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Abstract

Background: Coronavirus disease 2019 (COVID-19) influenced the prevalence of other infectious diseases, including congenital cy-
tomegalovirus (CMV) infection. However, the effect of COVID-19 on antibody titers has not been reported. This study aimed to explore
the influence of COVID-19 on levels of CMV immunoglobulin M (IgM) in pregnant women. Methods: This cross-sectional study
included pregnant women who visited the University Hospital due to CMV IgM positivity during the 7th and 8th waves of COVID-19.
Data, including maternal characteristics, history of COVID-19, CMV immunoglobulin G (IgG) and IgM index, and IgG avidity index
(AI) were collected. Chemiluminescent immunoassay was performed to measure levels of IgG and IgM. Polymerase chain reaction using
neonatal urine was performed to confirm congenital infection. Results: Of the 89 pregnant women, 36 (40%) (low IgG Al: n = 10; high
IgG Al n = 26) contracted COVID-19. Among 21 women with low IgG Al, 9 (false IgM positive: n = 8; primary infection: n = 1)
had an IgG AI of 0. Among the eight women with false IgM positivity, six (75%) contracted COVID-19. The IgM index of pregnant
women with false IgM positivity was 12.6 &= 10.9. Meanwhile, the CMV IgM index of pregnant women with false IgM positivity in the
non-COVID-19-infected group was 1.7 £ 0.5. When the IgM indices of women who contracted (n = 36) and did not contract (n = 53)
COVID-19 were compared, the IgM index of infected women (4.4 £ 5.7) was higher than those of non-infected women (2.7 £ 3.0) (p
= 0.01). Regarding IgM and IgG Al, multiple logistic regression analysis revealed that there were no significantly different variables
between the two groups. Conclusions: High prevalence of false IgM positivity was observed among women who contracted COVID-19.
The IgM index of pregnant women with false I[gM positivity was high. Caution should be exercised in interpreting CMV IgM indices in
pregnant women with a history of COVID-19.
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1. Introduction Cytomegalovirus (CMV) is the most common virus
that causes morbidity and mortality in congenitally infected
fetuses and newborns, resulting in a broad range of disabil-
ities (e.g., sensorineural hearing loss, visual impairment,
and motor and cognitive deficits) [4]. The prevalence rate
of congenital CMV infection ranges from 0.2% to 2.0% in
newborns. However, 10%—15% of newborns with CMV in-
fection are symptomatic [4,5]. In Japan, the prevalence of
congenital CMV infection in newborns is 0.31% [6]. How-
ever, the prevalence of congenital CMV infection during
the COVID-19 outbreak significantly decreased in several

areas [7,8].

In 2019, a severe outbreak of coronavirus disease
2019 (COVID-19) caused by the severe acute respiratory
syndrome-coronavirus 2 (SARS-CoV-2) occurred world-
wide. During the outbreak, long-term quarantine and dis-
tancing were recommended to protect vulnerable individ-
uals and prevent infection [1]. Preventive measures led to
social isolation and impaired interpersonal communication,
thereby resulting in feelings of discomfort, anxiety, panic,
anger, resentment, and despair as well as an increase in the
rates of domestic violence [2]. Moreover, infection con-
trol measures impacted not only mental health but also the

spread of other infectious disease. In 2020-2022, usual out-
breaks of seasonal influenza and rubella did not occur in
Japan [3]. Moreover, respiratory syncytial virus infection
was not prevalent among infants in 2020 in Japan; however,
it was reported in 2021 and 2022 [3].

The number of patients who contracted COVID-19 re-
markably increased during the 7th and 8th waves of the
COVID-19 pandemic (i.e., between July 6, 2022 and Jan-
uary 24, 2023) in Japan compared with other waves. Sim-
ilarly, several pregnant women contracted COVID-19 dur-
ing these periods. Along with the number of pregnant
women who contracted the disease, we experienced an in-
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crease in the number of pregnant women referred due to
CMV immunoglobulin M (IgM) positivity during the 7th
and 8th waves. Acute and chronic viral infections can in-
duce long-term immunological effects. After recovery from
natural acute measles infection, there is a marked reduc-
tion in humoral immunity and increased susceptibility to
nonmeasles infections [9]. The Bacillus Calmette—Guérin
(BCQ) live vaccine can reduce allcause mortality in infants
due to its pathogen nonspecific effect [10,11]. Hence, it
is thought that BCG “train” innate immune cells such as
monocytes and their progenitors [10,11]. However, the ef-
fect of COVID-19 on the immune response to CMV has not
been reported. Thus, this study aimed to clarify the influ-
ence of COVID-19 on CMV IgM levels in pregnant women.

2. Patients and Methods

Pregnant women who underwent routine maternal
serum screening at primary clinics during the first mater-
nal health checkup were enrolled to the study. Blood sam-
ples to detect CMV IgM and immunoglobulin G (IgG) were
obtained and subjected to routine maternal serum screen-
ing. Blood samples for anti-CMV antibody screening were
centrifuged at 10,000 rpm for 15 min and analyzed by
chemiluminescent immunoassay (CLIA) using Architect®
i2000SR (Abbott Diagnostics, Chicago, IL, USA) analyzer
in SRL laboratory. The Architect™ CMV IgM and IgG
(Abbott Medical Japan LCC, Tokyo, Japan) were used to
measure levels of antibodies. In CLIA, specimens are re-
acted with magnetic particles on which the CMV antigen
was immobilized. After washing off the unreacted mate-
rial, hydrogen peroxide water and sodium hydroxide were
added, and the chemiluminescence of acridinium was mea-
sured as emission intensity; the validity of CLIA has been
confirmed [12,13]. Cutoff values for CMV IgG and IgM
levels were 6.0 AU/mL and 1.0 (index), respectively, and
were interpreted according to the manufacturer’s instruc-
tions. The CMV IgM index was automatically calculated
by the instrument as the ratio of the luminescence intensity
of the sample to the cutoff value (average luminescence in-
tensity of calibrator x 1.00) from the measurement results
of the sample and control. The cutoff value was stored as a
calibration result for each reagent lot. Maternal serum sam-
ples were routinely stored in a refrigerator for 1 week prior
to further use.

After evaluating CMV IgM positivity, pregnant
women were referred to the University Hospital between
July 6, 2022 and January 24, 2023 for clinical consultation;
those who provided informed consent were enrolled in this
study. The same maternal sera used to measure CMV IgG
and IgM levels were used to measure the CMV IgG avid-
ity index (AI) at Aisenkai Nichinan Hospital (Miyazaki,
Japan). IgG avidity assay was conducted as previously de-
scribed [4], with slight modifications. The Enzygnost anti-
CMV enzyme-linked immunosorbent assay kit (Siemens
Healthcare Diagnosis, Tokyo, Japan) was used for the anal-

ysis. Maternal information, including age, medical com-
plications, obstetrical history, history of COVID-19 before
routine maternal serum screening, and severity of COVID-
19, were obtained from medical charts. COVID-19 was di-
agnosed by SARS-CoV-2 polymerase chain reaction (PCR)
on nasopharyngeal swabs performed at the health center.
Patients were judged to be severely ill when they received
respiratory management.

Amniocentesis at approximately 20 weeks of gesta-
tion was offered to pregnant women to confirm fetal infec-
tion using PCR, which was performed within 2 weeks for
all neonates born to pregnant women who were CMV IgM
positive.

Negativity for IgG, positivity for IgM, and an IgG Al
of 0 after repeated serological tests at appropriate intervals
represented nonspecific immunoreactions to CMV IgM.

Statistical Analysis

Between-group differences were assessed using the
Mann-Whitney U-test, x? analysis, or Fisher’s exact test.
Differences among four groups were assessed using the
Kruskal-Wallis test. A p < 0.05 indicated statistical sig-
nificance.

Multivariable logistic regression analysis was per-
formed to identify independent predictive factors. Only
predictive variables with a p < 0.2 in the univariate analysis
were entered into a logistic regression model. A stepwise
forward procedure using the likelihood ratio test was used
in the multivariable logistic regression analysis. Variables
with p < 0.05 in multivariable logistic regression were de-
termined as independent predicative factors.

Statistical analysis was performed using SPSS soft-
ware program for Windows, version 22 (IBM SPSS Statis-
tics, Tokyo, Japan). Data are presented as the mean =+ stan-
dard deviation.

3. Results

Overall, 89 pregnant women who were referred to
the University Hospital during the study period were in-
cluded in this study; among them, 36 contracted COVID-
19. The characteristics of the women according to a history
of COVID-19 infection are shown in Table 1. CMV IgM
levels were significantly higher in the COVID-19-infected
group versus the noninfected group (p = 0.01). Two inde-
pendent factors, namely the IgM index and IgG Al, were
entered into the multivariate model; there were no signifi-
cantly different variables (IgM; p = 0.18, odds ratio: 1.095,
95% confidence interval: 0.959-1.25, IgG Al p = 0.45,
odds ratio: 0.993, 95% confidence interval: 0.974-1.012).
The number of pregnant women with a low IgG Al was
similar in both groups. One case of congenital CMV infec-
tion was observed in the noninfected group. The charac-
teristics of pregnant women with a low IgG Al according
to a history of COVID-19 infection are shown in Table 2.
There were no significant differences in CMV IgG levels,

&% IMR Press


https://www.imrpress.com

Table 1. Characteristics of pregnant women according to COVID-19 history.

COVID-19-infected group (n =36) non-COVID-19-infected group (n=53)  p value
Age (years) 31.5+45 304 +£5.7 0.37
Primipara (n) 12 20 0.67
Timing of serological test (weeks) 125 +4.2 12.7 £ 4.6 0.71
CMV IgG (AU/mL) 145.0 £+ 86.6 143.1 £ 74.5 0.66
CMV IgM (index) 44+£57 2.7+£3.0 0.01
IgG avidity index 42.4 +£245 49.2 £24.2 0.10
Low IgG avidity index (n) 10 11 n.s.
High IgG avidity index (n) 27 42 n.s.
Congenital CMV infection (n) 0 1 n.s.

COVID-19, coronavirus disease 2019; n.s., not significant; CMV, cytomegalovirus; IgG, immunoglobulin G; IgM, immunoglob-

ulin M.

Table 2. Characteristics of pregnant women with low avidity index according to COVID-19 history.

COVID-19-infected group (n=10)  non-COVID-19-infected group (n=11)  p value

Age (years) 29.8 £3.5 295+55 0.65
Primipara (n) 4 4 1
Timing of serological test (weeks) 141+74 180£75 0.06
CMV IgG (AU/mL) 32.9 +44.7 52.7 +54.7 0.31
CMV IgM (index) 84+£98 32+41 0.09
IgG avidity index 103 £ 14.1 11.0 £ 14.6 0.76
CMV IgM false positivity (n) 6 2

IgM indices, and IgG Al between the groups. Nine preg-
nant women had an IgG Al of 0. Among them, eight had
false-positive CMV IgM results; six (75%) and two (25%)
in the COVID-19-infected and noninfected groups, respec-
tively. The remaining case in the noninfected group was
considered as primary maternal infection (CMV IgG, 37.1
AU/mL; IgM, 2.58). Overall, there was no significant dif-
ference in the frequency of false IgM positivity between the
COVID-19-infected (6/36) and noninfected (2/53) groups
(p =0.06). In pregnant women with low IgG Al there was
no significant difference in the frequency of false IgM pos-
itivity between the COVID-19-infected (6/10) and nonin-
fected (2/11) groups (p = 0.08). The CMV IgM index in
pregnant women with false IgM positivity in the COVID-
19 infected group was 12.6 &+ 10.9, whereas that in the non-
infected group was 1.7 4 0.5.

The characteristics of pregnant women with a high
IgG Al according to a history of COVID-19 infection are
shown in Table 3. There were no significant differences
in CMV IgG levels, IgM levels, and IgG Al between the
groups.

Among the four groups (i.e., COVID-19-infected with
low IgG Al, noninfected with low IgG Al, COVID-19-
infected with high IgG Al, and noninfected with high IgG
Al), the IgM index was not significantly different (p =0.06).

There was a case of an infant with a congenital CMV
infection in the noninfection group. In this case, primary
maternal CMV infection was suspected due to CMV IgM
positivity (12.4) and low IgG Al (18%) at 12 weeks of ges-
tation. Notably, the patient did not contract COVID-19. At
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38 weeks of gestation, the patient delivered a male newborn
that weighed 2770 g. The neonate had signs of CMV infec-
tion (liver dysfunction and thrombocytopenia) at birth and
developed mild hearing impairment in the left ear.

4. Discussion

In this study, we showed that the prevalence of false
positivity for CMV IgM in pregnant women with history of
COVID-19 was high. Moreover, the CMV IgM index in
pregnant women with false IgM positivity was high.

The presence of CMV-specific IgM is useful in detect-
ing pregnancies at high-risk for vertical CMV transmission.
However, there is no global consensus regarding maternal
serum screening for CMV infection due to the lack of es-
tablished screening protocols for detecting congenital infec-
tion, effective measures for intrauterine treatment, and vac-
cine [4]. Additionally, immunoassay may potentially cause
false-positive or false-negative results, which may cause
clinical problems. In CMV maternal serological screening,
pregnant women with CMV IgM positivity and low IgG Al
could be considered as being high-risk for vertical transmis-
sion. Misinterpretations can cause unnecessary anxiety to
pregnant women, which may potentially influence their de-
cision to abort the fetus [14]. In this study, false CMV IgM
positivity was confirmed by IgG negativity, IgM positivity,
and an [gG Al of 0 after repeated serological tests at appro-
priate intervals. As a result, false CMV IgM positivity did
not cause clinical problems.
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Table 3. Characteristics of pregnant women with high avidity index according to COVID-19 history.

COVID-19-infected group (n=26)  non-COVID-19-infected group (n=42) p value
Age (years) 32.1+48 30.6 £ 5.9 0.33
Primipara (n) 8 16 0.54
Timing of serological test (weeks) 119+ 19 113+ 1.7 0.10
CMV IgG (AU/mL) 188.1 +£53.2 166.8 £+ 59.5 0.09
CMYV IgM (index) 29+1.5 2.6 £2.6 0.08
IgG avidity index 54.8 + 14.2 59.3 +14.0 0.11

In this study, 60% of pregnant women with low
IgG avidity in the COVID-19-infected group showed false
CMV IgM positivity, although there was no statistically
significant difference in the frequency of pregnant women
with false positivity between the infected and noninfected
groups. Moreover, the [gM index in these pregnant women
was extremely high. COVID-19 may activate the immune
system to produce a variety of antibodies, which may in-
clude crossreactive antibodies against CMV. Vandervore et
al. [15] revealed a high prevalence of false-positive her-
pes simplex (HSV) IgM serology and significant elevation
of HSV IgM indices as measured by a CLIA-based serol-
ogy assay (Liaison® XL diagnostics platform, DiaSorin,
Salugia, Vercelli, Italy) for herpes simplex in patients with
COVID-19. Additionally, they found the presence of an in-
terfering factor in these patients through interference elim-
ination tests [15]. Hence, they concluded that the false-
positive results for HSV was caused by the direct bind-
ing of SARS-CoV-2 IgM antibodies to surface-modified
polystyrene microparticles [15]. COVID-19 infection re-
portedly produces false-positive reactions in dengue sero-
logic immunoassays [16]. Although CLIA reported false-
positive results, the validity of this assay has been proven
in a previous Japanese report. Kumada et al. [12] re-
ported that repeatability studies using three different con-
trol and serum samples showed that simultaneous repeata-
bility ranged from coefficient of variation (CV) 0% to 3.6%
for Architect™ CMYV IgG and from 0% to 6.3% for Archi-
tect™ CMV IgM. Meanwhile, the daily difference repeata-
bility ranged from 0% to 7.6% for Architect™ CMV IgG
and from 0% to 5.9% for Architect™ CMV IgM [12]. In
a sensitivity test for Architect™ CMV IgG or IgM using
a seroconversion panel, CMV IgG and IgM were positive
on days 33 and 29, respectively. Meanwhile, in a sensitiv-
ity test for a commercial enzyme immunoassay kit (Denka
Seiken, Tokyo, Japan), CMV IgG and IgM were positive
on days 43 and 29, respectively [12]. In a correlation test
between Architect™ CMV IgG and a commercial enzyme
immunoassay kit, the overall agreement rate was 99%, the
positive agreement rate was 100%, and the negative agree-
ment rate was 96.7% [12].

Acute Parvovirus B19 infection may also cause an-
tibody crossreactivity with the Epstein—Barr virus IgM or
HSV IgM in assays performed based on the Liaison plat-
form (DiaSorin, Salugia, Vercelli, Italy) [17]. Crossreac-

tion have also been observed in other immunoassays. Gong
et al. [18] reported that Architect rubella IgM, CMV IgM,
and antihepatitis C virus (HCV) showed cross-reactivity
with other disease-specific antibodies. Thus, antibodies
from other infections may serve as interfering substances.
However, no false positives of the listed antigens were
found in this study.

Interferences in the immunoassay include rheuma-
toid factor or other autoantibodies, heterophilic antibod-
ies, human antianimal antibodies, albumin, complement,
lysozyme, fibrinogen, and paraproteins [19]. As these in-
terferences can cause nonspecific reactions, the presence or
absence of these factors should be recognized in interpret-
ing the results. In this study, no participant had concomitant
autoimmune diseases. According to the instructions of the
manufacturer, when negative and positive samples contain-
ing endogenous interfering substances were measured and
compared to each control sample, no effect was found on
the measurement results.

The limitation of this study was that we did not mea-
sure SARS-CoV-2 IgM and IgG levels due to its retrospec-
tive design. Pregnant women were diagnosed with COVID-
19 by SARS-CoV-2 PCR on nasopharyngeal swabs per-
formed at the health center before maternal serological test-
ing. Accordingly, we could not investigate which antibody
caused interference that resulted in false CMV IgM positiv-
ity and the correlation between CMV IgM index and SARS-
CoV-2 IgM and IgG titers. As Japanese law required a 2-
week quarantine period during the COVID-19 pandemic,
all pregnant women underwent serological testing at least
2 weeks after contract COVID-19. Thus, as all pregnant
women already likely experienced seroconversion at the
time of the first visit at obstetric facilities, the SARS-CoV-2
IgG was presumed to be an interfering substance.

In this study, we did not include the case of vertical
transmission among the COVID-19-infected group. Thus,
it remains unknown whether COVID-19 contributes to ver-
tical transmission of CMV. Yamada et al. [20] showed that
a threatened premature delivery was a risk factor for con-
genital CMV infection in pregnant women with nonprimary
CMYV infection. Although there are several factors that con-
tribute to premature delivery, the inflammatory response
can also cause premature delivery. They speculate that bac-
terial infection at the fetomaternal interface, such as at the
decidua and villi, activated the latent virus in the uterus
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[20]. It may be possible that inflammation of the decidua
and villi due to SARS-CoV-2 could trigger vertical trans-
mission of CMV. In such cases, CMV IgM may be posi-
tive with SARS-CoV-2 infection. However, it remains un-
known whether severely affected individuals with COVID-
19 who develop cytokine storm are also infected with CMV
or have CMV reactivation. A major primary defense mech-
anism of the innate immune response against viruses is the
complement system [21,22]. Although the main function
of the complement system is to protect the host from in-
vading viruses, its overactivation plays a role in COVID-
19 pathogenesis. The complement system can be activated
via three different pathways (i.e., classical, lectin, and alter-
native). Overactivation of the complement system via the
lectin pathway caused a cytokine storm and vasculitis in pa-
tients with severe COVID-19 [23,24]. Thus, CMV, which
latently infects vascular endothelial and macrophage-based
cells, can be reactivated by COVID-19. Further investiga-
tions are warranted to elucidate this process.

The CMV IgM index was significantly higher in preg-
nant women with a history of COVID-19 compared with
those without a history of COVID-19. However, there
were no significantly different variables between the groups
when CMV IgM and IgG Al were included into the multi-
variate model. The results indicate that the IgG Al was a
confounding factor for the CMV IgM index. Moreover, the
reason that the standard deviation of the CMV IgM index
was higher than the point estimate (mean) for all subgroups
was also due to a confounding factor.

5. Conclusions

High prevalence of false IgM positivity was observed
among women who contracted COVID-19. The IgM in-
dex of pregnant women with IgM false positivity was high.
Caution should be exercised in interpreting CMV IgM in-
dices in pregnant women with a history of COVID-19.

Abbreviations

Al, avidity index; COVID-19, coronavirus disease
2019; CMV, cytomegalovirus; IgG, immunoglobulin G;
IgM, immunoglobulin M; SARS-CoV-2, severe acute res-
piratory syndrome-coronavirus 2.
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