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Abstract: Active maternal cytomegalovirus (CMV) infection is the bedrock of congenital CMV with its debilitating
sequelae. Information on socio-biologic predictors of active maternal infection in southwest Nigeria is lacking. However,
modifying locality-specific risk factors could reduce the burden of CMV. The aim of the study is to identify the socio-biologic
determinants for active maternal CMV infection in a Nigerian setting. Using a cross-sectional design, ELISA kits were
employed to quantify the anti-CMV IgG and IgM antibodies in the sera of consecutive antenatal attendees at the Ekiti State
University Teaching Hospital (EKSUTH), Nigeria. Among the respondents, 23 (12.4%) were seropositive for both anti-CMV
IgG and IgM antibodies. The regression analysis showed that the likelihood of being seropositive for both anti-CMV IgG and
IgM antibodies was predicted by having a child less than 5 years old (adjusted OR: 5.53; 95% CI: 1.08 — 28.30; p = 0.04),
while those who were skilled workers were least likely to be seropositive for both antibodies (adjusted OR: 0.06; 95% CI: 0.01
—0.95; p =0.04). Also, infection with cytomegalovirus was associated with pre-eclampsia (adjusted OR: 0.03; 95% CI: 0.002
—0.41; p = 0.01). High prevalence of active maternal CMV infection was noted from the study, and this was associated with
pre-eclampsia and caring for children under-5. Educating pregnant non-immune women about CMV and its prevention,
coupled with the improvement in socio-economic status of the populace can reduce the burden in low-resource settings.
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negative impact on the quality of life of the affected toddlers
and their parents [2, 3].

Pregnant women can be infected with CMV when they
come in contact with the saliva or urine of an infected young
child, or during sexual intercourse just before or during
pregnancy [4]. Mother-to-child transmission of CMV is
mainly the result of primary maternal CMV infection.
However, there is increasing evidence that non-primary
infections (usually following re-activation of a latent
endogenous virus or re-infection by a viral strain from an
exogenous source which differs from the previous strain in
epitopes of envelope glycoproteins) could lead to

1. Introduction

Cytomegalovirus (CMV) is the commonest cause of
intrauterine viral infection, occurring in 0.2% to 2.2% of all
live births. Congenital CMV is the leading infectious cause
of mental retardation and sensori-neural deafness globally
[1]. About 20% to 30% of the neonates with symptomatic
congenital infection will die from coagulopathy, hepatic
dysfunction, or secondary bacterial infection [1]. The
economic burden of congenital CMV in the United States
was estimated at $1.86 billion per year, with enormous



26 Awoleke Jacob Olumuyiwa et al.: Socio-biologic Predictors of Active Cytomegalovirus Infection
Among Pregnant Women in a Low-resource Setting

symptomatic and severe neonatal/childhood outcomes [5, 6].

The best methods of establishing a diagnosis of maternal
CMV infection are serological tests and virology. Once
seroconversion to CMV in a previously seronegative woman
is detected, a diagnosis of primary CMV infection can be
made [1, 7]. However, since a documentation of
seroconversion is rarely made (because women are not
usually screened before pregnancy), the detection of CMV
IgM has been used as a marker of active or recent CMV
infection. Thus, the simultaneous detection of both CMV-
IgG and IgM in a screen-naive pregnant woman may
represent a primary infection [7].

Although the debilitating effects of congenital CMV are
well-known from studies [1, 8, 9], clinicians and public
health officials are still struggling to translate this knowledge
into health promotion messages and protocols that can
prevent CMV infections (in both mothers and their babies) in
our environment. Up till date, in the developing countries, the
burden of congenital CMV remains unknown because of the
non-availability of reliable data [10]. Could the rate-limiting
step be the poor understanding of the socio-biologic
predictors of primary/non-primary CMV infection in our
setting? Identifying the predictors of CMV infection in our
locality would guide the development of preventive strategies
to modify these socio-biologic determinants, thereby
reducing the prevalence of the disease in our environment.
This is the aim of this study.

2. Methods

This study was conducted in the antenatal clinics of the
Ekiti State University Teaching Hospital (EKSUTH), Ado —
Ekiti, Ekiti State, between January 1st and March 31st, 2017.
EKSUTH is the only state-owned tertiary health facility,
serving the population within Ekiti State and its environs,
who are majorly of Yoruba extraction.

During the study period, information about CMV was
provided to pregnant women as part of their prenatal
instructions. All antenatal attendees who consented to
screening were interviewed using a proforma. The details
required included age, parity, level of education, marital
status, occupation, had a child below the age of 5, history of
miscarriages, intrauterine fetal demise and neonatal death.
Results of 75gm oral glucose test (which was universally
administered to pregnant women in our institution) were
documented. Pre-eclampsia was defined as a blood pressure
of > 140/90 mmHg on two occasions > 6 hours apart after 20
weeks of gestation, with proteinuria > 2+ by dipstick testing

on a mid-stream urine specimen.

Thereafter, venous blood was obtained from each of the
women and separated. The sera (initially stored at -20°C
before sample analysis) were then assayed for CMV-specific
immunoglobulin G (IgG) and immunoglobulin M (IgM)
using separate enzyme-linked immunosorbent assay (ELISA)
test kits (Rapid Diagnostics, Delhi, India) according to the
manufacturer’s specifications. Each kit included a micro-
plate already pre-coated with anti-human CMV antibodies.
After diluting the samples, the micro-plate was treated with
Sul of the diluted samples and incubated for 30minutes at
37°C. Any CMV antibodies present were captured by the
solid phase.

After washing off all the unbound components in the
wells, 100ul of the conjugate (containing enzyme-conjugated
recombinant CMV antigens) was added to the sample wells
of the micro-plate, and incubated again for 30 minutes at
37°C. This was to detect the presence of CMV IgG and IgM
antibodies in the samples.

After a second washing, 50ul each of Substrate A and
Substrate B were added to all the wells, and the micro-plate
was incubated at 37°C for 10 minutes. The enzymes acted on
the mixture to generate an optical signal (blue) that was
proportional to the amount of CMV IgG and IgM antibodies
present in the sample. The enzymatic reaction was stopped
by the addition of 50ul of an acid stop solution, producing a
yellow colour in wells with positive samples. Test results
were obtained by measuring and comparing the absorbance
reading of the wells of the samples against the standards with
a micro-plate reader at 450/630 — 700nm within 30minutes.
The discriminatory values that identified the negative and
positive populations were chosen in line with the manual’s
instructions.

The data obtained were entered into, and analyzed using
the Statistical Package for Social Sciences version 20 (IBM
SPSS, Chicago, USA). The results were expressed as a
frequency table, and multivariate logistic regression analysis
was employed for inferential purpose. The observed
differences were adjudged to be significant when the p value
was < 0.05.

3. Results

A total of 185 pregnant women were enrolled during the
study period. Of these women, 41 (22.2%) were seronegative
for CMV, while 23 (12.4%) were seropositive for both anti-
CMYV IgG and IgM antibodies (Table 1).

Table 1. Seroprevalence of antibodies to CMV in the respondents, n = 185.

Antibodies Frequency (%) Explanation

IgG (), [gM (-) 41 (22.2) Non-immune; at risk of primary infection
IgG (), [gM () 121 (65.4) Previous exposure to CMV

IgG (+), IgM (+) 23 (12.4) Primary or non-primary active infection
Total 185 (100)

Table 2 showed the socio-biologic characteristics of the
respondents. Three (1.6%) of the respondents were at the

extremes of childbearing age, seven (3.8%) were single,
while 71 (38.4%) were nulliparous women. Although 24
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(13%) were unemployed, 155 (83.8%) of the respondents Characteristics Frequency (%)
were educated up to the tertiary level. About half of them Occupation
(49.2%) had children below the age of 5 years; five (2.7%) Studeml ; éj (55-362)
and .6 (3.2%) of the respondents had .pre—eclampsia and Bﬁzgﬁezye 63 E3 4:1;
previous history of neonatal death respectively. Semiteiiikd 60 (32.4)
The regression analysis with socio-biologic variables as Skilled 22 (11.9)
co-variates was displayed in Table 3. The likelihood of being Marital status
seropositive for both anti-CMV IgG and IgM antibodies was ;}ngl_ed 17(;(%9)6 -
. . . . arrie o
predicted by 0havmg a child less than 5 years pld (adjusted 1 1) child below 5 years
OR: 5.53; 95% CI: 1.08 — 28.30; p = 0.04), while those who 94 (50.8)
were skilled workers were least likely to be seropositive for Yes 91 (49.2)
both antibodies (adjusted OR: 0.06; 95% CI: 0.01 — 0.95; p = History of miscarriages
0.04). Also, recent infection with cytomegalovirus was g 167 (30.3)
associated with pre-eclampsia (adjusted OR: 0.03; 95% CI: ;{es L . . 1807
revious intrauterine fetal demise
0002*041, p= 001) No 174 (94.1)
Yes 11 (5.9)
Table 2. Characteristics of the respondents, n = 185. Previous neonatal death
Characteristics Frequency (%) o LD
Age (years) Yes . . . 6(.2)
<19 1(0.5) Iiestatlonal Diabetes Mellitus 152 (98.4)
(6) d
Sy 2D Yo 209)
Earity Pre-eclampsia
0 71G8.4) No 180 (97.3)
1-4 114 (61.6) Jes 227)
Level of Education
< Secondary 30 (16.2)
Tertiary 155 (83.8)
Table 3. Logistic regression analysis of predictors of CMV infection.
Characteristics l‘f:::tfvjz/[(:;;gG *1gM NEETE Adjusted OR 95% C. I. p value
Age (years)
<19 0 (0) 1 (100) 1.00
20-39 23 (12.6) 159 (87.4) 4.457E8 0.00 - o 1.00
>40 0 (0) 2 (100) 3.09 0.00 - o 1.00
Parity
0 9(12.7) 62 (87.3) 1.00
1-4 14 (12.3) 100 (87.7) 0.95 0.33-2.71 0.93
Level of Education
< Secondary 4(13.3) 26 (86.7) 1.00
Tertiary 19 (12.3) 136 (87.7) 0.92 0.20-4.17 0.91
Occupation
Student 4(25) 12 (75) 1.00
Unemployed 2(8.3) 22 (91.7) 0.17 0.02—1.68 0.13
Unskilled 10 (15.9) 53 (84.1) 0.30 0.05-1.89 0.20
Semi-skilled 6 (10) 54 (90) 0.16 0.02-1.19 0.07
Skilled 1 (4.5) 21 (95.5) 0.06 0.01 —0.95 0.04*
Marital status
Single 2(28.6) 5(71.4) 1.00
Married 21 (11.8) 157 (88.2) 3.01 0.28 —32.98 0.37
Had a child below 5 years
No 12 (12.8) 82 (87.2) 1.00
Yes 11 (12.1) 80 (87.9) 5.53 1.03-28.30 0.04*
Miscarriages
No 20 (12) 147 (38) 1.00
Yes 3(16.7) 15 (83.3) 0.53 0.13-2.11 0.37
Intrauterine Fetal Demise
No 22 (12.6) 152 (87.4) 1.00
Yes 19.1) 10 (90.9) 7.22 0.33-155.91 0.21
Neonatal Death
No 23 (12.8) 156 (87.2) 1.00
Yes 0(0) 6 (100) 1.444E8 0.00 - o 0.99

Gestational Diabetes Mellitus
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Anti-CMV IgG + IgM

Characteristics

Adjusted OR 95% C. 1. p value

Positive (%) Negative (%)
No 22 (12.1) 160 (87.9) 1.00
Yes 1(33.3) 2 (66.7) 0.17 0.01 —2.52 0.20
Pre-eclampsia
No 20 (11.1) 160 (88.9) 1.00
Yes 3 (60) 2 (40) 0.03 0.002 —0.41 0.01*

* significant at p < 0.05

4. Discussion

The high prevalence of CMV infection noted in this study
is similar to what obtains in many developing, low- and
middle-income countries (LMIC) [11-15]. Some of the
world’s highest birth rates and largest populations are found
in these LMIC. With the ubiquitous nature of CMV, it means
that the cumulative figures of babies with CMV infection in
these nations may be enormous [10].

Curiously, a significant proportion of the congenital CMV
cases in developing nations result from non-primary
infections, whose aetio-pathogenetic processes are less well
understood when compared with primary maternal CMV
infections [10]. Although the transmission rates and infection
sequelae are higher with primary infections [16], non-
primary infections are commoner, and thus, are likely to
contribute significantly to the total cases of congenital CMV
[17-19]. In low-resource settings such as ours, facilities for
both diagnosis and therapy are not widely available. Since
there is no effective vaccine against CMV, emphasizing basic
hygiene instructions and health promoting measures to
uninfected and paradoxically, even seropositive pregnant
mothers, appears to be the approach to adopt in other to
prevent maternal infections/re-infections [19-22].

The data from this study showed that 12.4% of the women
were seropositive for both anti-CMV IgG and IgM antibodies.
This is similar to 8.1% from a Kenyan study, but much higher
than 1.7% found by Korean investigators [11, 13], and could
represent either primary or recurrent maternal CMV infection.
Although variability exists in the appearance/persistence of
IgM antibodies after primary maternal infection, and in the
sensitivity/specificity of commercial testing kits, the
concomitant finding of both anti-CMV antibodies should spur
further evaluation [7]. Rates of transmission of CMV after
primary maternal infection is about 35% (between 20% and
75%), and < 2% after non-primary/recurrent infection; higher
figures have been documented in LMIC with high prevalence
of CMV infection [23]. Since universal screening of pregnant
women for CMV infection is currently not recommended [24],
selected populations of pregnant women could be targeted for
public health interventions in places with higher prevalence of
the disease, in other to reduce the infection and transmission
rates.

We observed that women with under-5 toddlers were more
likely to be seropositive for CMV antibodies. This has been
globally acknowledged [23, 25-29], especially in some
LMIC, where CMYV infection rates can climb to 100% in
early childhood [23]. In seronegative mothers, infection rates

of about 50% per year have been documented when their
infants and toddlers were shedding CMV [30, 31]. Hygiene
instructions to pregnant mothers regarding contact with urine
of infants/toddlers (during diaper change) and saliva (during
direct kissing of children) reduced the rate of CMV infection
from 42% to 6% in a previous study [32].

Our study also revealed that pregnant women who were
skilled workers were least likely to have CMV infection.
Naturally, this group of workers would occupy the top
stratum of the socio-economic ladder. Though results from
demographic studies have been conflicting, CMV infection
and transmission rates occur less commonly in middle- and
upper-income populations in developed nations [33-36].

A novel relationship between active maternal infection
with CMV and pre-eclampsia was highlighted by our study.
This had not been discussed in the literature before now.
Authors have however, suggested the possibility of an
infectious aetiology for pre-eclampsia [37-39]. Whether this
relationship is causal or casual remains to be determined by
further studies.

Presently, there is no consensus on universal screening for
CMV in pregnancy, no effective vaccine for CMV, and
routine treatment of pregnant women with hyperimmune
globulin or antiviral agents to prevent congenital CMV
infection is currently not recommended. Thus, primary
preventive measures will constitute the mainstay of
management of CMV for now. When pregnant women are
targeted for primary prevention, there is evidence that CMV
infection can be reduced by 80% [7].

This study is not without limitations. Discrimination
between primary and recurrent CMV infection was not
undertaken. Also, the longitudinal component of screening
the mother-baby pairs for confirmation of vertical
transmission was not included because of limited resources.
Multicentre studies with greater statistical power and
longitudinal design will be needed to achieve these goals.

5. Conclusion

More than one-tenth of the population studied were
actively infected with CMV. Until vaccination against CMV
becomes a reality, hygiene and health instructions on the
prevention of CMV should be provided to non-immune
women who are, or intend to get pregnant, especially those
with pre-school age children under age 5. This should be
complemented with welfare packages that will improve the
general socio-economic well-being of the populace. Larger
multicentre studies should be conducted to identify other risk
factors of CMV infection, and women who could benefit
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from targeted public health interventions.
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