/pL).

Screening for anti-HCV antibody was performed by an enzyme-
linked fluorescent assay using a VIDAS Hepatitis panel (bioMérieux
Clinical Diagnostics).

Clinical details such as age, sex, age at first transfusion, splenec-
tomy, and transfusion records including number of units transfused and
the interval between transfusions, were obtained from the hospital in-
formation system. Other biochemical parameters such as hemoglobin,
serum total bilirubin, serum conjugated bilirubin, and serum ferritin
were obtained from patient files.

Statistical Analysis

All statistical tests were performed using IBM SPSS software for Win-
dows version 20 (IBM). Categorical variables were presented as number
and proportions, and continuous variables were presented as median
and quartile () test). Association was shown by regression (binary lo-
gistic). A P value of <.05 was considered significant.

Results

A total of 180 participants with 5 thalassemia who were on regular trans-
fusion therapy over a period of November 2021 to March 2022 at our
center were included. Of the 180 patients, 161 (90%) were diagnosed
with 8 thalassemia major and 19 (10%) were diagnosed with S thalasse-
mia intermedia. The majority of these patients were treated exclusively
at our institution for thalassemia for the entirety of the study period.
Of the 180 patients, 21 (11.6%) were positive for DAT using polyspecific
AHG reagent. Patient clinical and demographic details are given in TA-
BLE 1. A majority of the patients were male (125/180, 69.4%) with
a median age of 13 years. A total of 29 patients (29/180, 16.1%) had
undergone splenectomy.

TABLE 2 shows laboratory features in DAT-positive and DAT-

negative patients. Alloantibody was present in only 1 DAT-positive pa-
tient compared to 9 (5.7%) DAT-negative patients; the difference was
not significant (P = .866). Only IgG was present in 4 (19%), 1gG+C3d
was present in 8 (38%), and in the remaining 9 (42.8%) patients, RBCs
were coated with complement only. Eluate was pan-reactive in all 1gG-
coated RBCs and negative in complement-coated RBCs. All DAT-positive
patients had significantly higher levels of total bilirubin, serum ferritin,
and total serum 1gG level compared to DAT-negative patients (P < .05).
The rate of HCV positivity was also found to be higher in the DAT-
positive group than in the DAT-negative group (28.6% vs 1.2%) (P <.05).

TABLE 3 shows transfusion requirements in the patients. It was

found that total number of units (median) transfused per year and

annual consumption of RBCs in milliliters per kilogram per year were

higher in DAT-positive patients, 31 vs 24 units and 228.5 vs 152 mL,
respectively (P <.05).

Although the interval between 2 transfusions was significantly less
in DAT-positive patients, alloantibodies were detected in 9 (5%) DAT-
negative patients and 1 (4.7%) DAT-positive patient. The specificity of
the alloantibodies mostly belonged to RH, Kell, and Kidd specificities
(TABLE 4).

A positive DAT was associated with splenectomy (P =.018), elevated
1gG level (P =.021), positive HCV Ab (P = .018), increased serum ferri-
tin (P = .036), decreased transfusion interval (P = .018), and increased
consumption of RBCs per year (P = .013) on multivariate analysis
(TABLE 5).

Discussion

Although alloimunization is a known complication in multiply
transfused thalassemia patients, autoantibody formation is less com-
monly reported in the literature. Autoantibodies in these patients cause

TABLE 1. Clinical Details of Thalassemia Patients with and without DAT Positivity®

DAT, direct antiglobulin test.
aData are given as No. (%) except where indicated.

www.labmedicine.com

Variable All Patients (n = 180) DAT-Positive Patients (n = 21) Paﬁg‘;—sl\l(ﬁgzaiisv; P Value
Age, median (quartile), y 13 (9-21) 15 (12.5-22.5) 12 (9-21) .082
Male 125 (69.4) 16 (76.2) 109 (68.6) 457
Female 55 (30.6) 5(23.8) 50 (31.4)

Thalassemia major 161 (89.4) 20 (95.2) 141 (88.7)

Thalassemia Intermedia 19 (10.6) 1(4.8) 18 (11.3)

Age at first transfusion, median (quartile), y 0.58 (0.41-1.5) 0.75 (0.57-1.13) 0.58 (0.41-1.1.50) .459
Splenectomy 29 (16.1) 10 (47.6) 19 (11.9) <.001

GzZ0z Areniged g uo 1senb Aq G0T2889/901/7/7S/a191e/pewde]/wod dno-dlwapede//:sdny woiy pepeojumoq

407


http://www.labmedicine.com/

408

TABLE 2. Laboratory Features of Thalassemia Patients with and without DAT Positivity

Laboratory Feature DAT-Positive (n = 21) DAT-Negative (n = 159) P Value
Alloimmunization, No. (%) 1(4.8) 9(5.7) .866
Auto antibody, No. (%)

1gG+C3d 8 (38) NA

1gG only 4(19)

C3d only 9 (42.8)
Total bilirubin, median (quartile), mg/dL 1.7 (1.1-2.2) 1.1 (0.7-1.87) .01
Conjugated bilirubin, median (quartile), mg/dL 0.75 (0.57-1.13) 0.6 (0.44-0.86) .109
Serum ferritin, median (quartile), ng/mL 3300 (2627-4466) 2090 (1746-2598) <.001
Total serum IgG? level >52,500 1U/dL, No. (%) 16 (76.2) 28 (48.3) .027
Anti-HCV antibody positive, No. (%) 6 (28.6) 2(1.2) <.001

DAT, direct antiglobulin test; HCV, hepatitis C virus; 1gG, immunoglobulin G; NA, not applicable.

aMeasured in all DAT-positive and 58 DAT-negative patients

TABLE 3. Transfusion Support in Thalassemia Patients

DAT, direct antiglobulin test.

TABLE 4. Specificity of Alloantibodies in DAT-Positive and
DAT-Negative Patients

Antibody DAT-Positive (n = 21) | DAT-Negative (n = 159) Total
Anti-E 0 1 1
Anti D + Anti C 0 1 1
Anti C + Anti K 0 1 1
Anti E + Anti K 0 2 2
Anti-K 1 3 4
Anti Jk® 0 1 1

DAT, direct antiglobulin test.

hemolysis of the patient’s own RBCs as well as transfused RBCs. The DAT
is the most sensitive diagnostic tool for detection of in vivo sensitization
of RBCs.

A DAT positivity in thalassemia patients can either be due to
autoantibodies or residual donor RBCs coated with alloantibodies. How-
ever, in our study, DAT positivity was due only to autoantibodies and
not alloantibodies.

In the current study, the rate of DAT positivity among patients with
[-thalassemia was 11.6% (21/180). The prevalence of autoantibody
formation in patients with thalassemia in other countries has been re-
ported as 28.8% in Egypt,® 23% in Hong Kong,® 22.8% in Albania,'° and
6.5% in the United States.!

In a study from India, Dhawan et al* reported a very high rate of au-
toantibody formation (28.2 %) among 319 multiple transfused patients
with 5 thalassemia major. Similarly, another study from India reported a
15.9% rate of autoantibody formation in this group of patients.*?

Laboratory Medicine

Variable DAT-Positive (n = 21) DAT-Negative (n = 159) P Value
No. of units transfused/y, median (quartile) 31 (25-38) 24 (21-26) <.001
Average interval between 2 consecutive transfusions, median (quartile), d 22 (15-28) 27 (24-30) .002
Annual consumption of RBCs, median (quartile), mL/kg/y 228.5 (138.9-297.1) 152 (115-208) .013

In our study, DAT positivity due to IgG+ complement was found to be
an independent predictor of clinically significant hemolysis in patients
with B thalassemia with underlying RBC autoimmunity.> Amen et al*®
noted that 52% of the autoantibodies detected in their subjects were
of 1gG in nature; however, none of them caused significant hemolysis.
Singer et al* found autoantibodies in 25% of those with thalassemia,
having IgG specificity in 68.8% and C3d specificity in 32.2% of patients,
respectively. Clinically significant AIHA developed in 3 patients: 1gG-
induced in 1 and 1gG with complement in the other 2.* In a study from
India, 1gG only was detected on 56.3% of DAT-positive RBCs.*? It has
been reported that patients with thalassemia major show a significant
lymphocytosis, with mainly B-cell changes consistent with ongoing
B-cell stimulation associated with chronic exposure to RBC antigens.**
This B-cell stimulation results in an increase in serum immunoglobulin,
immune complexes, and RBCs expressing surface immunoglobulin.

Age at the start of transfusion plays a role in the alloantibody and
autoantibody formation. Previous studies have reported a lower fre-
quency of autoantibody formation associated with the early onset of
transfusion.*>'6 Consistent with the previous studies, we also observed
that early onset of transfusion (0.58 year) was associated with low fre-
quency of autoantibody formation (159/180, 88.3%) compared to late
onset (0.75 year) (21/180, 11.6%), however, the difference was not
statistically significant (P = .459) (TABLE 1). Some authors reported
no association between autoantibodies and age of start of transfusion
(P = .5, P = .8, respectively).®’

In our study, 47.6% of DAT-positive patients had undergone
splenectomy compared to 11.9% of the DAT-negative participants
(P < .001). Singer et al* observed that 56% of the patients with
autoantibodies had undergone splenectomy in their group of patients.

2025;54:406-410 | https://doi.org/10.1093/labmed/Imac140
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TABLE 5. Multivariate Analysis of DAT-Positive Patients

DAT, direct antiglobulin test; HCV, hepatitis C virus; IgG, immunoglobulin G.

Arinsburg et al® reported an even higher number of patients with sple-
nectomy (88.1%).

Persons with thalassemia who have undergone splenectomy
have higher levels of serum IgG, which is not unexpected, as the
spleen is not clearing the RBCs coated with autoantibodies.® In our
study, 76.2% of DAT-positive patients had serum IgG levels greater
than 52,500 IU/dL in contrast to 48.3% of DAT-negative patients
(P =.027, TABLE 2). Arinsburg et al® noted elevated IgG levels in
88.1% of DAT-positive patients. Multiple studies in general patient
populations have shown that increased serum IgG levels are associ-
ated with a positive DAT. 20 Immunological abnormalities in those
with thalassemia, including an expansion of circulating B cells and
a modest polyclonal gammopathy, are thought to play a role in the
abnormal IgG levels.

The HCV positivity among DAT-positive patients was 28.6% in
our study, which was significantly higher than that in DAT-negative
patients (P < .001, TABLE 2). Arinsburg et al® reported 60% HCV
positivity among DAT-positive subjects. The HCV has been implicated
both in the autoantibody formation and autoimmune diseases. The
HCV might be involved in the breakdown of self-tolerance triggering
autoreactivity.?* Bhattachrya et al?? reported very high prevalence of
anti-HCV antibodies in multiply transfused thalassemia patients in In-
dia. Of 300 patients,75(25%) were found to be HCV positive by ELISA.
Among them, 49 (65%) were HCV RNA positive with significant viral
load in their blood.

Serum ferritin levels were significantly higher in DAT-positive
patients in our study (3300 ng/mL vs 2090 ng/mL, P <.001). This could
be due to the combined effect of more transfusions and the higher rate
of splenectomy in DAT-positive patients?” or simply an increased num-
ber of transfusions in DAT-positive patients.??

The transfusion response in terms of number of units transfused
per year, the interval between 2 transfusions, and annual consumption
of RBCs was significantly higher among the DAT-positive than the DAT-
negative patients (TABLE 3). This indicates that DAT-positive RBCs may
be undergoing hemolysis more profoundly than DAT-negative RBCs, which
is also corroborated by increased levels of serum conjugated bilirubin in
DAT-positive patients. However, a previous study reported similar transfu-
sion response among DAT-positive and DAT-negative patients.®

On multivariate analysis, a positive DAT in thalassemia was as-
sociated with elevated serum 1gG levels (adjusted odds ratio [AOR]
0.002, P = .021), elevated serum ferritin (AOR 0.998, P = .036),
decreased interval between transfusions (AOR 1.794, P = .018),
increased annual consumption of RBCs (AOR 0.948, P = .013),

www.labmedicine.com

Variable Regression Coefficient (§) Adjusted Odds Ratio (95% Confidence Interval) P Value
Serum IgG -6.237 0.002 (0.000-0.387) .021
Serum bilirubin conjugated -3.115 0.044 (0.002-1.180) .061
Serum ferritin -0.002 0.998 (0.997-1.000) .036
Interval between 2 consecutive transfusions 0.584 1.794 (1.106-2.9098) .018
Annual consumption of packed RBCs -0.054 0.948 (0.909-0.989) .013
HCV reactivity -7.62 0.000 (0.000-0.264) .018
Splenectomy -10.3 0.000 (0.000-0.169) .018

HCV positivity (AOR 0.00, P = .018), and splenectomy (AOR 0.000,
P =.018).

We did not find any association between alloimmunization and DAT
positivity, which is consistent with Arinsburg et al.® In contrast, Jain
et al*? reported significantly higher alloimmunization in patients with
positive DAT.

Raised serum conjugated bilirubin level coupled with increased trans-
fusion requirements and decreased transfusion interval in DAT-positive
thalassemia patients indicates the development of AIHA. However, due
to lack of all the clinical and baseline laboratory information, the DAT-
positive subjects in our study cannot be confirmed to have AIHA. This
is one of the limitations of this study. Khaled et al® reported 25 cases
of AIHA among 87 DAT-positive patients. However, it is important for
the clinician to closely monitor DAT-positive thalassemia patients for
any signs of worsening clinical and laboratory features of hemolysis
to rule out the possibility of development of AIHA so that therapeutic
interventions can be planned.

Thus, the phenomenon of autoantibody formation in multiply
transfused thalassemia patients is not uncommon and merits the same
attention as alloimmunization. It is particularly important, as DAT-
positive RBCs may undergo clinically significant hemolysis, which may
increase the transfusion requirements with associated sequalae such as
increased serum ferritin and splenomegaly.
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ABSTRACT

Background: Endothelial dysfunction (ED) has a well-known role in
promoting vascular inflammation in Behget disease (BD). a-klotho is
involved in regulation of endothelial function, and its reduction has
been reported to be associated with ED.

Objective: To assess serum a-klotho in patients with BD, compared
with healthy control individuals.

Methods: In a cross-sectional study, 55 patients with BD and 30 age-
and sex-matched healthy controls were enrolled, and their serum
levels of a-klotho were measured.

Results: Common clinical symptoms in patients with BD were oral
aphthous ulcers, uveitis, and genital ulcers. Median (IQR) serum a-
klotho levels in the BD and control groups were 0.30 (0.20-0.70) and
1.00 (0.70-2.52) ng/mL, respectively. The difference was statistically
significant (P = .005). No significant correlation was observed between
serum a-klotho and age (r = 0.194; P = .14). Serum a-klotho levels in
patients with uveitis were significantly lower.

Conclusion: a-klotho may have a role in the pathogenesis of ED and
is a potential biomarker for uveitis in BD.

Behget disease (BD) is a type of systemic vasculitis that mainly affects
young adults. Recurrent oral aphthous and genital ulcers, skin lesions,
and uveitis—as well as involvement of the central nervous system,
musculoskeletal and vascular systems, and gastrointestinal tract—are
common manifestations.* The etiology and pathogenesis of BD are
unknown. However, the main pathological manifestation is infiltra-
tion of inflammatory cells in the perivascular area and the walls of the
capillaries, veins, and arteries of various sizes.? BD is an inflammatory
disease with autoimmune and autoinflammatory features that is caused
by the activation of the immune system after exposure to environmental
factors in genetically predisposed individuals.®® Endothelial dysfunc-
tion (ED) is a hallmark of BD.%" Endothelial activation has a well-known
role in promotion of vascular inflammation and thrombosis in BD.%’

The a-klotho protein is an essential component of endocrine fibro-
blast growth factor (FGF) receptor complexes and exists in transmem-
brane and soluble forms.® a-klotho primarily is known as an antiaging
agent.® Also, a-klotho is involved in the regulation of endothelial func-
tion; its reduction has been reported to be associated with ED® and
may have a role in the regulation of immune response.® Several study
reports'®'* have presented the association between a-klotho and var-
ious rheumatic diseases, including rheumatoid arthritis (RA), systemic
lupus erythematosus (SLE), and systemic sclerosis (SSc).

The growing evidence regarding a-klotho dysregulation in patients
with autoimmune diseases and ED has led to the hypothesis that these
peptides can be used as a biomarker in BD. To our knowledge, there has
been no investigation regarding the role of a-klotho in BD and its corre-
lation with clinical manifestations and activity of disease. So, this work
of research aimed to assess the serum a-klotho levels in patients with
BD, compared with those levels in healthy subjects.

Methods

Subjects

In a cross-sectional study, 55 patients diagnosed with BD and 30 age-
and sex-matched healthy controls were enrolled. Inclusion criteria were
diagnosis of BD according to the International Criteria for Behget’s Dis-
ease (ICBD)*® and age >16 years. Patients with BD were selected consec-
utively from the outpatient BD clinic of the Connective Tissue Diseases
Research Center of Tabriz University of Medical Sciences, Iran, between
February 2021 and December 2021. The exclusion criteria were im-
paired renal function, liver disease, diabetes mellitus, thyroid and/or
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parathyroid disorders, any other autoimmune diseases or over-
lap syndromes, malignant neoplasms, pregnancy and breastfeeding,
ever smoking, and/or currently taking antioxidant supplements. The re-
search protocol was approved by the ethics committee of Tabriz University
of Medical Sciences, Tabriz, Iran; informed written consent was gained
from all subjects before inclusion in the study. During the study, all per-
sonal information was kept confidential, and accordingly, we performed
other steps to act according to ethical and humanitarian considerations.

Clinical and Biochemical Measurements

All participants were examined in a multidisciplinary clinic by a rheuma-
tologist and, if necessary, by an ophthalmologist and other specialists.
Data related to the demographic characteristics of participants and clini-
cal manifestations of patients with BD were recorded. We collected 5 mL
of venous blood specimens after 12-hour overnight fasting. The serum
specimens were isolated from whole blood and were kept at —70°C until
biochemical measurements were performed. Serum levels of a-klotho
were measured using a human a-klotho ELISA kit in an ELISA plate
reader (Model Stat Fax 2100, Awareness Technologies). The specimens
collected from the studied groups were tested by A. Ghorbanihaghjo si-
multaneously, using the same reagent lot number.

Statistical Analysis

Statistical analysis was performed using SPSS software, version 16.0
(IBM). Normality of variables distribution was evaluated using the
Kolmogorov-Smirnov test. Categorical and normally distributed quan-
titative variables were displayed as No. (%) and mean (SD), respec-
tively. Variables not normally distributed were presented as median
(IQR). Between-groups comparisons were made via x? testing, inde-
pendent sample t-testing, and Mann-Whitney U testing, as appropri-
ate. Correlations between variables were analyzed using the Pearson
correlation coefficient; P < .05 was considered statistically significant.

Results
The study included 55 patients with BD and 30 healthy controls. Dem-
ographic and clinical characteristics of participants are presented in
TABLE 1. There was no significant difference in age and sex between
patients with BD and controls. The most common clinical symptoms in
patients with BD were oral aphthous ulcers, uveitis, and genital ulcers.

We compared serum a-klotho levels in the BD and control groups
(FIGURE 1). Median (IQR) serum a-klotho levels in BD and control
groups were 0.30 (0.20-0.70) and 1.00 (0.70-2.52) ng/mL, respectively.
The difference was significant (P = .005).

We assessed the correlation between serum a-klotho levels and age:
no statistically significant correlation was observed (r = 0.194, P = .14)
(FIGURE 2). Also, we assessed the association between serum a-klotho
levels and categorical variables, including sex and the involvement of
various organs, in patients with BD (TABLE 2). Serum «a-klotho in
patients with uveitis was significantly lower (TABLE 2). There was no
significant correlation between serum a-klotho level and involvement of
other organs (TABLE 2).

Discussion
ED is characterized by decreased vasodilation and predisposes patients
to prothrombotic and proinflammatory states.® Several study reports

Laboratory Medicine

TABLE 1. General Characteristics and Biochemical Factors
of Study Subjects

Patients with BD Healthy Controls

1 i a
Characteristic (n = 55) (n = 30) P Value
Age, y, mean (SD) 40.6 (9.7) 43.1(7.8) .30
Male, No. (%) 36 (65.5 20 (66.7) 55

)
Oral aphthous ulcer, No. (%) 51 (92.7)
Uveitis, No. (%) 43(78.2)
Genital ulcer, No. (%) 28 (50.9)
21(38.2)

12 (21.8)

)

Skin lesions, No. (%) 38.2
Vasculitis, No. (%) 21.8
Arthritis, No. (%) 11 (20.0
CNS involvement, No. (%) 2(3.6)

BD, Behget disease; CNS, central nervous system.
ap < .05 was considered statistically significant. P values indicate compari-
son between groups (x? testing).

FIGURE 1. Serum a-klotho levels in the studied groups. BD,
Behcet disease.
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mentioned ED in various types of vasculitis, including BD.** **ED is a
well-known feature of BD.*-?! Various factors, including oxidative stress
and hyperhomocysteinemia, are reported to play a role in ED when it
manifests in the context of BD.'7:222%

The Klotho proteins originally were known as antiaging proteins.
However, it has been characterized that these proteins have an im-
portant role in protecting vasculature. Possible mechanisms include
increased expression of superoxide dismutase 2 (SOD2) that facilitates
the catalysis of superoxide generated by mitochondrial respiration into
hydrogen peroxide?*; upregulating endothelial nitric oxide synthase, the
enzyme that controls nitric oxide production in endothelial cells®; and
activation of the PI3K/Akt pathway, which leads to increased expression
of Nrf2 (a transcription factor that enhances the expression of genes
encoding antioxidant defense proteins under oxidative conditions)??;
and inhibiting apoptosis of endothelial cells.?® In addition to its
protective role against oxidative stress, klotho reduces the expression of
intracellular adhesion molecule-1 (ICAM-1) and vascular cell adhesion
molecule-1 (VCAM-1) on endothelial cells.?” Klotho also decreases the
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FIGURE 2. Correlation between serum a-klotho levels and

age in patients with Behget disease (r = 0.194; P = .14).
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TABLE 2. Serum a-klotho Levels in Patients with BD (n = 55)

Characteristic Ser.um a-klotho Level, Median (IQR) SV
With BD No BD

Male 0.35 (0.20-0.70) 0.40 (0.20-0.70) 55
Uveitis 0.30 (0.20-0.60) 1.20 (0.15-2.40) 02
Genital ulcer 0.30 (0.10-0.70) 0.40 (0.20-0.70) .36
Skin lesions 0.30 (0.20-0.60) 0.30 (0.20-0.70) .83
Phlebitis 0.35 (0.20-0.60) 0.30 (0.20-0.70) >.99
Arthritis 0.30 (0.20-0.70) 0.35 (0.20-0.70) 76
CNS involvement 2.10 (0.10-4.10) 0.30 (0.20-0.70) -

BD, Behget disease; CNS, central nervous system; IQR, interquartile
range.
an = 2 were considered to be too few patients for analysis.

activation of NF-kB and suppresses the expression of TNF-«, IL-6, and
IL-8.272¢ Ushigusa et al'? reported an association between reduction of
a-klotho protein with ED and neuronal damage in patients with SLE.

In addition to the role of klotho proteins in the regulation of
endothelial-cell function, these proteins may also play a role in
modulating immune-system function.® Data on the relationship be-
tween klotho proteins and the immune system are limited to animal
models, in the literature.® Odaka et al?® reported underdevelopment of
the immune system and impairment of B-cell differentiation in klotho-
knockout mice. Liu et al’® reported an anti-inflammatory property of
a-klotho. It has been shown® that a-klotho suppresses TNF-a—induced
proinflammatory cytokine production, such as monocyte chemoattract-
ant protein—1, IL-6, and IL-8, in the kidneys in a mouse model of dia-
betes.*

The present study results show downregulation of a-klotho in
patients with BD. Also, we found lower serum a-klotho levels in patients
with BD who have uveitis. Downregulation of a-klotho was reported
in RA, SLE, and SSc.® According to Witkowski et al,® a-klotho was
downregulated at the mRNA and protein levels in CD4* lymphocytes
from subjects with RA. In a cohort of patients with RA, higher plasma
concentrations of a-klotho were associated with higher levels of
autoantibodies: rheumatoid factor (RF), anticitrullinated peptide

www.labmedicine.com

antibodies, and disease activity score of —28.** In another study report,
Ushigusa et al*> demonstrated that a lower level of soluble a-klotho in
cerebrospinal fluid was an important factor for predicting neuropsychi-
atric SLE. In studies carried out by Talotta et al** and Hajialilo et al,*
serum concentration of a-klotho was found to be lower in patients with
SSc than in healthy controls. However, it was neither related to the se-
verity of the disease nor to organ involvement, %4

To our knowledge, this is the first study in the literature on the se-
rum level of a-klotho in BD. The limitations of the present study were
the relatively small sample size and the cross-sectional design of the
study. In conclusion, our findings showed that a-klotho could have a
role in the pathogenesis of ED in BD—namely, that a-klotho may be a
biomarker for uveitis in BD.
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ABSTRACT

Objective: Despite evidence-based guidelines stating that lipase
alone should be used in the diagnosis of suspected acute pancrea-
titis, health care providers continue to order amylase or amylase and
lipase together. The purpose of this study was to assess the utilization
of appropriate laboratory testing related to the diagnosis of acute pan-
creatitis.

Methods: The study used a retrospective cross-sectional design.
The timeframe was from January 1, 2020, to December 31, 2020. A
retrospective chart review was used to collect data for the following:
patient-provider encounter notes, patient demographics, provider
demographics, differential and final diagnosis, and laboratory test
results. Data analysis include stratification of categorical variables and
calculation of cost savings.

Results: For the 12-month period, this study found 2567 (9.3%) of
all amylase and lipase tests to be unnecessary. Amylase tests (1881;
73.2%) made up the most unnecessary tests followed by lipase tests
(686; 26.7%). An analysis of test-ordering behavior by providers re-
vealed that 81.5% of all unnecessary tests were ordered by MDs.
Finally, this study estimated a total cost savings of $128,350 if all un-
necessary tests were eliminated.

Conclusion: Our study demonstrated that amylase and lipase tests
have been overutilized in the diagnosis of acute pancreatitis.

Introduction

Acute pancreatitis (AP) is an inflammatory condition of the pancreas
resulting in local or systemic complications ranging from mild to severe.
Acute pancreatitis is responsible for over 275,000 hospital admissions,
resulting in over $2.5 billion in health care costs each year.' Most
patients with AP have a mild form; however, those with a more severe
form can experience organ failure or infected necrosis, resulting in a
mortality rate of 30%.” In 2018, the National Confidential Enquiry into
Patient Outcome and Death found that 20% of patients admitted to the
hospital with AP had been previously admitted with the same condi-
tion.” Patients who are not properly diagnosed and assessed quickly are
at risk for hospital readmissions, prolonged length of stay, intensive care
unit admission, and death.”

According to the American College of Gastroenterology (ACG), 2
or more of the following criteria must be met for diagnosis: (1) ab-
dominal pain suggestive of pancreatitis, (2) serum amylase or lipase
level greater than 3 times the upper normal value, or (3) characteristic
imaging findings.” Amylase is an enzyme produced primarily by the
acinar cells of the pancreas and salivary glands. In AP, serum amylase
rises rapidly 3 to 6 hours from onset, has a half-life of 10 to 12 hours,
and remains elevated for 3 to 5 days before excretions by the kidneys.®
Hyperamylasemia is often seen in AP; however, it can also occur in
many other pancreatic and nonpancreatic conditions, including ma-
lignant conditions of the pancreas and other organs, cystic fibrosis,
burns, acidosis, pregnancy, chronic alcoholism, diseases involving
salivary glands, and other disease states.” Lipase is also a pancreatic
enzyme produced primarily by pancreatic acinar cells. In AP, serum li-
pase will rise from 3 to 6 hours following onset, peak around 24 hours,
and stay elevated for 1 to 2 weeks.® Although lipase can be elevated in
other conditions, such as trauma, appendicitis, diabetic ketoacidosis,
malignant tumors, and other disease states, it still serves as a sensi-
tive biomarker for AP when compared with amylase due to the relative
amounts of lipase produced in the pancreas over other areas of the
body.”

Laboratory measurements of serum lipase and serum amylase have
been the “gold standard” for the diagnosis of AP® Previous research
has established that lipase testing should be favored over amylase
testing primarily because it provides a longer diagnostic window and
greater sensitivity when diagnosing AP° A systematic review of studies

comparing the sensitivity and specificity of amylase vs lipase found
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that lipase was significantly more sensitive in detecting AP in 8 out
of 9 studies reviewed in the analysis.” Furthermore, studies have also
demonstrated that ordering amylase and lipase concurrently provides
no additional diagnostic or prognostic value.”’ In 2013, the ACG made
the official recommendation to order lipase alone when AP is suspected
and not to continue to order lipase or amylase after a diagnosis has
been made.” Despite these recommendations, current research has
demonstrated that health care providers continue to order amylase
tests, or amylase and lipase tests concurrently, when AP is suspected.
According to the National Pathology Quality Registry, published by
the American Society for Clinical Pathology (ASCP), lipase should be
preferred over total and pancreatic amylase for the initial diagnosis of
AP and that testing should not be repeated over time to monitor dis-
ease prognosis.'’ Evidence of demonstrated opportunity for quality
improvement at other university-affiliated hospital systems has led us
to the question whether laboratory tests for serum amylase and lipase
are used appropriately by providers in the diagnosis of AP. To test this
hypothesis, our study determined whether serum amylase and lipase
tests are being ordered appropriately by evaluating the ordering of am-
ylase alone, lipase alone, amylase and lipase together, and ordering un-
necessary repeat tests. We also identified provider demographics and
settings that demonstrate the greatest opportunity for future inter-
vention studies. A cost analysis was performed to identify the financial
impact of inappropriate test utilization to justify future interventional

studies aimed at quality improvement.

Methods

We performed a retrospective chart review at a 750-bed academic
teaching hospital using the hospital’s electronic medical records. Data
was collected over a 12-month period from January 1, 2020, to De-
cember 31, 2020. Data collected include patient-provider encounter
notes, provider demographics, setting information, patient demo-
graphics, and laboratory test results obtained during the encounter for
AP. Timestamps were used to determine whether tests were repeated
within 48 hours of a diagnostic amylase or lipase value. Concurrent
amylase and lipase testing were defined as amylase and lipase tests
being performed within 24 hours of each other, and unnecessary re-
peat tests were identified as those being performed after a diagnostic
serum amylase or lipase test (3 times the upper limit of normal) was
documented. The determination of diagnostic test results was based
on serum lipase and amylase values of greater than 3 times the upper
limit of normal (630 U/L for lipase and 330 U/L for amylase). To an-
alyze the appropriateness of laboratory test utilization by providers,
provider demographic and setting information was collected. Col-
lected provider demographic information included provider level
(MD/DO faculty, resident, nurse practitioner, or physician assistant),
specialty, and subspecialty. Provider setting data information was
captured to identify tests ordered in emergency departments, out-
patient clinics, or inpatient hospital settings. Finally, a cost analysis
to identify the financial impact of inappropriate test utilization was
performed based on published literature. Patients under 18 years of
age, pregnant patients, and patients who were prisoners seen at the
Texas Department of Criminal Justice hospital were excluded from
this study. Data were deidentified and each patient was assigned a
unique identifier in Microsoft Excel by the primary investigator. Re-
garding data analysis, categorical variables, such as the occurrence of
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inappropriate lipase tests, inappropriate amylase tests, and inappro-
priate concurrent tests, provider demographics, and patient demo-
graphics, were presented as frequencies. Descriptive statistics were
used to compare continuous variables between study groups. A P
value of <.05 was deemed statistically significant. Our institutional
review board considered this study to be a quality assessment/quality
improvement study that did not require institutional review board ap-
proval or oversight.

Results

Initial data included 27,559 amylase and lipase tests, which were
categorized into 5 categories: lipase alone, repeat lipase after diagnosis,
amylase alone, repeat amylase after diagnosis, and concurrent amylase
ordered with lipase. The count and categorization of the total amylase
and lipase tests is shown in FIGURE 1. The overall occurrence of un-
necessary amylase and lipase testing for the study period was found to
be 2567 (9.3%) out of 27,559 tests analyzed (FIGURE 2). Of the 2567
unnecessary tests, the amylase test (1881; 73.2%) was the most unnec-
essary test in the diagnosis of AP followed by lipase tests (686; 26.7%)
(FIGURE 3).

An analysis of test-ordering behavior by provider level revealed that
2092 (10%) tests ordered by MDs or DOs were considered unnecessary,
followed by nurse practitioners (377 tests; 6%), physician assistants (77
tests; 13%), and residents (21 tests; 19%), as listed in TABLE 1.

Regarding provider specialty, (952; 31%) amylase and lipase tests or-
dered by internal medicine providers were unnecessary, followed by sur-
gery (556; 26%), family medicine (342; 23%), and emergency medicine
(385; 2%) (TABLE 2).

Within internal medicine subspecialties, 248 tests out of 515 (48%)
ordered by the nephrology subspeciality were unnecessary, followed by
neurology with 15 tests (41%) and endocrinology with 49 (35%). In
terms of total unnecessary tests ordered, providers from the general
medicine subspecialty ordered the greatest number of unnecessary tests
(329; 35%) (TABLE 3).

Based on a study by Hammami et al,"" the cost of an amylase or li-

pase test can be conservatively estimated at $50 per test. When this cost

FIGURE 1. Amylase and lipase tests. Count and
categorization of the total 27,550 amylase and lipase tests.
Concurrent amylase with lipase is amylase ordered along
with lipase prior to diagnosis; repeat lipase/amylase is repeat
tests ordered within 48 hours of a diagnostic amylase or
lipase test.

Total amylase
and lipase
tests (n = 27,559)

l I

Appropriate Unnecessary
test ordering tests
behavior ¢ Repeat lipase

¢ Lipase alone

(n = 24,776; 89.9%)
* Amylase alone

(n =216; 0.8%)

after diagnosis
(n = 686; 2.5%)

e Amylase ordered
concurrently with
lipase (n = 1878; 6.8%)

¢ Repeat amylase
after diagnosis
(n = 3; 0.01%)
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FIGURE 2. Total amylase and lipase tests ordered. Count and rate of unnecessary amylase and lipase tests ordered from the
total 27,559 amylase and lipase tests.

B Necessary amylase and lipase tests
O Unnecessary amylase and lipase tests

9.3%
(n = 2567)

90.7%
(n = 24,992)

FIGURE 3. Unnecessary amylase and lipase tests. TABLE 2. Unnecessary amylase and lipase tests ordered by
Differentiation of amylase and lipase from 2567 unnecessarily provider specialty
ordered tests. Specialty Total tests : Unnecessary tests : Frequency of unnecessary tests®
O Amylase tests Emz.rg'ency 20,082 385 2%
B Lipase tests medicine
Family 1495 342 23%
medicine
Internal 3027 952 31%
medicine
Surgery 2150 556 26%
Total 26,754 2235 8%

#Frequency of unnecessary tests = unnecessary tests/total tests x 100.

TABLE 3. Unnecessary amylase and lipase tests ordered by
internal medicine subspecialty

Internal Medicine Total tests : Unnecessary tests Frequency of ,
Department unnecessary tests
General 1106 329 30%
Nephrology 515 248 48%
Gastroenterology 406 129 32%
TABLE 1. Unnecessary amylase and lipase tests ordered by Pulmonary 389 105 27%
provider level Endocrinology 140 49 35%
Provider level Total tests Unnecessary tests Fraquancy of a Cardiology 257 33 13%
unnecessary tests o
Geriatric 105 30 29%
MD/DO 20,443 2092 10%
’ Neurology 37 15 41%
Nurse practitioner 6412 377 6% ; :
Infectious disease 72 14 19%
Physician assistant 592 77 13%
y : Total 3027 952 31%
Resident 112 21 19%
Total 27 559 2567 9% #Frequency of unnecessary tests = unnecessary tests/total tests x 100.
@Frequency of unnecessary tests = unnecessary tests/total tests x 100. A )
Discussion
per test was applied to our study’s findings regarding unnecessary tests, Despite current recommendations that lipase alone should be ordered
potential total cost savings if all unnecessary tests were eliminated was in the differential diagnosis of AP, many university-affiliated hospital
$128,350 ($50 x 2567). systems have demonstrated a lack of adherence to current guidelines.
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From our study’s findings, we identified the overall rate of unnecessary
testing is 9.4% (2567 of 27,559 tests) whereas other academic health
care systems have demonstrated varying unnecessary testing rates. For
example, a study conducted at a university-affiliated hospital found that
45% of the 8801 amylase and lipase tests ordered were considered un-
necessary, and a 2019 study identified superfluous testing in 30.6% of
23,950 amylase/lipase tests and questionably superfluous testing in
12.6%."""” These findings suggest that even with recommendations
offered by organizations such as ACG and ASCP and research findings
that demonstrate ordering amylase and lipase concurrently provides no
additional diagnostic or prognostic value, health care providers continue
to order amylase tests or amylase and lipase tests concurrently when AP
is suspected.””*"? It is important to note that these recommendations
apply to the diagnostic stage of AP only.

Out of 2567 unnecessary tests, the amylase test (1881; 73.2%)
made up most unnecessary tests in the diagnosis of AP followed by li-
pase tests (686; 26.7%). In patients suspected of AP, serum lipase alone
is the preferred test because it has been found to have greater diag-
nostic sensitivity than amylase (64%-100% vs 45%-87%)."* Data re-
garding the analytical sensitivity and specificity of amylase, lipase, and
amylase + lipase has been published in many research studies; however,
health care providers continue to unnecessarily use amylase as a tool
in the diagnosis of AP. One hypothesis to consider is the fact that the
amylase test has been historically used in the diagnosis of AP and it is
continued to be seen as a valuable diagnostic tool, but it is only valuable
when the result of the test is used in conjunction with lipase and appro-
priate clinical signs and symptoms. For example, it is clinically impor-
tant to differentiate pancreatic amylase from other amylase isoforms,
and an elevated amylase with normal lipase may indicate a problem
outside of pancreas.'” Furthermore, the lipase-to-amylase ratio may
be helpful in distinguishing between the etiology of pancreatitis but
not in initial assessment.'® In summary, results from dual measure-
ment of both amylase and lipase show no improvement in sensitivity
(83.3%) and a minor increase in specificity (97.4%) compared with
lipase alone.'””'® For future test-ordering practice in the diagnosis of
AP, providers should consider the ACG and ASCP guidelines and avoid
using these tests in clinical scenarios such as initial assessment for di-
agnosis of acute AP, following serial trends on a daily basis on a patient
that has a diagnosis of AP, and short-term monitoring of disease for
clinical improvement.>*?

Regarding unnecessary test ordering by provider type, our study’s
analysis revealed that 2092 (10%) of unnecessary tests were ordered
by MDs or DOs, followed by nurse practitioners (377; 6%), physician
assistants (77; 13%) and residents (21; 19%). Of note, residents had
the highest percent of unnecessary tests ordered; however, they rep-
resent only ~1% of ordered unnecessary tests when compared with
other provider types. The common reasons that providers order un-
necessary laboratory tests were discussed in several studies, and these
include defensive behavior and fear or uncertainty, lack of experience,
use of protocols and guidelines, routine clinic practice, inadequate
educational feedback, and clinician’s unawareness about the cost of
examinations.’”*? Furthermore, providers from the internal medicine
department had the highest frequency of unnecessary tests (952 of
3027 tests; 31%) compared with emergency medicine (385 of 20,082
tests; 2%). These findings were similar to those in a study by Ritter et
al” that analyzed 103,682 tests performed in multiple settings over

a 1-year period, showing that the percentage of unnecessary amylase
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and lipase tests varied greatly between ambulatory (45%), emergency
(8%), and inpatient (28%) settings. The authors reported a high rate
of compliance in emergency settings, with unnecessary testing at
less than 1%, whereas inpatient and ambulatory compliance demon-
strate higher rates of unnecessary testing at 30%-45%. Our academic
teaching hospital performed similarly, with the emergency depart-
ment being the most compliant with current regulations, with only
2% of tests ordered being classified as inappropriate or unnecessary,
whereas the other departments have inappropriate test percentages
up to 31%. One possible explanation to the variation in unnecessary
test ordering across various settings could be the difference in skillset
between providers that are generalists vs those who are specialists.
An article comparing generalist and specialty care hypothesized that
generalists perform slightly better on standardized tests of general
medical knowledge than specialists and do a little better with respect
to test ordering.”*

Finally, the cost analysis in this study estimated a savings of
$128,350 ($50 x 2567) per year by eliminating all unnecessary testing.
The $50 cost per test was based on the study by Hammami et al,"!
which found that 45% of the 8801 amylase and lipase tests ordered
were considered unnecessary and elimination of these tests could offer
a cost-savings of nearly $200,000 over a 6-month period and another
$39,350 if superfluous tests were considered as well. A study conducted
at a university-affiliated teaching hospital that implemented an inter-
vention (deselection of repeat amylase tests) showed a decrease of 87%
in unnecessary amylase tests, resulting in an annualized cost savings
of $719,000 per year.”” In an emergency department of a psychiatric
facility, by educating providers on the minimal utility of amylase and
the subsequent removal of amylase from an abdominal pain labora-
tory panel, monthly charges decreased from an average of $27,860 to
$6664—an annual decrease of $254,352.%° In a 2022 study, a multi-
disciplinary team approach (Plan, Do, Study, Act) was used in phases
where the initial phase decreased repeat amylase and lipase tests by
73%, phase 2 involved educating residents and the emergency depart-
ment regarding laboratory testing guidelines, and a subsequent order
set change in the electronic medical record (phase 3) led to a 48% reduc-
tion in amylase orders, resulting in cost savings of $1645 direct costs
and a yearly cost savings of $3290; the cost per test was $35.”” Finally,
in a 2019 study, an organization discovered that they were spending
$48,100 on unnecessary amylase orders during a 2-month study period
where, if the lipase test only had been ordered, no cases of AP would
have been missed.”®

Overall, the results of our study support the hypothesis that unnec-
essary lipase and amylase tests have been ordered in the diagnosis of
AP; however, most providers were following current recommendations.
A rate of 9% unnecessary amylase and lipase testing warrants action
to improve quality at this study’s setting. Focusing on ambulatory and
inpatient settings will provide the most impact when designing an in-
tervention, although most tests to evaluate AP were performed in the

emergency department.

Limitations

This study was limited by the fact that data represent a single university-
affiliated hospital system serving a population of residents in Southeast
Texas. Another limitation to this study is that serum amylase and li-

pase results that are borderline for an AP diagnosis could influence the
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number of tests that are categorized as unnecessary, as it may be unclear
how health care providers are interpreting and making decisions based
on these results. Finally, appropriate and inappropriate test-ordering
behavior may provide the same diagnostic capabilities to health care
providers if the inappropriate test ordering includes both amylase and

lipase concurrently.

Conclusion

This pilot study demonstrated that, whereas most test-ordering
providers were ordering amylase and lipase tests appropriately, a sig-
nificant number of tests were still considered unnecessary. Future
intervention studies should be designed to target ambulatory and in-
patient settings across all campuses to reduce the greatest amount of
unnecessary testing. Furthermore, studies should first evaluate whether
a simple modification to existing test-ordering sets may provide a re-
duction in unnecessary amylase testing, as this strategy demonstrated
benefits with little disruption to providers. Educational interventions
should also be considered; however, no claims can be made regarding
an association between test-ordering behavior and adverse patient

outcomes addressed in this study.
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ABSTRACT

Objective: miRNAs are considered potential biomarkers that can be
used for the grading of chronic hepatitis B (CHB)—related liver fibrosis.
This meta-analysis aims to elucidate the diagnostic performance of
miRNAs.

Methods: Databases were used to search for meta-analyses. A bi-
variate model was used to calculate pooled sensitivity, specificity,
positive likelihood ratio (PLR), negative likelihood ratio (NLR), and di-
agnostic odds ratio (DOR). In addition, the area under the summary
receiver operating characteristic curve (AUC) and 95% confidence
intervals (Cls) were calculated.

Results: A total of 9 studies with 1159 patients with CHB-related liver
fibrosis were assessed. For diagnosis of significant liver fibrosis, the
pooled sensitivity, specificity, PLR, NLR, DOR, and AUC were 0.73
(95% ClI, 0.68-0.78), 0.78 (95% CI, 0.70-0.84), 3.32 (95% ClI, 2.52—
4.37), 0.34 (95% ClI, 0.30-0.39), 9.70 (95% ClI, 7.10-13.24), and 0.81
(95% Cl, 0.77-0.84), respectively.

Conclusion: miRNAs are potential biomarkers of CHB-related liver
fibrosis.

Liver fibrosis is characterized by abnormal connective tissue hyperpla-
sia resulting from liver injury caused by various pathogenic factors. It is
an intermediate stage of several chronic liver diseases and can eventu-
ally develop into cirrhosis and liver cancer if not treated promptly and
effectively.! Chronic hepatitis B (CHB) is caused by hepatitis B virus
(HBV) infection and is characterized by chronic inflammation, hepato-
cyte necrosis, or liver inflammatory lesions. Continuous progression of
CHB may lead to liver fibrosis. According to the World Health Organi-
zation, there are more than 292 million patients with CHB worldwide,
accounting for approximately 3.9% of the global population, and there
are approximately 90 million persons with CHB in China.? In addition,
approximately 1% to 2% of patients with CHB worldwide have liver fi-
brosis.? According to previous basic or clinical studies, liver fibrosis may
be prevented or reversed.®* Therefore, early detection and accurate diag-
nosis of liver fibrosis are important for subsequent treatment.

Liver biopsy is the gold standard for diagnosing liver fibrosis and
assessing its severity and is the most accurate diagnostic method avail-
able at present. However, it is easily influenced by sampling differences
such as size, number, and location of liver samples or diagnostic level of
case sample observers, thus imposing a certain risk. At present, some
noninvasive methods are used for evaluating the stage of liver fibrosis
in clinical settings. Transient elastography is the preferred noninvasive
method for measuring liver stiffness, and its accuracy in the diagnosis
of liver fibrosis in viral hepatitis is high.® Yasaka et al® used deep learn-
ing and deep convolutional neural networks to analyze the enhanced
magnetic resonance imaging findings of the liver of 534 patients, which
showed high diagnostic accuracy in the classification of liver fibrosis.

In addition to traditional imaging modalities, noninvasive diag-
nostic methods based on the detection of serum biomarkers can be
used for the classification of persons with liver fibrosis. For example,
a meta-analysis of 11 articles involving 1897 patients with liver fi-
brosis aged >18 years reported that serum chitinase-3-like protein 1
is a promising marker for the staging of liver fibrosis.” The miRNAs
are short, noncoding RNAs containing 18 to 25 nucleotides that regu-
late gene expression at the posttranscriptional level.® Previous studies
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have shown that the expression of some miRNAs is stage-dependent,
and the expression profiles of miRNAs among patients with different
degrees of liver fibrosis are different.>!° In recent years, scholars have
attempted to examine the diagnostic efficacy of circulating miRNAs
in CHB-related liver fibrosis; however, the results have been incon-
sistent. Therefore, this meta-analysis aims to comprehensively evalu-
ate the diagnostic efficacy of circulating miRNAs in CHB-related liver
fibrosis.

Patients and Methods
Search Strategy

The PubMed, Embase, Web of Science, China National Knowledge In-
frastructure, China Science and Technology Journal Database, and

Wanfang databases were used to search for published articles reporting
on the correlation between miRNAs and CHB-related liver fibrosis using
Boolean queries. The retrieval time was defined as the time from the es-
tablishment of each database to September 2022.

Inclusion and Exclusion Criteria

The inclusion criteria were as follows: (1) studies evaluating the diag-
nostic performance of miRNAs for the classification of CHB-related
liver fibrosis; (2) studies using histopathology as a means of diag-
nosis of CHB-related liver fibrosis; (3) studies in which the degree
of liver fibrosis was graded according to the METAVIR,* Scheuer,?
or other relevant staging systems; (4) studies including sufficient
data (including true-positive [TP], false-negative [FN], true-negative
[TN] and false-positive [FP] results) for constructing a 4-grid table
to evaluate diagnostic performance; (5) similar articles published

FIGURE 1. A, Flowchart of the meta-analysis. B, Methodological quality summary chart created using the Quality Assessment
of Diagnostic Accuracy Studies-2 (QUADAS-2) tool. C, Methodological quality graph plotted using the QUADAS-2 tool.
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by the same authors, of which the most recently published articles
or those with the largest sample size were selected. The exclusion
criteria were as follows: (1) studies on animal experiments; (2) case
reports, meeting proceedings, and reviews with unavailable or miss-
ing primary data; (3) studies on patients with co-infection with other
hepatitis viruses.

Data Extraction and Quality Evaluation

Two authors independently screened the literature according to the
abovementioned inclusion and exclusion criteria, merged the litera-
ture obtained from the 6 databases, and removed the duplicate liter-
ature. The authors read titles and abstracts for preliminary screening.
After the preliminary screening, they read the full text and refined
the selected articles according to the inclusion and exclusion criteria.
Finally, relevant data were extracted from the included articles, in-
cluding the name of the first author; publication year; language; na-
tionality, number, sex, and age of patients included in the articles;
type of sample; detection method; type of miRNA; and TP, FN, TN,
and FP results. Thereafter, the quality of the included articles was
evaluated based on items in the Quality Assessment of Diagnostic
Accuracy Studies-2 (QUADAS-2).2* According to the actual content
of each included article, 14 items were evaluated as “yes,” “no,” and
“unclear,” and the conclusion that the risk of bias and applicability
were “high,” “low,” or “unclear” was reached. The Review Manager 5.3
software was used to plot a quality evaluation chart of the included
articles. Literature inclusion, data extraction, and quality evaluation
were independently conducted by 2 researchers. When there were
inconsistencies, a third researcher was appointed to discuss and make
subsequent decisions.

Statistical Analysis

The Stata software (version 15.0) (Stata Corporation) was used
for statistical analysis. A bivariate model was used to calculate the
pooled effect size indicators including sensitivity, specificity, diag-
nostic odds ratio (DOR), positive likelihood ratio (PLR), negative
likelihood ratio (NLR), area under the summary receiver operat-
ing characteristic (SROC) curve and their 95% confidence intervals
(Cls). The basic idea of bivariate model fitting is as follows: owing to
differences in the diagnostic boundary points and diagnostic test op-
eration specifications among various studies, large differences were
observed among various studies evaluating diagnostic performance,
and the heterogeneity among these studies was strong. The con-
ventional fixed effects model could not be used; however, a random
effects model could be used for analysis.’*'® The heterogeneity of
studies was mainly assessed using Cochran’s Q test and by evaluating
the inconsistency index (I?).}"*® P values of <.05 were considered sta-
tistically significant, and I values of >50% suggested high heteroge-
neity among studies. If the heterogeneity among studies was high,
meta-regression and subgroup analyses were conducted to explore
the source of heterogeneity. Robustness tests were used to determine
whether the results of the meta-analysis were significantly affected
by some studies. The Fagan nomogram was used to demonstrate
the relationship among the pretest probability, likelihood ratio, and
posttest probability.’® In addition, the publication bias of articles
was mainly evaluated via Deek’s funnel plot analysis,?® and a P-value
of <.05 indicated significant publication bias.
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TABLE 1. Basic Characteristics of Included Studies
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NR, not reported; RT-gPCR, real-time reverse transcriptase-polymerase chain reaction.
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Results

Literature Search

After the search strategy was defined, 724 Chinese and English ar-
ticles were selected from 6 databases of which 289 duplicate articles
were excluded and 435 articles were included. After reading the titles
and abstracts for preliminary screening and excluding animal studies,
reviews, conference abstracts, case reports, studies on nonhepatic fi-
brosis, and articles with undetected circulating miRNA expression
levels, 24 articles were preliminarily selected. The remaining arti-
cles were further screened according to the inclusion and exclusion
criteria by reading the full text. Eventually, 9 articles??° were in-
cluded in the meta-analysis, with 4 Chinese and 5 English articles,
involving 1159 patients with CHB-related liver fibrosis. The process
of literature inclusion is shown in FIGURE 1A. The 9 included ar-
ticles contained data on 19 miRNAs and were published between
2017 and 2022, and the study participants were mainly from Japan
and China. The histological scoring systems used were not identical
among studies, with 1 study using the METAVIR scoring system,'! 6
studies using the Scheuer scoring system,*? and 2 studies using the
Fibrosis-4 Index for Liver Fibrosis.*® Nonsignificant fibrosis was de-
fined as a METAVIR score of <F2, Scheuer score of <S1 or S2, or Fi-
brosis-4 index of <F1. Significant fibrosis was defined as a METAVIR
score of >F3, Scheuer score of >S2 or S3, or Fibrosis-4 index of >F2.
The basic characteristics of included studies are shown in TABLES
1and2.

TABLE 2. Diagnostic Accuracy and Cut-Off Values

Literature Quality Assessment

The QUADAS-2 scale was used to evaluate the quality of the included
articles. The scale is divided into 4 aspects as follows: (1) patient selec-
tion, (2) index test, (3) reference standard, and (4) flow and timing. The
results showed that the quality of the included articles was high, and a
low risk was observed in patient selection, reference standard, and flow
and timing. However, a high or unknown risk was observed in the index
test. These results suggested that the threshold was not prespecified,
and some studies did not clearly define the threshold. The selection of a
test threshold to optimize sensitivity and specificity may improve diag-
nostic efficiency. Overall, the studies included were of high quality. The
results are shown in FIGURES 1B and 1C.

Meta-Analysis

The data of the 9 included articles were extracted and integrated. The
pooled sensitivity was 0.73 (95% Cl, 0.68-0.78) with an P value of
71.27% (FIGURE 2A). The pooled specificity was 0.78 (95% Cl, 0.70—
0.84) with an P value of 83.40% (FIGURE 2B). The pooled PLR was 3.32
(95% Cl, 2.52-4.37) with an P value of 62.87% (FIGURE 2C). The pooled
NLR was 0.34 (95% Cl, 0.30-0.39) with an I value of 52.35% (FIGURE

2D). The pooled DOR was 9.70 (95% CI, 7.10-13.24) with an P value of
99.95% (FIGURE 2E). Significant heterogeneity was observed in some
studies. The area under the SROC curve was 0.81 (95% ClI, 0.77-0.84)
(FIGURE 2F). As shown in FIGURE 3A, when miRNAs were tested for
all individuals with a 50% pretest probability of having significant CHB-
related liver fibrosis, a positive result increased the posttest probability of

FN, false negative; FP, false positive; TN, true negative; TP, true positive.

Laboratory Medicine

Author, Year P FP FN ™ Cut-off Value Re?v‘l‘c"aéig”
Wang Q, 2021 111 10 47 114 21 Upregulated
Wang Q, 2021 107 25 51 99 15 Upregulated
Nakamura M, 2017 23 26 7 35 Unknown Downregulated
Zhang Q, 2021 28 0 5 25 Unknown Upregulated
Zhang Q, 2021 26 0 7 25 Unknown Upregulated
Zhang Q, 2021 20 5 13 20 Unknown Upregulated
Zhang Q, 2021 13 0 20 25 Unknown Upregulated
Zhang Q, 2021 17 2 16 23 Unknown Upregulated
Wang TZ, 2019 47 7 18 20 0.066 Downregulated
Wang TZ, 2019 44 10 21 17 0.983 Downregulated
Wang TZ, 2019 60 16 5 11 0.283 Downregulated
Bao S, 2017 39 16 15 53 Unknown Downregulated
Bao S, 2017 31 19 23 50 Unknown Downregulated
Bao S, 2017 33 8 21 61 Unknown Downregulated
Bao S, 2017 42 20 12 49 Unknown Downregulated
Bao S, 2017 46 28 8 41 Unknown Downregulated
Bao S, 2017 46 30 8 39 Unknown Downregulated
Bao S, 2017 43 30 11 36 Unknown Downregulated
Wang Y, 2018 53 8 25 52 Unknown Downregulated
Liw, 2019 32 7 6 28 0.9835 Upregulated
Gong X, 2021 50 33 18 67 1.62 Upregulated
Luo K, 2022 77 8 26 23 15 Upregulated
Luo K, 2022 85 11 18 20 2 Downregulated
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FIGURE 2. Forest plots of pooled sensitivity (A), pooled specificity (B), pooled PLR (C), pooled NLR (D), pooled DOR (E), and the
pooled area under the SROC curve (F). DOR, diagnostic odds ratio; NLR, negative likelihood ratio; PLR, positive likelihood ratio;

SROC, summary receiver operating characteristic.
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FIGURE 2. (cont)
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having significant CHB-related liver fibrosis to 77%, whereas a negative
result decreased the posttest probability to 25%.

Meta-Regression and Subgroup Analyses

The following factors were considered the possible sources of heteroge-
neity: whether miRNAs were highly expressed in patients with severe
CHB-related liver fibrosis, whether the study was published in Chinese
or English, whether the sample size was >100, whether serum samples
were used, whether the internal miRNA reference was cel-mir-39 or
U6, and whether the grading system used for liver fibrosis was the
Scheuer scoring system or Fibrosis-4 Index for Liver Fibrosis. Based
on meta-regression analysis, high miRNA expression, a sample size
of >100, English language, serum samples, the use of cel-miR-39 or
U6 as internal mRNA references, and the Scheuer scoring system were
identified as the sources of significant heterogeneity in pooled sensi-
tivity, and serum samples and the Fibrosis-4 Index for Liver Fibrosis
were identified as the sources of significant heterogeneity in pooled
specificity (FIGURE 3B). In addition, subgroup analysis revealed that
studies reporting low miRNA expression in patients with significant
CHB-related liver fibrosis, Chinese studies, studies with small sample
size (<100), studies in which serum samples were used, and studies
using internal miRNA references other than cel-mir-39 and U6 and
a scoring system other than the Scheuer scoring system had higher
pooled sensitivity. Studies in which serum samples and the Fibrosis-4
Index for Liver Fibrosis were not used had higher pooled specificity
(TABLE 3).
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Robustness Tests

Goodness-of-fit and bivariate normality analyses (FIGURES 4A and
4B) showed that the bivariate model was moderately robust. Influence
analysis revealed 5 outliers of which 2 were found through outlier de-
tection (FIGURES 4C and 4D). After removing these 5 studies, pooled
sensitivity was 0.74 (95% CI, 0.70-0.77) with an P value of 52.95%,
pooled specificity was 0.75 (95% Cl, 0.68-0.81) with an I value of
80.38%, pooled PLR was 2.97 (95% CI, 2.38-3.69) with an I value of
51.98%, pooled NLR was 0.35 (95% CI, 0.31-0.39) with an 7 value
of 0, and pooled DOR was 8.52 (95% Cl, 6.60-10.99) with an P value
of 99.99%. The area under the SROC curve was 0.80 (95% ClI, 0.76-0.83).
After deleting these studies, the results were not significantly different
from the previous results, indicating that the included studies were rel-
atively robust.

Publication Bias
The publication bias was examined via Deek’s analysis and the result
showed that there was no publication bias (P = .51) (FIGURE 5).

Discussion

Liver fibrosis is a repair response caused by various pathogenic factors
acting on the liver. It can lead to abnormal activation of hepatic stel-
late cells, massive proliferation, and secretion of the extracellular ma-
trix, resulting in excessive deposition of collagen fibers in the liver.*
Early and prompt diagnosis of liver fibrosis is very important to assess
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FIGURE 3. A, Fagan nomogram for assessing the posttest probabilities of miRNAs for predicting significant liver fibrosis. B,

Univariable meta-regression analysis for the sensitivity and specificity of miRNAs for predicting significant liver fibrosis. *P <.05;

P <.01; **P < .001.
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Parameter Category No. of Studies Sensitivity P1 Specificity P2

Upregulated Yes 10 0.69 (0.62-0.76) <.01 0.87 (0.81-0.93) .75
No 13 0.76 (0.71-0.82) 0.68 (0.59-0.77)

China Yes 22 0.73 (0.68-0.78) 41 0.79 (0.72-0.85) .34
No 1 0.77 (0.54-1.00) 0.57 (0.16-0.99)

English Yes 18 0.72 (0.67-0.78) <.01 0.79 (0.71-0.86) .3
No 0.77 (0.68-0.85) 0.75 (0.60-0.91)

Sample >100 Yes 0.73 (0.65-0.82) <.01 0.79 (0.67-0.91) .16
No 17 0.73 (0.68-0.79) 0.77 (0.69-0.85)

Serum Yes 15 0.75 (0.70-0.80) .03 0.74 (0.65-0.82) <.01
No 8 0.70 (0.61-0.78) 0.86 (0.77-0.95)

Cel-miR-39 Yes 15 0.71 (0.65-0.77) <.01 0.81 (0.74-0.89) 51
No 0.77 (0.71-0.84) 0.70 (0.57-0.84)

U6 Yes 4 0.75 (0.65-0.85) .03 0.74 (0.57-0.92) 15
No 19 0.73 (0.68-0.78) 0.79 (0.71-0.86)

Scheuer Yes 18 0.72 (0.66-0.77) <.01 0.81 (0.74-0.87) .88
No 0.79 (0.71-0.88) 0.64 (0.46-0.82)

Fibrosis-4 Yes 4 0.80 (0.70-0.89) 1 0.66 (0.46-0.86) .04
No 19 0.72 (0.67-0.77) 0.80 (0.73-0.87)
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FIGURE 4. Influence analysis and outlier detection. A, Goodness-of-fit. B, Bivariate normality. C, Influence analysis. D, Outlier

detection.
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the progression of chronic liver disease, the clinical outcome of patients
and the efficacy of antifibrotic drugs. Liver biopsy is considered the gold
standard for the diagnosis and grading of liver fibrosis. However, sev-
eral disadvantages of liver biopsy, such as large sample error and high
bleeding risk, limit its widespread application in clinical practice. As
noninvasive biomarkers, circulating miRNAs have great potential in the
diagnosis of liver fibrosis. Therefore, this meta-analysis aimed to com-
prehensively evaluate the diagnostic efficacy of circulating miRNAs in
CHB-related liver fibrosis.

Serological markers of liver fibrosis mainly include direct and
indirect markers. The indirect markers include transaminase, bilirubin,
coagulation function test, and platelet count. Most factors affect the for-
mation of liver fibrosis during the progression of liver disease, which can
represent the change in liver function but cannot accurately reflect the
degree of liver fibrosis.® miRNAs are widely present in tissues, plasma,
serum, or other body fluids with stable expression and are not degraded
by endogenous ribonucleases. They participate in various physiological
and pathological processes in the body and serve as biomarkers in var-
ious diseases.®*3* Therefore, miRNAs can be used as noninvasive bio-
logical markers for the grading of liver fibrosis. In addition to the use of
individual miRNAs, multiple miRNAs can be combined for the grading
of CHB-related liver fibrosis.?>> Long et al®® constructed an 88-miRNA
signature, which can distinguish between patients with cirrhosis and
CHB based on serum samples.

In this meta-analysis, relatively more studies were found to use miR-
223, miR-21, and miR-122. The miR-223 is involved in the process of
fibrosis in cardiomyocytes®” and the lungs.® The serum level of miR-223
in patients with CHB is increased, which is a risk factor for liver fibrosis
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in patients with CHB.*® CHB-related liver fibrosis has unique pathogene-
sis. A recent study showed that the X gene of HBV can upregulate the ex-
pression of miR-21 in hepatocytes,* indicating that simple antagonism
of TGF-B1 cannot effectively inhibit CHB-related liver fibrosis.** The
miR-122 plays an important role in lipid metabolism, hepatitis virus
replication, liver fibrosis, and liver cancer.*? It inhibits the prolifera-
tion of hepatic stellate cells, reduces collagen production, and plays an
antifibrotic role.® In this meta-analysis, miR-122 expression was found
to be low in patients with significant liver fibrosis in the included stud-
ies. Therefore, the 3 types of miRNAs have been used as biomarkers for
the grading of liver fibrosis; however, additional studies are required for
verification.

In this meta-analysis, significant heterogeneity was observed among
studies, and some heterogeneous factors were identified via meta-regression
analysis. In addition to common factors such as sample size and publication
language, different levels of miRNA expression, sample sources, staging
methods, and internal references of miRNA contributed to the heteroge-
neity. A study reported that miRNA expression was different in the plasma
and serum of the same patients.* In addition, another study reported that
miRNA expression was significantly higher in the serum samples of patients
with hepatitis and liver cirrhosis than in their plasma samples, and miRNA
expression evaluated using different internal references was also different.*
Therefore, caution is required when comparing the miRNA data of differ-
ent extraction kits and sample types, which may explain the differences in
pooled sensitivity and specificity among studies.

Furthermore, 2 classification systems of liver fibrosis were
identified as a source of significant heterogeneity. The Scheuer scoring
system was used more commonly than the Fibrosis-4 Index for Liver
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FIGURE 5. Deeks’ funnel plot asymmetry test for assessing
publication bias. P = .51.
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Fibrosis in the included studies. The Scheuer scoring system relies on
pathological tissue biopsy for the grading of liver fibrosis, whereas
the Fibrosis-4 Index for Liver Fibrosis only relies on the age,
platelet count, alanine aminotransferase levels, and aspartate
aminotransferase levels of patients for the grading of liver fibro-
sis. Therefore, the classification of the Fibrosis-4 Index for Liver Fi-
brosis may not be accurate but can be easily applied. However, we
found that both miR-122 and miR-223 had good diagnostic efficacy
for liver fibrosis as determined by both grading systems. Therefore,
miRNAs are promising biomarkers for the graded diagnosis of CHB-
related liver fibrosis.

This meta-analysis has some limitations. First, significant hetero-
geneity was observed. However, some possible sources of heterogene-
ity were identified. Second, miRNA expression in the included studies
was evaluated according to clinical criteria after the grading of CHB-
related liver fibrosis, which may increase the population selection bias.
Third, the included studies are Asian, and the applicability of results to
other populations may be open to discussion. In addition, the statisti-
cal methods used in the included studies could not be controlled, which
may have affected the results.

Conclusions

Circulating miRNAs are potential markers that can be used to grade
CHB-related liver fibrosis, especially in Asian patients. Large and well-
designed studies should be performed to determine the role of promis-
ing miRNAs in the grading of CHB-related liver fibrosis.
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ABSTRACT

Objective: Cystic Fibrosis Foundation guidelines recommend annual
diabetes screening by oral glucose tolerance test (OGTT) in pediatric
patients with cystic fibrosis (CF) starting at the age of 10 years. Adher-
ence to these guidelines proves to be challenging, and the nationwide
screening rates are still considered suboptimal. The aim of this study
was to assess and improve the screening rates at our large pediatric
center.

Methods: A 4-year retrospective audit of OGTT completion among
pediatric patients with CF of age >10 years who are not yet diagnosed
with diabetes was conducted. A collaborative working group was
formed to identify the barriers to screening and formulate a quality
improvement plan, which was monitored and evaluated for a 9-month
period.

Results: Diabetes screening rates determined by OGTT comple-
tion at our center showed a gradual decline during the COVID-19
pandemic from 2019 to 2022. Following the implementation of the
quality improvement plan during the summer of 2023, there was
a marked increase in OGTT ordering compliance by providers as
well as test completion by patients. Notably, the fractional OGTT
completion rate rose from 45% during the preintervention phase
(January-April 2023) to 70% during the postintervention phase
(May-September 2023).

Conclusion: Diabetes screening in pediatric patients with CF can be
effectively improved by refining practices related to patient experi-
ence, care coordination, and laboratory testing strategies.

Introduction

Diabetes is a common comorbidity in cystic fibrosis (CF) patients, with
an estimated prevalence of 2% in children, 19% in adolescents, and 40%-
50% in adults." Cystic fibrosis-related diabetes (CFRD) is recognized as
type 3c diabetes, which is clinically distinct from type 1 and 2 diabetes,
as both insulin insufficiency and transient insulin resistance prevails.’
Of note, CFRD patients do not display macrovascular complications,
unlike type 1 or 2 diabetes." Pancreatic islet impairment and ductal ob-
struction caused by hyperviscous exocrine secretions, fatty infiltrations,
and progressive fibrosis drive the pathophysiology of CFRD.? The major
risk factors associated with the development of CFRD include pancre-
atic insufficiency, female sex, liver disease, G-tube feeding, and a his-
tory of allergic bronchopulmonary aspergillosis." Cystic fibrosis—related
diabetes is associated with adverse clinical outcomes such as increased
mortality, decreased lung function, and poor nutritional status.’ More
importantly, CFRD onset is insidious, and patients may not show typical
diabetic symptoms like polydipsia and polyuria.® Therefore, it is crucial
to screen and identify the individuals at high risk for CFRD.

The American Diabetes Association, Cystic Fibrosis Foundation
(CFF), and Pediatric Endocrine Society all recommend a 2-hour 75-g oral
glucose tolerance test (OGTT) for annual CFRD screening in children
starting from age >10 years.® Importantly, hemoglobin Alc (HbA1lc) is
not recommended for screening due to its low sensitivity in CF patients.”
Furthermore, CF patients undergoing organ transplantation should ob-
tain OGTT preoperatively if they have not been screened within the
prior 6 months.® The clinical spectrum of OGTT screening results falls
into 4 groups: (1) normal glucose tolerance (1 h glucose <200 mg/dL
and 2 h glucose <140 mg/dL), (2) indeterminate glucose tolerance (1 h
glucose 2200 mg/dL and 2 h glucose <140 mg/dL), (3) impaired glucose
tolerance (2 h glucose 2140 and <200 mg/dL), and (4) CFRD (2 h glu-
cose 2200 mg/dL).® Furthermore, CFRD diagnosis requires abnormal
OGTT results confirmed on 2 separate days unless the patient shows
symptoms like polydipsia and polyuria and a random plasma glucose

2200 mg/dL.° In acutely ill patients receiving intravenous antibiotics
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and glucocorticoids, persistently high fasting plasma glucose 2126 mg/
dL or 2-hour postprandial glucose 2200 mg/dL for up to 48 hours is di-
agnostic of CFRD.’

Cystic fibrosis-related diabetes screening rates have trended up-
ward over the past decade. For instance, the national average for CFRD
screening almost doubled from 31.5% in 2011 to 61.5% in 2019.% How-
ever, this trend was interrupted by the COVID-19 pandemic. According
to the CFF’s 2020 report, only 49.9% of eligible patients of age <18 years
with CF completed annual OGTTs. To assess the CFRD screening rates
at our large pediatric CFF-accredited care center, we conducted a retro-
spective cohort study using data from 2019 to 2022. Importantly, we
identified the barriers to suboptimal CFRD screening and developed
a comprehensive quality improvement (QI) plan in collaboration with
CF center leadership. Finally, after implementing the QI initiative, we
tracked OGTT ordering and test completion rates until September 2023.

Methods

Study Cohort

This study was conducted in accordance with the protocol approved
by the Baylor College of Medicine Institutional Review Board. We
performed a retrospective cohort study involving CF patients of age 210
years who had not yet been diagnosed with diabetes. Patients previously
diagnosed with CFRD were excluded. Patient demographic information
(age, sex, ethnicity, and geographical location) and laboratory data re-
lated to OGTT and HbA1c testing was retrieved from the electronic med-
ical records. Eligible CF patients underwent OGTT and HbAlc testing
at the Texas Children’s Hospital or an outpatient reference laboratory.
For the OGTT, the patient ingested 75 g/10 oz glucola solution orally
within 5 minutes. A fasting specimen prior to ingestion and a 2-hour
postingestion specimen were collected in a gray-top tube, and glucose
levels were measured on a Vitros XT 7600 analyzer (Ortho Clinical
Diagnostics). Testing was discontinued when (1) the patient vomited
while ingesting the glucose solution, (2) the patient was unable to ingest
the entire amount of glucose solution in 5 minutes, (3) the timed spec-
imen was unable to be collected within the 5 minute collection window,
and (4) the patient was not fasting for 8-14 hours prior to the test. A
thorough chart review was performed to capture and retrieve OGTT test
results from both hospital and external laboratories. National averages
for OGTT screening for the years 2019, 2020, and 2021 were obtained
from the CFF patient registry on request. The national data for the years
2022 and 2023 was not available at the time of this article preparation.

Quality Improvement Initiative

Texas Children’s Hospital is 1 of more than 130 CFF-accredited care
centers with a large team comprising pediatric pulmonologists, genetic
counselors, clinical and research coordinators, dieticians, and mental
health coordinators. We launched a collaborative working group with
CF center leadership to assess and improve the state of diabetes
screening among CF patients. Broadly, this study was conducted in 2
phases. In phase 1, we assessed the CFRD screening rates for the years
2019, 2020, 2021, and 2022. Before phase 2, the core members of
the QI working group, including the CF center program director, clin-
ical chemistry laboratory director, CF center nurse coordinator, and
clinical chemistry fellow, examined each step of the CFRD screening

process and identified potential barriers centered around patient

www.labmedicine.com

experience, physician order entry, and the laboratory testing process.
Root causes for these barriers were identified based on literature and
discussions during the CF center meetings. In phase 2, we devised
a QI plan for 2023 with 3 key interventions: (1) scheduling annual
summer laboratory testing for all eligible patients, (2) a best-practice
advisory to guide providers with OGTT ordering, and (3) a streamlined
process for OGTT appointments at the outpatient laboratory. These
interventions were carried out in collaboration with a multidiscipli-
nary team, involving CF center scheduling staff for the annual summer
laboratory screenings, a laboratory information system analyst for de-
signing the best-practice advisory, and an outpatient laboratory super-
visor for increasing the number of OGTT appointments and assigning
a float phlebotomist. Throughout this process, the team participated
in monthly CF meetings to brainstorm and identify practical solutions.
Postimplementation of the QI plan in May 2023, the 2 outcome meas-
ures, including OGTT ordering and completion rates, were assessed
until September 2023.

Statistical Analysis

A 2-tailed Fisher’s exact test was used to compare the screening rates
between 2019 and 2022. Results with P < .05 were considered statisti-
cally significant.

Results

Our study cohort included a total of 151 eligible CF patients without
diabetes of age 210 years in 2019, 155 in 2020, 153 in 2021, 168 in
2022, and 174 in 2023 (TABLE 1). Prior to the QI interventions,
OGTT completion rates showed a descending trend: 67.5% in 2019,
61.9% in 2020, 60.8% in 2021, and 56% in 2022 (TABLE 1). Cystic
fibrosis-related diabetes screening at our center declined by ~11.5%
(P =.0383) over the 4-year period from 2019 to 2022. Of note,
our screening rates were still higher than the national average in
2019, 2020, and 2021 (TABLE 1). More importantly, electronic
order requisitions for OGTT were absent for 11.3% of the eligible
patients in 2019, 15.5% in 2020, 19% in 2021, and 21.4% in 2022
(TABLE 1). Altogether, this suggests that the CFRD screening based

TABLE 1. Overview of cystic fibrosis-related diabetes
screening from 2019 to 2022

! Variable . 2019 2020 2021
CF patients (age >10 years) without diabetes 151 155 153
| OGTT completion, % | 675 | 619 | 608 | 56.0 |
* National average for OGTT compliance, % | 615 | 499 | 565 | — |
* Patients without OGTT order requisitions, % | 113 | 155 | 190 | 214 |
* Patients with abnormal OGTT (>200mg/dl) | 5 . 1 . 0 | 1 |

Males, % 46.9 441 50
""" Fomales,% | 531 | 559 50 486
""" HispanicsiLatinos,% | 837 | 78 | 733 | 784
""" Non-Hispanics/mon-Latinos, % | 163 | 22 | 267 | 216
""" Pationts with HoATc results,% | 429 | 356 | 417 | 243

CF, cystic fibrosis; HbA1c, hemoglobin Alc; OGTT, oral glucose
tolerance test.
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on OGTT-ordering compliance and test completion is suboptimal,
highlighting room for improvement.

Among eligible CF patients without OGTT screening, there is essen-
tially an equal split between male and female sex, with more Hispanic
than non-Hispanic population (TABLE 1). The geocoding analysis did
not reveal any specific pattern related to the location of noncompliant
CF patients. In fact, a majority of noncompliant patients originated in
Houston and not the suburbs. Of the CF patients who did not undergo
OGTT, 42.9% had HbAlc results in 2019, 35.6% in 2020, 41.7% in
2021, and 24.3% in 2022 (TABLE 1). Notably, HbAlc-based screening
also dropped by 18.6% (P =.047) over the 4-year period from 2019
to 2022. Upon overlapping the noncompliant patients for OGTT
screening each year from 2019 to 2022, the majority of them were
found to be recurring. Only 10 patients in 2019, 15 in 2020, 19 in
2021, and 37 in 2022 were uniquely noncompliant for OGTT screening
(FIGURE 1).

Next, we performed root cause analysis using the Ishikawa diagram
to visualize the potential barriers for suboptimal CFRD screening at
our center (FIGURE 2). The core members of the QI working group,

FIGURE 1. Yearwise overlap of cystic fibrosis (CF) patients
without oral glucose tolerance tests (OGTTs).

2020 2021

including the CF center program director, clinical chemistry laboratory
director, CF center nurse coordinator, and clinical chemistry fellow,
examined each step of the CFRD screening process and identified 4
barriers related to patient participation, the procedure for physician
order entry, communication lapses, and the hurdles within the testing
process itself (FIGURE 2). The core working group then created a plan-
do-study-act framework with 3 key interventions (TABLE 2). The first
intervention was to improve patient participation; eligible patients are
given an option for annual super visits during the summer block. Im-
portantly, uncompleted OGTTs during the preintervention period were
linked to patients for whom order requests had been sent to the ex-
ternal reference laboratory. Second, to guide the physicians in entering
appropriate OGTT orders, a best practice advisory with test priority was
created. Third, to facilitate a higher volume of OGTTs during the an-
nual super visits at the outpatient clinic, we expanded laboratory ap-
pointment slots (5 per day) and allocated a float phlebotomist. The core
working group also ensured that other CF care providers were well aware
of these newly implemented strategies.

After implementation of the QI initiative, an electronic dashboard
was used to track the OGTT ordering and test completion rates in real
time. Of the 174 eligible CF patients for 2023, 165 patients had OGTT
order requisitions from the provider in the electronic medical records,
and 107 patients completed their annual OGTTs by September 2023.
Of the 67 patients without annual OGTT completion in 2023, 41 were
unique and 26 recurred from 2022. Of note, 4 patients refused testing
due to acute illness during the appointment or other contradictions
and 3 patients from Louisiana preferred to get tested locally. Excluding
these patients, the OGTT order requisitions were pending for only 2
patients by September 2023. Among the patients who completed
OGTTs, only 1 patient was diagnosed with CFRD from the screening.
Overall, physician ordering compliance showed significant improve-
ment (P < .00001) from 79.6% in 2022 to 95% by September 2023,
whereas the OGTT completion rate rose from 56% in 2022 to 60% by
September 2023.

As expected, month-wise OGTT ordering and completion among
eligible patients showed peak during the summer months, particu-
larly from May to July. During the preintervention phase from January
to April 2023, only 24 patients completed the OGTT out of 53 order
requisitions (FIGURE 3). However, after implementing QI between

FIGURE 2. Potential causes for suboptimal cystic fibrosis-related diabetes (CFRD) screening. OGTT, oral glucose

tolerance test.
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TABLE 2. Key interventions administered in the quality
improvement initiative

| Barriers Root causes Interventions
Patient no-show Lack of time due to school Annual super visits during the
; | | summer block
Sick during the visit Appropriate follow-up and
 reminders
Physician order Inappropriate test from Best practice advisory for the
! order set ! test priority

! entry
‘  Physician reminders during the

: monthly CF meetings

Patient communi-
. cation

Annual newsletters

: Telephone reminders to patient
 families

Lab testing Incentives like free parking for
; ! patient families (future)

! Limited slots at the ! Increased the number of
! outpatient lab | appointments

CF, cystic fibrosis; OGTT, oral glucose tolerance test.

May and September 2023, 79 patients completed the OGTT out of 112
order requisitions (FIGURE 3). Therefore, our QI initiative improved
the fractional OGTT completion from 45% during January-April to 70%
during May-September. Altogether, our data highlights the need for CF
center-specific strategies to reverse the suboptimal OGTT screening in

pediatric patients.

Discussion

Over 30% of CF patients suffer from 5 or more comorbidities, including
diabetes, liver disease, bone disease, anxiety/depression, pancreatic
insufficiency, and reproductive dysfunction.” Of note, CF patients with
diabetes display a mortality rate ~6-fold higher than those without di-
abetes."” As per the multisociety guidelines, annual diabetes screening
by 2-hour OGTT is recommended for all CF patients starting at the
age of 10 years.” However, there are numerous challenges in com-
pliance with these guidelines. Primarily the testing itself, with the
need for fasting and multiple blood draws over a period of 2 hours,
especially during busy multidisciplinary CF clinic visits, is the most
challenging factor.*'""'? Although CFRD screening rates improved na-
tionwide in the past decade, it is still considered suboptimal. Many CF
centers across the US have already adopted QI strategies to tackle this
issue.*''""* However, none of the studies involving these strategies
were performed post-COVID-19 pandemic, which had a significant
overall impact on health care workflows and practices.

The CFF-accredited program at Texas Children’s Hospital provides
comprehensive CF care to ~386 pediatric patients from various re-
gions within Texas and nearby states. A retrospective analysis of CFRD
screening rates between 2019 and 2022 at our center highlighted a down-
trend, which was still higher than national averages. Notably, during the
peak of the COVID-19 pandemic in 2020, the CFRD screening rate of our
center was 61.9%, in contrast to a national average of just 49.9%. In an
effort to halt the declining CFRD screening rates, we used a 3-pronged
approach, refining practices specific to patient visits, physician order
entry, and laboratory testing.

Several studies have recognized the value of annual super visits
where CF patients attend a multidisciplinary CF clinic and undergo
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FIGURE 3. Oral glucose tolerance test (OGTT) ordering and
completion rates after quality improvement initiative.
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various laboratory tests, such as pulmonary function tests, chest X-rays,
vitamins, lung function tests, pancreatic enzymes, OGTT, and HbAlc,
on the same day."” This approach is thought to provide family-centered
holistic care and guidance for self-management. However, OGTT is
known for its high within-individual variation, with a coefficient of var-
iation of 25.3% among CF patients. Hence, the effect of the overall labo-
ratory testing burden during the super visit on the OGTT results should
be considered."” In our QI plan, we also incorporated patient education—
centered practices, such as annual newsletters and telephone reminders
before the appointment. Moreover, we are considering incentives, such
as free parking, for the families on the day of the super visit.

Inappropriate test ordering by the provider was determined to be
another major barrier to suboptimal CFRD screening at our center. For
instance, a majority of the patients without OGTT results have order
requests placed at Quest Diagnostics. This finding caused us to look into
the CF care provider’s order sets and modify them appropriately. Specifi-
cally, we created a best practice advisory assigning priority to test codes.
To accommodate the influx of OGTTs at the hospital laboratory, we un-
dertook a major effort to optimize blood draw scheduling, personnel
allocation, laboratory workflow, and testing inventory by constant com-
munication with laboratory managers and administrators. Clearly, these
QI measures showed a tangible outcome by significantly improving the
OGTT-ordering compliance rate and slightly improving the OGTT com-
pletion rate.

A major limitation of this study is the lack of longitudinal OGTT
compliance data post-QI implementation. However, we intend to sus-
tain these efforts long-term with continuous quality improvement,
ultimately enhancing CF patient outcomes. Furthermore, we plan to in-
corporate additional outcome measures, such as the frequency of acute
pulmonary exacerbations and body mass index, on an ad hoc basis. Al-
though we did not notice any difference in the number of patients with
abnormal OGTT results (2 h glucose >200 mg/dL) after implementation
of QI, it will be valuable to monitor this parameter longitudinally to as-
sess the clinical significance of such efforts. Because >90% of patients
with CF are eligible for CFTR modulation therapy with Trikafta, it will
be important to consider its effects on diabetes screening and incidence
for future studies. Although there is no clear evidence regarding the role
of CFTR modulators in improving long-term glycemic control, they have
been shown to enhance overall outcomes.'” Overall, we believe that the
scope of our QI initiative will likely be further benefited by fostering
collaborations and knowledge exchange with other large pediatric CF

centers across the US.
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ABSTRACT

Background: Rainbow blood draws for add-on testing in the emergency
department (ED) are a common practice at our institution. We sought to
determine the prevalence of this practice among reference laboratory
clients and characterize the impact of pandemic-driven supply shortages.

Methods: This cross-sectional study surveyed 354 client laboratories
to understand specimen collection practices in specific clinical
environments and how these practices may have been affected by
supply chain shortages. Data analysis by descriptive statistics was
performed in Qualtrics.

Results: A total of 138 laboratories took the survey (39% response
rate) with 57% indicating that their ED performed rainbow draws. Of
these, 16% have a formal policy regarding rainbow draws, and 76%
of respondents indicated that their institution was required to modify
practices due to pandemic-driven supply shortages. A total of 19% in-
dicated they routinely collect multiple urine aliquots for add-on testing.

Conclusion: Rainbow draws and collection of urine aliquots in the ED
for add-on testing are relatively common practices, with few institutions
maintaining formal policies regarding the practice. Pandemic-driven
supply chain shortages affected a majority of respondent laboratories
and local cost-benefit analysis regarding extra specimen collection is
recommended to limit waste of laboratory resources.

Introduction

A rainbow draw, named for the colors of the outer protective caps of blood
specimen vacutainer tubes collected, is often perceived as an essential
part of operations workflows in certain clinical settings, such as emer-
gency department (ED) care. Theoretically, this allows for the full spec-
trum of add-on testing without the harm of a second venipuncture “poke”
and perceived subsequent delay associated with specimen collection and
processing. Limitations in laboratory operations imposed by integrating
a new laboratory information system (LIS) in our hospital-based clinical
laboratory necessitated discussion at our institution regarding the prac-
tice of rainbow draws and urine aliquots collected at ED admission. These
discussions prompted the following questions: Is this the standard of care
at other institutions? Given recent supply chain limitations, is this prac-
tice sustainable? What are the benefits of this practice? What are the risks
and unintended consequences? To inform discussions at our institution,
a survey regarding collection of rainbow draws and urine aliquots in the
ED was distributed to our reference laboratory clients. We sought to un-
derstand the prevalence of this practice in the context of recent supply
shortages affecting laboratories and health care systems.

Methods

The goal of the cross-sectional survey was to determine whether and
how institutions perform rainbow draws (defined as the practice of
collecting a predefined set of blood tubes) and urine aliquot collections.
The survey questions were intended to understand specimen collec-
tion practices in specific clinical environments and how these practices
may have been affected by supply chain shortages. A total of 354 ARUP
Laboratories clients who previously completed the 2021 Client Sat-
isfaction Survey (distributed October 2021) were invited electroni-
cally by email to participate in the survey on March 24, 2022. ARUP
Laboratories is a national nonprofit academic clinical reference labo-
ratory based in Salt Lake City, UT. Survey questions (Supplement 1)
were administered in the English language in Qualtrics. The survey
was open for 3 weeks until April 15, 2022. Reminder emails were sent
out each week (March 31, April 6, and April 13). The survey invitation
stated that the survey findings may be published but that individual
responses would be analyzed in aggregate and remain confidential.
Data analysis by descriptive statistics was performed in Qualtrics.
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TABLE 1. Rainbow draw respondent demographics (n = 138)

United States region

Facili e No. (%) of respondents -

: Es &) P East ; Central West
Community 1 (0-100 beds) 31(22.5) ‘

| Community 2 (101-250 beds) 32(23.2)

Community 3 (251-500 beds) 33(23.9)

| Community 4 (>500 beds)

i Reference lab: national

i Reference lab: research

| Academic

| Veterans Affairs/federal

Pathology group or clinic

! Children's

[$]
o

Results

A total of 138 clients took the survey (39% response rate) from a va-
riety of facilities across 3 geographical regions (TABLE 1). Of these,
78 participants (57%) selected “yes” to their ED performing “rainbow
draws” and were asked additional questions about rainbow draws. A
total of 60 participants (43%) selected “no” (36%) or “don’t know” (8%)
and were then directed to questions about urine aliquot collections. A
total of 16% of the institutions have a formal policy governing the use
of rainbow draws (46% did not and 38% of respondents did not know).

Most institutions (> 70%) who collect rainbow draws include purple/
lavender EDTA, light blue sodium citrate, light green lithium heparin,
and gold/tiger top serum tubes in the collection set (FIGURE 1). Ap-
proximately one-third also include a red top with no additive. A small
minority of institutions include the remaining types of tubes queried
in the survey types. Most institutions collect blood into 1 tube of each
tube type in the set, although a few collect multiple tubes of each type.

A total of 78% of respondents indicated that their facility was re-
quired to modify tubes included in the rainbow draws due to supply chain
shortages. A total of 13% did not make modifications and 9% did not
know. Light green lithium heparin, light blue sodium citrate, blue top, and
purple/lavender EDTA tubes were most affected by supply chain issues
(FIGURE 2). Free response comments showed that for many who have
changed their practices regarding rainbow draws, nationwide vacutainer
shortage, limited number of “extra” tubes actually being used for add-on
testing, and a desire to decrease cost, medical waste, and iatrogenic
anemia were reasons driving policy change. Respondents also mentioned
conversion to a new LIS as a driving factor in discontinuing the practice
due to limited informatics capability to support the practice safely.

Approximately one-third of institutions use rainbow draws in spe-
cific clinical scenarios (FIGURE 3A), with facilitation of add-on testing
and trauma workflows being the most indicated reasons to default to
rainbow collection (FIGURE 3B).

Of 135 total, 26 participants (19%) who answered questions about
urine aliquot practice indicated that their ED routinely collects mul-
tiple aliquots of urine in case of unanticipated testing and were asked
additional questions about urine aliquots (3 participants omitted
the question). A total of 109 participants (81%) selected no (61%) or
didn’t know (20%) and were directed to the end of the survey. Gray
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FIGURE 1. Tubes included in the “rainbow” at surveyed
institutions. The percentages in the chart do not add up to
100% because participants could select more than 1 option.

At your facility, which color tubes are included
in the “rainbow”? (Select all that apply)

Purple/lavender (EDTA)

Light blue

(sodium citrate)

Light green

(lithium heparin)
Gold/tiger top

(clot activator and serum)

Red (no additive)

Gray (sodium fluoride/
potassium oxalate)

Dark green
(sodium heparin)

Pink (EDTA)
Blood culture
Tan (EDTA)

Royal blue (EDTA)

Pearl/white

(EDTA and separating gel)
Yellow

(acid citrate dextrose)

Don’t know |0%

top (preservative), yellow top (no additive), sterile cups, and clear
tubes were used to collect urine aliquots in the ED (FIGURE 4A).
FIGURE 4B shows the clinical laboratory tests for which urine
aliquots are collected; urine culture, toxicology testing, and urinalysis
were the most frequently utilized tests.

Discussion
Implementation of a new LIS system was the catalyst for reexamining

our institution’s practices; however, patient safety, cost, medical waste,

2024;55:585-589 | https://doi.org/10.1093/labmed/Imae011
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FIGURE 2. Impacts of supply chain limitations on the practice of rainbow draws (A) and venipuncture blood collection tubes (B).

A

During the pandemic, has your facility been required
to modify tubes used to perform “rainbow draws”
due to supply chain shortages?

Yes
No
Don’t know

13%
9%

and specimen quality concerns were perceived by the laboratory for
many years prior. The laboratory built custom processes and procedures
to accommodate the rainbow collection to add-on testing workflow
desired by the ED specifically. In our workflow, specimens are received
and stored unprocessed as extra specimens and later retrieved from
storage after a technician approves add-on testing that is requested.
Prior to laboratory automation, this was a manual process and is now
partially automated. Specimens are received on the track, centrifuged
on the automated line if appropriate, and sent to refrigerated storage.
Unpublished internal data at our hospital laboratory showed a low fre-
quency of add-on requests for the stored specimens collected during a
rainbow draw. Our anecdotal experience is corroborated by 1 survey re-
spondent who indicated that <10% of stored specimens were being used
for add-on testing at their facility. This is similar to reported rates of 4%
and 7% in the limited literature addressing rainbow draws."” Snozek et
al® indicate that of 5 standard tubes in their rainbow, the fluoride ox-
alate, citrate, and serum separator tubes were often discarded unused;
however, the rapid serum tube and EDTA were used nearly 100% of the
time for initial or add-on testing.

Prior laboratory studies addressed the rainbow process from the
standpoint of eliminating waste. They evaluated cost, risk of iatro-
genic anemia, human resources burden, laboratory operations burden
(staffing, space, and infrastructure), and rate of use of the extra tubes.”
The most recent study incorporated rates of tube use compared with staff
perception of benefit from the practice to provide insight to encourage
systematic change.” Among all of these studies, the actual prevalence of
the practice of rainbow collections has not been estimated. Our survey
is unique in that it estimates a prevalence for rainbow collections (57%
of our respondents) as well as impact of recent supply chain shortages
(78% modified practice) across a spectrum of facility types and in all re-
gions of the United States.

www.labmedicine.com

78%

Light green 34%
Light blue

Blue
Purple/lavender
Gold

All

Green

Rainbow draw
not allowed

Gray

Red

Urine tubes
Yellow

Pink

Is This the Standard of Care at Other Institutions?

With just over half of our surveyed clients indicating they perform
rainbow collections and only 19% affirming collection of urine aliquots
in the ED, it may be argued that these traditional practices do not con-
stitute a standard of care. It was noted that 1 survey respondent shared
that trauma level I best practice is to collect all required draws during
initial phlebotomy procedure; however, compliance with this purported
best practice may not necessarily mean collecting 1 of every tube type
at the initial phlebotomy. We were also unable to find a best practice
regarding phlebotomy in level I trauma centers. It has been suggested
that a chief complaint or specific clinical scenario approach may be ap-
propriate to use rainbow collections and urine aliquots without adding
undue burden or increasing the aforementioned sources of waste.”* It
has also been suggested that future studies should be geared toward
identifying appropriate clinical scenarios in which a rainbow collection,

and we would add urine aliquot collection, may be appropriate.’

Is This Practice Sustainable?

At our institution, local factors—laboratory resources, LIS limitations,
and storage—along with global factors, such as vacutainer shortages
and the recent pandemic, have affected discussions about the prac-
tice of rainbow and urine aliquot collections. As previously indicated,
a majority of those who perform rainbow collections were forced to
alter their practices due to supply chain limitations. In their comments,
many respondents indicated that the practice of rainbow collections had
been tolerated but discouraged at their institution, and the vacutainer
shortage was the final push to abandon the practice. With 78% of
respondents who perform rainbow draws indicating they had to change
or modify their practice due to pandemic-related workflow issues, this
suggests that the practice may not be sustainable in the current envi-

ronment. A few respondents even indicated that a single extra tube was

G20z Aeniged /z uo 1sanb Aq G91.819//8G/G/SS/I0IME/PEWIGE]/W0S"dNO-oIWSPEdE//:SA)Y WOy pepeojumod

587



FIGURE 3. Clinical scenarios in which rainbow collections are performed (A) and why (B). Respondents could select more than
1 reason. Of the 26% who selected “other” (A), 80% said they perform rainbow collections for emergency department (ED)

patients. TAT, turnaround time.

A

Trauma

We perform “rainbow draws”
for all patients

Specific clinical
circumstances (eg, stroke)

Other (please specify)

Don’t know

Allows for add-on testing

ED/Trauma
Avoid redraws
Faster TAT
Discouraged

Patient satisfaction

FIGURE 4. Tubes included in urine aliquots (A) and specific clinical laboratory tests for which urine aliquots are collected in
the ED (B). ?Of those 42% who selected “other (please specify),” 50% said they use sterile cups for urine aliquots and 20% said

clear tubes.

A At your facility, which color tubes are included
in urine aliquots? (Select all that apply)
Gray 65%
Yellow 65%
Other (please specify) 42%2

Don’t know 4%

not tolerated in their systems, and others discussed tracking of unused
specimens collected as part of their quality and monitoring processes to
eliminate waste. With ongoing disruption in global supply chains, extra
tubes to be collected, stored, and discarded without use for testing may

be unsustainable in some settings.

What Are the Benefits to This Practice?

Perceived benefits of this practice inevitably center on the decreased
turnaround time for clinically actionable test results and greater patient
satisfaction with avoidance of additional phlebotomy collections.>
Snozek et al® showed a high perceived value of rainbow draws among their
surveyed ED staff, and perception of utilization rates of tubes, add-on
rates of tests, and averted additional venipunctures was overestimated
compared with the true rates of these practices. One example is that
averted venipunctures were perceived by staff at a rate of >11 patients/
day (79% of staff) vs the calculated rate of averted venipunctures as
7 patients/day.’Although this example could be interpreted to show
there is not as much benefit from the practice of rainbow collections
as traditionally believed, this does show that our colleagues in the ED
place a great deal of importance on these practices to achieve their
desired standard of patient care. Individual institutions will poten-

tially need internal studies to elucidate the true value of this practice.
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B Are there specific clinical laboratory tests for which
urine aliquots are collected? (Select all that apply)

Urine culture 85%
Toxicology

Urinalysis

Chemistry testing

Stone analysis

We collect urine aliquots

for all patients
Other (please specify)

Don’t know |0%

Again, further work to determine the appropriate clinical scenarios for
add-on testing would be beneficial to the broad community of ED and
trauma care. One scenario where rainbow collections could show ben-
efit is in circumstances where there are large numbers of patients in the
ED waiting room or triage area awaiting full medical evaluation. Having
basic laboratory results reported for these patients could, in theory, ex-

pedite diagnosis and disposition.

What Are the Risks and Unintended Consequences?

In 2003 the College of American Pathologists released results from a
survey of 140 laboratories addressing the overcollection of blood for
routine laboratory testing. They estimated that more than 8.5 times the
blood volume necessary for the indicated tests was collected, leading to
waste and potentially iatrogenic anemia. It was concluded that most
institutions could decrease blood volume while not affecting the re-
liability and turnaround time for their testing procedures.’ This was a
landmark report that showed the potential for systematic change in lab-
oratory practices to improve patient care. In 2010, Loh et al’ were the
first to discuss the problem of extra blood tubes from the perspective
of waste, including loss of blood from excess phlebotomy and the finan-
cial cost of the additional consumables, processing time, and storage of

tubes in the laboratory process. Seaver and Gray' focused on true cost

2024;55:585-589 | https://doi.org/10.1093/labmed/Imae011
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analysis, eliminating waste, and improving staff efficiency as an essen-
tial laboratory function due to increasing costs and decreasing reim-
bursement for laboratory tests. Mullen® indicated an opportunity for
cost savings by focusing on the medical waste reduction alone as well
as decreased risk of exposure inherent to all steps of collection, proc-
essing, testing, storage, and disposal of potentially hazardous samples.
Anecdotal experience as well as comments from respondents suggests
that storage of extra tubes often requires a deviation from standard
practice compared with specimens drawn with active orders. These
deviations can introduce opportunities for error and may lead to subop-
timal conditions for testing when add-on requests are made. Additional
assessment of risk from the clinical workflow could be enlightening, and
a study incorporating ED metrics and viewpoints would add to the body
of literature.

When a larger than necessary number of blood specimens is col-
lected, there is a risk of patient specimen labeling and identification
errors, which is a patient safety concern. Additionally, failure to follow
appropriate collection practices for order of draw can result in spurious
results being reported, which, if unrecognized, could result in misdiag-
nosis and inappropriate treatment. Because some specimens collected
during rainbow draws will be stored as extra specimens without con-
sideration for the specimen processing and storage conditions required
for the myriad of tests that may be subsequently ordered, there is a
risk of spurious, poor quality results being reported for the tests that
are done using the stored extra specimen. For example, electrolytes
and common enzyme tests are affected by ambient vs cold storage
conditions and whether the plasma or serum is separated from cells.
Although of perceived benefit, the unintended consequences of poten-
tially spurious results and reduced quality is a risk for patient care that
should be carefully considered at every institution.

Conclusion

Our study shows that rainbow draws and urine aliquot collections
happen at many institutions in the United States but that there is
heterogeneity among institutional practices. Few institutions have a
policy governing the use of these workflows. Given the quality, cost,
and laboratory operations impacts, each institution should determine
local prevalence of the practice, assess benefits vs risks, and quantify
waste and the cost of maintaining this process. Variables affecting
an institution’s ability to accommodate this workflow include (but
are not limited to) availability of phlebotomists to collect specimens
from patients in the ED, acuity of care offered in the ED, volume and

wait times for ED care, the ability of a laboratory LIS to accommodate
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rainbows and urine aliquots, laboratory staffing limitations, and the
efficiency of manual vs automated processes in the laboratory for re-
ceiving, storing and retrieving specimens. This study only determined
the prevalence of rainbow draws and urine aliquots in the ED; future
studies could examine prevalence in other clinical areas where there
may be perceived benefit, such as inpatient acute care and obstetrics.
Perceived patient satisfaction associated with reduced venipuncture
draws was not included in our study. An additional area for future re-
search includes collaboration with ED physicians and other clinicians
to identify potential use-case scenarios where rainbow draws and urine
aliquots could be clinically and operationally beneficial. This survey
showed many laboratories were affected by pandemic-driven supply
constraints, which represent another reason to revisit the practice of
rainbow phlebotomy collections and urine aliquots for optimal areas
of use.
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ABSTRACT

Objective: Since December 2019, the coronavirus disease has spread
among the people of the world. Past studies have shown that viral
diseases are more common and the immune response is stronger
among menopausal women than nonmenopausal women. Therefore,
in this study, we aimed to compare the amount of immunoglobulin (Ig)
G against COVID-19 between postmenopausal and nonmenopausal
women vaccinated with Sinopharm vaccine.

Methods: In this case-control study, 90 females vaccinated with
the Sinopharm vaccine were randomly selected from February to
April 2022: 45 menopausal participants as the case group and 45
nonmenopausal controls. Demographic characteristics were obtained
and blood samples were taken from all subjects. A complete blood
count was carried out and the levels of IgG against COVID-19 were
measured by using the enzyme-linked immunosorbent assay method.

Results: The mean age was 33.3 £ 7.3 years and 60.2 + 7.02 years for
control and menopausal women, respectively. A significant differ-
ence was found between the 2 groups for the levels of IgG antibodies

against COVID-19 (P = .002, 17.2 + 9.83 relative unit for case group
and 10.2 + 9.80 relative unit for control subjects). After adjusting, IgG
against COVID-19 was significantly correlated to the menopausal
state (odds ratio [confidence interval] = 1. 08 [1.03-1. 15]; P =.003).

Conclusion: The results of this study showed that menopausal
women had higher levels of IgG against COVID-19 in comparison with
nonmenopausal females. However, more complementary studies are
needed in this regard.

To date, the world has experienced many outbreaks of coronavirus-related
infections, including severe acute respiratory syndrome coronavirus
in 2002 to 2003 and Middle East respiratory syndrome coronavirus
in 2011. However, none of them had ever become a global pandemic.
As of January 7, 2020, the Chinese authorities announced that they
had identified a new type of coronavirus and named it “2019 novel
coronavirus”, which was changed to “The Corona Virus Disease 2019”
(COVID-19) by the WHO on January 12.* This virus is a single-chain
RNA with a diameter of 50 to 200 nm and has a strong tendency to re-
side in lung tissue for growth and environmental stimuli.*®

Studies have shown that men and women are different in terms of
disease, onset time, and severity of underlying diseases, and probably
the main reason for this discrepancy is the difference in sex hormones
between men and women. According to studies done in the past, estra-
diol can prevent chronic diseases such as diabetes, blood pressure, ath-
erosclerosis, and osteoporosis. Menopause is a stage in which the body
undergoes many structural changes in hormones (including a decrease
in estrogen and an increase in follicle-stimulation hormone), as well as
a series of other physiological changes. A decrease in the function of the
ovaries and sex hormones are seen during menopause.® In addition,
most of the body’s immune cells have receptors for estradiol, and as a
result, they can play an effective role in regulating the immune response
against infections and even vaccination, changing the shape of immune
cells and stimulating antibody production.'® In fact, sex hormones re-
sult in the shift of T helper lymphocytes from type 1 to type 2 and the
production of T reg leading to regulating the immune response and
resisting immunity. Therefore, when estrogen and progesterone reach
their lowest levels, postmenopausal women are more susceptible to

© The Author(s) 2024. 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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infections and respond more strongly to viral infections.*** Among
these inflammatory cytokines, interleukin (IL)-6 is effective in both im-
munity and inflammation. It has been established that the lack of regu-
lation of IL-6 by estradiol will lead to the development and maintenance
of diseases related to inflammation in postmenopausal women.*

To the best our knowledge, no studies have evaluated the immune
response caused by COVID-19 virus vaccination with Sinopharm vac-
cine in menopausal women. The current study was performed in meno-
pausal and nonmenopausal women. Past studies have shown that viral
diseases are more common in menopausal women than nonmenopausal
women and the immune response is stronger among these women;
these individuals are considered to be at high risk. Therefore, in this
study, we aimed to compare the amount of 1gG against COVID-19 be-
tween postmenopausal and nonmenopausal women vaccinated with
Sinopharm vaccine.

Methods

Subjects and Research Design
This case-control study was conducted in Atabak Laboratory in Tehran,
Iran. A total of 90 subjects, including 45 women of childbearing age
and 45 postmenopausal women who had received their third dose of
Sinopharm vaccine, were selected from January to April 2022. Ethics
approval was obtained from the human research ethics committees of
Tehran University of Medical Sciences (IR.TUMS.SPH.REC.1401.002).
An informed consent form was signed by all subjects. Demographic
characteristics were taken from the participants including age,
gender, body mass index (BMI), stress level, sleep status, vocation,
smoking, frequency of COVID-19, number of successful pregnancies,
number of curettages, etc. Then, EDTA whole blood and clotted blood
were obtained from the participants for complete blood count (CBC) and
enzyme-linked immunosorbent assay (ELISA) tests, respectively.
Women in the 35- to 45-year-old age group who had at least 1 success-
ful pregnancy without a history of miscarriage as well as menstruating
in the last 12 months were selected as the control group. For the case
group, women in the age range of 55 to 65 who had at least 12 months
since their last menstrual period were included in the study. Pregnant
women were excluded from the control group and persons with under-
lying diseases such as diabetes, high blood pressure, cardiovascular dis-
ease, cancer, and polycystic ovary syndrome as well as those undergoing
dialysis or hormone treatment, persons with a history of hysterectomy,
and those with genetic defects were excluded from both groups. None of
the participants received medications such as insulin therapy, immuno-
suppressive drugs, anti-inflammatory drugs, or micronutrient and anti-
oxidant supplements during the previous 80 days.

Clinical Laboratory Tests

To measure the IgG titer, the chemobind ELISA kit was used (Hayan
pejoh pars, catalog number 202412). Briefly, the serum was first
separated and 100 pL of the diluted samples were added into the wells
of microplates and incubated for 30 min at 37°C. During the incubation,
the plate was covered with a plastic label according to the protocol of
the Kkit. Then the plate was washed and 100 pL of conjugated enzyme
was added into each well and incubated for 30 min at 37°C. After wash-
ing, 100 pL of substrate solution was added into each well and placed
in the dark at room temperature for 15 min. In the next stage, 100 pL
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of stop solution was added into each well. Photometric measurement
of color intensity at the 450 nm wavelength and wavelength between
620 nm and 650 nm was done 30 min after adding stop solution. Before
measuring, the microplate was gently shaken to ensure a homogeneous
distribution of the solution. The CBC test sample was measured with a
Sysmex cell counter.

Statistical Analysis

Descriptive statistics such as mean and standard deviation for quanti-
tative variables and frequency and frequency percentage for qualitative
variables were reported. The logistic regression model under the bias re-
duction method was used to investigate the relationship between the
variables in the case and control groups. All statistical calculations were
done by R software and the brglm package along with the gim function.
Finally, for the multivariate analysis, the multiple logistic regression
model was used to evaluate the independent variables (marital status,
BMI, smoking and 1gG against COVID-19) that were significant in the
bivariate analysis. A P value less than .05 was considered to be signif-
icant.

Results

In this case-control study, 45 cases and 45 controls were enrolled. The
mean + standard deviation of age was 60.2 + 7.02 and 33.3 + 7.3 for
the menopausal and control groups, respectively (P < .001). The aver-
age BMI was 28.2 + 4.2 and 25.6 + 4.37 in the cases and control groups,
respectively (P =.011). Regarding smoking, there was a significant re-
lationship between the control group (11 cigarettes) and menopausal
females (3 cigarettes) (P =.038). However, no significant differences
were observed between the 2 groups in terms of parameters such as the
frequency of COVID-19 infection, the time taken from last dose, red
blood cells, white blood cells, hemoglobin, etc (P >.05). The compari-
son of demographic and clinical laboratory characteristics between the
2 groups is reported in TABLE 1. More importantly, a significant dif-
ference was found between the groups for the level of 1gG antibodies
against COVID-19 (P =.002, 17.2 + 9.83 relative units for the case group
and 10.2 + 9.80 relative units for control subjects). After adjusting, 1gG
against COVID-19 was significantly correlated to the menopausal state
(odds ratio [confidence interval] = 1. 08 [1.03-1. 15]; P = .003).

Discussion

It has been reported that immune responses to environmental factors
like infections and vaccinations are sex-based responses.'®> Women
maintain a high immune reactivity after viral infections in comparison
with men.*® Moreover, many changes in sex hormones occur after meno-
pause in women.®° Because females, and especially menopausal women,
generate higher antibody responses, vaccinations also result in higher
antibody levels in women and provide efficient protection.*> However,
this can lead to worse side effects due to the enhanced immune reac-
tivity. In fact, this enhanced immune reactivity causes an effective re-
sistance to infection but can develop immune-pathogenic effects and
predisposition to autoimmunity due to hyperimmune responses.’*8
Therefore, our study was conducted with the aim of investigating the
immune system status of menopausal and nonmenopausal women in
response to the Sinopharm vaccine by measuring the IgG titer against
COVID-19 in serum.
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TABLE 1. Comparison of Demographic and Clinical Laboratory Characteristics Between Case and Control Groups

Characteristics Group No. (%)/Mean + SD OR (95% Cl) P Value AOR (95% ClI) P Value
Marital status Yes Case 45 (53.57) 14.97 (1.67—Inf) .026 10.3 (0.83-Inf) .183
Control 39 (46.43)
No Case 0(0.00) Ref Ref
Control 6 (100)
Age () — Case 60.2 £ 7.02 1.62 (1.31-3.7) <.001 — —
Control 33.3+73
BMI (kg/m? — Case 282+42 1.15 (1.04-1.3) 011 1.13 (1.02-1.3) .035
Control 25.6+4.37
Smoking Yes Case 3(21.4) 0.25 (0.05-0.82) .038 0.73 (0.13-3.01) .686
Control 11 (78.6)
No Case 42 (55.3) Ref Ref
Control 34 (44.7)
COVID-19 infection Yes Case 26 (59.1) 2.02 (0.89-4.82) 101 —_ —
Control 27 (58.7)
No Case 26 (59.1) Ref
Control 18 (40.9)
COVI_D-1_9 infection before Yes Case 9 (50) 1(0.35-2.84) 1 — —
vaccination Cortrol 9.(50)
No Case 36 (50) Ref
Control 36 (50)
COVI_D-lQ infection after Yes Case 7 (63.6) 1.79 (0.53-7.6) .376 — —
vaceination Control 4(36.4)
No Case 38 (48.1) Ref
Control 41 (51.9)
Last infected COVID-19 — Case 258+ 2738 1.02 (0.99-1.04) .085 — —
Control 13.3+£236
Time taken from last dose >12 wk Case 27 (54) 1.42 (0.62-3.33) 407 — —
Control 23 (46)
>12 wk Case 18 (45) Ref
Control 22 (55)
WBC (x 10°L) — Case 6.8+2.39 0.93 (0.75-1.13) 494 — —
Control 7.14+189
RBC (x 105/L) — Case 4.83+049 1.19 (0.5-2.94) 696 — —
Control 4.78 £ 047
HGB (g/dL) — Case 13.6+ 158 1.06 (0.82-1.38) 654 — —
Control 13.4 +1.69
HCT (%) — Case 4114438 1.04 (0.95-1.56) 416 — —
Control 40.3+£4.21
MCV (fL) — Case 85.5 + 7.86 1.02 (0.96-1.08) 517 — —
Control 84.4 + 6.87
MCH (pg/cell) — Case 28+3.35 0.988 (0.87-1.12) 854 — —
Control 28.1+£318
MCHC (g/dL) — Case 33+1.06 0.914 (0.66-1.25) 581 — —
Control 33.2+154
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TABLE 1. (cont)

BMI, body mass index; HCT, hematocrit; HGB, hemoglobin; LYMPH, lymphocyte; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemo-

Characteristics Group No. (%)/Mean + SD OR (95% Cl) P Value AOR (95% ClI) P Value

PLT (L) Case 297 +79.9 1(0.99-1.01) 516 — —
Control 287 £58.7

LYMPH (%) Case 36+9.29 0.99 (0.97-1.02) 854 — —
Control 37.5+£323

MXD (%) Case 746+28 0.9 (0.74-1.07) 268 — —
Control 8.16 £ 2.38

RDW-C (%) Case 12.9+181 1.02 (0.79-1.31) 887 — —
Control 129+ 1.62

PDW (%) Case 12.3+217 1.06 (0.86-1.31) 586 — —
Control 12+£194

MPV (fL) Case 9.72 +1.07 1.1 (0.72-1.71) .664 —_ —
Control 9.63+ 091

P-LCR (%) Case 24.5+827 1.01 (0.96-1.07) .618 —_ —_
Control 23.7£6.9

I9G against COVID-19 Case 17.2+9.83 1.07 (1.03-1.12) .002 1.08 (1.03-1.15) .003

(relative unit Control 10.2 +9.80

globin concentration; MCV, mean corpuscular volume; MPV, mean platelet volume; MXD, mixed cell percent; OR, odds ratio; PDW, platelet distribution

width; P-LCR, platelet-large cell ratio; PLT, platelet; RBC, red blood cell; RDW-C, red cell distribution width; WBC, white blood cell.

The results of this study showed that menopausal women had higher
levels of IgG against COVID-19 than nonmenopausal women. After
adjusting, 1gG against COVID-19 was significantly correlated to the
menopausal state. Previous studies indicate that the production of 1IgG
against COVID-19 in men and women was different and women had a
higher titer of IgG in their blood circulation. It seems that this increased
immune response leads to resistance against viral infection, but on the
other hand it can expose women to autoimmune diseases and increase
their susceptibility to disease.'®'%? More importantly, a study in 2021
showed that menopausal females had higher incidences of predicted
COVID-19. After finding a positive correlation between predicted
COVID-19 with menopausal status, Costeira et al®* suggested that there
is a protective effect of estrogen exposure on COVID-19.

Several factors and mechanisms may explain this discrepancy. Some
may be related to lifestyle, genetics, and environmental situation of
Iranian women and other people. Also, the ACE2 enzyme is regulated
by estradiol and plays an important role in allowing the virus to enter
the epithelial cells of the lung, gastrointestinal, brain, kidney and/or
heart.?® Accordingly, Stelzig et al?® found that estradiol inhibited ACE2
in bronchial epithelial cells in females; however, another study has
shown ACE2 stimulation on vascular endothelial cells of the heart.?”
Moreover, estradiol regulates B cells, produces T helper 2, and leads to
an increase in titer of antibody.?>%> Estrogen hormone can enhance or
reduce the immune response according to the concentration, distribu-
tion, and expression of a and B estrogen receptors in the brain, intesti-
nal epithelial cells (macrophages), lymphatic tissue (dendritic cells), and
lymphocytes.'”282° This hormone leads to the production of antiviral
cytokines such as interferon-y and tumor necrosis factor-a as well as
toll-like receptor expressed on dendritic plasmacytoid. Estrogen also
produces proinflammatory cytokines such as IL-12 (from macrophages)
and reduces the production of IL-6, and this prevents the occurrence
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of cytokine storm caused by 1L-6.162224%0 |n fact, the lack of regula-
tion of IL-6 by estradiol in postmenopausal women will lead to cyto-
kine storm and the development and maintenance of diseases related
to inflammation.** These important changes probably explain the exces-
sive production of 1gG against COVID-19 in menopausal women despite
the susceptibility to COVID-19.

In conclusion, the results of this study showed that menopausal
women had higher levels of IgG against COVID-19 in comparison with
nonmenopausal females. In addition, there was a correlation between
1gG against COVID-19 and menopausal state. However, more comple-
mentary studies are needed in this regard.

Acknowledgments
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

This study was funded by Tehran University of Medical Science with
the code 1400-3-102-55956.

Conflict of Interest Disclosure
The authors have nothing to disclose.

REFERENCES

1. Sahin A-R, Erdogan A, Agaoglu PM, et al. 2019 novel coronavi-
rus (COVID-19) outbreak: a review of the current literature. EJMO.
2020;4(1):1-7.

2. Bedford J, Enria D, Giesecke J, et al. COVID-19: towards controlling
of a pandemic. Lancet. 2020;395(10229):1015-1018. doi:10.1016/
s0140-6736(20)30673-5.

20z Arenige- 7z uo 1senb Ag 6T0%790./20S/S/vS/e010re/pawdge]/wod dno-oiwspede//:sdiy wo.y papeojumoq

505


http://www.labmedicine.com/

506

10.

11.

12.

13.

14.

15.

16.

Nabatchian F, Ashtiani M, Davoudi M, Teimourpour A, Davoudi N. A
multivariate analysis model of changes in some laboratory parameters
in response to COVID-19, diabetes, gender, and age. Clin Lab.
2021;67(1):1929-1938.

Gudbjartsson DF, Helgason A, Jonsson H, et al. Spread of SARS-
CoV-2 in the Icelandic population. N Engl J Med. 2020;382(24):2302—
2315. doi:10.1056/nejmoa2006100.

Lu R, Zhao X, Li J, et al. Genomic characterisation and epidemiology
of 2019 novel coronavirus: implications for virus origins and recep-
tor binding. Lancet. 2020;395(10224):565-574. doi:10.1016/s0140-
6736(20)30251-8.

Karvonen-Gutierrez CA, Leis A. Impact of menopause on women
with systemic lupus erythematosus. Maturitas. 2021;154(1):25-30.
doi:10.1016/j.maturitas.2021.09.004.

Khan N. Possible protective role of 17B-estradiol against COVID-19. J
Allergy Infect Dis. 2020;1(2):38—4810.46439/allergy.1.010.

Ghosh M, Rodriguez-Garcia M, Wira CR. The immune system in
menopause: pros and cons of hormone therapy. J Steroid Biochem
Mol Biol. 2014;142(1):171-175. doi:10.1016/j.jsbmb.2013.09.003.

Wang X-W, Hu H, Xu Z-Y, et al. Association of menopausal status with
CQOVID-19 outcomes: a propensity score matching analysis. Biol Sex
Diff. 2021;12(1):1-8.

Lovre D, Bateman K, Sherman M, Fonseca VA, Lefante J, Mauvais-
Jarvis F. Acute estradiol and progesterone therapy in hospitalised
adults to reduce COVID-19 severity: a randomised control

trial. BMJ Open. 2021;11(11):e053684e€053684. doi:10.1136/
bmjopen-2021-053684.

Ramirez-de-Arellano A, Gutiérrez-Franco J, Sierra-Diaz E, Pereira-
Suérez AL. The role of estradiol in the immune response against
COVID-19. Hormones. 2021;20(4):657-667. doi:10.1007/s42000-021-
00300-7.

Arya V, Bajpai R, Bajpai A, Kathuria NS, Gupta A. Is menopause a poten-
tial risk factor for severity of COVID-19: a retrospective cross-sectional
study? Asian J Med Sci. 2021;12(9):11-16. doi:10.3126/ajms.v12i9.37811.

Zafari Zangeneh F, Sarmast Shoushtari M. Estradiol and COVID-19:
does 17-estradiol have an immune-protective function in women
against coronavirus? J Family Reprod Health. 2021;15(3):150-159.

Mauvais-Jarvis F, Klein SL, Levin ER. Estradiol, progesterone,
immunomodulation, and COVID-19 outcomes. Endocrinology.
2020;161(9):bgaal27. doi:10.1210/endocr/bgaal2?.

Ruggieri A, Anticoli S, D’Ambrosio A, Giordani L, Viora M. The influ-
ence of sex and gender on immunity, infection and vaccination. Ann
Ist Super Sanita. 2016;52(2):198-204. doi:10.4415/ANN_16_02_11.
Jin S, An H, Zhou T, et al. Sex-and age-specific clinical and im-

munological features of coronavirus disease 2019. PLoS Pathog.
2021;17(3):€1009420. doi:10.1371/journal.ppat.1009420.

Laboratory Medicine

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Mangalam AK, Taneja V, David CS. HLA class Il molecules influ-
ence susceptibility versus protection in inflammatory diseases by
determining the cytokine profile. J Immunol. 2013;190(2):513-519.
doi:10.4049/jimmunol.1201891.

Ngo ST, Steyn FJ, McCombe PA. Gender differences in autoimmune
disease. Front Neuroendocrinol. 2014;35(3):347-369. doi:10.1016/j.
yfrne.2014.04.004.

Qian J, Zhao L, Ye R-Z, Li X-J, Liu Y-L. Age-dependent gender
differences in COVID-19 in mainland China: comparative study. Clin
Infect Dis. 2020;71(9):2488-2494.

Taneja V. Sex hormones determine immune response. Front Immunol.
2018;9(1):1931. doi:10.3389/fimmu.2018.01931.

Costeira R, Lee KA, Murray B, et al. Estrogen and COVID-19
symptoms: associations in women from the COVID Symptom
Study. PLoS One. 2021;16(9):e0257051. doi:10.1371/journal.
pone.0257051.

Raza HA, Sen P, Bhatti OA, Gupta L. Sex hormones, autoimmunity
and gender disparity in COVID-19. Rheumatol Int. 2021;41(8):1375—
1386. doi:10.1007/s00296-021-04873-9.

Zeng F, Dai C, Cai P, et al. A comparison study of SARS-CoV-2 IgG
antibody between male and female COVID-19 patients: a possi-
ble reason underlying different outcome between sex. J Med Virol.
2020;92(10):2050-2054. doi:10.1002/jmv.25989.

Gallman AE, Fassett MS. Cutaneous pathology of COVID-19 as a
window into immunologic mechanisms of disease. Dermatol Clin.
2021;39(4):533-543. doi:10.1016/j.det.2021.05.008.

Cagnacci A, Xholli A. Change in Covid-19 infection and mortality
rates in postmenopausal women. Menopause. 2021;28(5):573—
57510.1097/GME.0000000000001731.

Stelzig KE, Canepa-Escaro F, Schiliro M, Berdnikovs S, Prakash YS,
Chiarella SE. Estrogen regulates the expression of SARS-CoV-2
receptor ACE2 in differentiated airway epithelial cells. Am J Physiol
Lung Cell Mol Physiol. 2020;318(6):L1280-L1281. doi:10.1152/
ajplung.00153.2020.

Bukowska A, Spiller L, Wolke C, et al. Protective regulation of
the ACE2/ACE gene expression by estrogen in human atrial tis-
sue from elderly men. Exp Biol Med. 2017;242(14):1412-1423.
doi:10.1177/1535370217718808.

Von Haam E, Rosenfeld I. The effect of estrone on antibody-
production. J Immunol. 1942;43(1):109-117.

Sherman B, Wysham W, Pfoh B. Age-related changes in the cir-
cadian rhythm of plasma cortisol in man. J Clin Endocrinol Metab.
1985;61(3):439-443.

Borgoni S, Kudryashova KS, Burka K, De Magalh&es JP. Targeting
immune dysfunction in aging. Ageing Res Rev. 2021;70(1):101410.
doi:10.1016/j.arr.2021.101410.

2024;54:502-506 | https://doi.org/10.1093/labmed/Imac159

20z Arenige- 7z uo 1senb Ag 6T0%790./20S/S/vS/e010re/pawdge]/wod dno-oiwspede//:sdiy wo.y papeojumoq



Microbiological profile of long COVID and associated
clinical and radiological findings: a prospective cross-

sectional study

Monalisa Dey !, Baijayantimala Mishra !, Prasanta Raghab Mohapatra 2, Sudipta Mohakud 3, Bijayini Behera®

Department of Blood Transfusion, Affiliated Hospital of Nantong University,
Nantong, China. *To whom correspondence should be addressed: huicjs@163.
com.

Keywords: alloantibody, unexpected antibody, autoantibody, hemolytic
disease of fetus and newborn, delayed hemolytic transfusion reaction, blood
transfusion

Abbreviations: RBC, red blood cell

Laboratory Medicine 2024;54:507-511; https://doi.org/10.1093/labmed/imac160

ABSTRACT

Objective: The presence of red blood cell (RBC) irregular antibodies
can severely jeopardize mother and child and bring trouble to the
treatment of anemia. The aim of this study was to analyze the specific-
ity of RBC irregular antibody in inpatients.

Methods: An analysis was performed on samples from patients with
RBC irregular antibodies. Antibody screening positive samples were
analyzed.

Results: Among the 778 cases of irregular antibody positive samples,
214 were from males and 564 from females. History of blood trans-
fusion accounted for 13.1% of the total. Of the women, 96.8% had a
pregnancy. A total of 131 antibodies were identified. The antibodies
included 68 Rh systematic antibodies, 6 MNS systematic antibodies,

6 Lewis systematic antibodies, 2 Kidd systematic antibodies, 10
autoantibodies, and 39 antibodies of uncertain specificity.

Conclusion: Patients with blood transfusion or pregnancy history are
prone to produce RBC irregular antibodies.

Red blood cell (RBC) irregular antibodies, also known as unexpected
antibodies, are antibodies other than anti-A and anti-B, including
alloantibodies and autoantibodies, which are mainly produced by blood
transfusion and pregnancy immune stimulation.*? Red blood cell irregular

antibodies affect the identification of the ABO blood group. Unexpected
positive reactions resulting in an ABO discrepancy can occur if Al or B
reagent red cells, or both, used for serum grouping are positive for the an-
tigen. In addition, the agglutination reaction in the main side and/or the
secondary side easily occurs, which makes the determination of results
difficult. Alloantibodies can interfere in cross-match testing and therefore
can cause delay in obtaining compatible blood and is also sometimes asso-
ciated with a delayed type of hemolytic transfusion reaction.® Therefore,
the importance of irregular antibody detection is beyond doubt.

This study analyzed the distribution characteristics and disease dis-
tribution characteristics of 778 patients with positive antibody screen-
ing in our hospital from January 2012 to January 2022. The analysis of
131 screening positive samples was conducted to study the specificity
and distribution characteristics of RBC irregular antibodies in our hos-
pital from April 2020 to January 2022.

Materials and Methods

Data

A total of 778 patients with positive antibody screening in the Affiliated
Hospital of Nantong University from January 2012 to January 2022 were
selected as the research objects; 131 patients were identified as the re-
search subjects from April 2020 to January 2022 (FIGURE 1). The cell pat-
tern of RBC antibody identification spectrum cells is shown in TABLE 1.
The study was conducted in accordance with the Declaration of Helsinki (as
revised in 2013) with the ethical approval from the Ethics Committee of
the Affiliated Hospital of Nantong University (2022-K057-01).

Methods

The ABO and Rh(D) blood group identification and irregular antibody
screening were performed by automatic blood group analysis with the
ABO, Rh(D) blood typing reagent card (Suda Saier) and IgG + C3d anti-
human globulin detection card (Suda Saier), respectively. The tests were
carried out on the instrument (Aikang Aigel 400) according to established
procedures. When positive samples of irregular antibodies were obtained,
we used the anti-human globulin test card (Boxun) for retesting. If this
was also positive, we used a saline indirect antiglobulin test method and
anti-human globulin microcolumn gel method for antibody specific iden-
tification. The specificity of the antibody was judged based on the response
of both the patient’s plasma and spectrum cells. When the agglutination
intensity is consistent with all the spectrum cells and autologous cells, it

© The Author(s) 2024. 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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FIGURE 1. Research object flow chart.
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is judged as autoantibodies. Antibodies are defined to be of ambiguous
specificity if they do not conform to the reaction pattern of cells, or if they
react with all cells. If they react with all cells, then they are autoantibodies;
if they react with all cells but the autocontrol, then they are antibodies to
a high prevalence antigen. The plasma reacted with some cells, and the
intensity of reaction could be strong or weak. We combined the results
with medical history and analyzed the reaction results of the identified
cell profile by negative exclusion and identified the specific alloantibodies
with the spectrum cell results if possible.

Statistical Analysis

SPSS24.0 software was used for statistical analysis. Count data were
expressed by frequency and percentage, which was assessed by using the
x? test. P values less than .05 were considered to be statistically significant.

Results

RBC Irregular Antibody Distribution Characteristics

Among the 152,340 patients in the study, 778 cases were positive for ir-
regular antibodies, with a positive rate of 0.51%, including 214 males and
564 females. Among the 564 female patients, 464 had a record of preg-
nancy, and of these, 212 females had been pregnant once, accounting for
the highest proportion; 100 (17.7%) had an unknown pregnancy history.
Among the 564 females, 96.8% had been pregnant at least once. Accord-
ing to disease classification, the proportion of cancer patients was the
highest, followed by pregnant women, and the proportion of tumors and
pregnancy was relatively high, which accounted for 49.2%. The proportion
of irregular antibodies in women who had one pregnancy was the highest,
and with the increase of the number of pregnancies, the proportion of
RBC irregular antibodies tended to decrease, as shown in TABLE 2.

Antibody-Specific Identification Results

The specific identification of 131 of the positive cases from April 2020 to
January 2022 showed that there were 68 cases of Rh system antibodies,

Laboratory Medicine

Rh MNS Lewis Kidd Autoantibodies Uncertain
system system system system (n=10) autoantibodies
(n =68) (n=6) (n=6) (n=2) specificity

(n=239)

accounting for 51.9%, and anti-E had the highest positive rate, account-
ing for 39.69%. In addition, 49 patients (37.40%) had autoantibodies
(10 cases) or antibodies of uncertain specificity (39 cases) (TABLE 3).

Distribution Characteristics of Antibody Types in the

131 Cases

As shown in TABLE 4, among the 131 patients with RBC irregular
antibodies, there were statistical differences in sex and pregnancy or
transfusion, but no statistical differences in age and blood group.

Discussion

Among the 131 patients with RBC irregular antibodies, there were sta-
tistical differences in sex and pregnancy or transfusion in the study. The
detection rate of irregular erythrocyte antibodies is higher in women
than in men because women have been stimulated by alloantigens dur-
ing pregnancy or abortion. In this study, it can be seen that the pro-
portion of irregular antibodies in women who had 1 pregnancy was the
highest, and with the increase of the number of pregnancies, the pro-
portion of irregular antibodies tended to decrease. This is likely also
due to the 1-, 2-, and 3-child policy in China over the years. It could be
a function of the anamnestic response that naturally occurs. Red blood
cell irregular antibodies decrease if not stimulated again. Therefore,
it can be seen that the production mechanism of irregular antibodies
during pregnancy is complex, and thus that further in-depth research
is needed.

Judging from the disease distribution of the 778 cases of irregular
antibody-positive patients, the proportion of tumors and pregnancy
was relatively high, 49.2%, whereas blood system disease accounted for
only 8.4% and the proportion of other diseases is lower. These results
indicate that blood transfusion and pregnancy is the main cause of ir-
regular antibody production in individuals.*®

Red blood cell irregular antibodies can lead to hemolytic disease
of fetus and newborn.5® An increase in neonatal hemolytic cases is a
warning that we need to constantly pay attention to the production of
antibodies in pregnant women so as to ensure the safety of mothers

2024;54:507-511 | https://doi.org/10.1093/labmed/Imac160
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+¥ a small cell agglutination mixed with numerous free red blood cells.

TABLE 2. Red Blood Cell Irregular Antibody Distribution

Classification No. (%)
Sex
Male 214 (27.5)
Female 564 (72.5)
Blood group
A 268 (34.4)
B 225 (28.9)
0 196 (25.2)
AB 89 (11.4)
Age,y
<17 10 (1.29)
18-40 237 (30.5)
41-60 291 (37.4)
>60 240 (30.8)
Transfusion
Yes 102 (13.1)
No 676 (86.9)
Pregnancy?
0 18 (3.2)
1 212 (37.6)
2 123 (21.8)
3 71 (12.6)
>4 58 (10.3)
Unknown times 82 (14.5)
Reason for medical treatment
Pregnant? 145 (18.6)
Gynecological disease 40 (5.1)
Osteoarthritis 64 (8.2)
Digestive system disease 49 (6.3)
Respiratory disease 14 (1.8)
Cardiovascular disease 24 (3.1)
Blood system disease 65 (8.4)
Nervous system disease 22 (2.8)
Urinary system disease 21(2.7)
Endocrine system disease 2(0.3)
Trauma 22 (2.8)
Tumor 238 (30.6)
Bumn 10 (1.3)
Pediatric disease 3(0.4)
Eye disease 8(1.0)
Autoimmune disease 12 (1.5)
Other 39 (5.0)

a0: no pregnancy. Unknown times: a history of pregnancy but the num-
ber of pregnancies was not recorded in the medical records. Pregnant:
hospitalized to give birth.

and babies. There are many references on the detection standards of
irregular antibodies in pregnant women, and the British Committee
for Standards in Haematology (BCSH) also gives suggestions.® Medical
units should screen and identify irregular antibodies according to the
population characteristics of their own regions.
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TABLE 3. Distribution of Red Blood Cell Irregular Antibodies

Blood Group System Antibody Type No. (%)
Rh system Anti-E 52 (39.69)

Anti-e 5(3.82)

Anti-D 3(2.29)

Anti-C 1(0.76)

Anti-c 4(3.05)

Anti-DC 1(0.76)

Anti-Ce 2(1.53)

MNS system Anti-M 6 (4.58)

Lewis system Anti-Le? 6 (4.58)

Kidd system Anti-Jk@ 2(1.53)

Autoantibody 10 (7.63)
Uncertain antibodies specificity 39 (29.77)

In this study, we collected 778 irregular antibody positive cases from
January 2012 to January 2022. Due to the lack of patient information and
other reasons, we tested the specificity of antibodies in only 131 patients
from April 2020 to January 2022. Of the 131 detected antibodies, 68
cases were Rh system antibodies and 52 cases were anti-E. The detection
rate of anti-E was the highest among Rh antibodies, which was consist-
ent with the literature. The most common types of Rh antigens in clinical
practice are D, C, ¢, E, and e. The strength of the antigen is as follows:
D >E > C>c>e. However, in the “Technical Specifications for Clinical
Blood Transfusion,” testing is mandatory for RhD and is not required
for Rh other antigens, which may contribute to the higher proportion
of anti-E positivity found in our study. In addition, the distribution fre-
quency of E antigens in the Chinese Han population is 47%, so the proba-
bility of anti-E increased in alloimmunization. The distribution frequency
of the E antigen and gene was also different in different regions. In ad-
dition, in the past, when patients with positive irregular antibodies were
transfused, there was no condition for antibody-specific identification,
and blind screening was mostly used for matching, which increased the
probability of new antibodies and the difficulty of finding suitable blood.
For these reasons, the positive rate of anti-E detection is higher than
that of other antibodies. Therefore, it is recommended that in addition
to detecting RhD antigen, RhE antigen should be used as a routine test
before blood transfusion matching so as to reduce the positive rate of
anti-E, which will reduce the occurrence of blood transfusion reactions.

In our research, we found 39 cases (29.77%) of antibodies with un-
clear specificity, second only to Rh system antibodies. The appearance
of antibodies with unclear specificity may be attributed to the following
reasons: (1) the concentration of antibodies in the patient will change
and fade, (2) new antibodies, and (3) spectrum cells contain limited
types of antigen.

In summary, the specific identification and the analysis of the rela-
tionship between irregular antibodies and sex, age, and disease can help
to identify the pattern of antibody prevalence and provide experience
for subsequent identification of antibodies. Some irregular antibodies
will gradually diminish in vivo due to the lack of immune stimulation,
which is why some antibodies in this experiment lacked specificity. As
patients present in different hospitals and not all test results of RBC
irregular antibodies can be tracked, we hope that along with the devel-
opment of a blood transfusion medicine, an information-sharing plat-
form for positive cases of irregular antibodies in different groups will be

Laboratory Medicine

TABLE 4. Population Distribution Characteristics of the 131 Cases of Red Blood Cell Irregular Antibodies

a |S g S &
™~ < e 5]
— Te) ~ [T}
& o ~ o 0
< ™ o ) 0
— 3] ™ <
=
28
= <o — ® < o
__88 S ol =N ~ 3 8 oo ISR
==
<
L >
= |5
S o
D o
o 5=
@ e - © N <! © —\ ™ © © o
S8
Z:
<<
=
= T i =} L) ™ N o 0
<
©
()
|
s ol o i 0 ™ N o 0
=
<<
©
X
bl
s NP Ol o © — - o o o N g
=
<<
o)
O
s ol N ol © =) o o o —
e
<
O
=2
B i= o - o © ol - —« o o — g
olc
O i<C
=
c
<
(&)
=
g0
=] LR H Hi =) o ™ — o ™ g
o
<<
@
= I e o < <+ o o < g
<
Q
= ol o i O - o o O o [
<<
@
= NN Ol A - < N ™Mo 0 g
<<
-
= ©! © © © © ©
= P=EE=F =T © & SERS= < Y9
<<
©
=
o .S
8 o g
(=) =1 Q —
< [=
B o %E>'\g"?%:8}c
; —
S < wmo R 35 =2 g uId R ES S
o) LS g >
@ n < =

2024;54:507-511 | https://doi.org/10.1093/labmed/Imac160

almmunization: pregnancy or transfusion.

20z Arenige- 1z uo 1senb Ag 986050./L0S/S/vS/a01Ie/pawdge]/wod dno-oiwspede//:sdiy wo.y papeojumoq



established to track the process of the generation, development, and
subsidence of patients’ irregular antibodies in real time, allowing the
search for antigens even if antibody test results are negative. This study
suggests that after the identification of clinically meaningful irregular
antibodies, antigen-negative RBCs are always selected for transfusion,
even if the patient’s antibodies cannot be detected.’® Transfusion of
antigen-negative RBCs against specific antibodies can reduce the occur-
rence of amnesia response, delayed hemolytic transfusion reaction, and
delayed serological transfusion, which provides a theoretical basis to en-
sure the safety of blood transfusion.

In this study, there are some deficiencies, such as that the per-
iod of specimen collection was not long, and few cases were identified
with positive antibodies when autoantibodies were present. Also there
were no additional panel RBCs to further identify blood group antibody
specificities, and Mia cells were lacking in spectrum cells. These are the
directions that we must focus on in subsequent research. In addition, we
will increase the number of centers used and constantly improve the sen-
sitivity of specific antibody identification in the later studies to detect
clinically meaningful antibodies that conform to regional characteristics.
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ABSTRACT

Massive-scale SARS-CoV-2 testing using the SwabSeq diagnostic plat-
form came with quality assurance challenges due to the novelty and
scale of sequencing-based testing. The SwabSeq platform relies on ac-
curate mapping between specimen identifiers and molecular barcodes
to match a result back to a patient specimen. To identify and mitigate
mapping errors, we instituted quality control using placement of negative
controls within a rack of patient samples. We designed 2-dimensional
paper templates to fit over a 96-position rack of specimens with holes
to show the control tube placements. We designed and 3-dimensionally
printed plastic templates that fit onto 4 racks of patient specimens and
provide accurate indications of the correct control tube placements. The
final plastic templates dramatically reduced plate mapping errors from
22.55% in January 2021 to less than 1% after implementation and train-
ing in January 2021. We show how 3D printing can be a cost-effective
quality assurance tool to mitigate human error in the clinical laboratory.

At the start of the COVID-19 pandemic, the University of California,
Los Angeles (UCLA) SwabSeq COVID-19 clinical testing laboratory de-
veloped a novel protocol that used next-generation sequencing to per-

form rapid and highly scalable testing for COVID-19.! Using this as-
say, we are able to test thousands of specimens simultaneously using
sample-specific molecular barcodes added to each patient’s specimen
at the time of polymerase chain reaction (PCR) amplification. We use
a 96-well liquid handler to pipette heat-inactivated patient specimen
into a 384-well PCR plate (the “primer plate”) containing PCR primers
to amplify the SARS-CoV-2 S gene as well as human RPP30, a house-
keeping control gene. These primers are designed with both lllumina
sequencing adapters as well as unique molecular barcodes, or indices, to
allow for direct sequencing of the PCR amplicons without an additional
tagmentation step.*

These molecular barcodes enable thousands of samples to be
combined, simultaneously sequenced, and analyzed for the presence
or absence of SARS-CoV-2 within a single sequencing flow-cell.> A de-
convolution step is performed during the analysis of sequencing reads
to properly identify the patient specimen from which any given read
originated and thus correctly identify the presence or absence of SARS-
CoV-2 in the tested samples. A central aspect of the SwabSeq COVID-19
assay relies on a precise link of a specimen identifier with the molecular
barcode associated with that well position in the 384-well PCR plate.

Given the throughput of the SwabSeq COVID-19 assay, quality
control (QC) ensures robust, high-quality testing and minimizes the
possibility for errors that could affect thousands of patients. The use of
negative controls is a standard quality control method in laboratories
and can be used to detect confounding bias and other sources of causal
error.? This allows laboratory staff to analyze if the resulting associations
are, in fact, causal.> Many labs also use internal QC (IQC) to monitor the
quality of work being done during runs and analysis of results to ensure
data released to patients are fit for purpose.®

The SwabSeq assay uses nuclease-free water-filled specimen tubes
with unique tube identification barcodes, called control tubes, which
serve multiple purposes, including serving as both negative controls
and 1QCs. Because the assay involves PCR amplification, there is a sub-
stantial risk for the spreading of amplification products that could af-
fect our limit of detection for the virus.* The water-filled control tubes,
which should have no human or SARS-CoV-2 genetic material, can
therefore be used to detect potential contamination from equipment,
reagents, or aerosols, as well as cross-contamination between adjacent
samples.

© American Society for Clinical Pathology 2024. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com
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The control tubes are also used as IQCs to check the orientation of
racks filled with patient samples. One of the potential errors that we
recognized early in our clinical validations is the risk of improper orien-
tation of the samples with respect to the plate containing PCR barcodes
in fixed positions within the PCR plates. For example, a 180-degree ro-
tation of a 384-well PCR plate containing unique molecular barcodes
would lead to the misidentification of every patient specimen in the 384-
well plate. To accommodate this, we reference the location of controls as
a way of verifying proper orientation of the tube rack with the primer
plate. Our molecular barcoding system currently relies on 16,384-well
plates which contain unique combinations of molecular barcodes, mean-
ing over 6,000 samples can be run within a single sequencing run. There-
fore, for each 96-position rack of specimen tubes, we use control tubes
that are placed in unique positions that encode (1) the identity of the
quadrant within the 384-well PCR plate containing unique molecular
barcodes, (2) the identity of the molecular barcode plate (1-16), and (3)
which of the four daily sequencing runs the plate belongs to (AM, mid-
day [MD], PM, and nighttime [NT]).

When analyzing the results of this assay, the reviewing scientist
can easily and accurately confirm the location of control tubes using
dual approaches: using the tube identifiers and the absence of sample
material. If the location of the expected controls contains sample ma-
terial, this indicates potential contamination or an orientation error
during the preparation of the PCR plate. Orientation errors can occur
at 2 levels: the 96-position rack and the 384-well PCR plate. A 96-posi-
tion rack error can occur when the rack is erroneously pipetted into the
384-well PCR plate in the incorrect position, and this can be identified
by the presence of one misoriented quadrant in the 384-well PCR plate.
The reviewing scientist can also identify whether a plate was erroneously
sequenced with the wrong sequencing run; for example, the orientation
of the control tubes could show that a plate from the AM run was mis-
takenly swapped with a plate containing identical barcodes from the PM
run, an error that could lead to incorrect results reported to 382 patients
in the AM run and 382 patients in the PM run (a 384-well PCR plate
contains 382 patient samples and 2 control tubes).

Because the placement of control tubes is an integral part of the QC
metrics for the SwabSeq assay, it is critical that these tubes are placed in
the correct positions in the 96-position rack of tubes. The UCLA SwabSeq
laboratory adopted the Lean Six Sigma model, a system used by many
clinical laboratories to improve efficiency and reduce errors.> Using
Lean Six Sigma principles, we followed the Design Measure Analyze Im-
prove Control protocol’ to create a solution that reduced our control tube
misplacement rate, first starting with 2-dimensional (2D) templates to
visually check for control tube placement before any samples are pipetted
into the PCR plate. The 2D templates proved to be a temporary solution
and our laboratory sought a more robust, long-term quality assurance
system that was specific to our unique problem.

Like many companies, hospitals, and researchers facing supply
shortages due to the COVID-19 pandemic, our laboratory turned to
3D printing as a solution for our quality assurance problem. Three-
dimensional printing has been used in hospitals and clinics for tissue
manufacture, implants, and anatomical models for medical training.®°
The equipment printed using this technology allows for improvements
in both patient-based and research settings, in part because of its abil-
ity to rapidly create custom products. The vast use of 3D printing in the
medical field led us to explore 3D template options to replace our 2D
templates and bring 3D-printed technologies into our clinical laboratory.

www.labmedicine.com

Here, we present how we created and optimized 3D printed templates
to significantly reduce quality errors for this assay, demonstrating the
innovative opportunity to bring cutting-edge 3D-printing technologies
into the clinical laboratory to improve quality.

Methods and Results

Our first attempt to reduce control tube placement errors was with
2D paper templates. Each template was made of 4 pieces of laminated
colored paper the size of the specimen tube racks. Holes were cut
out in specific locations to indicate where controls should be placed
(FIGURE 1A). The template was designed to lay on top of 4 specimen
tube racks, representing the 4 96-well quadrants of 1 384-well PCR
plate, to show the technician the correct placement of the control tubes
(FIGURE 1B). When we first designed these 2D templates, our
sequencing runs consisted of 4 unique plates and 2 unique daily runs.
Placement of the control tubes is contingent on 3 factors: rack quadrants
(A, B, C, or D), plate number (1 to 4), and time of day (AM or PM), and
thus we designed 32 unique positionings for the 2 control tubes that
are placed in each specimen rack (FIGURE 1C). Each template covered
4 96-position specimen tube racks and was labeled A through D for the
destination quadrant, with the color of the laminated paper correspond-
ing to the plate number (for example, plate 1 used purple paper and
plate 2 used blue). We created 2 sets of 4 templates each for the 2 daily
runs and secured the templates together with a loose leaf binder ring
labeled with the run name (AM or PM, FIGURE 1D).

Before instituting any kind of template to ensure proper control
tube placement, laboratory personnel visually checked for placement
of control tubes before pipetting samples from the 96-position racks to
the 384-well PCR plates.® To assess the effectiveness of our 2D-printed
templates, we developed an automated script to count the number of
96-position specimen racks with misplaced tubes for each run. The
control tube misplacement rate during the month of January 2021
was 22.55% (TABLE 1). After implementing the 2D paper templates
on January 22, 2021, we saw a major decrease in the misplacement
rate, down to 0.23% in February 2021, and continued to see a mis-
placement rate below 1% for the remainder of the first quarter of 2021
(TABLE 1).

To create the 3D-printed templates, laboratory staff measured spec-
imen racks and designed covers to fit tightly over the 4 racks of sample
tubes rather than sitting on top of the tubes (FIGURE 2A). This design
allows the 4 specimen racks that will be pipetted into the same 384-
well PCR plate containing molecular barcodes to have the control tubes
inserted simultaneously without slipping, reducing errors. We created
STL files (a type of design file compatible with many 3D printers) given
these design parameters using web-based 3D design software SketchUp.
We were careful to design the 3D templates to fit snugly enough to en-
sure the proper placement of the control tubes while still being loose
enough to be removed from the rack of patient specimens without
disrupting the tubes on the periphery of the rack.

The laboratory considered many options to manufacture the 3D
templates, including buying a 3D printer; however, this solution
was impractical due to the high cost and low yield of templates. We
identified a local manufacturer that generated 2 sets of 4 templates
(for AM and PM runs, 4 384-well PCR plates each containing 4 96-
well quadrants) for $1,925 (FIGURE 2B). These templates were
printed with hard plastic, color-coordinated to represent the 384-well
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FIGURE 1. A, Two-dimensional printed templates for the AM run with 4 primer plates. Holes in the templates correspond to the
correct placement of the control tubes when the template is placed on top of specimen racks and the colors represent the 4
primer plates. B, The 2D template for primer plate 1 of the AM run in use on top of 4 specimen racks indicating the placement
of control tubes (orange caps). C, Schematics for control tube placements for each of the 4 primer plates for AM and PM

runs. Each color represents a plate number whereas the orange squares represent correct control tube placements. D, Two-
dimensional templates for AM and PM runs for the 4 original primer plates. Each laminated sheet represents a 384 well plate
consisting of 4 racks of 96 patient sample tubes and the templates for each of the 4 primer plates are bound with a metal ring.

A
(a2 ﬂ.mlﬂ

A :

AM plate 4

plate number (1-4) with quadrant identification printed directly into After implementing the 3D templates in late April 2021, we saw our
the template (initially labeled as 1-4 but changed to A-D in future control tube misplacement rate stabilize below 1%. There was a tem-
iterations of the templates). porary increase in errors that represents a transition and training on
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TABLE 1. Tube Misplacement Rates for January 2021 through October 20222

Year/Month Total Racks Run Correct Incorrect Percent Correct Percent Incorrect
2021-01 366 304 62 83.06% 22.55%
2021-02 432 431 1 99.77% 0.23%
2021-03 352 350 2 99.43% 0.57%
2021-04 342 342 0 100.00% 0.00%
2021-05 249 242 7 97.19% 2.89%
2021-06 78 78 0 100.00% 0.00%
2021-07 176 176 0 100.00% 0.00%
2021-08 679 679 0 100.00% 0.00%
2021-09 1557 1557 0 100.00% 0.00%
2021-10 1525 1516 9 99.41% 0.60%
2021-11 1316 1315 1 99.92% 0.08%
2021-12 817 814 3 99.63% 0.37%
2022-01 1798 1796 2 99.89% 0.11%
2022-02 1860 1858 2 99.89% 0.11%
2022-03 1480 1479 1 99.93% 0.07%
2022-04 1689 1689 0 100.00% 0.00%
2022-05 1745 1744 1 99.94% 0.06%
2022-06 995 992 3 99.70% 0.30%
2022-07 650 650 0 100.00% 0.00%
2022-08 550 550 0 100.00% 0.00%
2022-09 528 528 0 100.00% 0.00%
2022-10 337 337 0 100.00% 0.00%

aTube misplacement rates were calculated by counting the number of 96-position specimen racks with misplaced control tubes for each run. A rack is

deemed to have misplaced control tubes if at least one of the control tubes is not in the proper place.

FIGURE 2. A, CADD file showing the design of our 3D templates designed to fit on top of 4 specimen racks. Importantly,
the “G” dimension ensures that the template remains on top of the set of tubes without sliding. B, AM run 3D templates are
shown on top of specimen racks with orange specimen tube caps representing the control tubes. The color of the template

corresponds to the respective primer plate number 1-4.

the use of 3D templates(TABLE 1). However, as our staff was trained
and became more comfortable with the 3D templates and QC was more
stringently enforced, we observed the control tube misplacement rate
drop and remain below 1% by June 2021 to the present time despite a
10-fold increase of sample volume.

www.labmedicine.com

In September 2021, the SwabSeq laboratory began to increase daily
volume beyond 2 daily runs of 4 384-well plates each due to the return
of students to in-person learning at UCLA. Initially, we added an MD
run consisting of up to 4 384-well plates and designed and implemented

a new control tube placement scheme and set of 3D templates
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FIGURE 3. Scaling up required additional runs and primer sets. A, To increase our capacity, we added a midday (MD) run using
this control tube placement scheme. B, Schematic showing control tube placement after introduction of third control tube due
to increased sample volume for the “Winter” set of primer plates. Grid represents a 96-position rack of patient specimens and
the control tube positions are shown in orange. Importantly, the third control tube (shown in the MD, PM, and nighttime [NT]

runs) allows us to use the same control tube placements for all 4 daily runs while the third tube distinguishes the time of day.

It

(FIGURE 3A). Ultimately, due to much higher demand for test-
ing, the laboratory increased our molecular barcode space from 1536
combinations (4 384-well plates) to 6144 combinations (16,384-
well plates). We additionally added 1 additional sequencing run

Laboratory Medicine

(NT). To accommodate this increase in volume, we added an addi-
tional control tube to each rack of patient samples (FIGURE 3B).
To avoid confusion, we divided our 16 primer plates into 4
groupings of 4 plates, denoted Winter, Spring, Summer and Fall, and

2024;54:512-518 | https://doi.org/10.1093/labmed/Imac161
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FIGURE 4. A, Current set of 3D printed templates for midday (MD) run configuration. The template colors (white, pink, orange,
and gray) represent each of the 4 seasonal groupings whereas the tape color represents each of the 4 primer plates within that
season. B, Shelves and bins containing all 16 3D printed templates organized for each season set. Each color of the 3D printed
template represents the set of 4 plates for its respective season. Each 16-set of templates has unique control tube placements
for MD, PM, and nighttime (NT) runs. This organizational system allows operating technicians to quickly and simply identify the

proper templates for the run they are performing.

3D-printed new templates whose color corresponds to this grouping
(FIGURE 4A). We also decided to organize these templates on a rack
with bins indicating each of the seasons (FIGURE 4B). Ultimately,
our 3D-printing strategy allowed for an extremely rapid scale-up of
our control tube placement scheme and decreased control tube place-
ment errors.

www.labmedicine.com

Discussion

Due to the high throughput nature of the SwabSeq assay, experimen-
tal controls and quality control safeguards are critical to the assay’s in-
tegrity. Because we work on many samples, even a small error rate can
represent tens or even hundreds of misidentified patient specimens,
which is unacceptable. Errors would require the rerun of hundreds of
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specimens, leading to delay in our turnaround time. One such error that
poses a significant threat to the integrity of the assay is errors with the
orientation of the sample rack with respect to the 384-well PCR plate.
These errors result in misidentification of all patient specimens within
the “flipped” rack(s).* To identify such issues before results are reported
to patients, the SwabSeq assay uses the placement of negative control
samples to orient a rack of patient specimen tubes within its proper run,
384-well PCR plate, and quadrant of the plate. Errors in the placement
of these tubes reduce the effectiveness of this quality assurance safe-
guard, and so the laboratory sought an innovative way to prevent place-
ment errors.

Here, we showed how an innovative and low-cost method of
manufacturing a custom plastic product can be implemented in any clin-
ical laboratory. Although our 2D laminated paper templates were help-
ful and modestly reduced placement errors, our 3D-printed control tube
placement templates eventually were markedly better at preventing these
errors and proved to be a major process improvement for our laboratory.
We acknowledge the slight uptick in misplacement in June and July 2021,
but due to the low number of plates being run and training new staff, we
believe that the sharp decrease beginning in August 2021 and maintained
to the present day is more indicative of the success of our 3D templates.

Even with this safeguard, we still see sources of error that do not
result from misplacement of control tubes. For example, patient spec-
imen racks can still be misoriented at the time of scanning individ-
ual tube barcodes using a flatbed scanner. Despite the samples being
pipetted into the PCR plate in the correct orientation, this still results in
a “plate flip,” as the specimen tube barcodes are still incorrectly associ-
ated with the molecular barcodes in the corresponding PCR plate wells.
To account for this, our informatics pipeline cross-references specimen
tube barcodes to a list of all the barcodes of our control tubes and thus
will show scanning errors. Such automation strategies in tandem with
our existing procedural quality safeguards will continue to keep the er-
ror rate for SwabSeq low so we can continue to provide accurate, high-
quality testing for our clients.

The SwabSeq laboratory is encouraged by how quickly and effi-
ciently we were able to identify this fault point in our testing procedure
and design a custom solution that eliminated the issue. We are also
encouraged by the scalability of this method: although we started with

Laboratory Medicine

templates for 2 daily runs with 4 384-well plates each, we were quickly
able to scale to 3 daily runs with 16,384-well plates each by designing
and manufacturing 3D templates for additional primer sets. SwabSeq
plans to continue to innovate by using cutting-edge technologies like 3D
printing to solve unique problems in the clinical laboratory.
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ABSTRACT

Objective: The aim of this study was to assess the gender composi-
tion of nontraditional pathology recognition award recipients.

Methods: Cross-sectional analysis of American Society for Clini-
cal Pathology (ASCP) Top Five 40 Under Forty and The Pathologist
Power List award recipients’ gender. Gender was independently
analyzed by 2 authors using pronouns. Two analyses were
performed: difference in gender parity and difference in gender eq-
uity for award recipients.

Results: From 2014 through 2022, 618 total awards were conferred.
Significantly more men than women received an award overall
(57.1% vs 42.9%; P < .001). Compared with population benchmarks,
awards conferred to US-based nontrainee pathology physicians
(men 56.2%, women 43.8%; P = .091) and US-based pathology phy-
sician trainees (men 60.5%, women 39.5%; P = .15) are equitable.
Conversely, gender inequities exist among awards conferred to US-
based nonphysician laboratory professionals (men 51.7%, women
48.3%; P < .001).

Conclusion: The Pathologist Power List and Top Five ASCP 40 Under
Forty awards have not completely achieved gender parity, and gender
inequities remain among subgroups.

Recently, Wobker and colleagues' documented differences in gender
representation among pathology society recognition award recipients.
These findings are disquieting, as recognition often directly contributes
to opportunities for career advancement and academic promotion. Sim-
ilarly, Parra-Herran et al’ investigated the composition of editor/author
gender for prominent anatomic pathology textbooks. The authors found
that editors/authors overall comprised more men than women (59.5%
vs 40.5%), but the proportion of women was approximately equal to
the proportion of women in academic pathology in 2019 (40.5% vs
43.4%). However, the gender composition of the editors/author group
varied widely among subspecialties, and in certain subspecialties, was
not representative of the academic pathology physician workforce. This
highlights the distinction between gender equity (ie, the proportion of a
specific gender in a subgroup compared with the proportion of that gen-
der in the entire population from which that subgroup is derived) and
gender parity (ie, 50:50 gender balance).®

Although studies continue to illustrate inequities and disparities
based on identifying demographics, including gender, among leadership
positions, editorial boards, and official society recognition awards,® " lit-
tle is known about recognition conferred via less traditional sources, such
as magazines, websites, and social media-based groups. This is particu-
larly true for specialties with an online or social media presence such as
pathology, as this type of publicized recognition may also substantially
contribute to reputation, prestige, career opportunities, career advance-
ment, and compensation. Given that these nontraditional awards are
conferred outside the typical academic setting, they could be more (or
less) equitable with regard to gender. To probe this question, we assessed
the gender composition of nontraditional pathology award recipients.

Methods

We investigated the perceived gender of recipients of the annual “The
Pathologist Power List,” a nontraditional pathology recognition award
conferred to “inspirational” laboratory professionals of all backgrounds

© The Author(s) 2024. 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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(eg, medical technologists, individuals with PhDs, pathologists) both
within the United States (US) and internationally.® This award is
presented by The Pathologist, a magazine endorsed by the American
Society for Clinical Pathology (ASCP). We also investigated the top
5 recipients of the ASCP 40 Under Forty recognition program, which
“recognizes members under the age of 40 for their achievements and
leadership qualities that are making an impact on pathology and labo-
ratory medicine”.®

Award recipients’ perceived gender was independently analyzed by 2
authors using online pronouns in 3 categories (she/he/they) and coded
as woman, man, or other. No individual identified as a third category;
thus, we report gender as binary.

We analyzed all award recipients’ practice location (country), spe-
cialty, and training status at the time of award receipt and coded them
into one of the following groups: (1) US-based nontrainee pathology
physicians (ie, individuals who have completed pathology training),
(2) US-based pathology physician trainees (ie, individuals in a pa-
thology residency or fellowship program), (3) US-based nonphysician
laboratory professionals (ie, individuals who have completed or are
enrolled in a laboratory training program), and (4) non-US-based
individuals (ie, non-US-based pathology physicians and labora-
tory professionals including trainees and those who have completed
training). Of note, individuals with a PhD and board certification in
a pathology specialty such as clinical chemistry or microbiology were
included in group 3 (US-based laboratory professionals) for purposes
of subgroup analysis.

Our analysis focused on total awards, not unique individual
recipients. Thus, a single recipient may have received more than 1
award. We performed a gender parity analysis for all award recipients
combined and all subgroups. The benchmark comparator for gender
parity was 50:50 gender balance. We also performed a gender equity
analysis with comparator benchmarks for the following award recipi-
ent subgroups: (1) US-based nontrainee pathologists compared with
the gender/sex composition of the US pathology workforce reported by
the Association of American Medical Colleges (AAMC),*° (2) US-based
pathologists in training compared with the gender/sex composition of
pathology residents and fellows as reported by the AAMC,! and (3) US-
based nonphysician laboratory professionals compared with the gen-
der/sex composition of the US laboratory workforce as reported by the
US Bureau of Labor Statistics.'? Gender equity subset analysis was not
performed for non-US-based award recipients, as we were unable to ob-
tain data regarding the gender/sex composition of this group, and there-
fore had no reliable comparator benchmarks.

Statistical analysis was performed using the x? test to compare the
actual observed proportion of award recipients’ gender to the expected
proportion using the previously described comparator benchmarks
for each specific population subgroup. Analyses were conducted using
GraphPad PRISM version 9.2.0 (GraphPad Software). Two-sided P val-
ues <.05 were considered significant.

Results

From the inception of The Pathologist Power List in 2015 through
2022, 571 total awards were conferred. From 2014 through 2022, 47
ASCP Top Five 40 Under Forty awards were conferred. Significantly
more men than women received an award overall (57.1%, 353/618 vs
42.9%, 265/618; P < .001), indicating gender parity was not achieved

Laboratory Medicine

FIGURE 1. Gender composition analysis of The Pathologist
Power List and the American Society for Clinical Pathology
Top Five 40 Under Forty award recipients. The solid line
represents gender parity (50:50 gender balance). The
dashed lines represent gender equity using benchmarks
for active pathology physicians and pathology resident/
fellow trainees derived from AAMC data, and for laboratory
professionals derived from the US Bureau of Labor
Statistics. All benchmark source data are reported as sex
(male and female).'**> AAMC, Association of American
Medical Colleges; US BLS, United States Bureau of Labor
Statistics.
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FIGURE 2. Gender composition of The Pathologist Power
List and the American Society for Clinical Pathology Top Five
40 Under Forty award recipients by year.
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(FIGURE 1). Although significantly more awards have been conferred
to men, temporal analysis illustrates that this gap may be closing
(FIGURE 2).

US-Based Nontrainee Pathology Physicians

Subset analysis revealed that 242 awards have been conferred to US-based
nontrainee pathology physicians. More awards have been presented to
men than women (56.2%, 136/242 vs 43.8%, 106/242; P = .054), al-
though this difference was not significant. In comparison to the US pa-
thology physician workforce, which comprises 61.5% males and 38.5%
females (terms used by data source),'° the combined Power List and Top
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Five 40 Under Forty awards are equitable with respect to gender/sex for
US-based nontrainee pathologists (P =.091) (FIGURE 1).

US-Based Pathology Physician Trainees

Subset analysis revealed that 38 awards have been conferred to US-
based pathology physician trainees. There is no difference in the propor-
tion of awards presented to men compared with women (60.5%, 23/38
vs 39.5%, 15/38; P = .19). In 2019, US pathology trainees (residents and
fellows) were composed of 49.0% males and 51.0% females (terms used
by data source),'* illustrating that awards conferred to US-based pathol-
ogy physician trainees are equitable (P = .15) compared with the sex/
gender composition of US pathology trainees (FIGURE 1).

US-Based Nonphysician Laboratory Professionals

Subset analysis revealed that 87 awards have been conferred to US-based
nonphysician laboratory professionals. There is no difference in the pro-
portion of awards presented to men compared with women (51.7%,
45/87 vs 48.3%, 42/87; P = .75). In 2021, the US laboratory professional
workforce comprised 31.2% males and 68.8% females (terms used by
data source).*? When compared to this benchmark, women are inequita-
bly represented as award recipients among US-based nonphysician labo-
ratory professionals equitable (P < .001) (FIGURE 1).

Non-US-Based Pathology Physicians and Laboratory
Professionals

Subset analysis revealed that 251 awards have been conferred to non—
US-based pathology physicians and laboratory professionals currently
in practice and training combined. Significantly more awards have been
conferred to men than women (59.4%, 149/251 vs 40.6%, 102/251;
P =.003). Gender equity analysis was not performed as there are no re-
liable benchmark comparator data.

Discussion

The annual Power List and ASCP Top Five 40 Under Forty, although
not traditional academic awards, appear to carry significant influence
in social circles. The Pathologist (@pathologistmag) Twitter account has
over 16,000 followers, and tweets announcing the Power List averaged
107 retweets and 148 likes over the past 5 years. The Power List and
40 Under Forty awards are considered prestigious, with organizations,
hospitals, and universities announcing award recipients among their
news and honors press releases,'* ¢ and receiving this honor may con-
tribute to professional advancement opportunities.

Our findings indicate that in aggregate, these awards have not
reached parity, with a significantly greater number of awards being
conferred to men overall. However, as most groups are not composed
of an equal 50:50 balance of men and women, it is also important to
analyze the composition of award recipients in relation to the subgroup
from which they are selected. Although we found that significantly more
awards have been conferred to men than women overall, in our sub-
group analyses, we found that when the composition of the US pathol-
ogy physician workforce is considered, the combined Power List and Top
Five 40 Under Forty awards are equitable with respect to gender/sex for
US-based nontrainee pathologists. Similar findings were also observed
for the other subgroups with respect to gender equity, with the excep-
tion of US-based nonphysician laboratory professionals. This suggests
that whereas, overall, awards may be presented to men more often than
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women, if the composition of the populations from whom these award
recipients are selected is considered, there is generally equitable distri-
bution of nontraditional pathology awards based on gender. However,
it is important to note that significantly more awards were conferred
to men among US-based nonphysician laboratory professionals than
would be expected given the gender composition of the field.

These findings also highlight the importance of appropriate and re-
liable benchmark data. Without these data, one is unable to accurately
compare populations and assess whether inequities are present nor
can one determine the effectiveness of diversity, equity, and inclusion
initiatives. Additionally, although perhaps less important in the context
of recognition awards, whether equity or parity is the most appropriate
goal remains an open question.

The equity in the award conferral rate of the Power List and ASCP
40 Under Forty stands in contrast to pathology-based societal awards.*
Although this study was neither designed nor intended to assess causa-
tion, the discrepancies observed between these studies may stem from
how nominations are publicized, differing nomination criteria, selection
committee composition, and selection committee voting opportunities.
Additionally, observed differences between pathology societal awards
and nontraditional awards may be influenced by the medium through
which voting transpires. Given that these nontraditional awards are
reliant on online voting, often via social media, the equity observed
in award conferral rates may be partially explained by generational
differences in social media usage, as well as familiarity with overall on-
line voting practices.*®

Compared with more traditional recognition awards, an addi-
tional unique aspect of the awards examined herein is the option for
self-nomination. Both the Power List and the ASCP 40 Under Forty
permit individuals to nominate themselves, which may influence the
outcomes. Self-nomination removes a potentially discriminatory filter
of another individual (eg, department chair or other senior person) per-
forming the nomination, as nominations can be time-consuming and
others may be unable or unwilling to make the time, consider it a pri-
ority, or may be unaware of the nomination window, influencing the
pool of nominees. Individuals who desire nomination may believe it in-
appropriate to ask to be nominated; thus, self-nomination can remove
that filter. Finally, an additional unique aspect of the ASCP 40 Under
Forty award compared with many society awards is that individuals in
training are included in the review and selection process for the award,
which may also provide a broader perspective that influences the diver-
sity of awardees.

These results have far-reaching implications not only from an awards
standpoint but in assessing the field of pathology overall. Equitable
practices by 1 pathology organization do not inherently counter-
act inequities propagated by other pathology organizations, particu-
larly if the organizations collaborate or voluntarily associate with one
another. This novel concept, termed interorganizational structural
discrimination, was recently highlighted in the journal Cell, describing
how organizations that work together must be jointly accountable for
discriminatory practices.?’ This issue, which occurs when 2 or more or-
ganizations collaborate despite the presence of a structural discrimina-
tion issue that is known to be remediable, is thought to contribute to
the numerous inequitable practices that occur throughout science and
medicine. Therefore, pathology organizations should engage in collab-
orative monitoring and improvement of their practices to achieve syn-
ergistic equity.
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Our study has several limitations, including a lack of data
regarding the demographic composition of pathologists and labora-
tory professionals outside the US, and access to additional compar-
ator benchmarks to analyze these subgroups would have been ideal.
Furthermore, we analyzed award recipients’ perceived gender, whereas
our comparator benchmarks were reported as sex in the source data,
and we recognize that gender and sex are not always congruent and
ideally should not be used interchangeably.?* Additionally, we only
analyzed gender, whereas inequities are far-reaching and not limited
to gender but can be based on numerous identifying demograph-
ics including race, ethnicity, sexual orientation, disability status, etc.
Furthermore, as is the case with all gender equity studies, potential
misidentification of an individual’s preferred gender and the inability
to account for the entirety of the gender spectrum are inherent study
limitations.

In summary, our analysis indicates that, compared with the US
pathology and laboratory workforce, awardee distribution generally
appears equitable among nontraditional pathology and laboratory med-
icine awards. Nonetheless, there is lack of gender parity overall, and
awards presented to US-based nonphysician laboratory professionals
are not equitable, illustrating that additional progress must be made.
Nevertheless, a transparent nomination and selection process is criti-
cal if these types of awards are to be deemed representative of success,
influence, and expertise, as opaque processes by anonymous authority
figures have been demonstrated to perpetuate inequities. Additionally,
these findings highlight the need for additional studies into other non-
traditional awards and recognitions and how these might influence aca-
demic progress and whether they are indeed equitable with respect not
only to gender but other demographics.
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ABSTRACT

Objective: Reduced left ventricular ejection fraction (LVEF) is common
in hemodialysis (HD) patients. Lipoprotein-associated phospholipase
A, (Lp-PLA)) is considered an important determinant of cardiovascular
events. The aim of the study was to evaluate the relationship between
Lp-PLA, and LVEF in HD patients.

Methods: Fifty-seven HD patients with coronary heart disease were
enrolled. Predialysis and postdialysis venous whole blood samples
were collected. The patients were divided into preserved and reduced
LVEF groups. The relationship between Lp-PLA, and LVEF was
assessed.

Results: A significant difference in C-reactive protein (CRP) and Lp-
PLA, was observed, with higher levels noted in patients with reduced

LVEF (P =.001). Both Lp-PLA, and CRP were negatively correlated
with LVEF in the HD patients. Only Lp-PLA remained associated with
2

LVEF in multiple regression analysis.

Conclusion: Lipoprotein-associated phospholipase A, levels are as-
sociated with LVEF and could potentially be used to evaluate chronic
heart failure with reduced LVEF in HD patients for risk stratification
management.

Heart failure (HF) is highly prevalent among the hemodialysis pop-
ulation, resulting in greater than half of all deaths. Heart failure risk
factors, including fluid overload, anemia, atrial fibrillation, and uremic
toxin accumulation are prevalent in maintenance HD patients.

Left ventricular (LV) dysfunction directly affects HF and is associated
with poor survival in patients under hemodialysis. Routine assessment
of LV ejection fraction (EF) has been recommended in patients with
HF.! Zoccali et al? revealed an association between reduced LVEF and
increased adverse events in 254 asymptomatic HD patients. Methods to
improve EF help to decrease mortality in HD patients.

Lipoprotein-associated phospholipase A, (Lp-PLA,), a 45-kDa
protein composed of 441 amino acids,® is a calcium-independent
serine lipase that is produced by macrophages and other inflamma-
tory cells. Lipoprotein-associated phospholipase A, enters the ves-
sel wall and hydrolyzes platelet-activating factor-like oxidized lipids,
resulting in the production of two pro-inflammatory mediators,
lysophosphatidylcholine and oxidized nonesterified fatty acid, which
promote plague development in atherosclerosis.* As a potential cardio-
vascular risk marker, Lp-PLA, plays an important role in cardiovascular
diseases.>® Jenny et al” found that subjects with HF exhibit elevated
Lp-PLA, levels associated with an increase in mortality risk. In con-
trast, only a few studies have investigated Lp-PLA, in patients with re-
nal diseases. Winkler et al® showed that Lp-PLA correlated with the
dialysis vintage in diabetic HD patients, likely indicating a role in the
progression of vascular damage.

The literature lacks studies on the role of Lp-PLA, in HD patients
with reduced EF. This study sought to evaluate a possible relationship
between serum Lp-PLA, activity and EF reduction among HD patients.

© The Author(s) 2024. 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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Methods

Study Design

Fifty-seven HD patients with coronary heart disease with a history of
diagnostic coronary angiography at Nanjing Hospital of Chinese Medi-
cine Affiliated to Nanjing University of Chinese Medicine were enrolled
in this prospective cohort study. Patients over 18 years old who had been
undergoing outpatient conventional hemodialysis 3 times a week with
each session lasting 4 hours for at least 6 months were included in this
study. Patients with malignancies, stroke, acute infections, autoimmune
diseases, myocardial infarction, valvular disease, severe arrhythmia, hy-
pertensive heart disease, cardiomyopathy, and acute HF were excluded.
The study was approved by the local Ethics Committee of Nanjing Hospi-
tal of Chinese Medicine Affiliated to Nanjing University of Chinese Med-
icine (No. 2020049), and all patients provided signed informed consent
in accordance with the Declaration of Helsinki principles.

Sample Collection

Demographic and clinical data were obtained at the time of enrollment
and predialysis venous whole blood samples were collected. Hemoglo-
bin, platelet count, D-dimer, albumin, triglyceride (TG), total cholesterol
(TC), calcium, phosphorus, parathyroid hormone (PTH), N-terminal
proBNP (NT-proBNP), C-reactive protein (CRP), and predialysis and
postdialysis levels of Lp-PLA, were examined. The double antibody sand-
wich enzyme-linked immunoassay method was used to determine the
serum Lp-PLA, with a Quantikine ELISA kit (R&D Systems).

Echocardiography

Echocardiographic studies by 2-dimensional M-mode, transthoracic,
color Doppler echocardiography were performed on predialysis and
postdialysis patients by a single trained cardiologist who was blinded to
the clinical status. The echocardiography examination was performed in
the left lateral decubitus position using standard parasternal, short-axis,
and apical views. The LVEF was calculated and recorded.

The LVEF is an index of LV contractility that indicates the degree
of change in LV volume from diastole to systole. The LVEF is calculated
by subtracting the end-systolic LV volume from the end-diastolic LV
volume and dividing it by the end-diastolic LV volume. Based on the
guidelines of the American Society of Echocardiography, the lower limit
of normal for LVEF was set at 50%, and accordingly, the patients were
divided into 2 groups.

Statistical Analysis

Statistical analysis was performed by using SPSS 21.0. Continuous
variables are expressed as the mean + SD, and nonnormally distributed
variables were expressed as medians (interquartile ranges). Student’s t-
test was used to compare groups, and categorical variables were analyzed
by the x? test. Univariate and multivariate logistic regression analyses
were performed to determine significant factors associated with the
categorical outcome variable LVEF. A P value < .05 was considered
significant.

Results

Fifty-seven HD patients were enrolled (33 males and 24 females) in this
study. The basic demographic and dialysis characteristics and laboratory
data are summarized in TABLE 1. The HD patients were divided into

Laboratory Medicine

2 groups according to the LVEF cut-off value (<50% vs >50%). Group 1
included patients with LVEF >50% (n =36, 63%), whereas group
2 included patients with LVEF <50% (n = 21, 37%). No significant
differences in age, sex, body mass index, or diabetes mellitus were found
between the 2 groups. Dialysis data were also evaluated. The 2 groups
were homogenous in terms of dialysis vintage, blood pressure, urea
clearance x time/volume (Kt/V), urea clearance rate (URR), and para-
thyroid hormone (PTH).

With regard to biochemical markers, no significant differences in
hemoglobin, platelet count, D-dimer, albumin, TC, TG, glucose, cal-
cium, phosphate, or NT-proBNP were observed. A significant dif-
ference between groups was found for CRP, which was higher in the
group of patients with reduced LVEF (P <.001). Serum LP-PLA, levels
were 351.24 +71.16 pg/L in HD patients with reduced LVEF and
105.62 + 22.31 pg/L in patients with reserved LVEF. The difference in
LP-PLA, between the 2 groups was statistically significant (P < .001).

The LP-PLA, and CRP levels were negatively correlated with LVEF
in predialysis (TABLE 2) and postdialysis (TABLE 3) HD patients
(P < .05). To determine whether such factors were independent
predicators of LVEF, multiple linear regression analysis was performed,
revealing that LP-PLA, was significantly correlated with LVEF before di-
alysis (P < .001) and after dialysis (P <.05).

TABLE 1. Demographic and Clinical Characteristics of the HD
Patients with Preserved (250%) and Reduced (<50%) LVEF?

Preserved LVEF Reduced LVEF P Value
(n =36) (n=21)
Age, y 75+8 67 +12 .095
Gender, No. male (%) 21 (58) 12 (57) .960
BMI, kg/m? 23.0+24 23.1+ 4.1 978
Diabetes, No. (%) 18 (50) 15 (71) .361
Dialysis vintage, mo 35.2+10.1 30.7 £ 91 .352
SBP, mmHg 148.8 + 14.8 143.9 £ 8.5 431
DBP, mmHg 78.3+74 82.4:9.4 .299
Ke/v 1.49 £ 0.13 1.5+0.14 778
URR 0.66 + 0.07 0.68 + 0.07 .562
Hemoglobin, g/L 103.9+ 12.8 100.6 + 16.3 .625
Platelet count, 10°/L 181.9 + 62.7 204.7 + 64.2 .459
D-dimer 0.73+0.3 0.97 + 0.47 .202
Albumin, g/L 36.5+3.4 36.4+4.8 .951
TC, mmol/L 3.8:0.8 3.9:06 .704
TG, mmol/L 1.520.6 1.4:0.8 .453
Glucose, mmol/L 6.7+1.8 6.2+1.5 536
Calcium, mmol/L 2.10+0.14 2,18+ 0.21 .351
Phosphate, mmol/L 1.50 £ 0.39 1.46 + 0.46 .866
PTH, pg/mL 289.4 £ 69.2 340.1 £ 93.0 192
CRP, mg/L 3.4:1.2 6.7+1.8 <.001
NT-proBNP, pg/mL 16,671 + 5790 19,410 + 4296 .293
LVEF, % 60.9 + 4.2 36.9 8.7 <.001
LP-PLA2, pg/L 105.62 + 22.31 351.24 £ 71.16 <.001

BMI, body mass index; CRP, C-reactive protein; DBP, diastolic blood
pressure; HD, hemodialysis; LVEF, left ventricle ejection fraction; PTH, par-
athyroid hormone; SBP, systolic blood pressure; TC, total cholesterol; TG,
triglyceride; URR, urea clearance rate.

aData are given as mean + SD except where noted.
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TABLE 2. Univariate and Multiple Linear Regression
Analyses of the LVEF and Variables in HD Patients®

Variable R P Value
Age 0.371 118
Gender (male) -0.047 .849
BMI 0.129 .599
Diabetes 0.130 .597
Dialysis vintage 0.324 176
SBP 0.041 .866
DBP -0.266 271
Ke/v -0.011 966
URR -0.255 .292
Hemoglobin -0.067 .786
Platelet count -0.074 762
D-dimer -0.238 327
Albumin -0.045 .855
TC -0.106 .665
TG 0.120 .624
Glucose 0.121 .622
Calcium -0.201 .409
Phosphate -0.002 993
PTH -0.331 167
CRP -0.661 .002
NT-proBNP -0.375 114
LP-PLA2 -0.772 <.001
Variable B P
CRP -0.199 .401
LP-PLA2 -0.079 <.001

BMI, body mass index; CRP, C-reactive protein; DBP, diastolic blood pres-

sure; HD, hemodialysis; LVEF, left ventricle ejection fraction; NT-proBNP,
N-terminal proBNP; PTH, parathyroid hormone; SBP, systolic blood pres-
sure; TC, total cholesterol; TG, triglyceride; URR, urea clearance rate.

aAdjusted R? = 0.565, P < .001. The independent variables used for mul-

tiple regression analysis were selected by univariate linear regression

analysis (P < .1).

TABLE 3. Univariate and Multiple Linear Regression Analyses

of the LVEF and Variables in Postdialysis HD Patients?

Variable Pres(er:]rvzedslé\)/EF Red(l:]cid 2"]\-/)EF P Value
CRP, mg/L 3.0£09 5.6 +0.9 <.001
LP-PLA,, ug/L 94.27 + 19.02 333.06 + 76.11 <.001
LVEF, % 63.1+£4.5 38.7+8.9 <.001
Variable R P

CRP, mg/L -0.665 .002

LP-PLA,, pg/L -0.731 <.001

Variable B P

CRP, mg/L -0.171 .546

LP-PLA,, pg/L -0.080 .043

HD, hemodialysis; CRP, C-reactive protein; LVEF, left ventricle ejection

fraction.

aData are given as mean = SD except where noted. Adjusted R? = 0.536,
P <.001. The independent variables used for multiple regression analysis
were selected by univariate linear regression analysis (P < .1).
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Discussion

In this study, hemodialysis patients were divided into 2 groups based
on LVEF. Patients with LVEF <50% were compared with those with
LVEF >50%. Reduced LVEEF is associated with adverse cardiovascular
events in end-stage renal dysfunction patients,® and even mild LV sys-
tolic dysfunction may be significantly associated with a worse prognosis
in HD patients.! In a retrospective cohort study of 154 HD patients over
18 years, preserved LVEF occurred in most HD patients and was associ-
ated with better clinical outcomes.*®

Inflammation is common among HD patients, suggesting that it is a
major contributor to morbidity and mortality. As a widely used inflam-
matory biomarker, CRP is predictive of cardiovascular events, hospital-
ization, and all-cause and cardiovascular mortality.'* Kim et al*? found
that persistent elevation of CRP may predict cardiac hypertrophy and
dysfunction in patients maintained on hemodialysis. In our study, se-
rum CRP levels were elevated in the reduced EF group. However, the
CRP concentrations of the 2 groups were in the normal range. This ob-
servation may provide a plausible explanation for the lack of correlation
between CRP and LVEF.

Due to its biological activity, Lp-PLA, has been identified asa predictor13
of cardiovascular morbidity and mortality in several cohort populations.
Fewer studies have reported cardiovascular events in HD patients. In a
cohort study with a 3-year follow-up, Lp-PLA, was potentially identified
as an independent risk factor for acute cardiovascular events.** In another
study on HD patients with type 2 diabetes, Lp-PLA, was potentially pre-
dictive of cardiovascular events and mortality.® More importantly, studies
have shown that Lp-PLA, is strongly and independently associated with
the mortality of patients with HF.*>6 However, no data are available to
explore the relationship between Lp-PLA, and HD patients with HF, es-
pecially when combined with reduced LVEF. In this study, we first focused
on chronic cardiac failure with reduced LVEF. Lipoprotein-associated
phospholipase A, was elevated in both groups. Dialysis-induced local in-
flammation may increase Lp-PLA, production. Impaired cardiomyocytes
may exert a higher inflammatory response,*’ thereby inducing a greater
increase in Lp-PLA, levels in the reduced LVVEF group. To date, few studies
have reported on the mechanism between Lp-PLA, and HF. Lipoprotein-
associated phospholipase A,-related inflammatory products leading to is-
chemic and nonischemic HF may be secondary to coronary endothelial
dysfunction mediated by inflammatory mediators.*® In addition, Lp-PLA2
is related to theleseverity of myocardial damage in patients with myocar-
dial infarction. Thus, we hypothesize that Lp-PLAZ2 directly participates
in myocardial injury, resulting in HF. Markedly elevated Lp-PLAZ2 levels
may be helpful in providing scientific guidance for risk stratification man-
agement in HD patients. This was a single-center study with a relatively
small cohort size. More studies are needed to investigate the relationship
between Lp-PLA, and LVEF.

Conclusion

Our data demonstrate that Lp-PLA, levels are associated with LVEF,
which could potentially be used as a tool for evaluating chronic HF with
reduced LVEF in HD patients.
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ABSTRACT

Background: Immunoglobulin monoclonal light chains (MLCs) in se-
rum and urine are markers for monoclonal gammopathy and could
serve as markers of minimal residual disease (MRD) in multiple my-
eloma (MM). Excretion of MLCs in urine is known to result in renal
damage and shorter survival in patients with LC-predominant MM.

Methods: Retrospective review of urine immunofixation in 1738
specimens at 3 medical centers was conducted to assess the
utility of urinalysis for diagnosis and monitoring of monoclonal
gammopathy. We tested 228 stored urine specimens via the modi-
fied urine immunofixation method, using antisera to assay free LCs
(FLCs).

Results: Our review of urine immunofixation results and medical
records validated the theory that the only meaningful value-added
finding was detection of monoclonal free light chains. Examination of
228 urine specimens using our novel method revealed 18.4% addi-
tional positive results. The rate of incremental findings for lambda LCs
was nearly 3-fold higher than for kappa LCs.

Conclusions: The new method of urine immunofixation is signifi-
cantly more sensitive and more efficient than the conventional method
for detecting MLCs in urine. The new assay appears to be sensitive
enough to prove that MLCs serve as a marker of MRD in MM.

Plasma cell myeloma/multiple myeloma (MM) is a malignant tumor of
terminally differentiated B lymphocytes/plasma cells. MM constitutes
the second-most-common hematologic malignant neoplasm in adults
and accounts for approximately 2% of cancer deaths.! The diagnostic
workup for MM includes routine laboratory tests, such as CBC and com-
prehensive metabolic profile (CMP), as well as immunoglobulin quan-
tification, serum free light chain (SFLC) concentration, serum protein
electrophoresis (SPEP) and serum protein immunofixation electropho-
resis (SIFE), and urine protein electrophoresis (UPEP) and urine protein
immunofixation electrophoresis (UIFE). These tests are recommended
by the International Myeloma Working Group (IMWG) for the diagnosis
and monitoring of monoclonal gammopathic disorders.?> UPEP by it-
self is not useful for detection of monoclonal immunoglobulins in urine
but has traditionally been performed along with UIFE. UPEP may pro-
vide useful information regarding kidney disorders, but we believe that
it does not add value in the diagnosis and follow-up of patients with
monoclonal gammopathy.

It has been proposed®’ that quantification of SFLCs eliminates the
need for urinalysis. However, serum free light chain assay (SFLCA) is
neither sensitive nor specific for monoclonal gammopathy despite
grossly abnormal SFLC levels and markedly abnormal kappa/lambda
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ratios.®*° SFLCs are elevated in patients with inflammation and/or
chronic renal failure. More than half of the patients with polyclonal
hypergammaglobulinemia display an abnormal kappa/lambda ratio—
almost always a kappa-dominant ratio.®*° The variability in results from
different testing methods is also concerning.'*'? The development of an
oligoclonal pattern in patients receiving stem cell transplants limits the
value of the kappa/lambda ratio due to the dominance of kappa LC-as-
sociated clones.’

In approximately 85% of MM cases, the tumors secrete intact
immunoglobulins. Approximately 15% of MM secrete only LCs.*° How-
ever, in almost all instances of MM secreting intact immunoglobulins,
excess MFLCs are also secreted. The excess MFLCs may be detectable in
serum via conventional SIFE and are detectable with greater sensitivity
by FLC-modified SIFE.*® Excess MFLCs can also be detected in urine,
and detection of monoclonal light chains (MLCs) is the main reason for
performing UIFE.

SFLC quantification is useful in the diagnosis and monitoring of
light chain multiple myeloma (LCMM). Approximately 18% of the in-
tact immunoglobulin-secreting MM tumors produce a markedly greater
abundance of MFLCs, and this group has been designated as light chain—
predominant MM (LCPMM). Patients with LCPMM and patients with
LCMM, with tumors secreting higher levels of MFLCs, exhibit greater
renal injury and 2 years shorter survival, compared with patients with
conventional MM, 1416

Urinalysis is an underutilized test, despite being a noninvasive means
of collecting specimens that is critical in diagnosis and monitoring of
monoclonal gammopathic disorders. Specifically, ascertainment of com-
plete response to treatment of MM requires the absence of monoclonal
immunoglobulins in serum and urine.” Urine displays MLCs in all cases
of LCMM.® UIFE with antisera specific for free light chains (FLC-UIFE)
has the potential to improve the detection of malignant MLCs in
patients after treatment (as we describe in this report). The results of
FLC-modified SIFE and the data presented in this article support the use
of FLC-UIFE for detection of minimal residual disease (MRD).*®

FLC-modified SIFE has been shown'® to be effective in detecting
MLCs in serum, with better sensitivity than conventional SIFE and
MASS-FIX MALDI. We applied a similar approach to urinalysis to test
for improvement in sensitivity in detection of MLCs.

Methods

This study was conducted at 3 medical school—affiliated hospitals in the
southeastern (institution A), midwestern (institution B), and north-
ern (institution C) United States. The investigation consisted of retro-
spective review of UIFE and SPEP + SIFE results to ascertain the value
added by UIFE examination. Total urine protein (TPr) and SFLC levels
were also documented and analyzed for diagnostic utility. Stored, con-
centrated urine specimens, previously tested by routine UIFE, were
examined via the FLC-UIFE method, as described later in this article,
at institution A. The SPIFE Touch System (Helena Laboratories) was
used for SPEP, SIFE, UPEP, and UIFE at institution A. Institutions B
and C used the CAPILLARYS system (Sebia) for SPEP and IFE. SFLC
quantification was conducted by using binding-site reagents and
Optilite (The Binding Site Group). The study protocol was reviewed by
relevant institutional review boards, which considered the proposal to
be exempt.

Laboratory Medicine

Data from the 3 institutions were analyzed separately. The involved
LC identity of the relevant monoclonal immunoglobulin was ascertained
from the results of SPEP/SIFE testing and designated as LC in the data
tables. The levels of SFLC at the time of UIFE were recorded as mg/L. TPr
concentration, before further concentration, in the specimens analyzed
was recorded as mg/dL.

The UIFE results were scrutinized for additional information gleaned
from UIFE that was not available from SPEP/SIFE and UPEP examina-
tion. In particular, the presence of a distinct band of MFLCs was noted
as such. In specimens in which MFLC bands were detectable, compar-
ison with specimens without such bands for the concentration of TPr,
cognate SFLC concentration, and ratio of involved to uninvolved SFLC
concentration, the lowest level of cognate SFLC, lowest ratio of involved
to uninvolved SFLC, and lowest TPr concentration associated with the
presence of MFLC in urine by conventional UIFE were recorded. Simi-
larly, the highest level of cognate SFLC, the highest ratio of involved to
uninvolved SFLC, and the highest concentration of urine protein associ-
ated with lack of MFLC in UIFE were determined.

For FLC-UIFE, urine specimens submitted for routine patient testing
were concentrated by membrane filtration with Millipore Concentrators
(Merck) and tested by conventional UPEP and UIFE. Residual specimens
were stored at 4°C, and selected specimens were evaluated via FLC-UIFE.
Only specimens from patients with monoclonal gammopathy or a his-
tory of monoclonal gammopathy were selected. Concentrated urine was
applied to UIFE gels procured from Helena Laboratories, and the SPIFE
Touch instrument was used to electrophorese the specimens, as is usu-
ally performed in conventional UIFE. Instead of antisera provided by
the manufacturer with the UIFE/SIFE Kits, the gels were stained with
antisera to SFLCs. The antikappa and antilambda antisera to FLCs were
obtained from Sebia. We applied 50 pL of undiluted antisera in the slots
in the UIFE/SIFE template. Other than using antisera specific to FLCs,
the FLC-UIFE protocol was similar to conventional UIFE. Incubation
with antibody and staining were conducted per the standard protocol for
UIFE using the Helena platform. The stained gels were evaluated visually
and the results compared with those yielded by previously conducted
conventional UIFE.

We also compared the results of conventional UIFE with the results
from FLC-UIFE at one of the institutions. Relative detection of MFLCs
by the 2 methods was evaluated. Urine specimens collected from Jan-
uary 2020 through March 2022 at institution A, for which sufficient
volume for testing was available, were evaluated for testing via FLC-
UIFE. Patients with extant monoclonal immunoglobulins or a history
of positive SPEP/SIFE results or UIFE results for monoclonal Ig were in-
cluded. We tested a total of 228 specimens via FLC-UIFE and compared
the results with the recorded results of conventional UIFE. We analyzed
rates of detection of additional positive results between kappa and
lambda LCs via y? testing.

Results

In this review of 1738 UIFE examinations, the only meaningful addi-
tional information in UIFE was the presence of MFLCs in a variable
proportion of specimens. The proportion of specimens with MFLCs
was markedly different among the 3 institutions. At institution A, only
17.6% of the specimens displayed a band of MFLCs; at institution B, the
corresponding figure was 88.7%; and at institution C, the corresponding
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value was 39.8%. The distribution of diagnoses at institution A is given
in TABLE 1.

We note that the vast majority of the patients had multiple diagnoses.
A prototypic pattern was for the patient to have hypertension, diabe-
tes, and chronic kidney disease, as well as having a body mass index in
the overweight category. Patients with multiple pathologies are listed in
the multimorbid category. The diagnosis listed in the table represents the
likely diagnosis prompting the UIFE study. Patients with monoclonal
gammopathy disorders were often tested multiple times, whereas other
patients were usually tested only once.

A summary of the findings with respect to the relationship between
the presence and absence of MFLCs in urine, detected by conventional
UIFE, at the different institutions relative to other parameters is shown
in TABLE 2. The lowest concentration of the cognate LC with a positive
result for MFLCs was 0.56 mg/L for kappa and 1.03 mg/L for lambda.
The highest concentration of cognate LC with a negative UIFE result
was 502.71 mg/L for kappa and 94.39 mg/L for lambda. The lowest
ratio of concentration of involved and uninvolved (1/U) SFLC in urine
testing positive for FMLCs via conventional UIFE was 0.0018 for kappa
and 0.0073 for lambda. The highest ratio of concentration of 1/U SFLC
in patients with urine that tested negative for MFLCs by conventional
UIFE was 609.56 for kappa and 222.68 for lambda. The lowest concen-
tration of TPr in a specimen containing MFLCs of either type was 2.0
mg/dL. The highest concentration of TPr in a specimen testing negative
for MFLCs of either type was 7428.0 mg/dL. The proportions of urine

TABLE 1. Clinical Diagnoses, Affected Organ Systems, and
Distribution of Diagnoses in the Patient Population at the
Main Study Site (Institution A)

Clinical Diagnosis/Diagnoses %

Neurologic disorders 22.7
MM 13.6
Chronic kidney disease 125
Hematological disorders without monoclonal gammopathy 9.2
Multimorbid/polymorbid 7.0
Rheumatologic disorder 5.6
Cardiac disorders 55
MGUS 4.7
Osteoporosis 45
Infections, including HIV and sepsis 3.6
Amyloidosis 3.2
Gastroenterology lesions 31
Endocrine disorders 3.0
Bone lesions 2.7
Other renal disorders 25
Psychiatric disorders 11
Smoldering MM 0.7
Skin disorders 0.7
Gynecologic disorders 0.6
Urologic disorders 0.4
ENT lesions 0.2
Respiratory disorders 0.2

ENT, ear, nose, and throat; MGUS, monoclonal gammopathy of undeter-
mined significance; MM, multiple myeloma.

www.labmedicine.com

specimens testing positive for MLCs, via the FLC UIFE method, at to-
tal protein concentration of <5.0 mg/dL, <10.0 mg/dL, <15.0 mg/dL,
<20.0 mg/dL, and <30.0 mg/dL are shown in TABLE 3. The propor-
tion of urine specimens with detectable MFLCs detected via conven-
tional UIFE is also noted in TABLE 2, and it varies markedly among
institutions.

Comparison of conventional UIFE with FLC-UIFE probed with
antisera for kappa and lambda FLCs is shown in TABLE 4. In a single
instance of a patient with IgM kappa monoclonal immunoglobulin, the
conventional UIFE testing yielded a positive result for kappa MLCs, but
negative results were derived via FLC-UIFE. The specimen was retested
by conventional UIFE to exclude deterioration of the specimen being re-
sponsible for the negative result on FLC-UIFE. Repeat testing confirmed
the presence of kappa MLCs determined via conventional UIFE and a
negative result via FLC-UIFE (FIGURE 1). This finding was observed de-
spite the fact that FLC-UIFE had higher sensitivity, as demonstrated by
a positive result in a patient with an SFLC level of 0.48 mg/dL, whereas
the lowest SFLC concentration with a positive result on conventional
UIFE for kappa MFLCs had an SFLC level of 1.19 mg/dL.

FLC-UIFE detected MLCs in approximately 18% more specimens vs
conventional UIFE. The higher positive rate is statistically significant,
at P <.001. As noted earlier herein, there was only 1 instance in which
FLC-UIFE failed to detect kappa MLCs in urine, and conventional UIFE
detected them. Also, lambda MLCs were detected by FLC-UIFE at almost
3 times the rate at which additional kappa MLCs were detected—29%
vs 11%. The higher rate of detection for lambda MLCs, compared with
kappa LCs, was significant, at P < .001. The higher rate of detection of
MFLCs is partly due to comigration of MLCs and corresponding mon-
oclonal intact immunoglobulin and the MLC band being obscured
by intact monoclonal immunoglobulin (FIGURES 2 and 3). FLC-
UIFE also detected MFLCs not stained by conventional UIFE reagents
(FIGURES 2 and 3).

The relationship of the kappa/lambda LC ratio recommended by The
Binding Site, with respect to the presence and absence of detectable
MLCs with FLC-UIFE, is shown in TABLE 5. A normal ratio does not
exclude MLCs, and an abnormal ratio is not diagnostic of monoclonal
gammopathy yielding high false-negative and high false-positive rates.

Discussion

Monoclonal immunoglobulins are present in the serum and/or urine of
virtually all cases of neoplastic monoclonal gammopathy, with the pos-
sible exception of nonsecretory MM.*® Monoclonal immunoglobulins
are also present in bodily fluids in many other benign and malignant
disorders.> Although the detection of monoclonal immunoglobulins
does not diagnose MM, evidence of monoclonal proliferation of
plasma cells is essential for the diagnosis of MM. Monoclonal intact
immunoglobulins and/or MLCs serve as markers of the presence of
clonal plasma cells.*

Examination of serum levels of FLCs is recommended by the
IMWG and by an expert panel of the College of American Pathologists
(CAP).319 |t is generally accepted that SFCLA is not a valid test for
establishing the monoclonality of immunoglobulins or LCs.® Quantifi-
cation of SFLC is essential for establishing a diagnosis of LCPMM and
constitutes a myeloma-defining condition based on the concentration
of involved LCs and/or the ratio of involved to uninvolved LC concen-
tration. %1
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TABLE 2. Urine and SFLC Parameters Regarding Presence or Absence of Detectable MLCs in Urine via Conventional UIFE?

ot RS Fesiis Institution A . Institution B . Institution C
LC Conc, mglL
Lowest conc at which kappa positive 1.19 0.56 0.57
Lowest conc at which lambda positive 1.03 1.23 1.44
Highest conc at which kappa negative® 502.71 213.27 54.12
Highest conc at which lambda negative” 75.4 94.39 15.73
Urine protein lowest conc positive 4 5 2
Urine protein highest conc negative 7428° 352 524.4
IlU Ratio
Lowest K/L conc at which kappa positive 0.059 0.002 0.129
Lowest L/K conc at which lambda positive 0.007 0.114 0.806
Highest K/L conc at which kappa negative 274.7 609.56 82
Highest L/K conc at which lambda negative 119.68 222.68 62.5
Institution A Institution B Institution C
No. (%)
No monoclonal LCs detected in urine 1128 (82.0) 17 (11.3) 86 (39.8)
Kappa monoclonal LCs 143 (10.4) 87 (58.0) 88 (40.7)
Lambda monoclonal LCs 99 (7.2) 44 (29.3) 40 (18.5)
Undetermined monoclonal LCs, No. 2 2 0
Total No. of specimens 1372 150 216

conc, concentration; I/U, involved/uninvolved; LC, light chain; MLC, monoclonal light chain; SFLC, serum free light chain; TPr, total urine protein; UIFE,

urine immunofixation electrophoresis.
aSFLC is expressed as mg/L, and TPr is measured as mg/dL.

bThe high SFLC values with negative results via conventional UIFE are due to comigration of the relevant MLC with the intact immunoglobulin and do not
imply the absence of MLCs. FLC-UIFE would identify MLCs in such circumstances.

¢This unusually high TPr value was from a patient with nephrotic syndrome, when seen in the emergency department. Follow-up specimens were not
available. The next 2 highest urine protein values with negative UIFE results, from different patients, were 2965 mg/L and 2226 mg/dL.

TABLE 3. TPr Values for Specimens Testing Positive for
MLCs?P

TABLE 4. Comparison of Performance or Conventional UIFE
and FLC-UIFE in Detecting MLCs in Urine

Total Positive at TPr Value No. (%) Conventional UIFE vs FLC-UIFE Testing for MLCs Kappa Lambda
<5 mg/dL 13(5.1) Specimens with LC type per SPEP/SIFE, No. 140 88
<15 mg/dL 47 (18.5) Specimens testing positive via conventional UIFE, No. 52 24
<20 mg/dL 58 (22.8) Specimens testing positive via FLC-UIFE, No. 67 51
<30 mg/dL 79 (31.1) Lowest LC conc with positive results, mg/L 0.48 1.03
Total 254 (100) Highest LC conc with negative results, mg/L 38.27 37.92
MLCs, monoclonal light chains; TPr, total urine protein; UIFE, urine Lowest /U ratio with positive results 0.82 0.396
immunofixation electrophoresis. Highest I/U ratio with negative results 105.29 35
aIncluding the specimen that tested positive via UIFE only. Urine protein lowest conc with nositive resuls 4 majdL
bApproximately one-third of the specimens displayed MLCs despite P P 9
having urine protein values in the normal range. Urine protein highest conc with negative results 7428 mg/dL
Additional cases of MLC identified via FLC-UIFE, No. 15 27
The validity of assigning SFLC concentration as a myeloma-defining Additional FLC-UIFE positive results, %* 10.7% 30.7%
condition has been questioned because the criteria are not LC-specific, Total additional FLC-UIFE positive results, No. (%) 42 (18.4%)

despite strong evidence of greater production of kappa FLCs than lambda
FLCs.??? Quantification of SFLC is also useful in prognostication and
monitoring of the course of disease in LCMM.'* 16 Despite this caveat, it
has been proposed that SFLCA can replace urine examination.®’

It has also been documented'® that an abnormal kappa/lambda ratio
is not diagnostic of monoclonality, and a normal ratio does not exclude
monoclonal gammopathy or MM. A small but significant number of
cases of lambda chain—associated MM—IgG lambda and IgA lambda—
do not produce/secrete enough lambda MFLCs to render the kappa/

Laboratory Medicine

FLC, free light chain; I/U, involved/uninvolved; LC, light chain; MLCs,
monoclonal light chains; SIFE, serum immunofixation electrophore-
sis; SPEP, serum protein electrophoresis; UIFE, urine immunofixation
electrophoresis.

aThe greater number of lambda-positive specimens, compared with
kappa-positive specimens, was statistically significant, at P < .001. The
greater rate of positivity for lambda MLCs was predominantly due to
greater sensitivity of antiserum to lambda FLCs than the antilambda
antiserum in Helena Laboratories kits, and only partly due to comigration
of lambda MLCs with intact monoclonal immunoglobulin.

bP <.001.
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lambda ratio abnormal.® The requirement for normal kappa/lambda
ratio as a condition for stringent complete response has also been chal-
lenged due to a high incidence of false-positive results in patients after
stem cell transplantation.®?® In fact, as supported by the data in this
communication, it could be posited that FLC-UIFE is more suited for
diagnosing monoclonal gammopathy than SFLCA.

In this article, we specifically address the utility of conventional
UIFE and examine the improvement of urinalysis by utilizing FLC-UIFE.
Observations have suggested that the only information added by UIFE
was the detection of MLCs in urine.?* The monoclonal heavy chains and
intact monoclonal immunoglobulins are readily detectable in SPEP/
SIFE. Detection of MLCs in urine is an important diagnostic feature to
document and address in treatment, due to the known nephrotoxic na-
ture of MLCs, aka Bence-Jones proteins.

A systematic examination of UIFE results in 1738 urine specimens
validated the impression that the only meaningful information gleaned

FIGURE 1. Urine from a patient with IgM kappa monoclonal
immunoglobulin in serum was tested via conventional urine
immunofixation electrophoresis reagents. Staining with
antikappa antibody is presented in lane A and shows a low-
intensity kappa monoclonal light chain (LC). No kappa LC
was detected with antiserum to kappa free LCs, in lane B.

A B

from UIFE is the documentation of MFLCs. Thus, we propose that
conventional UIFE testing for gamma, alpha, and mu chains could be
eliminated because it does not provide any value-added information.
A separate electrophoresis for UPEP could also be eliminated because
conventional UIFE includes a lane for TPr. Therefore, UIFE could be
revised from 6 lanes of total protein, antigamma, antialpha, antimu,
antikappa, and antilambda to 3 lanes for total proteins and kappa
and lambda FLCs. The vendors of electrophoresis equipment could de-
sign templates to accommodate this more efficient and more sensitive
method. The increased sensitivity of this method could allow detection
of residual disease that would be missed by conventional UIFE, and this
method may qualify as a test for MRD in MM.

The refinement of UIFE examined in this report strongly favors
replacing the conventional antikappa and antilambda sera in UIFE with
antisera specific to kappa and lambda FLCs. The 18% additional cases of
MLCs detected by FLC-UIFE were in consonance with the expectation
from clinical data presented in TABLE 1. As noted in the FLC-modified
SIFE, the additional MLCs detected by the FLC immunofixation electro-
phoresis is partly due to the detection of MFLCs that have electrophoretic
mobility similar to the coexisting intact monoclonal immunoglobulins
and are thus not detectable by conventional UIFE.*® An additional fac-
tor in the improved detection rate is likely to be greater sensitivity of
FLC-UIFE, as evidenced by the detection of MLCs in urine with a se-
rum concentration of 0.48 mg/L, compared with the corresponding level
of 1.19 mg/L detected by conventional UIFE for kappa LCs when both
methods were used in parallel.

The markedly different rates of positive findings on UIFE at the 3
institutions reflect the wide variation in utilization of UIFE. At insti-
tution A, the neurology and nephrology services are prominent users
of UIFE, whereas the oncology service does not routinely order UIFE
due to clinician preference. At institution B, the hematology/oncology
service is the dominant user of UIFE. At institution C, the hematology/
oncology service was the largest user, with sizeable contributions from
rheumatology, neurology, and nephrology service. Despite the markedly
different rates of finding MLCs in urine, the low SFLC levels and the
low ratio of involved to uninvolved SFLC concentrations associated with
detection of MLCs in urine are remarkably similar at the 3 institutions.
Moreover, the negative results at high levels of SFLC and the ratio of
involved to uninvolved SFLC concentrations also show similar trends at
the 3 institutions. These findings highlight the previously documented

FIGURE 2. Conventional urine immunofixation electrophoresis (UIFE) and free light chain (FLC)-UIFE from 3 patients. The lanes
marked SP, G, A, M, K, and L represent conventional UIFE. The unmarked separate lane in the first 2 patients was stained with
antiserum to kappa FLCs and in the third patient for lambda LCs. The lack of detection of kappa monoclonal free light chains
(MFLCs) in patient 1 by conventional UIFE is due to overlap in the location of intact monoclonal IgG kappa and kappa MFLC
band. The detection of monoclonal kappa and lambda LC bands in patients 2 and 3 reflects the greater sensitivity of FLC-UIFE

over conventional UIFE.
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observation of poor correlation between SFLC levels and the presence
of MLCs.®

Detection of MLCs in urine is important in patient evaluation be-
cause MLCs are nephrotoxic. The FLC-UIFE is a promising means of
promoting detection of MLCs in urine, facilitating the diagnosis of

FIGURE 3. Conventional serum immunofixation
electrophoresis (SIFE) and free light chain (FLC)-SIFE

from the patient with the highest level of lambda FLCs

at institution A. Lane A represented staining for IgA; lane

L represents staining for lambda LCs by conventional
reagents in the Helena IFE kit (Helena Laboratories); lane

FL represents staining with Sebia antiserum to lambda
FLCs. The conventional UIFE was interpreted to contain
monoclonal IgA lambda. The lambda monoclonal free light
chains (MFLCs) comigrate with the intact monoclonal IgA
lambda. Although staining in the L lane is darker, that fact by
itself was considered insufficient to conclude the presence of
lambda MFLCs. The upper, darker band in lane FL represents
lambda MFLCs migrating at the same location as intact IgA
lambda. The lower, fainter band in the FL lane represents a
separate, lower concentration of lambda MLCs with different
mobility, likely due to alterations in serum or urine. The
altered lambda MFLCs did not react with the antilambda
antiserum in the Helena IFE Kits. This case illustrates the

2 mechanisms of higher sensitivity of FLC-UIFE: monoclonal
light chains (MLCs) comigrating with intact monoclonal Ig,
which can be identified as MFLCs due the specificity of

the antiserum for free light chains (FLCs); altered MFLCs

in urine were detectable with antiserum to FLCs but not

via the conventional reagents. These 2 mechanisms were
variably applicable in cases in which FMLCs were detected
by Sebia antisera to FLCs but were not detectable by
conventional antisera in Helena IFE kits.

A L FL

TABLE 5. Performance of FLC-UIFE with Respect to K/L Ratio

Result No. (%)
Kappa positive at K/L <1.65 12 (16.0)
Kappa negative at K/L >1.65 45 (63.3)
Lambda negative at K/L <0.26 6(16.2)
Lambda positive at K/L >0.26 28 (59.6)

FLC, free light chain; K/L, kappa/lambda; UIFE, urine immunofixation
electrophoresis.

Laboratory Medicine

monoclonal gammopathy of renal significance (MGUS), and facilitating
the detection of MRD.?

The lack of detection of kappa MLCs in urine via FLC-UIFE in a pa-
tient with 1IgM kappa monoclonal immunoglobulin in serum likely
reflects the lack of appropriate epitopes in the immunogen used for
production of the reagent antibodies. A similar negative result was also
documented by The Binding Site® and was corrected by changes to the
immunogen. Kappa MLCs were detected by conventional UIFE at the in-
itial examination. Testing via conventional and FLC-UIFE was repeated
to ensure that the lack of reactivity with FLC-UIFE was not due to dete-
rioration of the specimen during storage.

As an alternative to the recommendations by the IMWG and the CAP
panel, we propose that diagnostic work-up for monoclonal gammopathy
should consist of SPEP, SIFE, and FLC-UIFE only.>* SFLCA may be
carried out to diagnose LCPMM and for monitoring of LCMM. We do
not have sufficient data to comment on the usefulness of SFLCA in
amyloidosis and nonsecretory MM. The criteria for myeloma-defining
condition based on LC concentration have been challenged because the
current criteria are not LC specific, despite documentation of a marked
excess of kappa FLCs over lambda FLCs.?*?? Although we did not study
this facet, it is feasible that the more-sensitive FLC-UIFE test could serve
amarker of MRD, especially in patients with LCMM and LCPMM.

Conclusions
The only useful information added by UIFE, over SPEP and SIFE, is detec-
tion of MFLCs. All instances in which intact monoclonal immunoglobulins
could be detected by UIFE were in patients with positive SIFE results for
the cognate immunoglobulin. UIFE with antisera to free LCs detects 18%
more instances of MLCs in urine than conventional UIFE.

Based on these findings, we suggest the following diagnostic
algorithms for screening for monoclonal gammopathy:

+ Screening for monoclonal gammopathy should consist of SPEP,
SIFE, and FLC-UIFE only. SFLCA does not add value due to the
large number of false-negative and false-positive results it yields.

*  FLC-UIFE should be performed in the work-up for diagnosis of
monoclonal gammopathy and for detection of residual disease in
patients treated for MM.

+ FLC-UIFE should be performed in the aforementioned circum-
stance irrespective of the serum level of FLCs and the ratio of I/U
LC concentration.

+ FLC-UIFE should be performed in all specimens, notwithstand-
ing TPr in the normal range.

+ FLC-UIFE promotes better utilization of resources and provides a
more-sensitive method for detection of MLCs in urine.

+ The role of FLC-UIFE as a test for MRD should be explored, as has
been suggested for FLC-modified SIFE.
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ABSTRACT

Objective: Optimization of maternal vitamin D (VD) status has ben-
eficial effects on pregnancies, but little is known about it of twin
pregnancies (TP). Our aim was to promote the current understanding
of VD status and its associated factors in TP.

Methods: We performed liquid chromatography-tandem mass spec-
trometry to quantify 25-hydroxyvitamin D [25(OH)D] and used the
enzyme-linked immunosorbent assay method to detect vitamin D
binding protein (VDBP) in 218 singleton pregnancies (SP) and 236 TP.

Results: Levels of 25(0OH)D and VDBP were higher in TP than SP.
The 25(0OH)D, free 25(0OH)D, C-3 epimer of 25-hydroxyvitamin D [epi-
25(OH)D], and VDBP all increased with gestational progress. Age, body
mass index, and hemoglobin level were associated with VD deficiency
(vDD). Analysis of covariance demonstrated that the 25(OH)D and
VDBP of TP and SP still showed differences after adjusting for the
above associated factors.

Conclusion: Differences in VD status were found in SP and TP,
suggesting that the assessment of VD status in TP should be
treated with caution. High VDD prevalence is observed among
pregnant Chinese women, and it is recommended to promote eval-
uation for VDD.

The prevalence of twin births has been growing due to the increasing

use of fertility drugs, artificial insemination, and assisted reproductive
technologies (ART).* However, maternal/fetal morbidity/mortality in
twin pregnancies (TP) are strikingly higher than in singleton pregnancies
(SP).* Additionally, most multiple pregnancy-related diseases are resistant
to technological or pharmaceutical interventions, whereas optimization
of maternal nutritional status can have beneficial effects on the course
and outcome of multiple pregnancies.? Vitamin D (VD) plays an essen-
tial role in cellular metabolism, fetal intrauterine growth, and the mater-
nal oxidative stress balance.® In turn, VD deficiency (VDD) could increase
risk of preeclampsia, gestational diabetes, caesarean section, and bacte-
rial vaginosis in pregnant women and intrauterine growth retardation
and low birth weight in the fetus.*> Accordingly, VD status and supple-
ment recommendations for SP have been well established, whereas spe-
cific trials for TP await. To our knowledge, limited studies have evaluated
25-hydroxyvitamin D [25(0OH)D] level in TP,5*% and consensus has not yet
been reached (Supplemental Table S1). Such disparities may be attributed
to the application of improper quantification strategies and ethnic
differences among study populations. Most of these studies quantified
25(0OH)D by immunoassay (Supplemental Table 1), and studies using liquid
chromatography-tandem mass spectrometry (LC-MS/MS) did not resolve
epi-25(OH)D3 (the physiologically inactive isomer of 25(OH)D.). Such
circumstances are likely to lead to overestimation of 25(OH)D.* Ethnicity
is an important factor related to VDD. However, few studies have focused
on Asian populations, especially Chinese TP women. Therefore, in the pres-
ent study, by using a convincing LC-MS/MS method, we aim to (1) evalu-
ate and compare 25(OH)D in TP and SP among Chinese pregnant women,
(2) test relationships between gestational weeks and 25(OH)D/vitamin D
binding protein (VDBP), and (3) analyze VDD-related factors in TP.

Materials and Methods

Study Participants

We recruited 300 SP and 300 TP from ethnically identical preg-
nant women attending Renmin Hospital of Wuhan University (Wu-
han, China) for routine prenatal screening for aneuploidy from
May to September 2019. Maternal clinical characteristics and med-
ical histories were obtained from computerized medical records

© The Author(s) 2024. 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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and well-trained clinicians. Histories of spontaneous abortions,
malformed fetuses, and stillbirths were considered to be adverse
pregnancy and childbirth history. Gestational age was between 11 and
25 weeks determined by their last menstrual period and the results of
ultrasonography. The number of fetuses was determined by the results
of B-mode ultrasonography. Chorionicity of TP was confirmed by
examining the inter-twin membrane at its junction with the placenta.*
Participants were excluded when stillbirths, fetal chromosomal
abnormalities, fetal malformations, terminated gestation, or miscar-
riage before 24 weeks occurred, or when obstetric complications (such
as gestational diabetes and intrahepatic cholestasis of pregnancy) and
other major diseases (such as thyroid disease or diabetes before preg-
nancy) were found. The final study population consisted of 218 SP and
236 TP. Of the TP, 191 (81.0%) were dichorionic twins and 45 (19.0%)
were monochorionic twins. Written informed consent was obtained
from all participants before study entry. The study was conducted ac-
cording to the guidelines in the Declaration of Helsinki and supervised
and approved by the Ethics Committee of Renmin Hospital of Wuhan
University (approval reference number: WDRY2021-K042).

Blood Sample Collection and Routine Laboratory
Analyses

Blood samples were collected by venipuncture after overnight fasting.
Serum was immediately separated into a polypropylene conical centri-
fuge tubes after blood collection (centrifuged at 1000g for 5 min at 4°C)
and promptly frozen at —80°C until determinations were made. Siemens
Advia 2400 automatic biochemistry analyzer was used to determine bi-
ochemical indexes. Blood indicators were analyzed by Sysmex XN-9000.
The 25(0OH)D was determined by an LC-MS/MS method described previ-
ously.'® Chromatogram output, data processing, and quantitation were
performed using AB SCIEX Analyst 1.6.2 software (Applied Biosystems).
Related details such as sample preparation steps, liquid chromatogra-
phy instruments, and mass spectrometry detection can be found in
the supplementary materials. The 25(OH)D was calculated as the sum
of 25(0OH)D, and 25(0OH)D,; epi-25(0H)D3 was not included. The hu-
man Vitamin D BP Quantikine ELISA Kit (DVDBPOB) (R&D Systems)
was used to detect VDBP following the manufacturer’s protocol (wave-
length: 450 nm). Samples from SP or TP were measured simultaneously
at the end of the study in the same analytical batches. The laboratory
technicians were blinded to sample types and any expected outcomes.

Statistical Analysis

All women with data available were included in the analysis.
All VDD was defined as 25(0OH)D concentration <12.0 ng/mL
(30 nmol/L) according to the Institute of Medicine (IOM).} Free
serum 25(OH)D concentration was calculated from measured to-
tal 25(OH)D, serum albumin (ALB), VDBP, the affinity constant of
ALB (KaALB = 6 x 10° L/mol) and the affinity constant of VDBP for
25(OH)D (KaVDBP = 6 x 108 L/mol) using the following equation®®:

measured total 25(0OH)D

Free serum 25 (OH)D = (1+ ALB x Ka ap_+ VDBP X Kavosr)

Age, height, weight, and body mass index (BMI) of all study subjects
were measured before pregnancy. Age was categorized as <25, 25-34, and
>35 years. Weight was categorized as <60 and >60 kg. According to the
World Health Organization standard, BMI was categorized as normal
weight, overweight, and obesity (18.5-24.9, 25-29.9 and >30 kg/m?).*°
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Gestational age was categorized as 11 to 17 and 17 + 1 to 25 weeks. Edu-
cation level was described as <9 years (less than or equivalent high school),
and >9 years (greater than high school). Parity was classified as O (primipara)
and >1 (multipara). To identify anemia, the Centers for Disease Control and
Prevention threshold of hemoglobin concentration (<105 g/L) was used.?%?!
Normally distributed parameters are reported as the means +
standard error. Frequencies are expressed as number of cases/percent-
age. Skewed data are expressed as median and interquartile ranges.
Normality of distribution was performed by Shapiro-Wilk test. If data
were continuous and normally distributed, independent t testing was
employed to evaluate the comparison, otherwise, Mann-Whitney
U test was used. The x? test was applied for the comparison of catego-
rical variables. Linear analyses were used to test relationships between
gestational weeks and 25(OH)D/VDBP levels. Pearson correlation anal-
ysis was used to evaluate the correlation coefficients between variables.
Univariate and multivariate logistic regression analyses were used to
estimate crude and adjusted odds ratio (OR), respectively. Analysis of
covariance was used to analyze differences in VD status between SP and
TP before and after controlling for other potential influencing factors.
The statistical analyses were performed using IBM SPSS, version 22.0.
A two-tailed P < .05 was considered statistically significant.

Results

Participant Characteristics

Six hundred pregnancies were assessed for eligibility and 146 (24.3%)
cases were excluded due to stillbirths (n = 7), fetal chromosomal
abnormalities (n = 6), fetal malformations (n = 11), terminated gestation
(n = 18) or miscarriage (n = 12) before 24 weeks, preeclampsia (n = 32),
gestational diabetes (n = 21), or incomplete information (n = 39). Hence,
the study population included 218 SP and 236 TP. Of the TP, 191 (81.0%)
were dichorionic twins and 45 (19.0%) were monochorionic twins.
TABLE 1 summarizes the clinical characteristics of TP and SP. Compared
with SP, increased maternal age, weight, BMI, heart rate, total choles-
terol, triacylglycerol, and high incidence of ART, advanced educational
level, and primipara were observed in TP (P <.05). In contrast, decreased
systolic pressure, diastolic pressure, ALB, glucose, calcium, phosphorus,
hemoglobin, and hematocrit levels were found (P < .05).

Maternal 25(OH)D Status in Second Trimester

TABLE 1 and FIGURE 1 depict maternal 25(OH)D status of the 454
participants. The 25(0H)D was calculated as the sum of 25(0OH)D,
and 25(OH)D,. The level of 25(0OH)D, and epi-25(OH)D, showed no
significant differences between the 2 groups. We detected 25(0H)D,
in 31.2% (68/218) SP and 33.5% (79/236) TP, and epi-25(0H)D, in

67.4% (147/218) SP and 74.6% (176/236) TP. Epi-25(0OH)D, con-
centration can make up 0% to 37.56% of the total 25(OH)D concen-

tration. Furthermore, the Pearson correlation coefficient between
epi-25(0H)D, and 25(OH)D was 0.602 (P < .001) in SP and 0.638
(P <.001) in TP. 25(OH)D, could be detected in every participant,

and significant differences were found in 25(0H)D, (SP: 10.29
[5.30-13.09] ng/mL, TP: 14.53 [8.14-18.58] ng/mL, P < .001) and
25(0OH)D (SP: 11.07 [6.47—-15.15] ng/mL, TP: 15.40 [9.98-22.13] ng/mL,
P < .001) between the 2 groups. Also, VDBP concentration (SP:

347.53 + 74.26 pg/mL, TP: 378.91 + 86.01 ug/mL, P < .001) differed
significantly. Differences in VD nutritional status between TP and SP
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TABLE 1. Maternal Clinical Characteristics of Twin and Singleton Pregnancies?®

Study Variables Singleton (n = 218) Twins (n = 236) P Value
Age (y) 27.18+4.14 30.49 +5.06 <.001
Han ethnicity 216 (99.1) 233(98.7) 718
Height (cm) 160.37 + 5.40 159.41 + 5.46 .060
Weight (kg) 58.27 £ 8.08 61.02 £ 7.62 <.001
BMI (kg/m?) 22.85+ 361 2421 £3.77 <.001
Gestational age (wk) 18.22 +4.39 17.88 +4.87 120
ART 44 (20.2) 90 (38.1) <.001
Cigarette smokers 27 (12.4) 20(8.5) 172
APCH 41 (18.8) 55 (23.3) 252
Vitamin D supplementation 20(9.2) 34 (14.3) .072
Marital status

Partner 171 (78.4) 199 (84.3) 107

No partner 47 (21.6) 37 (15.7)
Education level (y)

<9 120 (55.0) 80 (34.9) <.001

>9 98 (45.0) 156 (66.1)
Parity

0 71 (32.6) 132 (55.9) <.001

21 147 (67.4) 104 (44.1)
Systolic pressure (mmHg) 128.42 + 25.84 122.80 + 26.65 .023
Diastolic pressure (mmHg) 72.94 +18.88 64.38 +20.38 <.001
Heart rate (beats/min) 90.77 +13.73 95.45+16.13 .001
ALT (UIL) 23 (18-30) 24.0 (14-33) 685
AST (UIL) 22 (16-29) 23.00 (16-34) 768
Serum albumin (g/L) 37.62+4.71 34.75+554 <.001
Urea (mmol/L) 3.99+117 4.06 + 1.57 .595
Creatinine (umol/L) 101.50 + 44.43 98.67 +£52.44 .538
Glucose (mmol/L) 5.67 +1.17 5.02 +1.02 <.001
Calcium (mg/dL) 9.12+0.18 8.92+0.20 <.001
Phosphorus (mg/dL) 3.42£0.10 3.02+0.09 <.001
Total Cholesterol (mmol/L) 3.91+1.16 426+1.24 .002
Triacylglycerol (mmol/L) 1.23£0.59 1.55+0.52 <.001
HDL (mmol/L) 1.08 £ 0.42 1.12 £ 040 .306
LDL (mmol/L) 231+0.79 2.39+0.92 374
Hemoglobin (g/L) 105.08 + 19.65 100.12 + 20.14 .008
Hematocrit (%) 35.63 +3.92 34.36+3.21 .001
Epi-25(0H)D, (ng/mL) 6.33 (3.13-9.35) 5.72 (3.10-9.50) .645
25(0H)D, (ng/mL) 3.67 (1.75-5.04) 3.46 (1.75-4.96) 586
25(0H)D, (ng/mL) 10.29 (5.30-13.09) 14.53 (8.14-18.58) <.001
25(0H)D (ng/mL) 11.07 (6.47-15.15) 15.40 (9.98-22.13) <.001
Free 25(0H)D (pg/mL) 3.20 (2.28-3.83) 3.29 (2.78-3.96) 123
VDBP (pg/mL) 347.53 £ 74.26 378.91 £ 86.01 <.001

APCH, adverse pregnancy and childbirth history; ART, assisted reproductive technologies; VDBP, vitamin D binding protein.
aAge, height, weight, and BMI of all study subjects were measured before pregnancy. P < .05 was considered significant.

were found to persist in 25(0OH)D (P < .001) and VDBP (P <.001) when
adjusted for VDD-related factors (including age, BMI, and hemoglobin)
using analysis of covariance (TABLE 2). Calculated free serum 25(0OH)D
in TP (3.29 [2.78-3.96] pg/mL) was slightly higher than that of SP
(3.20 [2.28-3.83] pg/mL) with no significance. The data show 25(0OH)D

Laboratory Medicine

(FIGURE 1C) epi-25(0OH)D, (FIGURE 1A) represent a skewed dis-
tribution, and free 25(OH)D (FIGURE 1E) and VDBP (FIGURE 1G)
were distributed in a nearly normal fashion. The concentration of
epi-25(0OH)D, (FIGURE 1B), 25(0H)D (FIGURE 1D), and VDBP
(FIGURE 1H) increased with gestational progress in the second trimes-
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FIGURE 1. Comparison of epi-25(OH)D (A), 25(0OH)D (C), free plasma 25(OH)D (E) and vitamin D binding protein (VDBP) (G), and
their changing trends with gestational weeks (B, D, F, H) in women with singleton pregnancy (SP) and twin pregnancy (TP) in
the cross-sectional study. The upper and lower horizontal lines in C represent cut-off values for vitamin D deficiency (< 12.0 ng/

mL) and sufficiency (> 20 ng/mL).
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ter (P <.05), whereas free 25(OH)D (FIGURE 1F) did not show a signif-
icant upward trend.

Association Factors of VDD

Notably, 58.2% (264/454) of participants had VDD according to the
IOM standard, and the prevalence of VDD was significantly greater in
SP (154/218, 70.7%) than in TP (110/236, 46.6%, P < .001). Crude and

adjusted odds of VDD-associated factors for all eligible subjects were
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analyzed in univariate and multivariate logistic regression, as shown
in TABLE 3. Meanwhile, we also performed the analysis of VDD-
related factors for singleton and twin mothers, respectively, as shown
in Supplementary Table 2. In general, the odds of VDD obtained from
the subjects in different clusters with TP closely paralleled the results
obtained from SP. Multivariate logistic regression analysis (TABLE 3)
adjusted for several variables that were statistically significant in uni-
variate logistic regression analysis, including pregnancy type, age,
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FIGURE 1. (cont)
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TABLE 2. Adjusted and Unadjusted Vitamin D Levels in Singleton and Twin Mothers?

aCovariate in adjusted model include age, body mass index, and hemoglobin.

Variable Group Unadjusted Adjusted®?
Mean SD Mean SE
25(0H)D, (ng/mL) Singleton (n = 68) 3.678 1.72 3.65 021
Twin (n=79) 349 1.62 351 0.20
Epi-25(0H)D, (ng/mL) Singleton (n = 147) 6.84 5.91 6.79 0.39
Twin (n = 176) 6.59 39 6.64 0.39
25(0H)D (ng/mL) Singleton (n = 218) 11.61 5.91 11.32 0.57
Twin (n = 236) 16.28 8.30 16.52 0.52
VDBP (ug/mL) Singleton (n = 218) 347.53 74.26 331.11 552
Twin (n = 236) 378.91 86.01 351.17 552

bIn the adjusted model, there were also significant differences in 25(0OH)D and VDBP (vitamin D binding protein) levels between the singleton and twin

groups (P <.001).

BMI, education level, parity, and hemoglobin. Compared with SP, TP
appears to be a protective factor for VDD, with an OR of 0.36 (0.18—
0.57, P < .001) and an adjusted OR of 0.39 (0.15-0.65, P < .001).

Compared with pregnant women <25 years of age, those who were 25
to 34 years old or >35 years old had increased risk of VDD, with ORs of
2.34 (1.23-4.67, P = .010) and 2.67 (1.67-6.34, P = .001), respectively.

Risk of VDD for women >35 years persisted in multivariable models
with an adjusted OR of 2.36 (1.13-5.35, P = .003). Compared with
women with BMI between 18.5 and 24.9 kg/m?, OR (95% confidence
interval [CI]) and adjusted OR (95% CI) of VDD for women with obe-
sity (BMI >30 kg/m?) were 1.67 (1.18-3.23, P =.002) and 1.63 (1.16—

3.39, P = .001), respectively. When stratified by educational level, a
higher proportion of women who had received advanced education
had VDD, resulting in an unadjusted OR (95% CI) of 1.48 (1.12-4.28,
P =.001) for VDD risk. However, adjustments for other factors made
these correlations insignificant (P = .107). Also, multiparas were
more than 3 times as likely to have VDD than primiparas (OR = 3.87,
95% CI = 1.37-7.39, P = .001). In the multivariable model, these
correlations disappeared (P = .087). In unadjusted models, a serum
hemoglobin concentration <105 g/L was associated with increased
odds of VDD (OR = 2.98, 95%CI = 1.21-5.23, P = .001). Decreased

risk of anemia with VDD presented in adjusted models (adjusted
OR =2.28,95% Cl =1.23-4.98, P = .001).

Laboratory Medicine

Discussion

It is common to observe TP representing a state of dramatic physiologic
changes and perinatal pathologies that increase the risk of perinatal
morbidity and neonatal mortality.?? It is also assumed that the presence
of twin fetuses magnifies nutritional demands and causes greater nutri-
tional drain,? so the potential beneficial effect of optimal VD status on TP
outcomes should not be underestimated. Nevertheless, there is still a pau-
city of specific VD studies for TP so that few recommendations can be made
at present. To the best of our knowledge, this is the first study precisely
presenting the quantification of 25(OH)D after excluding epi-25(OH)D,
interference in Chinese TP. We believe this data will be useful to improve
the efficacy of nutrition programs and prevent unfavorable outcomes of TP.

Interpretations of Clinical Characteristics of TP and SP
Compared with SP, we found more frequent use of ART, older average
age, greater weight, and elevated BMI in TP, which was consistent with
previous reports.»?*?% In ART decision-making, it is important or even
preferential to consider the possibility of TP.?> Age alone can account for
25% to 30% of the observed increase in multiple pregnancies.? Also,
older gestation age is associated with higher educational level, as women
nowadays are postponing pregnancies due to educational opportunities.
As the maternal metabolic rate in TP has been found to be approxi-
mately 10% higher than SP previously,” the TP group in our study
exhibited faster heart rate and lower glucose concentrations. Addition-
ally, TP increases cardiac output and cardiac index during the second
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TABLE 3. Crude and Adjusted Odds of Vitamin Deficiency in Pregnant Women

APCH, adverse pregnancy and childbirth history.

e No. (%) . Pregnant Wornen (n= 454). .
Crude OR? | P | Adjusted OR? | P

Pregnancy type

Singleton 218 (48.0) Reference Reference

Twin 236 (52.0) 0.36 (0.18-0.57) <.001 0.39 (0.15-0.65) <.001
Age (y)

<25 89 (19.6) Reference Reference

25-34 269 (59.3) 2.34 (1.23-4.67) .010 2.12 (0.87-6.45) .690

235 96 (21.1) 2.67 (1.67-6.34) .001 2.36 (1.13-5.35) .003
Weight (kg)

<60 194 (42.7) Reference — —

>60 260 (57.3) 2.56 (0.52-6.30) 493 — —
BMI (kg/m2)

18.5-24.9 157 (34.6) Reference Reference

25-29.9 193 (42.5) 1.34 (0.75-4.35) 392 1.21 (0.52-4.22) .362

>30 104 (22.9) 1.67 (1.18-3.23) .002 1.63 (1.16-3.39) .001
Gestational age (wk)

<17 274 (60.4) Reference — —_

>17 180 (39.6) 1.21 (0.74-2.98) 239 — —
Cigarette smokers

No 407 (89.6) Reference — —

Yes 47 (10.4) 1.75 (0.48-6.26) .246 — —
APCH

No 232 (51.1) Reference — —

Yes 222 (48.9) 3.67 (0.35-7.26) 578 — —
Educational level (y)

<9 200 (44.1) Reference Reference

>9 254 (55.9) 1.48 (1.12-4.28) .001 1.87 (0.32-5.34) .007
Parity

0 169 (37.2) Reference Reference

21 218 (48.0) 3.87 (1.37-7.39) .001 2.87 (0.96-6.39) .087
Hemoglobin (g/L)

2105 152 (33.5) Reference Reference

<105 302 (66.5) 2.98 (1.21-5.23) .001 2.28 (1.23-4.98) .001

aCrude odds and 95% ClI in parentheses (all such values) of univariate logistic regression. P < .05 indicates significance.
bAdjusted OR and 95% CI in parentheses (all such values) for multivariate logistic regression (the confounders adjusted in logistic regression include preg-
nancy type, age, body mass index, educational level, parity, and hemoglobin). P < .05 indicates significance.

trimester, consistent with our observations of decreased diastolic pres-
sure. Decreased systolic/diastolic pressure, ALB, and hematocrit in TP
implies peripheral resistance reduction and plasma volume expansion,
which echoes the conclusion of previous studies.**?*?” Moreover, ALB,
hemoglobin, glucose, calcium, and phosphorus levels were reduced and
triglyceride and cholesterol were increased in TP. Such results may be
ascribed to the greater blood volume increase in TP than in SP.?’

Maternal VD Metabolism in SP and TP

The change of VD metabolism during pregnancy has long been an issue
of concern in nutritional and clinical science. We detected epi-25(0H)D,
in over 70% of the enrolled subjects, accounting for 0% to 37% of
25(0OH)D concentration. In other research, Bailey and Di Mao? found

www.labmedicine.com

epi-25(0OH)D, in 77% of Korean and 94.5% of Hong Kong pregnant
women,*® and in Ireland, O’Callaghan et al* found that epi-25(0H)D,
was detectable in all maternal samples. We found epi-25(OH)D, was not
only proportional to 25(OH)D,, but also increased as gestational prog-
ress (FIGURE 1B). This result indicated the effect of pregnancy on the
production of epi-25(OH)D,. However, many immunological and mass
spectrometry methods cannot exclude the interference and influence of
epi-25(OH)D, in the detection of the 25(OH)D level, which often leads
to overestimation of VD levels.** Therefore, identifying epi-25(0OH)D,
with proper methodologies is of great significance for accurate evalua-
tion of the “real” 25(OH)D status in pregnancy.

Currently, the change in maternal 25(OH)D during pregnancy is
still controversial with suggestions of either increase,*! decrease,* or
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no change.* Based on our data, a mild but steady increase of 25(OH)D
was observed with week of gestation (FIGURE 1D)) for both TP and SP.
To further clarify this phenomenon, we investigated the concentrations
of the other 2 critical 25(OH)D-related components, VDBP and free
25(0OH)D, from the same sample pool. In serum, 25(OH)D combined
with VDBP accounts for the majority (85%-90%) of 25(0OH)D. VDBP
stabilizes the concentration and prolongs the half-life of 25(OH)D. Free
25(0OH)D has been regarded as the bioavailable form of 25(OH)D, which
functions the related activity in vivo.** As shown in FIGURE 1, these
targets also revealed the increasing trend as 25(OH)D. We believed such
results show that there is a gradual activation of 25(OH)D metabolism
in the maternal biosystem. The mechanism behind this may be partly
due to sex hormone variation and placenta development. It has been
reported that estrogen can stimulate the synthesis of VDBP, and high es-
trogen level during pregnancy makes the concentration of VDBP in preg-
nant women 40% to 50% higher than that in a nonpregnant group.®*
In addition, human placental trophoblast in vitro could synthesize and

release 25(0OH)D, using its precursor, cholecalciferol,* and placenta;6
fragments incubated ex utero could convert vitamin D, to 25(OH)D,,
Meanwhile, 24-hydroxylase mitochondrial cytochrome p450 enzyme

CYP24A1 (converting 25(OH)D to inactive metabolites) expressed in
the placenta is methylated during pregnancy, which may decelerate

ZS(RWPaﬁ?&SI%WthLat the 25(OH)D level of TP would be lower

than that of SP because TP seems to have a higher nutritional require-
ment that can result in depletion of 25(OH)D reserves. However, we
were surprised to witness a significantly greater level of 25(OH)D in TP
than in SP (15.18 [9.98-19.72] vs 11.05 [6.47-13.17] ng/mL, P < .001).
Combining the experimental results discussed in the previous section,
we speculate that there are 3 key factors attributed to this phenomenon.
The first is that higher VDBP level in TP may lead to elevated 25(OH)D
level. As shown in FIGURE 1, the increase of VDBP with gestational
weeks seemed more efficient for TP than SP. Second, placentas in TP may
play an important role in 25(OH)D level because placentas in TP are gen-
erally much heavier (69%) and mature within a shorter time than those
of SP.%:3° Third, higher metabolic rates in TP (110%) can cause 40%
greater increase in caloric requirements than in SP,* so that increased
dietary intakes in TP may provide more VD resources.

According to our results, the baseline serum concentration of
25(OH)D was significantly higher in TP than SP and TP would be much
less likely to incur VDD than SP (as discussed above) when using the cur-
rently established uniform VDD criteria. The VDBP is the major 25(0OH)D
carrier protein, and VDBP appears to inhibit some of the effects of
25(0OH)D because the binding moiety may not be able to act on tar-
get cells.** Low levels of VDBP in SP appear to result in equivalent free
25(0OH)D levels to those in TP, so low total 25(OH)D levels may not be
indicative of functional VDD. That is, despite lower 25(OH)D levels in
the SP group, low levels of VDBP in SP may provide protection against
manifestations of VDD. Therefore, free25(OH)D may be a more appro-
priate marker of VDD. As shown in TABLE 1, when 25(OH)D and VDBP
significantly differed between TP and SP, free 25(OH)D remained rela-
tively similar. In this regard, apart from 25(0OH)D, free 25(OH)D seems
to be a promising indicator for VDD diagnosis. Certainly, further re-
search is still needed to determine the actual reference range of 25(OH)D
and free 25(CH)D in TP.

Laboratory Medicine

General Interpretations of VDD for All Enrolled Subjects
The prevalence of VDD in pregnant women in Asia is often reported
to be highest globally,* especially in Chinese women (>90%),%%3%* as
compared with the United States (27%-91%), Canada (39%-65%),
Europe (19%-96%), Australia and New Zealand (25%-87%), Turkey
(95.6%), Iran (89.4%), and Pakistan (89.0%).5*> Meanwhile, as the preg-
nant mother is the only source of VD for fetuses, fetal (umbilical cord)
serum 25(OH)D concentrations correlate well with maternal 25(OH)D
concentrations, always being 50% to 89% of the mother’s.” Given that
fetuses are supposed to require 25(OH)D >12.0 ng/mL to prevent nu-
tritional rickets,* prevention of maternal VDD at the threshold of
20.0 ng/mL (also known as the threshold of the Endocrine Society*’)
may be adequate to ensure fetuses obtain sufficient 25(OH)D. Using
this threshold, we found a high prevalence of VDD in both TP (149/236,
63.1%) and SP (198/218, 90.8%). Considering that China is a large coun-
try with diverse diet habits, such results may specifically represent the
situation in the central area, where this study was conducted. As the
sample collection period was confined to the summer (May to Septem-
ber) to minimize the effects of seasonal changes on 25(OH)D level, the
situation could be worse in winter.

After stratified analysis, women aged >35 years were 2 to 3 times more
likely to suffer from VDD for both SP and TP. The reason may be that 7-de-
hydrocholesterol (the precursor of vitamin D) level decreases with age,
thus weakening capacity to produce vitamin D,. Advanced education
level was associated with older mothers, which may be a dependent varia-
ble, as the correlation between VDD and education level was no longer sig-
nificant in multivariable model. It has been well described that obesity is a
risk factor for VDD,* which was confirmed in this study for both groups.
Additionally, we found that anemia (hemoglobin <105 g/L) was associated
with the risk of VDD in pregnant women. This may be ascribed to reduced
outdoor activity and insufficient sun exposure caused by anemia-related
illnesses and fatigue.?>?* We noticed that the use of VD supplements is
not popular in China. Only a limited number of pregnant women used
VD supplements during pregnancy in SP (9.2%) and TP (14.3%); an-
other study in China reported only 10.04% of the participants used VD
supplements,* compared with 31% in Canada and less than 40% on aver-
age.>® As the use of VD supplements can effectively increase the 25(0OH)D
level of pregnant women and prevent VDD ,*>? it is urgent to promote and
popularize VD supplementation for pregnant women in China.

Conclusion

This population-based study evaluated maternal 25(OH)D status in SP
and TP. Differences in VD status were found in SP and TP, suggesting that
the assessment of VD nutritional status in TP should be treated with cau-
tion. Also, this study found important determinants of VDD, including
age, BMI, and hemoglobin levels. We demonstrated that epi-25(OH)D,
was widespread in Chinese pregnant women, so it is important to elimi-
nate its interference when evaluating 25(OH)D levels. Also, in addition to
serum 25(OH)D, free 25(0OH)D level should be assessed to make a com-
prehensive and accurate evaluation of VD status in TP. Furthermore, as
the overall VDD rate is high among pregnant Chinese women, it is critical
to understand the important determinants of VDD and take prompt cor-
rective measures when VDD was confirmed. Future studies should con-
sider the reference range of free 25(OH)D level and VD interventions in
TP to achieve optimal healthy pregnancy and outcomes.
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Limitations

Limitations of this study included a lack of data about sun exposure,
type of clothing worn by study participants, levels of physical activity/
exercise, and dietary VD intake. Also, the descriptive cross-sectional
analysis was unable to determine the causal relationship between VDD
and associated factors.
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CORRECTION

Correction to: DNA variants detected in primary and
metastatic lung adenocarcinoma: a case report and

review of the literature

This is a correction to: Christina Kelly, Caitlin Raymond, Song Han, In the originally published version of this manuscript, the credentials
Youmin Lin, Linyijia Chen, Gengming Huang, Jianli Dong, DNA variants of author Caitlin Raymond were erroneously omitted. This error has
detected in primary and metastatic lung adenocarcinoma: a case re- been corrected.

port and review of the literature, Laboratory Medicine, 2024;, Imae019,
https://doi.org/10.1093/labmed/lmae019.
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