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n INTRODUCTION

Four types of influenza virus - A, B, C and D - 
exist, with type A and B mostly causing sea-

sonal epidemics. According to the World Health 
Organization (WHO), pregnant women are at in-
creased risk for complications from influenza, be 
it seasonal or pandemic [1]. 
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Pregnancy is an immunomodulating and immu-
nosuppressive state that subjects pregnant 
women to increased risk of illness when infect-
ed with influenza virus with its consequential 
high morbidity and mortality especially in the 
second and third trimesters [2, 3]. This is usually 
as a result of combination of pregnancy-specific 
immune changes arising from physiological and 
anatomical alterations (including fluid imbal-
ance, alteration of metabolic processes and lung 
volume) that often affect upper and lower res-
piratory tracts. Pregnant women accounted for 
5-6% of influenza related hospitalizations and 

Nigeria is the most populous African nation in the 
world having a population of over 200 million with lit-
tle or no data on maternal influenza and its co-morbid-
ities. In most developing countries, there is paucity of 
data for prioritization of strategies for the prevention 
and control of influenza with possible co-morbidities 
common in pregnancy. We therefore investigated re-
cent infection of seasonal influenza virus with co-infec-
tion of malaria parasitaemia and typhoid fever in preg-
nant women in Lagos State, Nigeria. A descriptive 
hospital-based cross-sectional study was designed ac-
cording to the Consortium for the Standardization of 
Influenza Seroepidemiology (CONSISE) guidelines in 
6 public health institutions between July 2016 and Oc-
tober 2018. Enzyme Immunoassay (Demeditec, Ger-
many) was used to detect IgM specific antibodies to 
influenza A (H1N1) and (H3N2). P-values were deter-
mined with Chi-square using GraphPad Prism, USA.
Demographic characteristics of the patients showed 
median age of 29 (mean 29.3; mode, 28; and range, 
18-45) years. Out of 182 pregnant women screened, 
103 (56.6%) were IgM seropositive for influenza A. 
Patients with underlying diseases accounted for 72%, 
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approximately three-times higher compared to 28% 
without underlying disease. Co-infection was detect-
ed with malaria parasitaemia (54%), typhoid fever 
(50.5%), and malaria and typhoid fever (33%). The 
most commonly reported symptoms were fever, cold, 
dizziness, swollen legs, and cough. Age group 21-30 
years was the most affected while patients from 
densely populated area had the highest seropreva-
lence. This study revealed that seasonal influenza cir-
culates with co-morbidities in pregnant women in 
Lagos. This may exacerbate their immunosuppressed 
state and lead to complication in pregnancy. Apt 
treatment of influenza-like illness should be consid-
ered in such women. Furthermore, there is need for 
enhanced surveillance including monitoring of the 
potential transmissibility of influenza to the foetus 
and newborns. We therefore recommend sturdy ad-
vocacy on preventing exposure to influenza virus, its 
optimal early diagnosis, vaccination and disease 
management in pregnancy.

Keywords: influenza virus, seroepidemiology, ELISA, 
malaria parasitaemia, typhoid fever.
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deaths in the last influenza pandemic of 2009 
with those in the classical group of 18-29 years 
accounting for 29% of the hospitalizations and 
16% of deaths [4, 5]. 
In Nigeria, there is little or no data on maternal 
influenza and its co-morbidities. Influenza sur-
veillance in Nigeria is poor due to its weak public 
health infrastructure [6]. It is one of the countries 
in the world where WHO recommendation of in-
fluenza vaccination in pregnant women at any 
stage of pregnancy is yet to be adopted. Despite 
the disposition of Nigerians to receive influenza 
vaccination as earlier reported by Fatiregun et al., 
the entire population including pregnant women 
and healthcare workers are generally not vacci-
nated against influenza [7]. 
Non-usage of personal protective equipment 
(PPE) (face mask, hand-gloves, etc.) by health-
care practitioners in public primary healthcare 
institutions (consisting majorly of nurses and 
mid-wives), due to lack of information and 
awareness on seasonal influenza virus transmis-
sibility in pregnancy is a common phenomenon. 
The lack of hospital infection control measures 
coupled with inadequate risk perception among 
community institution healthcare workers may 
aid in the transmission of seasonal influenza vi-
rus from infected individuals to already immu-
nocompromised pregnant women [8-11]. 
Serological surveillance remains a vital compo-
nent of influenza virus monitoring tool that can 
provide epidemiological data on recent and past 
infection by measuring specific antibodies. How-
ever, previous studies on influenza virus in the 
country have only been conducted in the general 
population or in children [12-19]. To our knowl-
edge, no published information has been reported 
on influenza virus in pregnancy in Nigeria. Also, 
information on untreated comorbidities of tuber-
culosis, HIV, malaria and others with influenza in 
pregnancy is scarce in Africa [20]. Data on inci-
dence of seasonal influenza with underlying dis-
eases in pregnancy in low- and middle-income 
countries are needed to inform public health poli-
cy makers [21]. 
Hence, this study was aimed at solving the com-
munal problem of lack of data on influenza virus 
in pregnant women in our environment by se-
roepidemiological investigation of influenza vi-
rus along with possible co-morbidities in Lagos, 
Nigeria.

n PATIENTS AND METHODS

We designed a prospective hospital-based cross- 
sectional seroepidemiological study according to 
the Consortium for the Standardization of Influ-
enza Seroepidemiology (CONSISE) guidelines 
[22]. This research was performed in accordance 
with the ethical standards laid down in the 1964 
Declaration of Helsinki (as amended) of the World 
Medical Association. Ethical approval was ob-
tained from the Lagos State University Teaching 
Hospital Health Research and Ethics Committee 
(approval reference no: LREC.06/10/1030), and 
the Research, Ethics, Experimentation and Grant 
Review Committee of the College of Medicine of 
the University of Lagos (approval reference no: 
CM/COM/08/VOL.XXV).
Six public health institutions from Agbado-Ijaiye, 
Ebute-Metta, Iba, Ikorodu, Ikotun, and Ojo were 
visited between July 2016 and October 2018 (Fig-
ure 1). 
A total of 182 blood samples were collected by 
venipuncture from unvaccinated pregnant wom-
en having influenza-like illness. The concept of 
the research was explained while patients’ verbal 
and written consents were obtained. Structured 
interview questionnaire was used to obtain epide-
miological data including: age, sex, date of sam-
ple collection, location, clinical signs/symptoms, 
while results of malaria and typhoid fever labora-
tory diagnoses were extracted from the patients’ 
case records. Part of the eligibility criteria was the 
recruitment of age of 18 years and above, and 
only pregnant women defined as pregnant indi-
viduals at the time of onset of influenza symp-
toms. Influenza-like illness was defined in-line 
with that of the World Health Organization 
(WHO). Five [5] ml of whole blood sample were 
aseptically and carefully collected from each of 
the patients and gently transferred into plain ster-
ile blood containers (Silver Health Diagnostics) 
and were stored in Giostyle sample coolers (Quat-
tro Elle, Italy) containing dry ice packs before they 
were transported to the laboratory. Laboratory 
analysis was performed at the Department of Mi-
crobiology (Virology Research) Laboratory, Lagos 
State University, Ojo. Clear sera were obtained 
and aliquoted into sterile plain cryovials after 
centrifuging the samples at 4000 rpm for 5-10 
minutes. The sera were then frozen away at -30°C 
(Bruhm, China) until ready to use. Commercially 
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available Enzyme Immunoassay (Demeditec, 
Germany) was used to determine human Immu-
noglobulin M (IgM) specific antibodies to influen-
za A (H1N1) and (H3N2) according to the manu-
facturer’s instructions with little modifications 
(Figure 2). The patients’ results were compared 
with supplied standards and controls and inter-
preted based on the kit standard curve as recom-
mended by the manufacturer.
Descriptive statistics was performed on raw epi-
demiological and demographic data entered into 
Microsoft excel 2013 while Chi-square was used 
to calculate p-values for comparable parameters 
using GraphPad Prism version 8.0.1 (244), San 
Diego, USA.

n RESULTS

Our overall data showed that out of the 182 
pregnant women, 103 (56.6%) were immuno-
globulin M (IgM) seropositive for influenza A 
(H1N1) and (H3N2) subtypes. Pregnant women 
with underlying diseases accounted for 72% 
(74/103) recent (IgM) influenza infection, ap-
proximately three-times higher compared to 28% 
(29/103) pregnant women without any underly-
ing disease having influenza infection. Influenza 
viral co-infection was detected in 56/103 (54%) 
of pregnant women having malaria parasitae-
mia, followed by 52/103 (50.5%) seroprevalence 
in patients having typhoid fever and the least 
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Figure 1 - Study area and the distribution of sampled locations in Lagos State. 

 

 

 

 

Figure 1 - Study area and the distribution of sampled locations for influenza in pregnancy in Lagos State.
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IgM seropositivity of 34/103 (33%) in those hav-
ing co-infection of malaria parasitaemia and ty-
phoid fever (Figure 3). The clinicians had malar-
ia and typhoid rapid diagnostic test results for 
pregnant care without influenza testing, and as 
such were not aware about influenza coinfection 
in pregnancy.
The most commonly reported symptoms in preg-
nant women having influenza co-infection with 
underlying diseases were fever, weakness, cold, 

dizziness, swollen legs (oedema), and cough (Fig-
ure 4).
Demographic characteristics of the patients 
showed median age of 29 (mean 29.3; mode 28; 
and range, 18-45) years. Our results showed that 
influenza, and its coinfection in pregnant women 
did not increase with age. Notably, no influenza 
co-infection was detected in the age group 41-50 
years neither was it increased among the preg-
nant women less than 20 years of age. Pregnant 
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Figure 2 - Enzyme Immunoassay Quantitative determination of human IgM specific antibodies 
to influenza A (H1N1) and (H3N2). 
 

 

 

Figure 3 - Distribution of influenza, malaria parasitaemia, and typhoid fever in pregnant women 
in Lagos, Nigeria. 

Absorbance was read at 450 nm in < 10 minutes using a bi-chromatic microplate reader (Emax precision, 
Molecular Devices, USA).

l00 mL of stop solution was dispensed into each well including the substrate blank to terminate the reaction. 

l00 mL of TMB substrate was pipetted into all the wells, including substrate blank. The plate was then covered 
with the adhesive sealer and incubated in the dark at 27°C for 20 minutes.

The plate was covered with adhesive sealer and incubated at 27°C for 30 minutes. The wells were emptied, 
washed, and dried as described above. 

100 mls of enzyme conjugate was added to the wells. Leaving the substrate blank well empty. 

The wells were emptied and washed (x3) with 300 μl diluted washing buffer while the tips were gently tapped on 
absorbent paper to remove remnant buffer. Bubbles were avoided to ensure effective washing. 

The plate was covered with an adhesive sealer and incubated at room temperature (27°C) for 60 minutes. 

100 mL each of the diluted (1:101) samples, ready-to-use standards and controls were pipetted into the microplate 
wells, leaving one empty. 
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Figure 2 - Enzyme Immuno-
assay Quantitative determina-
tion of human IgM specific an-
tibodies to influenza A (H1N1) 
and (H3N2).

Figure 3 - Distribution of in-
fluenza, malaria parasitaemia, 
and typhoid fever in pregnant 
women in Lagos, Nigeria.
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women in the age group 21-30 years were the 
most infected, having prevalence of 54%, 33%, 
32% and 22% for influenza, co-infections of influ-
enza with malaria, influenza with typhoid, and 
influenza with malaria and typhoid respectively 
(Figure 5).
Influenza monoinfection, and coinfection with ty-
phoid fever were detected in all the months 
throughout the study period. The month of Sep-
tember, 2018 recorded the highest influenza IgM 

seroprevalence of 29% (30/103), with 23/103 
(22%) and 18/103 (17.5%) for co-infections of in-
fluenza with typhoid, and influenza with malaria 
and typhoid respectively while the least incidence 
of influenza 4/103 (3.9%) was reported in the 
month of July, 2016. The observable difference 
was statistically significant (p=0.004). Patients 
from densely populated area of Ojo had the high-
est seroprevalence to all infections (Table 1) with 
statistical significance of p-value= 0.003. Interest-
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Figure 4 - Common clinical symptoms in pregnant women positive for influenza, malaria and 
typhoid fever in Lagos. 
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Figure 5 - Age (yrs) Distribu-
tion of Pregnant women pos-
itive to influenza, malaria and 
typhoid in Lagos, Nigeria

Figure 4 - Common clinical symptoms in pregnant women positive for influenza, malaria and typhoid fever in Lagos.
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Figure 5 - Age (yrs) Distribution of Pregnant women positive to influenza, malaria and typhoid 
in Lagos, Nigeria 

 

 

Table 1 - Epidemiological parameters of pregnant women seropositive to influenza, malaria 
parasitaemia and typhoid fever in Lagos 
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ingly, the two pregnant healthcare workers re-
cruited in this study were both seropositive to in-
fluenza virus.

n DISCUSSION

In Nigeria, influenza and malaria are common 
causes of hospital visits in pregnancy and signifi-
cant burden on pregnant women and the limited 
health facilities in the country. Seasonal and pan-
demic influenza can lead to serious complications 
in pregnant women [3, 23]. One systematic review 
covering 30 years of seasonal influenza epidemi-
ology in Africa revealed that influenza accounted 
for up to 25% of all outpatient hospital visits [21]. 
The presence of influenza virus in a susceptible 
host usually elicits humoral immune response via 
antibody generation [24]. The antibody can be 
readily measured against two influenza viral 
component: surface glycoproteins (HA and NA), 
and internal proteins (nucleocapsid and matrix). 
This study found a high rate of infection with in-
fluenza A (H1N1) and (H3N2) subtypes in preg-
nant women in Lagos, Nigeria. This is however 
low compared to the previous work reported by 
David-West and Cooke that reported a very high 
seroprevalence of between 80% and 95% in all the 
age groups tested against influenza virus in 

Ibadan, Nigeria [18]. Incidence of influenza virus 
in pregnant women reported in our finding is 
three-fold higher than influenza virus isolated in 
non-pregnant adult patients with acute respirato-
ry tract infection elsewhere in Nigeria [12]. None 
of the pregnant women had previous vaccination 
(self-reported) to influenza due to non-availabili-
ty of influenza vaccine in Nigeria just like in 
many other low- and middle-income countries. 
The detection of IgM antibodies to influenza vi-
rus is an indication of current infection with wild 
strains of the virus among the already immuno-
compromised group of population. Previous 
studies have shown that pregnant women are 
prone to viral infections and their consequential 
diseases [25, 26]. 
Remarkably, pregnant women with underlying 
diseases of malaria parasitaemia and typhoid fe-
ver accounted for 72% influenza infection, ap-
proximately three-times higher compared to 28% 
pregnant women without any underlying disease 
having influenza infection. This fact causes no 
surprise as both malaria and typhoid fever have 
been reported to impair the immune defense [27-
29]. The result is similar to the work of Louie, 
Acosta that reported risk factors for complications 
of influenza other than pregnancy [30]. This find-
ing however disagrees with the position of Rooth 

Table 1 - Epidemiological parameters of pregnant women seropositive to influenza, malaria parasitaemia and 
typhoid fever in Lagos

Epidemiological 
Parameter

Malaria 
(M)

Typhoid 
(T)

Influenza 
(I)

I+M I+T I+M+T
P-value

(χ2)

Period 0.004

Jul-2016 4 2 4 2 1 0

Aug-2016 9 10 23 5 6 0

Sep-2016 0 3 9 0 2 0

Oct-2016 2 6 8 1 1 0

Sep-2018 36 32 30 24 23 18

Oct-2018 37 33 29 24 19 16

Location 0.003

Ebutte-Metta 4 2 4 2 1 0

Agbado-Ijaiye 8 9 19 4 2 0

Ojo HC 38 36 31 25 24 19

Iba HC 35 29 28 23 18 15

Ikorodu 3 7 12 2 5 0

Ikotun 0 3 9 0 2 0
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and Bjorkman that infection with one pathogen 
may suppress expression of another [31].
Co-infections with malaria and or typhoid fever 
were common in pregnant women with influen-
za. Although different studies have shown syner-
gistic and syndemic associations between diseas-
es [32, 33], this is the first report of influenza, ma-
laria parasitaemia and typhoid fever coinfection 
in pregnancy.
Although dizziness and swelling of leg are com-
mon signs in pregnancy, fever, cold and cough 
may help differentiate influenza infection from 
other symptoms and signs of pregnancy [34]. Pol-
ymicrobial interactions with the immune system 
can happen especially in pregnancy and can re-
sult in serious perinatal consequences. Other 
studies have identified influenza as a leading 
cause of febrile morbidity in Africa [35, 36].
Pregnant women aged 21-30 years with influenza 
were most likely to have co-infections with ty-
phoid and malaria. This may be due to the fact 
that most pregnant women are in the peak child-
bearing age of 21-30 years. Our finding however 
demonstrated low or no co-infection of influenza 
with malaria and typhoid fever in pregnant wom-
en at the two extreme age brackets of <20 years 
and 41-50 years respectively.
Infections were most prevalent in patients from 
densely populated areas. Lagos is a major busi-
ness hub in Africa and one of the most populated 
cities in the world with over 21 million people. It 
is made up of five divisions including: Badagry, 
Epe, Ikeja, Ikorodu, and Lagos Island [37]. As re-
ported elsewhere, overcrowding in big cities is 
considered a possible risk factor in the epidemiol-
ogy of influenza [38]. Our finding further agrees 
with the WHO assertion that seasonal influenza 
viruses spread with rapid transmission in crowd-
ed locations [1]. The cough or sneeze of an infect-
ed person disperses infectious particles capable of 
spreading up to one meter while viral load of 
more than 5 microns can infect susceptible per-
sons in close proximity of 3 feet [39].
This study has some limitations. It did not report 
the trimester stages of the pregnant women con-
sidered for the study. Prospective molecular data 
from this cohort will help to better understand the 
occurrence of seasonal influenza viral infection in 
pregnant individuals in Nigeria. However, this 
study is a pointer to the need for influenza vacci-
nation in pregnant women in order to prevent the 

unbearable pain and likely fatal effect of influenza 
in pregnancy in both malaria and typhoid endem-
ic environment.

n CONCLUSION

This study provided epidemiological data on re-
cent infection of influenza virus in unvaccinated 
pregnant women. It has added new findings to 
influenza virus serosurvey by detecting its coin-
fection with malaria parasitaemia and typhoid 
fever in pregnant women. The data obtained 
demonstrated that pregnant women with under-
lying diseases of malaria parasitaemia and ty-
phoid fever are three-times at higher risk than 
pregnant women without any underlying dis-
ease. When further compared to previous study, 
our investigation revealed influenza virus detec-
tion in pregnant women, 3-fold higher than influ-
enza virus isolated in non-pregnant patients with 
acute respiratory tract infection. The prevalence 
from different public health institutions among 
medium and low-income earning population 
highlights the need for further epidemiological 
studies throughout Nigeria, including monitor-
ing of the potential transmissibility to the fetus 
and newborns. Apt treatment of influenza-like 
illness should be considered in such women. We 
therefore recommend sturdy advocacy on pre-
venting exposure to influenza virus, its optimal 
early differential diagnosis, vaccination prior and 
in pregnancy, and disease management that will 
facilitate prompt therapeutic interventions, ap-
propriate infection control measures, reduced risk 
of secondary infections, and most importantly, 
optimize patient care in pregnancy.
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