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Introduction. Zika virus (ZIKV) infection during pregnancy can result in severe outcomes for both the pregnant
woman and the developing fetus.

The objective of this study was to investigate the prevalence of Zika virus infection among pregnant women who
sought healthcare services at Ahmadu Bello University Teaching Hospital.

Materials and methods. Serum samples were collected and analyzed using Enzyme Linked Immunoassay and
RT-gPCR methods, while a structured questionnaire was used to gather relevant information about the participants.
Results. The results showed that 53 out of the 180 pregnant women tested positive for Anti-Zika IgM antibodies,
which represents a 29.4% prevalence rate. Subsequent RT-gPCR analysis found that only 6 out of the 53 positive
samples contained Zika virus RNA. Fever and headache were the most commonly reported symptoms related to
the infection.

Conclusion. These findings indicate a potential outbreak of Zika fever in Northern Nigeria emphasizing the impor-
tance for pregnant women to take precautions to avoid getting infected.
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YactoTa BbisiBneHus IgM-aHTuten k Bupycy 3uka y 6epeMeHHbIX

XeHwwuH B CeBepHon Hurepuun
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“Kadpegpa meguumHbl, YHuBepcuteT Axmagy Benno, 3apua, wrat KagyHa, Hurepus;

SKadbenpa akyLiepcTBa v ruHekonorum, YHueepcutet Axmagy benno, 3apua, wrat KagyHa, Hurepus;

SKadbenpa akywepctsa u ruHekonormm, YuebHas 6onbHuua YHueepeuteta Axmagy benno, 3apua, wrat KagyHa, Hurepus;
"Kacbenpa BHyTpeHHMX 6onesHen, YuebHasn 6onbHuua YHnsepcuteta Axmagy benno, 3apua, wrat KagyHa, Hurepus

BBepeHue. 3apaxeHune Bupycom 3uka (ZIKV) Bo Bpems 6epeMeHHOCTU MOXET NPUBOAMTL K TSXKeNbIM nocnea-
CTBMAM KaK AN mMatepu, Tak 1 Ans passuBatoLLerocs nrnoaa.

Llenbo gaHHOro uccrnefoBaHus SIBASNOCh onpeaeneHne pacnpoctpaHeHHocTn ZIKV-nHdekunn cpean 6epemen-
HbIX XXEHLLMH, 0OpaTMBLUNXCA 32 MEOMLIMHCKOM NOMOLLbIO B Y4ebHyto 6onbHuLy YHuBepcuteta Axmagy benno.
MaTepuanbl 1 metoabl. CobpaHHble 06pasLbl CbIBOPOTKU KPOBW OblNM NMpOTECTUPOBaHbI METOAAMWU UMMYHO-
depmeHTHOro aHanmaa n OT-MNUP, ana cbopa cooTeTcTBYIOLWEN MHOPMaLMM 006 yyacTHMKaX uccrnegoBaHus
ncnonb3oBanack CTPyKTypupoBaHHas aHKeTa.

Pesynbrathbl. 13 180 o6cnegoBaHHbIX 6EpeMEHHBIX XeHLWMH 53 Oblnn nonoxuteneHeiMy no aHTu-ZIKV IgM, va-
cToTa BbisiBreHus coctaBuna 29,4%. Tonbko 6 13 53 cepono3uTuBHbIX 06Pa3LOB ObiNM NONOXUTENbHLIMU MO
PHK ZIKV npu nocnegytowem tectuposaHum B OT-TLP. lluxopagka v ronosHasi 6onb Obinn Hanbonee Yactbimm
CUMMTOMaMM, CBA3AHHLIMU C UHMEKLMEN.

3akntoyeHue. MonyyeHHble faHHbIe YKa3biBalT Ha BO3MOXHYIO BCMbILLKY nmuxopagku 3uka B CesepHon Hurepuum,
4YTO NOAYEPKMBAET BAXHOCTb NPUHATUSA GEPEMEHHBLIMU XEHLLMHAMN Mep NPEeAOCTOPOXHOCTU BO n3bexaHue 3a-
paxeHus.

KnioueBble cnoBa: 3apaxeHue supycom 3uka; Huzepusi; obcrniedosaHue bepemerHbix; MAC-ELISA; RT-qPCR;
aHmu-ZIKV IgM anmumena
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®duHaHcupoBaHue. ViccnegoBaHve BbIMOMHEHO 3a cyeT [ocyaapcTBeHHOro broaxeTa.

KoHdnukT nHTepecoB. ABTOpbI 3aBNSAIOT 06 OTCYTCTBUM NOTEHLMANbHbLIX KOH(IIMKTOB MHTEpecoB

OTnyeckoe yTBepxKAeHMe. ViccnegoBaHme NpoBoaniock Npy 4o6poBorbHOM MHPOPMUPOBAHHOM COrMacun NaLneHTOB.
MpoTokon nccnenoBaHust ogobpeH KoMmMTeToM Mo 9TMKe MEANLIMHCKUX nccnegoBaHunin YuebHor 6onbHuLbl YHBepcuTe-
Ta Axmagy benno (Mpotokon Ne ABUTHZ/HREC/W16/2022).

Moctynuna 04.02.2023

MpuHsTa B nevatb 05.04.2023
Ony6nukosaHa 30.04.2023

Introduction

The incidence of Zika virus (ZIKV) infection in preg-
nant women is a growing global concern. Given the po-
tential serious consequences of ZIKV infection during
pregnancy for the developing fetus, measuring the preva-
lence of ZIKV antibodies among pregnant women is cru-
cial. Nigeria, an African country, has a history of Zika
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infection dating back to 1975 [1]. The country’s dense
population and large number of economically disadvan-
taged people are said to be a significant facilitator of
ZIKV spread [2]. Furthermore, due to the country’s high
burden of other mosquito-borne illnesses, such as den-
gue, malaria and numerous others, the clinical diagnosis
of ZIKV infecrtion is difficult [3].
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ZIKV infection in adults present as conjunctivitis, mild
fever, headache, skin rash and diarrhoea [4]. However, in
severe cases, arthralgia, Guillain—Barre syndrome and car-
diovascular anomalies could occur [4]. ZIK Vinfection, if
contracted during pregnancy, can lead to severe outcomes
for both the mother and the unborn child [5]. ZIKV man-
ifestations in neonates often result in congenital micro-
cephaly, optic neuropathy and congenital glaucoma, ven-
triculomegaly and lissencephaly [6, 7]. ZIKV infection
during pregnancy is associated with a range of serious
birth defects [7]. The highest risk of these birth defects
occurs when a woman contracts ZIKV during the first tri-
mester of pregnancy [6]. However, it should be noted that
even if the infection occurs in later stages of pregnancy,
there is still a risk of birth defects. Pregnancy infections
are a known cause of low birth weight, small-for-gesta-
tional-age neonates and premature delivery [7]. Preterm
and small-for-gestational-age infants are at a greater risk
of morbidity and death in infancy and early childhood, as
well as chronic illness, such as cardiovascular disease, later
in life [7]. The Center for Disease Control and Prevention
recommends that pregnant women avoid traveling to are-
as where the virus is actively spreading. Those who visit
such areas should take precautions to avoid being bitten by
mosquitoes. Furthermore, pregnant women residing in, or
having visited areas with active ZIKV transmission, should
undergo testing the antibodies specific for the virus or virus
RNA, even if asymptomatic [6]. ZIKV infection has been
linked to decreased birth weight, small-for-gestational-age
neonates, and preterm delivery in recent studies. In a case
series of 87 newborns with microcephaly and congenital
ZIKV infection in Brazil, it was reported that 29% of the
newborns were small-for-gestational-age, although no
small-gestational-age neonates were detected in a cohort
of 54 mothers with confirmed prenatal ZIKV infection
[8, 9]. Preterm birth rates ranged from 7-15% in cohorts of
pregnant women infected with ZIKV from Brazil and the
United States [8§—11]. In 2016, the overall frequency in the
United States was 9.9% [12].

It is worth noting that the full impact of ZIKV on preg-
nancy is still unknown, and more research is needed to
fully understand the dangers and implications of ZIKV
infection during pregnancy [13]. Nevertheless, it is clear
that infection with ZIKV during pregnancy can have se-
rious consequences, and expectant mothers must take the
necessary precautions to avoid contact with the virus [5].
In order to safeguard fetal health, it is important to measure
the prevalence of anti-ZIKV antibodies in pregnant wom-
en. Information on the ZIKV prevalence can help health
authorities better understand the spread and impact, as well
as implement effective prevention and control strategies.

This study aimed to investigate the presence of an-
ti-ZIKV IgM antibodies in the serum of pregnant women
attending the Ahmadu Bello University Teaching Hospital.

Materials and methods

Ethical Consideration

The Health Research Ethics Committee of Ahmadu
Bello University Teaching Hospital granted ethical ap-
proval (ABUTHZ/HREC/W16/2022). All participants
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provided informed consent in accordance with the Hu-
man Experimentation Standards and the Declaration of
Helsinki of 1975, as revised in 2000. This was achieved
by having all participants recruited for the study sign an
informed consent form.

Study Design

This was a hospital-based cross-sectional study of
pregnant women attending Ahmadu Bello University
Teaching Hospital in Zaria, North-West Nigeria.

Sample Population and Size

The study involved pregnant women who visited the
antenatal units of the hospital and provided their in-
formed consent to participate. Recruitment of participants
occurred during their routine hospital visits. The sample
size was calculated using Fischer’s formula for cross-sec-
tional study design to be 59 but increased to 180, using
the prevalence of 4% reported by Mathe et al. (2018) [14].

Data collection

Participants’ sociodemographic information (sex, age,
educational level, occupation, and residential area) and
medical information (gravidae, gestational age, ZIKV
infection-related symptoms, history of mosquito bites,
and history of arboviral infection) were collected using
structured questionnaires. To collect the data, face-to-face
interviews were used.

Sample collection

Venous blood was drawn from study participants’ an-
tecubital veins by placing a tourniquet on the upper arm
and tightening it enough to prevent venous return. The
site of blood collection was sterilized with 70% alcohol
and dried with sterile gauze. The vein was then punctured
with a sterile needle attached to a syringe, and blood
was obtained through gentle suction as the tourniquet
was gradually removed. The needle was then removed,
and 3 mL of blood was gently dispensed into a plain tube.
After that, the tube was properly labelled with the partic-
ipant’s identification number. Sera were separated from
blood samples by allowing the blood to clot at room tem-
perature before centrifuging it at 2500 rpm for 10 min-
utes. It was then placed in cryovials and stored at —20 °C
until laboratory analysis.

Sample analysis

VIRCELL Microbiologists Zika ELISA IgM (cata-
logue number: M1023) was used to screen the separated
serum samples for the presence of anti-ZIKV IgM anti-
bodies. Before use, the reagents were brought to room
temperature for an hour. The plates were then removed,
and four control wells were determined for the two cut-
off controls, positive and negative. The serum dilutions
were homogeneously mixed with the controls and sam-
ples in the microplate wells, followed by incubation,
washing, and the addition of IgM conjugate, substrate,
and stop solutions. Within an hour of stopping, the op-
tical densities of the plates were determined using an
ELISA plate reader at 450/620 nm. Following the manu-
facturer’s instructions, the mean optical densities of the
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cut-off serum were determined first, and the outcome
of each of the remaining wells was calculated using the
formula below:

(Sample optical density / mean optical density of cut-
off serum) x 10 = Antibody Index.

Samples with an index greater than or equal to 11 were
considered positive, while samples with an index less
than or equal to 9 were considered negative, and samples
with an index between 9 and 11 were retested.

Following the screening of serum samples obtained
from pregnant women using the anti-ZIKV IgM ELISA
procedure, PCR was used to detect Zika virus RNA in
seropositive samples using primers targeting the mem-
brane protein gene (forward primer: CCGCTGCCCAA-
CACAAG; reverse primer: CCACTAACGTTCTTTTG-
CAGACAT).

Statistical Analysis

The questionnaire data and laboratory analysis results
were entered into Microsoft Excel and analysed with
GraphPad Prism 5. Graphs and tables were used to pres-
ent and compare quantitative variables, and chi-square
and p-values were calculated. The statistical significance
level was set at P 0.05.

Results

This study included 180 pregnant women who were
recruited from the Ahmadu Bello University Teaching

Table 1. The prevalence of ZIKV IgM seropositivity in the study
population

IgM Konmescir;lg l(?gpasuos %
Positive / [TonoxuTensHble 53 29.4
Negative / OtpunarensHble 127 70.6
Total / Bcero 180 100

Table 2. Seroprevalence of ZIKV IgM and sociodemographic variables

Hospital, located in Zaria, which is situated in the North-
West region of Nigeria. The age of participants ranged
from 19 to 48 years old, with the majority (34.5%) being
under the age of 30. The proportion of urban residents
was 71.7% higher than the proportion of rural residents.
Despite mostly having a tertiary education, 46.7% of the
participants were unemployed. Medical records indicat-
ed that singleton pregnancy was common among par-
ticipants, but the majority were in the second trimester
and had given birth to two or more children. Enquiries
about mosquito bites revealed that most participants had
not been bitten by a mosquito in the past 30 days and the
majority had no history of arboviral disease. Headache
and fever were the most common symptoms among par-
ticipants.

Anti-ZIKV immunoglobulin M antibodies (ZIKV IgM)
were detected in serum samples obtained from recruited
participants using an enzyme-linked immunoassay pro-
cedure. Among the 180 analyzed samples, 53 were sero-
positive, resulting in a prevalence 0of 29.4% (table 1). The
age group 31-48 years had the highest seroprevalence
(32.6%), while the age group 30 years or less had the low-
est seroprevalence (26.6%). The prevalence was 34.1%
among urban residents and 17.7% among rural residents.
Seroprevalence by Education and Occupation was high-
est in participants with only primary school education
(45.5%) and unemployed (35.7%), as shown in table 2.

The seroprevalence was recorded only in those with
a singleton pregnancy based on pregnancy information.
However, participants in the third trimester (33.3%) and
primipara (39.2%) had the highest seroprevalence. The
seroprevalence based on mosquito bite history was high-
est (35.7%) among those who were unaware of mosquito
bite in the last 30 days. The seroprevalence of participants
based on history of arboviral diseases showed a preva-
lence of 36.2% in those with a history of arboviral infec-
tions and a prevalence of 27.1% in those without a history
of arboviral infections (table 3).

No tested (%)
(out of a total of 180 examined)

Seropositive (from 180)

Prevalence (from 53) Significance (p-value)

Variables J10CTOBEPHOCTD OTIIHYMIA
Yucno nporecTupoBaHHbIX (%) Yucno cepono3uTUBHBIX YacToTa BbISIBICHUSA
(ot o61ero yucna, n = 180) (snaenue p)
Age / Bozpact
<30 94 (52%) 25 26.6% 0.5357
>31-48 86 (48%) 28 32.6% -
Residence / MecTo npo:kHBaHUsI
Rural / Ceno 51 (28.3%) 9 17.7% 0.1097
Urban / I'opox 129 (71.7%) 44 34.1% -
Education / O6pa3oBanue
None / OtcyTcTByeT 6 (3.3%) 1 16.7% 0.8097
Primary / HauansHoe 11 (6.1%) 5 45.5% -
Secondary / Cpennee 39 (21.7% 11 28.2% -
Tertiary / Beiciiee 124 (68.9%) 36 29.0% -
Employment Status / Craryc 3aHsiTOCTH
Employed / Paborator 96 (53.3%) 23 24.0% 0.2150
Unemployed / be3paborHbie 84 (46.7%) 30 35.7% -
Total / Bcero 180 (100%) 53 — —
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Variables No tested (%) Seropositive Prevalence Significance (p-value) .
XﬂpaKTepI/ICTI/IKI/I ‘Iucno Yucno CEPOITO3UTUBHBIX YacToTa BBISIBIICHUS HOCTOBepHOCTB OTIHHHH
TIPOTECTUPOBAHHBIX (%) (3HaYeHHUE p)
Type of Pregnancy / Tun 6epemenHocTn
Singleton / OnHorutonHast GepeMEeHHOCTh 170 (94.4%) 53 31.2% 0.38
Twin / JIBoiins 5(2.8%) 0 0% -
Triple / Tpoiins 1 (0.6%) 0 0% -
Other / Ipyroe 4(2.2%) 0 0% -
Gestational Age / I'ecranimonHblii Bo3pact
0-13 30 (16.7%) 5 16.7% 0.4211
14-26 84 (46.7%) 26 31.0% -
27-40 66 (36.7%) 22 33.3% -
Parity / bepemennocTs
Nulliparous / Heposxasime 16 (8.9%) 3 18.8% 0.3743
Primiparous / IlepBoponsinue 51 (28.3%) 20 39.2% -
Multiparous / IToBropHOpOAsIIHE 113 (62.8%) 30 26.5% -
History of Mosquito Bite / Hanu4mne ykycoB MOCKHTOB B aHAMHe3e
Yes / [la 67 (37.2%) 15 22.4% 0.4446
No/Her 43 (23.9%) 13 30.2% -
Unknown / HeussectHo 70 (38.9%) 25 35.7% -
History of Arboviral Diseases / Hannune apooBupycHbIX 3a00/1eBaHHI B aHAMHe3e

Yes / [la 47 (26.2%) 17 36.2% 0.3875
No/Her 133 (73.8%) 36 27.1% -
Total / Bcero 180 (100%) 53 - —

Only six of the fifty-three samples that tested positive
for anti-Zika IgM antibody were positive for ZIKV RNA,
while the remaining forty-seven samples were negative,
according to molecular analysis using RT-qPCR (table 4).

Discussion

Given the importance of preventing complications and
hazards that arise during pregnancy, maternal and child
health remains a public health priority. The current study,
which screened pregnant women at Ahmadu Bello Uni-
versity Teaching Hospital, found an overall ZIKV sero-
prevalence of 29.4% among study participants. This find-
ing was higher than those of Oderinde et al. (2020), who
investigated the prevalence of locally undetected acute
flavivirus infections in North-East Nigeria, and Sani et
al. (2022), who conducted a serological study to detect
ZIKV infection among HIV-infected pregnant women in
a North-Western State of Nigeria [15, 16]. The prevalence
rates of 22 and 4.5% were obtained in both studies, but
this variation could be attributed to differences in study
location and participants employed in the study.

When examining socio-demographic variables, the
highest prevalence of 32.6% was found among partici-
pants over 30 years of age. Although this age group can
still be referred to as childbearing age, a Puerto Rican
study examining risk factors for ZIKV and Chikungun-
ya infections found the highest prevalence in a similar
older childbearing age group [17]. Nonetheless, the find-
ings can be attributed to the age skewness of the study
participants employed. The participants from urban areas
had a higher prevalence of 34.1% than those from rural
areas. This study’s findings were consistent with those of

Ticona et al. (2021) [18]. Although it is widely assumed
that ZIKV infection is more prevalent in rural areas, rapid
urbanisation, the presence of urban slums, and econom-
ically disadvantaged urban residents may all contribute
to an increase in ZIKV infection prevalence. The partic-
ipants’ educational status revealed that those with only a
primary education had the highest prevalence of 45.5%.
In a seroprevalence study in peninsular Malaysia and Sa-
bah, Khoo et al. (2022) also discovered higher prevalence
rates among those with lower education status [19]. The
striking similarities could be attributed to a lack of proper
orientation and comprehension of the importance of arbo-
virus vectors in their environment. The unemployed par-
ticipants were found to have a higher prevalence rate than
the employed participants. The study’s 35.7% prevalence
rate contradicts the findings of Anejo-Okopi (2020) in a
Nigerian study of ZIKV among HIV positive and HIV
negative pregnant women [20]. This disparity could be
attributed to differences in the study populations recruited
for both studies.

According to the analysis of study participants’ med-
ical information, the prevalence was only recorded
among participants with a singleton pregnancy but was
highest among participants in their third trimester; this
finding is consistent with those of Anejo-Okopi (2020),
who observed a similar result among pregnant women
in the study. Regardless of the trimester, pathogenesis
of the virus is destructive. Primiparous participants had
the highest prevalence of 39.2% based on parity. Pre-
vious studies, such as Cooper et al. (2019) and Shen et
al. (2021), have linked primiparity to an increased risk
of microcephalic cases in fetuses [7, 21]. This study al-
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Table 4. Seroprevalence of ZIKV IgM and Symptomatic Characteristics

No tested Seropositive Significance (p-value)
Symptoms Prevalence .
Uucno nporectu- | Ywuceio ceporio- J10CTOBEPHOCTD OTIINYUH
CHUMIITOMBI POBaHHbBIX SHUTHBHEIX YacToTa BEISBICHUS (3Ha‘{eHI/Ie p)
None / OrcyTcTBOBaNU 36 (20%) 4 11.1% 0.1778
Fever / JIuxopazaka 30 (16.7%) 14 46.7% -
Rash / Cbinbp 2 (1.1%) 0 0.0% -
Conjunctivitis / KOHbIOHKTUBHT 2 (1.1%) 1 50.0% -
Conjunctivitis + joint pain + headache + muscle pain / 1 (0.6%) 1 100.0% -
KonsbronkTusuT + 60715 B CycTaBax + rojJoBHast 60ib +
MblIIe4Hast 00J1b
Joint pain / bonb B cycraBax 11 (6.1%) 4 36.4% -
Headache / Tonoenas 6016 60 (33.3%) 16 26.7% -
Muscle pain / MbIegnas 60116 18 (10%) 6 33.3% -
Fever + joint pain + headache / JIuxopaaxa + 601 B 1 (0.6%) 0 0.0% -
cycTaBax + rosoBHas 00Jb
Joint pain + headache / bons B cycraBax + romoBHas 1 (0.6%) 0 0.0% —
601b
Joint pain + headache + muscle pain / Bonb B cycraBax 2 (1.1%) 0 0.0% -
+ ronoBHas 060Jb + MblIIICUHAsE 00JIb
Fever + headache / Jluxopazka + ronosHast 606 9 (5.0%) 2 22.2% -
Fever + joint pain / JIuxopaznka + 6onb B cycraBax 2 (1.1%) 50.0% -
Fever + joint + pain + muscle pain / Jluxopazaka + 601b 1 (0.6%) 1 100.0% -
B CycTaBax + 00JIb B MbIIILIAX
Fever + headache + muscle pain / JIuxopazaka + 1 (0.6%) 1 100.0% -
TOJIOBHAs 00JIb + MbIIIeYHast OOJIb
Fever + joint pain +headache / JIuxopaznka + 6015 B 1 (0.6%) 1 100.0% —
cycTaBax + roioBHasi 00Jb
Fever + joint pain + headache + muscle pain / 1 (0.6%) 1 100.0% -
JIuxopazika + 6oib B cycTaBax + rosoBHas 0oib +
MblIIe4Hast 00J1b
Headache + muscle pain / ['ooBHast 60716 + MbIIIeUHAS 1 (0.6%) 0 0.0% -
601b
Total / Bcero 180 (100%) 53 — —

so inquired about a history of mosquito bites and arbo-
viral infections, both of which are known risk factors
for Zika infection. The highest prevalence was found to
be 35.7% and 36.2% among those who could not recall
any recent mosquito bites and those who had previous
arboviral infections, respectively. Despite the fact that
most studies do not allow for the option of being unable
to recall whether they have been bitten by a mosqui-
to, Shaibu et al. (2021) found higher prevalence rates
in pregnant women who were rarely bitten by mosqui-
toes, which appears to contradict the study’s findings
[22]. Although mosquito bites are still the main route
of transmission, there are other routes of transmission
that support the distribution of infection [22]. Based on
history of arboviral infections, Mwayinka et al. (2021),
who investigated the seroprevalence and associated risk
factors of arboviral infections including Zika in Tanza-
nia, found results similar to those obtained in this study
[23]. Antibody Dependent Enhancement (ADE) is a
common occurrence in people who have had previous
arboviral infections. While fever and headache were the
most common symptoms reported by study participants,
participants with one or more ZIKV-related symptoms
had a higher prevalence rate.

Molecular analysis detected ZIKV RNA in six out of
fifty three samples positive for anti-Zika IgM, this equates

122

to 11.3% sero-molecular prevalence. To the best of our
knowledge, this is one of the recent studies to detect ZIKV
RNA in Northern Nigeria since Mathe et al. (2016) who
recorded a low prevalence from pregnant women in North
Central Nigeria.

Conclusion

Infection with ZIKV during pregnancy can have severe
implications for both the pregnant woman and the de-
veloping fetus. The current study conducted on pregnant
women in Nigeria’s northern region found a high preva-
lence of ZIKV infection, indicating a possible outbreak
of the viral infection in the area. Even though the cur-
rent disease burden in Nigeria is unknown, it is clear that
ZIKV infection during pregnancy can have serious con-
sequences, and pregnant women must take precautions to
avoid infection.

REFERENCES

1. OtuA.A.,Udoh U.A,, Ita O.1,, Hicks J.P., Ukpeh I., Walley J. Preva-
lence of Zika and malaria in patients with fever in secondary health-
care facilities in south-eastern Nigeria. Trop. Doct. 2019; 50(1):
22-30. https://doi.org/10.1177/0049475519872580

2. Theonu C., Urama N.E. Addressing Poverty Challenges in Ni-
geria, African Heritage Institution; 2019. Available at: https://
www.africaportal.org/publications/addressing-poverty-chal-
lenges-nigeria/



BOMPOCHI BUPYCOJIOTUU. 2023; 68(2)
DOI: https://doi.org/10.36233/0507-4088-162

10.

11.

12.

13.

Kura I.S., Ahmad H., Olayemi LK., Solomon D., Ahmad A.H., Sal-
im H. The status of knowledge, attitude, and practice in relation to
major mosquito borne diseases among community of Niger State,
Nigeria. African J. Biomed. Res. 2022; 25: 339-46. https://doi.
org/10.4314/AJBR.V2513.9

Hussain A., Ali F., Latiwesh O.B., Hussain S. A comprehen-
sive review of the manifestations and pathogenesis of Zika virus
in neonates and adults. Cureus. 2018; 10(9): €3290. https://doi.
org/10.7759/cureus.3290

Marban-Castro E., Goncé A., Fumadd V., Romero-Acevedo L.,
Bardaji A. Zika virus infection in pregnant women and their chil-
dren: A review. Eur. J. Obstet. Gynecol. Reprod. Biol. 2021; 265:
162-8. https://doi.org/10.1016/J.EJOGRB.2021.07.012

CDC. For Pregnant Women. Zika virus. Pregnancy; 2018. Available
at: https://www.cdc.gov/zika/pregnancy/index.html

Cooper H.J., Iwamoto M., Lash M., Conners E.E., Paladini M.,
Slavinski S., et al. Maternal Zika virus infection: Association
with small-for-gestational-age neonates and preterm birth. Ob-
stet. Gynecol. 2019; 134(6): 1197-204. https://doi.org/10.1097/
AO0G.0000000000003577

Meneses J.D.A., Ishigami A.C., de Mello L.M., de Albuquerque
L.L., de Brito C.A.A., Cordeiro M.T., et al. Lessons learned at the
epicenter of Brazil’s congenital Zika epidemic: Evidence from 87
confirmed cases. Clin. Infect. Dis. 2017; 64(10): 1302-8. https://
doi.org/10.1093/cid/cix166

Nogueira M.L., Nery Junior N.R.R., Estofolete C.F., Bernardes Ter-
zian A.C., Guimardes G.F., Zini N., et al. Adverse birth outcomes
associated with Zika virus exposure during pregnancy in Sao José
do Rio Preto, Brazil. Clin. Microbiol. Infect. 2018; 24(6): 646-52.
https://doi.org/10.1016/j.cmi.2017.11.004

Brasil P., Pereira J.P., Raja Gabaglia C., Damasceno L., Wakimo-
to M., Ribeiro Nogueira R.M., et al. Zika virus infection in preg-
nant women in Rio de Janeiro — preliminary report. Obstet. Gy-
necol. Surv. 2016; 71(6): 331-3. https://doi.org/10.1097/01.0gx.
0000483239.08585.8d

Hoen B., Schaub B., Funk A.L., Ardillon V., Boullard M., Cabié A.,
et al. Pregnancy outcomes after ZIKV infection in French territories
in the Americas. N. Engl. J. Med. 2018; 378(11): 985-94. https://
doi.org/10.1056/nejmoal 709481

Martin J.A., Hamilton B.E., Osterman M.J K., Driscoll A K., Drake
P. Births: final data for 2016. Natl. Vital Stat. Rep. 2018; 67: 1-55.

Block L.N., Aliota M.T., Friedrich T.C., Schotzko M.L., Mean K.D.,
Wiepz G.J., et al. Embryotoxic impact of Zika virus in a rhesus
macaque in vitro implantation model. Biol. Reprod. 2020; 102(4):
806—-16. https://doi.org/10.1093/biolre/i0z236

17.

18.

19.

20.

21.

22.

23.

OPUTUHAJbHbBIE NCCNEAOBAHUA

Mathé P., Egah D.Z., Miiller J.A., Shehu N.Y., Obishakin E.T.,
Shwe D.D., et al. Low Zika virus seroprevalence among pregnant
women in North Central Nigeria, 2016. J. Clin. Virol. 2018; 105:
35-40. https://doi.org/https://doi.org/10.1016/j.jcv.2018.05.011
Oderinde B., Mora-Cardenas E., Carletti T., Baba M., Marcello A.
Prevalence of locally undetected acute infections of Flaviviruses in
North-Eastern Nigeria. Virus Res. 2020; 286: 198060. https://doi.
org/10.1016/j.virusres.2020.198060

Sani N.M., Bello F.A., Dalha S., Dalha S., Abbas M.A., Mujahid N.S.,
et al. Serological detection of Zika Virus infection among HIV infected
pregnant women in Dutse, Jigawa State, Nigeria. Bayero J. Pure Appl.
Sci. 2022; 15: 64-8. https://doi.org/10.4314/bajopas.v15i1.8

Adams L.E., Sanchez-Gonzalez L., Rodriguez D.M., Ryff K., Ma-
jor C., Lorenzi O., et al. Risk factors for infection with chikungun-
ya and Zika viruses in southern Puerto Rico: A community-based
cross-sectional seroprevalence survey. PLoS Negl. Trop. Dis. 2022;
16(6): €0010416. https://doi.org/10.1371/journal.pntd.0010416
Aguilar Ticona J.P., Baig H., Nery N., Doss-Gollin S., Sacramento
G.A., Adhikarla H., et al. Risk of sexually transmitted Zika virus in
a cohort of economically disadvantaged urban residents. J. Infect.
Dis. 2021; 224(5): 860—4. https://doi.org/10.1093/infdis/jiab001
Khoo H.Y., Lee H.Y., Khor C.S., Tan K.K., bin Hassan M.R.,
Wong C.M.,, et al. Seroprevalence of Zika virus among forest fringe
communities in peninsular Malaysia and Sabah: General popu-
lation-based study. Am. J. Trop. Med. Hyg. 2022; 107(3): 560-8.
https://doi.org/10.4269/AJTMH.21-0988

Anejo-Okopi J., Gotom D.Y., Chiehiura N.A., Okojokwu J.O.,
Amanyi D.O., Egbere J.O., et al. The seroprevalence of Zika virus
infection among HIV positive and HIV negative pregnant women
in Jos, Nigeria. Hosts and Viruses. 2020; 7(6): 129-136. https://doi.
org/10.17582/journal.hv/2020/7.6.129.136

Shen S., Xiao W., Zhang L., Lu J., Funk A., He J., et al. Prevalence
of congenital microcephaly and its risk factors in an area at risk
of Zika outbreaks. BMC Pregnancy Childbirth. 2021; 21(1): 214.
https://doi.org/10.1186/s12884-021-03705-9

Shaibu J.O., Okwuraiwe A.P., Jakkari A., Dennis A., Akinyemi
K.O,, Li J., et al. Sero-molecular prevalence of Zika virus among
pregnant women attending some public hospitals in Lagos State,
Nigeria. Eur. J. Med. Heal. Sci. 2021; 3(5): 77-82. https://doi.
org/10.24018/ejmed.2021.3.5.1075

Mwanyika G.O., Sindato C., Rugarabamu S., Rumisha S.F., Kari-
muribo E.D., Misinzo G., et al. Seroprevalence and associated risk
factors of chikungunya, dengue, and Zika in eight districts in Tanza-
nia. Int. J. Infect. Dis. 2021; 111: 271-80. https://doi.org/10.1016/J.
1J1D.2021.08.040

123



	_Hlk126076664
	_Hlk126076768
	_Hlk126077895
	_Hlk126076882
	_Hlk126077083
	_Hlk126076835
	_Hlk126077124
	_Hlk126076664
	_Hlk125386428
	_Hlk125388897
	_Hlk125402600
	_Hlk126076768
	_Hlk126077895
	_Hlk124431389
	_Hlk125408075
	_Hlk126076882
	_Hlk126077083
	_Hlk129705737
	_Hlk129713560
	_Hlk129713042
	_Hlk129713548
	_Hlk129713574
	_Hlk129713833
	_Hlk129713919
	_Hlk129713932
	_Hlk129713951
	_Hlk129713998
	_Hlk129714038
	_Hlk129714067
	_Hlk129714355
	_Hlk129714373
	_Hlk129714385
	_Hlk129714405
	_Hlk129714623
	_Hlk129714643
	_Hlk129714814
	_Hlk129713029
	_Hlk125404358
	_heading=h.2et92p0
	_heading=h.tyjcwt
	_Hlk124432074
	_heading=h.ln0o9di7y086
	_heading=h.np4u0u1o8mie
	_Hlk111468381
	OLE_LINK1
	_Hlk129262818
	_Hlk129266771
	_Hlk128412270
	_Hlk113881778
	_Hlk129362490
	_Hlk113280790
	_Hlk126076664
	_Hlk131582045
	_Hlk106121484
	_Hlk106782681
	_Hlk131610428
	_Hlk126076882
	_Hlk126077083
	_Hlk131610481
	_Hlk131610644
	_Hlk131610731
	_Hlk131611524
	_Hlk131610778
	_Hlk131610880
	_Hlk131610996
	_Hlk131611146
	_Hlk131611158
	_Hlk131611217
	_Hlk131611266
	_Hlk131611302
	_Hlk131611368
	_Hlk126077124
	_Hlk108451531
	_Hlk106984531
	_Hlk106207855
	_Hlk108434283
	OLE_LINK1
	OLE_LINK2
	_Hlk109895455
	_Hlk109055560
	_Hlk109051181
	_Hlk131582032
	_Hlk126076664
	_Hlk126076768
	_Hlk126077895
	_Hlk126076882
	_Hlk126077083
	_Hlk126076835
	_Hlk126077124
	_Hlk126076664
	_Hlk126077895
	_Hlk126076882
	_Hlk126077083
	_Hlk131343892
	_Hlk126076835
	_Hlk126077124
	_Hlk131346017
	_Hlk131345676
	_Ref127357671
	_Ref131162030
	_Hlk126076664
	_Hlk127367320
	_Hlk124345091
	_Hlk119914924
	_Hlk106176520
	_Hlk127737938
	_Hlk127740781
	_Hlk127735946
	_Hlk127398446
	_Hlk128340759
	_Hlk128333362
	_Hlk128340860
	_Hlk126076768
	_Hlk126077895
	_Hlk126076882
	_Hlk126077083
	_Hlk124421317
	_Hlk126076835
	_Hlk127430988
	_Hlk127431315
	_Hlk126077124
	_Hlk127736403
	_Hlk127926716
	_Hlk127736638
	_Hlk127346031
	_Hlk102656661
	_Hlk127924849
	_Hlk128263730
	_Hlk127889419
	_Hlk130301894
	_Hlk130304076
	_Hlk128263288
	_Hlk130307090
	_Hlk126077083
	_Hlk126321055
	_Hlk126321064
	_Hlk132809924
	_Hlk126321077
	_Hlk132810126
	_Hlk126321091
	_Hlk132810250
	_Hlk126321106
	_Hlk126321122
	_Hlk126321136
	_Hlk126321153
	_Hlk126321165
	_Hlk132809759
	_Hlk132810023
	_Hlk126320742
	_Hlk126076835
	_Hlk132807096
	_Hlk132810148
	_Hlk126077124
	_Hlk132980113
	_Hlk130814461
	_Hlk126321249
	_Hlk126321267
	_Hlk127367320
	_Hlk126076664
	_Hlk126076768
	_Hlk126077895
	_Hlk132027567
	_Hlk126076882
	_Hlk126077083
	_Hlk132027666
	_Hlk126077124
	_Hlk126076664
	_Hlk133408619
	_Hlk133407714
	_Hlk132027567
	_Hlk126076882

