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ARTICLE INFO ABSTRACT

Keywords: Background: Very limited information is available on SARS-CoV-2 seroprevalence in infants in sub-Saharan coun-
SARS-CoV-2 antibody prevalence tries.

i“f?“ts Objective: In this study, we aimed to determine the rate and the temporal evolution of SARS CoV-2 seropositivity
Malawi

in breastfed Malawian infants.

Study design: Blood samples (n = 250) from 158 infants, born to HIV-negative women and women living with
HIV, collected from February 2020 to May 2021, were first tested using an Anti-IgG/A/M SARS CoV 2 ELISA
assay against trimeric spike protein, and then, if positive, confirmed using a second ELISA assay detecting I1gG
against Receptor Binding Domain.

Results: The confirmed prevalence of anti-SARS CoV-2 antibodies was 31.0% (95% CI: 23.7%-38.3%) with no sig-
nificant difference between HIV-exposed and HIV-unexposed infants (29.3% and 37.1% respectively, P = 0.410).
The presence of anti-SARS-CoV-2 IgG was not associated with maternal socioeconomic or demographic indices.
Conclusions: Our data underline the wide spread of the SARS-CoV-2 infection in the pediatric population in sub-
Saharan Africa. Design of more specific serological tests for African samples and improvements in serosurveillance

programs are needed for more rigorous monitoring of the dynamics of SARS-CoV-2 infection in Africa.

1. Background

The epidemiology of SARS-CoV-2 in sub-Saharan Africa is still poorly
defined in terms of the number of infections and COVID-related deaths.
At the end of January 2022, the African continent accounted for 2.4% of
the global cases and 2.9% of the global deaths [1], with large variations
across different regions. The lack of accountable data on SARS-CoV-2
seroprevalence in most of sub-Saharan Africa is a critical issue at a global
level. Recent reviews of serological studies in African countries revealed
that the pooled prevalence of anti-SARS-CoV-2 antibodies was around
20% with very high heterogeneity, ranging from 0 to 63% [2,3]. The dif-
ferent socio-demographic characteristics of the populations studied and
the different efficiency in the surveillance systems between countries
may be responsible for the marked differences in the seroprevalence
rates. However, the reported data show a wide spread of SARS-CoV-2 in

Africa, despite a lower burden of morbidity and mortality compared to
all other continents [4].

Most of the studies on SARS-CoV-2 seroprevalence in Africa have
been performed in specific community groups such as blood donors,
health workers, police forces and hospitalized patients [5-13]. Addi-
tional information on seroprevalence within particular groups could
therefore be relevant. Only a few studies reported data from infants, who
are a population poorly studied, mostly due to the lack of symptoms of
SARS-CoV-2 infection in the young population [14]. Here we present
data from Malawian infants (from 6 weeks of age to 12 months), whose
blood was collected between February 2020 and May 2021, during a
longitudinal study aimed to define the health status of HIV-exposed and
-unexposed infants.

To date, no clear evidence of a higher incidence of SARS-CoV-2 in-
fection among people living with HIV (PLWH) compared to the general
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population, has been observed in large population-based studies [15-
18]. However, some studies have reported that the lack of HIV viral sup-
pression seems to negatively impact the neutralizing immune response
to SARS-CoV-2 variants [19].

In Malawi policies of SARS-CoV-2 infection containment have been
activated from the end of March 2020 (restriction of public gatherings
and events, closures of schools) [20]; nevertheless, at present less than
3% (about 550.000), over a population of 19 million, has been tested,
resulting in a SARS-CoV-2 prevalence of about 12% [21].

Objective: In this context, the present study aims to determine
the rate and the temporal trends of SARS-CoV-2 seropositivity among
breastfed infants. We do believe that these data can help in defining the
SARS-CoV-2 spread in a representative part of the population in Malawi,
a country where the annual crude birth rate is 33,42 births per thousand
population, and 0-4 years old infants represent 14.3% of the entire pop-
ulation [22].

2. Study design
2.1. Population characteristics

The present sub-study is nested in a larger study (started in Jan-
uary 2019, before the beginning of the SARS-CoV-2 pandemic, aimed to
investigate the impact of maternal HIV infection and ART on exposed
infants under Option B+ in Malawi and to assess the factors influencing
maternal retention in care. The study also includes a cohort of HIV-
negative women and their infants as a control group to compare the
morbidity, mortality and immunological parameters of the infants.

The two cohorts of HIV-infected mothers and their infants (HIV-
exposed uninfected, HEU) and HIV-negative women with their unex-
posed infants (HIV-unexposed uninfected, HUU) were followed with
monthly visits from delivery until 12 months postpartum. All women
(> 18 years of age) were enrolled during pregnancy, between 32 and 36
weeks of gestation, at three different antenatal Clinics: an urban site in
Mandala, and two semi-urban sites in Chileka, and Machinjiri, all in the
Blantyre area. HIV positive (or negative) test documentation was con-
firmed at enrollment when demographic, clinical, and socioeconomic
information was collected. Birth weight and birth length for newborns
were measured within 15 days of delivery.

2.2. Study samples

All the infants (n = 158, HEU=123, HUU =35) with samples collected
after February 1, 2020, were included. Not all the infants had samples
collected at the three time points (6 weeks, 6 and 12 months of age), and
a total of 250 blood samples were available for this study. At 6 weeks
blood was collected by locally trained people from the plantar surface of
the infants’ heel, and Dry Blood Spots (DBS) were prepared and stored at
— 20 °C. At 6 and 12 months, blood was collected from peripheral veins,
and serum samples were stored at — 80 °C. All samples were shipped in
dry ice to the Laboratory of the National Center for Global Health of
the Istituto Superiore di Sanita, where the DBS and serum samples were
stored at —20 °C and —80 °C respectively, until processing.

2.3. Historical samples

A high prevalence of pre-existing serological cross-reactivity against
SARS-CoV-2 has been observed in many studies conducted in sub-
Saharan countries [23,24]. To exclude the cross-reactivity to SARS-CoV-
2 antigens in the samples of the present study, a preliminary serological
study on 95 African samples collected in the pre-pandemic era (2008-
2009) and stored at —80° in our facilities, was performed. Pre-pandemic
negative control plasma samples were obtained from Malawian HEU in-
fants enrolled in an observational study aimed to assess the safety and
efficacy of antiretroviral therapy in Malawian pregnant women living
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with HIV, (SMAC study, ethics approval n. 486, by the National Health
Research Committee of Malawi) [25].

2.4. Enzyme-Linked immunosorbent assays for SARS-CoV-2

DBS elution was performed as previously described [26]. To mini-
mize false-positive results, in this study the analysis of the 250 available
samples (46 dried blood spots and 204 sera) was performed in 2 steps.
In the first step, all samples were tested using the Human Anti-IgG/A/M
SARS-CoV-2 ELISA assay, (The Binding Site Group Ltd, Birmingham,
UK) against SARS-CoV-2 trimeric spike protein. Briefly, all serum sam-
ples were diluted 1:40 with sample buffer diluent and processed accord-
ing to the manufacturer’s instructions. The samples were considered pos-
itive when the result was > 1 [calibrator coefficient x (OD sample/OD
calibrator cut-off)]. In the second step, all positive samples were re-run
using the COVIDSerolndex, Kantaro SARS-CoV-2 IgG Antibody RUO Kit
(R&D Systems, Bio-Techne, Minneapolis, MN, USA), which targets the
Receptor Binding Domain (RBD). According to the manufacturer’s in-
structions, all samples with a cut-off index > 0.7 (OD sample value/ OD
positive control value) were considered positive.

2.5. Statistical analysis

The SPSS software, version 27 (IBM Corp, 2017, Armonk, NY, USA)
was used for statistical analyses. Results are presented as medians with
interquartile range (IQR) and percentages. Demographic and socioeco-
nomic differences between SARS-CoV-2 seropositive and seronegative
infants were evaluated using the y2 test or the Fisher’s exact test when
appropriate for categorical variables, and by the Mann-Whitney U test
for quantitative variables.

2.6. Ethical considerations

Ethical approval was obtained from the National Health Research
Committee in Malawi (approval number #2085), and informed consent
was obtained from all women attending the Ante-Natal Clinics.

3. Results
3.1. ELISA assays for the detection of anti-SARS-CoV-2 antibodies

Among the 95 historical samples analyzed with the assay for the de-
tection of anti-IgG/A/M against the trimeric spike protein (The Binding
Site Company), 8 (8.4%) tested positive. Considering all the historical
samples as “true negative” to SARS-CoV-2, the specificity of this assay
was 87.96%. The 8 positive samples were re-run in the second assay for
IgG against the RBD protein, and all resulted negative.

Based on these premises, we used the same strategy for all the 250
study samples, first testing for anti-IgG/A/M against the trimeric spike
protein (The Binding Site ELISA assay) and, if positive, re-testing with
the second assay targeting RBD. One hundred and three samples (41.2%)
were positive with the first ELISA assay. Of those, only 59.2% of samples
(61/103) were confirmed positive with the second assay against the RBD
protein, while the others (42/103, 40.8%) were negative. There was
large variability in the OD values of the samples positive with the first
assay, ranging from 1.00 to 7.20. However, the samples which were then
confirmed positive with the second assay had a median OD of 3.15 (IQR:
2.01 - 4.53), significantly higher than the median OD of 1.46 (IQR: 1.14
-1.67, p<0.0001), of the samples not confirmed in the second assay. The
147 negative samples a median OD of 0.48 (IQR 0.34 - 0.65) (Fig. 1).).

3.2. Population characteristics

At enrollment, the median age of the 158 pregnant women was 30.3
(IQR: 24.0 - 33.0) years. Ninety-three mothers (58.9%) were living in a



S. Baroncelli, C.M. Galluzzo, S. Orlando et al.

9.00
P<0.0001
T !
& 7.00 A 2 %
d ° o o
2 °
.(B o
2 5.00 - ST
E o o0 o *
@/ ° * OD o
2 ° ¢ g °°
2 3.00 - s =
[} ° o o
% ® o oooo of e
L2 080D o Sog® o
= ﬁ?,.ﬂ—
o 1.00 4 Wl KX
Negative Discordant Confirmed
positive

Fig.1. Optical density of the 250 samples from 158 infants tested by the Binding
Site ELISA targeting trimeric SARS-CoV-2 spike. The samples are categorized as
false positive or confirmed positive on the basis of the results obtained with the
second ELISA assay (R&D Seroindex ELISA).

Table 1
Demographic characteristic of mothers at enrollment and neonatal profile at
birth. Values are expressed as median and IQR or number and percentage.

Enrollment (36 weeks of pregnancy)

N 158

Age (years) 30.3 (24.0 - 33.0)

BMI women 25.5(23.9 - 28.4)
Educational levelNone/primary/secondary or higher =~ 5/65/88 (3.2/41.1/55.7)
EmploymentUnemployed-housewife/employed 106/52 (67.1/32.9)
Residency:Urban/semirural/rural (%) 41/93/24 (25.9/58.9/15.2)
Electricity at home (yes/no,%) 75/83 (47.5/52.5)

Water at home (yes/no,%) 88/70 (55.7/44.3)

HIV status (positive/negative) 123/35 (77.8/22.1)

At delivery

Vaginal delivery (n,%)
Neonatal weight (Kg)
Sex (M/F)

138 (87.3)
3.6 (3.3 -4.0)
79/79 (50.0/50.0)

semirural environment, and almost half of the women had access to wa-
ter (n = 88, 55.7%) and electricity (n = 75, 47.5%). Most of the women
were HIV-positive (n = 124, 78.5%), all receiving antiretroviral ther-
apy from the diagnosis of HIV infection (median 2.0 years, IQR: 0.0 -
7.0). Vaginal delivery was the most common delivery mode (n = 138,
87.3%). One hundred and six (67.1%) births occurred before February
2020, and only 52 pregnancies ended during the pandemic. All infants
born from HIV+ women were negative for HIV infection (HEU infants).
All the mothers exclusively breastfed their infants until month 6, when
95% of the infants were introduced to mixed feeding (maternal milk

Table 2
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and additional food) which was continued until 12 months in 98% of
infants.

The study was affected by the global COVID pandemic, and a high
rate of dropouts was observed. Of the 158 infants included in this study,
20 infants had completed the follow-up, having available samples from
the three-time points (6 weeks, 6, and 12 months). Fifty-two infants
had samples available from two-time points, and 86 infants had only
1 sample available. To determine the seroprevalence rate in the 158
infants, in the case of longitudinal determinations we considered for
each infant the last negative sample tested or the first positive one.

3.3. SARS-CoV-2 IGG seroprevalence in Malawian infants

An overall prevalence of SARS-CoV-2 IgG antibody of 31.0% (95%CI:
23.7% to 38.3%) was found (49/158 infants tested), with no signifi-
cant difference between the two populations of HEU and HUU infants
(36/123, 29.3% and 13/35, 37.1%, respectively, P = 0.410).

The longitudinal monitoring of the 158 infants allowed us to assess
the temporal changes in COVID prevalence in Malawi; the study period
was divided into three different subperiods, independent of infant’s age:
from February to June (first semester of 2020), from July to December
(second semester of 2020) and from January to May 2021 (first semester
of 2021). The results are reported in Table 2. In the first semester of
2020 among the 64 infants tested, the SARS-COV-2 seroprevalence was
26.6% (95% CI: 15.4 - 37.7). None of the 6-week-old infants (n = 12)
was positive for SARS CoV-2, while specific anti-SARS-CoV-2 antibod-
ies were found with a similar proportion in 6 and 12-month-old in-
fants (7/20, and 10/20, respectively). Interestingly, the first two cases of
positivity to SARS-CoV-2 are dated February 2020. The IgG seropreva-
lence during the second period (July - December 2020), which included
samples from 76 infants, mostly 6-12 months old, increased to 34.2%;
(95%CI: 23.3 - 45.1). In the third period, 6 out of 18 (33.3%, 95%CI:
9.2 - 57.5) samples from infants aged 6 or 12 months were positive for
SARS-CoV-2.

The seropositivity to SARS CoV-2 did not differ in the three geo-
graphical areas of Blantyre (Mandala, Chileka, and Machinjiri (31.0%,
22.8%, and 44.9% P = 0.547).

No correlations were found when socio-demographic indicators were
associated with the seropositivity in infants: the maternal factors, such
as employment (p = 0.279), educational level (p = 0.890), or household
water/electricity (p = 0.732 and p = 1.00, respectively) were not associ-
ated to higher prevalence of SARS-CoV2 infection. Similarly, the area of
residence (urban, semi-rural, or rural context, p = 0.500) did not affect
the rate of seropositivity (Table 3).

4. Discussion

In this study, performed in the temporal window between the begin-
ning of the COVID pandemic in 2020 and the spring of 2021, we found
seropositivity to SARS-CoV-2 IgG in 31% of Malawian infants attending
three antenatal clinics in the city of Blantyre (in Mandala, Machinjiri,
and Chileka). These data further confirm that the onset of pandemic in

Prevalence of SARS-CoV-2 IgG in the 158 infants involved in the longitudinal study during the first three
semesters of the COVID-19 pandemic, (from February 2020 to May 2021). The values are expressed as

numbers, percentages and 95%CI.

Prevalence of SARS CoV-2

Infants age at the time of analysis

Time of blood sampling ~ N. positive/N. tested % (95%CI) 6 weeks 6 months 12 months
Feb 2020 - May 2021 49/158 31.0% (23.7 -38.3)  0/14 25/54 24/90
Feb - Jun 2020 17/64 26.6% (15.4 - 37.7) 0/12 7/20 10/32
July - Dec 2020 26/76 34.2% (23.3-45.1)  0/2 16/32 10/42

Jan - May 2021 6/18 33.3.% (9.2 - 57.5) 0/0 2/2 4/16
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Table 3
Correlations between infants seropositivity for SARS-CoV-2 and socio-
demographic characteristics of their mothers. Values are expressed as ab-
solute numbers and percentages. Chi-square test was used for statistical
analysis.

SARS-CoV-2 Ab SARS-CoV-2 Ab P values
Negative, n (%) Positive, n (%)

HIV status (n, %)
HUU infants 22 (62.9) 13 (37.1) 0.410
HEU infants 87 (70.0) 36 (29.3)

Employment
Housewife/unemployed 32 (29.9) 20 (39.2) 0.279
Employed 75 (70.1) 31 (60.8)

Educational status
None/Primary 47 (43.9) 23 (45.1) 0.890
Secondary or above 60 (56.1) 28 (54.9)

Residency
Urban 26 (24.3) 15 (29.4) 0.500
Semirural 64 (59.3) 29 (56.9)
Rural 17 (15.9) 7 (13.7)

Electricity at home
No 56 (53.2) 27 (59.9) 1.000
Yes 51.0 (47.7) 24 (47.1)

Water at home
No 46 (43.0) 24 (47.1) 0.732
Yes 61 (57.0) 27 (52.9)

the African continent started in the first months of 2020; the first COVID-
19 case in Africa was officially reported in Egypt in February 2020 [27],
but a recent retrospective study conducted in Congo suggested that the
virus was present already in January 2020, before the first official case
[28]. As correctly predicted by initial modeling studies, the strong eco-
nomic relationships, which include large travel volume, between many
African countries, including Malawi, and China could have facilitated
the early exposition to SARS-CoV-2 [29].

In our study, only 52/158 pregnancies ended after February 2020.
Although the first laboratory-confirmed case of COVID-19 in Malawi
was reported on April 2, 2020, in the city of Lilongwe [30], our sero-
logical data strongly suggest that the virus was already circulating in
February 2020, when 2 cases of positivity for SARS CoV-2 IgG were de-
tected in infants samples. It is important to note that all infants in this
study were living in the area of Blantyre, which is the second Malawian
city for population density and is home to an international airport. Pre-
vious studies on COVID-19 diffusion have indicated in the larger cities
the earlier cases of positivity due to the population density and their
direct connectedness to other countries via international travel [31].

The global seroprevalence rate (49 out of 158 infants, 31.0%) that
we found is consistent with other serosurveillance studies in African
countries; Mandolo and colleagues found a dramatic increase in sero-
prevalence among blood donors(range: 18.5% to 64.9%) from differ-
ent Malawian cities, during the period October 2020 - May-2021 [32].
The different seroprevalence rates can be explained by the different
methodological approaches, while the increasing trend in seropositivity
to SARS-CoV-2 is indicative of the global spread of COVID-19 infection
observed in most African countries; in Kenya, SARS-CoV-2 antibodies
prevalence in blood donors increased from 4.3% to 48.5% over 1 year
[33], and positivity to SARS-CoV-2 raised from 10.9% in June 2020 to
54.7% in January 2021 in the rural population in Mali [34]. A recent
surveillance study reported a seroprevalence as high as 48.0% in health
workers in Ethiopian hospitals [35]. The main characteristic of these
studies is that SARS-CoV-2 infections were identified by routine tests,
implying that asymptomatic infections are very common in the African
population.

In our study, considering infants of this age, serology should be in-
terpreted as representative of the exposure of mother/infant dyads; ma-
ternal SARS-CoV-2 IgG are efficiently transferred across the placenta
[36,37] and can be detected in the breastmilk of COVID-19 vaccinated
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and infected women, and transferred to the infants through breastmilk
[38,39]. From the temporal analysis of our data, we hypothesize that
most of the COVID-19 exposures occurred after birth: none of the 6-
week-old infants whose blood was analyzed had reactivity to SARS-
CoV-2 antigens. Although from 6 months of age the infants start to
produce their immunoglobulins, we cannot make assumptions on the
maternal/infant origins of the anti-SARS-CoV-2 IgG that we found, con-
sidering the prolonged breastfeeding in our cohort.

Population-based studies have demonstrated that socioeconomic fac-
tors, such as household infrastructure, access to water and hygiene fa-
cilities [40,41], crowding [42] have a direct impact on COVID-19 in-
fection rates and disease severity. In our cohort we did not find corre-
lations between the presence of SARS-CoV-2 IgG and the demographic,
geographic, or economic indices; the rate of seroprevalence remained
quite stable over time, indicating a more limited exposure to SARS-
CoV-2, probably related to the lower involvement in social activities
of the mother/infant dyads. More importantly, no higher SARS-CoV-2
prevalence was observed in HIV+ mothers/HEU infants compared to
HIV-negative dyads. Considering that the adult rate of HIV prevalence
in Malawi is 8.9%, and the number of infants prenatally exposed to
HIV is estimated to be about half a million, [43,44] these results are
reassuring and support the results of previous studies showing that HIV
infection/exposition does not increase susceptibility to COVID-19 infec-
tion [45,46]. It has to be underlined that in the present study all the
women living with HIV were under long-term antiretroviral treatment
with a good adherence profile, which are protective factors against ad-
verse outcomes of SARS-CoV-2 infection [47].

Similar to other studies, we faced the problem of the aspecific cross-
reactivity of African specimens in the ELISA assays. Although the Bind-
ing Site ELISA assay we used, targeting IgG, IgA IgM against SARS-CoV-
2 Spike, has been successfully used in serosurveillance studies [48,49],
in the analysis on pre-pandemic samples we found that 8.4% of results
were false-positive. Limited specificity of commercially SARS-CoV-2 IgG
ELISAs in the African population has been observed by many authors
[23,24,50-53]; malaria or endemic pathogens have been indicated as
the possible interfering molecules in the ELISA assays [53-55], but un-
til now there is no consensus on the responsibility of the aspecific back-
ground reactivity.

In this study, the aspecific reactivity towards SARS-CoV-2 antigens
has been offset through the use of a second ELISA test with a differ-
ent target antigen, a strategy already suggested by others [56]. The
first serological assay targets the trimeric recombinant spike protein
which presents many immunogenic epitopes and strong immunoreac-
tivity [57,58]. The second assay is based on the antibody detection of
RBD. The Receptor Binding Domain is a small fragment of the spike pro-
tein and may have reduced assay sensitivity compared to a full-length
protein [59], but it is a highly specific target antigen in serological diag-
nostic assays [59,60]. The first assay detected IgG, IgM, and IgA specific
for SARS-CoV-2 infection, and the second was specific only for the IgG
isotype; we, therefore, cannot exclude that some IgM/IgA specific re-
sponses in the first assay (possibly representing early infections) were
lost in the second assay; however, in contrast with the typical serologi-
cal responses, in which IgM response precedes the IgG mount, the onset
of SARS-CoV-2 infection seems characterized by the appearance almost
simultaneous of IgM and IgG antibodies [61,62], and both IgM and IgA
responses are strictly correlated to IgG responses [63,64].

The use of two assays targeting different antigens could be consid-
ered one of the major limits of this study. However, in the lack of spe-
cific serological assays, our method seems to provide reliable results, as
demonstrated by the performance obtained on pre-pandemic samples.

This study has other important limitations; the sample size is limited,
and we did not have the corresponding maternal samples. However, the
determination of maternal serological status would not add essential
information, considering that the main objective of the study was to
determine the spread of the infection. A considerable strength of this
study was the evaluation of the infant population which is usually not
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considered in COVID-19 epidemiological studies although being affected
as well by COVID-19 disease.

In conclusion, our data suggest that SARS-CoV-2 was relatively com-
mon in the city of Blantyre as soon as February 2020. Despite a high sero-
prevalence rate, neither infants nor their mothers reported any symp-
toms, indicating that the infection has continued to spread undetected,
potentially allowing new virus variants to emerge. The investigation
of the real burden of COVID-19 infection in Africa should be a pri-
ority. There is a need for more sensitive and specific antibody assays
for SARS-CoV-2 IgG detection, to allow the implementation of rigorous
surveillance programs to track in real-time the pandemic diffusion in
the African countries.

Authors’ contribution

SB and MG were responsible for the design of the study and drafted
the manuscript. SB was responsible for statistical analysis. CMG de-
signed and supervised the laboratory procedures. SO supervised the im-
plementation of the project. RM, TK and RL were responsible for data
and sample collection at the clinical sites, RA was involved in the labo-
ratory assays. MF and MA contributed to the data acquisition and to the
interpretation of data. PS and MCM contributed to the critical revision
of the manuscript for important intellectual content. All authors read
and approved the final manuscript.

Funding

This work was supported by a grant to the Istituto Superiore di Sanita
from the Italian Agency for Cooperation and Development through the
Global Fund 5% Initiative (Grant n. AID 011,141/03/04) and is an Italy
Independent Activity in the scope of EDCTP2 recorded as Participant
State Initiated Activity - PSIA 2019-2072.

Declardation of Competing Interest

The authors declare that there is no conflict of interest.

Acknowledgments

We thank Alessandra Mattei and Stefania Donnini for providing sec-
retarial help, and Ferdinando Costa and Patrizia Cocco for technical sup-
port. We also wish to thank Bryan Mthiko and Sangwani Salimu for co-
ordinating local sample collection and communications between clinics
and laboratory staff, and Godfrey Nowa Banda and Naomi Botha for
laboratory work in Malawi.

References
[1] WHO, Regional Office for Africa, Weekly Bulletin on Outbreaks
and Other Emergency (2022) Week 417 -23 Januaryavailable at:

https://apps.who.int/iris/bitstream/handle/10665/351164/0EW04-1723012022.pdf
. Accessed Feb 2022.

[2] M.R.O. Chisale, S. Ramazanu, S.E. Mwale, P. Kumwenda, M. Chipeta, A.C. Kaminga,
et al., Seroprevalence of anti-SARS-CoV-2 antibodies in Africa: a system-
atic review and meta-analysis, Rev. Med. Virol. 32 (2) (2022 Mar) e2271,
doi:10.1002/rmv.2271.

[3] H.C. Lewis, H. Ware, M. Whelan, L. Subissi, Z. Li, X. Ma, et al., SARS-CoV-2 infec-
tion in Africa: a systematic review and meta-analysis of standardised seroprevalence
studies, from January 2020 to December 2021, BMJ Glob. Health 7 (2022) e008793,
doi:10.1136/bmjgh-2022-008793.

[4] Y. Lawal, Africa’s low COVID-19 mortality rate: a paradox? Int. J. Infect. Dis. 102
(2021) 118-122, doi:10.1016/4.ijid.2020.10.038.

[5] A.L. Batchi-bouyou, L. Lobaloba, M. Ndounga, J.C. Vouvoungui, C.C. Mfoutou Ma-
panguy, K.R. Boumpoutou, et al., High SARS-CoV-2 IgG/IgM seroprevalence in
asymptomatic congolese in Brazzaville, the Republic of Congo, Int. J. Infect. Dis.
106 (2021) 3-7, doi:10.1016/4.ijid.2020.12.065.

[6] M.G. Chibwana, K.C. Jere, R. Kamng’ona, K.C. Jere, R. Kamng’ona, J. Mandolo, et al.,
High SARS-CoV-2 seroprevalence in health care workers but relatively low numbers
of deaths in urban Malawi, Wellcome Open Res 5 (2020) 199, doi:10.12688/well-
comeopenres.16188.1.

[7] J.H. Kempen, A. Abashawl, H.K. Suga, M. Nigussie Difabachew, C.J. Kempen, Tes-
faye Debele Met al. SARS-CoV-2 serosurvey in Addis Ababa, Ethiopia, Am. J. Trop.
Med. Hyg. 103 (2020) 2022-2023, doi:10.4269/ajtmh.20-0816.

[8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Journal of Clinical Virology Plus 2 (2022) 100110

L.B. Mulenga, J.Z. Hines, S. Fwoloshi, L. Chirwa, M. Siwingwa, S. Yingst,
et al., Prevalence of SARS-CoV-2 in six districts in Zambia in July 2020: a
cross-sectional cluster sample survey, Lancet Glob. Health 9 (2021) e773-e781,
doi:10.1016/52214-109X(21)00053-X.

A. Mveang Nzoghe, M. Leboueny, E. Kuissi Kamgaing, A.C. Maloupazoa Si-
awaya, E.C. Bongho, et al.,, Circulating anti-SARS-CoV-2 nucleocapsid (N)-
protein antibodies and anti-SARS-CoV-2 spike (S)-protein antibodies in an African
setting: herd immunity, not there yet!, BMC Res. Notes 14 (2021) 152,
doi:10.1186/513104-021-05570-3.

J. Kleynhans, S. Tempia, N. Wolter, A. von Gottberg, J.N. Bhiman, A. Buys, et al.,
SARS-CoV-2 Seroprevalence in a rural and urban household cohort during first and
second waves of infections, South Africa, July 2020-March 2021, Emerg. Infect. Dis.
27 (2021) 3020-3029, doi:10.3201/eid2712.211465.

K. Nwosu, J. Fokam, F. Wanda, L. Mama, E. Orel, N. Ray, et al., SARS-CoV-2 antibody
seroprevalence and associated risk factors in an urban district in Cameroon, Nat.
Commun. 12 (2021) 5851, doi:10.1038/541467-021-25946-0.

S.M. Seck, M. Mbow, Y. Kane, M.M. Cisse, G. Faye, A. Kama, et al., Prevalence
of SARS-CoV-2 antibodies in hemodialysis patients in Senegal: a multicenter cross-
sectional study, BMC Nephrol. 22 (2021) 384, doi:10.1186,/512882-021-02582-w.
E.B. Tadesse, A.A. Endris, H. Solomon, M. Alayu, A. Kebede, K. Eshetu, Seropreva-
lence and risk factors for SARS-CoV-2 Infection in selected urban areas in Ethiopia: a
cross-sectional evaluation during July 2020, Int. J. Infect. Dis. 111 (2021) 179-185,
doi:10.1016/}.1jid.2021.08.028.

W.M. Jackson, J.C. Price, L. Eisler, L.S. Sun, J.J. Lee, COVID-19 in pedi-
atric patients: a systematic review, J. Neurosurg. Anest. 34 (2022) 141-147,
doi:10.1097/ANA.0000000000000803.

J.M. Tesoriero, C.E. Swain, J.L. Pierce, L. Zamboni, M. Wu, D.R. Holtgrave, et al.,
COVID-19 outcomes among persons living with or without diagnosed HIV infection
in New York state, JAMA Netw. Open 4 (2021) e2037069, doi:10.1001/jamanet-
workopen.2020.37069.

J. Snyman, S.H. Hwa, R. Krause, D. Muema, T. Reddy, Y. Ganga, et al.,
COVID-19 mechanisms and multi-omics at the intersection of TB and HIV in
KwaZulu-Natal (COMMIT-KZN Team), Clin. Infect. Dis. 75 (2022) e249-e256,
doi:10.1093/cid/ciab758.

M.A. Spinelli, B.L.H. Jones, M. Gandhi, COVID-19 outcomes and risk fac-
tors among people living with HIV, Curr. HIV/AIDS Rep (2022) 1-8,
doi:10.1007/511904-022-00618-w.

G. Favara, M. Barchitta, A. Maugeri, G. Faro, A. Agodi, HIV infection does not affect
the risk of death of COVID-19 patients: a systematic review and meta-analysis of epi-
demiological studies, J. Glob. Health 12 (2022) 05036, doi:10.7189/jogh.12.05036.
S.H. Hwa, J. Snyman, M. Bernstein, Y. Ganga, S. Cele, D. Muema, et al., HIV viremia
is associated with compromised SARS-CoV-2 Beta variant neutralization, J. Infect.
Dis. (2022) jiac343, doi:10.1093/infdis/jiac343.

G.W. Mzumara, M. Chawani, M. Sakala, L. Mwandira, E. Phiri, E. Milanzi, et al., The
health policy response to COVID-19 in Malawi, BMJ Glob. Health 6 (2021) e006035,
doi:10.1136/bmjgh-2021-006035.

Ministry Of Health - Malawi. COVID-19 National Information Dashboard. Update 10-
Mar-2022. Digital Health Division, Department of Planning and Policy Development,
Ministry of Health - Malawi. Available at: https://covid19.health.gov.mw/ Accessed:
Feb 2022

The World Bank data. Birth rate, crude (per 1,000 people) - Malawi. Avail-
able at: https://data.worldbank.org/indicator/SP.DYN.CBRT.IN?locations=MW Ac-
cessed Jan 2022.

F.Y. Tso, S.J. Lidenge, P.B. Pefia, A.A. Clegg, J.R. Ngowi, J. Mwaiselage, et al., High
prevalence of pre-existing serological cross-reactivity against severe acute respira-
tory syndrome coronavirus-2 (SARS-CoV-2) in sub-Saharan Africa, Int. J. Infect. Dis.
102 (2021) 577-583, doi:10.1016/j.ijid.2020.10.104.

J. Woodford, I. Sagara, A. Dicko, A. Zeguime, M. Doucoure, J. Kwan, et al., Severe
acute respiratory syndrome coronavirus 2 seroassay performance and optimization
in a population with high background reactivity in Mali, J. Infect. Dis. 224 (2021)
2001-2009, doi:10.1093/infdis/jiab498.

M. Giuliano, M. Andreotti, G. Liotta, H. Jere, J.B. Sagno, M. Maulidi, et al., Maternal
antiretroviral therapy for the prevention of mother-to-child transmission of HIV in
Malawi: maternal and infant outcomes two years after delivery, PLoS ONE 8 (2013)
€68950, doi:10.1371/journal.pone.0068950.

S. Baroncelli, C.M. Galluzzo, G. Liotta, M. Andreotti, H. Jere, R. Luhanga, et al.,
Dried blood spots for the quantitative evaluation of IgG isotypes and correlation
with serum samples in HIV-exposed uninfected (HEU) infants, J. Inmunol. Methods
493 (2021) 113019, doi:10.1016/].jim.2021.113019.

M. Massinga Loembé, A. Tshangela, S.J. Salyer, J.K. Varma, A.E.O. Ouma, J.N Nken-
gasong, COVID-19 in Africa: the spread and response, Nat. Med. 26 (2020) 999-
1003, doi:10.1038/541591-020-0961-x.

N. Bonguili, M. Fritz, L. Lenguiya, P. Mayengue, F. Koukouikila-Koussounda,
L. Dossou-Yovo, et al., Early circulation of SARS-CoV-2, Congo, 2020, Emerg. In-
fect. Dis. 28 (2022) 878-880, doi:10.3201/eid2804.212476.

M. Gilbert, G. Pullano, F. Pinotti, E. Valdano, C. Poletto, P.-.Y. Boélle, et al., Pre-
paredness and vulnerability of African countries against importations of COVID-19:
a modelling study, Lancet (2020), doi:10.1016/50140-6736(20)30411-6.

UNICEF - Malawi. COVID-19 Situation 2020. Available at: https://www.unicef.org
/malawi/documents/unicef-malawi-covid-19-situation-report-7-april Accessed Jan
2022.

T. Bayode, A. Popoola, O. Akogun, A. Siegmund, H. Magidimisha-Chipungu, O. Ip-
ingbemi, Spatial variability of COVID-19 and its risk factors in Nigeria: a spa-
tial regression method, Appl. Geogr. 138 (2022 Jan) 102621 Epub 2021 Dec 3,
doi:10.1016/j.apge0g.2021.102621.


https://apps.who.int/iris/bitstream/handle/10665/351164/OEW04-1723012022.pdf
https://doi.org/10.1002/rmv.2271
https://doi.org/10.1136/bmjgh-2022-008793
https://doi.org/10.1016/j.ijid.2020.10.038
https://doi.org/10.1016/j.ijid.2020.12.065
https://doi.org/10.12688/wellcomeopenres.16188.1
https://doi.org/10.4269/ajtmh.20-0816
https://doi.org/10.1016/S2214-109X(21)00053-X
https://doi.org/10.1186/s13104-021-05570-3
https://doi.org/10.3201/eid2712.211465
https://doi.org/10.1038/s41467-021-25946-0
https://doi.org/10.1186/s12882-021-02582-w
https://doi.org/10.1016/j.ijid.2021.08.028
https://doi.org/10.1097/ANA.0000000000000803
https://doi.org/10.1001/jamanetworkopen.2020.37069
https://doi.org/10.1093/cid/ciab758
https://doi.org/10.1007/s11904-022-00618-w
https://doi.org/10.7189/jogh.12.05036
https://doi.org/10.1093/infdis/jiac343
https://doi.org/10.1136/bmjgh-2021-006035
https://data.worldbank.org/indicator/SP.DYN.CBRT.IN?locations=MW
https://doi.org/10.1016/j.ijid.2020.10.104
https://doi.org/10.1093/infdis/jiab498
https://doi.org/10.1371/journal.pone.0068950
https://doi.org/10.1016/j.jim.2021.113019
https://doi.org/10.1038/s41591-020-0961-x
https://doi.org/10.3201/eid2804.212476
https://doi.org/10.1016/S0140-6736(20)30411-6
https://www.unicef.org/malawi/documents/unicef-malawi-covid-19-situation-report-7-april
https://doi.org/10.1016/j.apgeog.2021.102621

S. Baroncelli, C.M. Galluzzo, S. Orlando et al.

[32]

[33]

[34]

[35]

[36]

371

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

J. Mandolo, J. Msefula, M.Y.R. Henrion, C. Brown, B. Moyo, A. Samon, et al., SARS-
CoV-2 exposure in Malawian blood donors: an analysis of seroprevalence and vari-
ant dynamics between January 2020 and July 2021, BMC Med. 19 (2021) 303,
doi:10.1186/512916-021-02187-y.

S. Uyoga, L.M.O. Adetifa, M. Otiende, C. Yegon, A. Agweyu, G.M. Warimwe,
J.A.G. Scott, Prevalence of SARS-CoV-2 antibodies from a national Serosurveil-
lance of kenyan blood donors, January-March 2021, JAMA 326 (2021) 1436-1438,
doi:10.1001/jama.2021.15265.

I. Sagara, J. Woodford, M. Kone, M.H. Assadou, A. Katile, O. Attaher, et al.,
Rapidly increasing SARS-CoV-2 seroprevalence and limited clinical disease in three
Malian communities: a prospective cohort study, Clin. Infect. Dis. (2021) ciab589,
doi:10.1093/cid/ciab589.

T. Gelanew, B. Seyoum, A. Mulu, A. Mihret, M. Abebe, L. Wassie, et al., A high
seroprevalence of Anti-SARS-CoV-2 antibodies among Ethiopian healthcare workers,
Res. Sq. (2021) rs.3.rs-676935, doi:10.21203/rs.3.15-676935/v1.

D. Song, M. Prahl, S.L. Gaw, S.R. Narasimhan, D.S. Rai, A. Huang, et al., Pas-
sive and active immunity in infants born to mothers with SARS-CoV-2 infec-
tion during pregnancy: prospective cohort study, BMJ Open 11 (2021) e053036,
doi:10.1136/bmjopen-2021-053036.

A.Y. Collier, K. McMahan, J. Yu, L.H. Tostanoski, R. Aguayo, J. Ansel, A. Chan-
drashekar, et al., Inmunogenicity of COVID-19 mRNA vaccines in pregnant and
lactating women, JAMA 325 (2021) 2370-2380, doi:10.1001/jama.2021.7563.
R.M. Pace, J.E. Williams, K.M. Jarvinen, M.B. Belfort, C.D.W. Pace, K.A. Lackey,
et al., Characterization of SARS-CoV-2 RNA, antibodies, and neutralizing capac-
ity in milk produced by women with COVID-19, MBio 12 (2021) e03192-20,
doi:10.1128/mBio.03192-20.

V. Demers-Mathieu, A.P. Hakansson, S. Hall, S. Lavangnananda, S. Fels, E. Medo,
Functional antibodies against SARS-CoV-2 receptor binding domain variants
with mutations N501Y or E484K in human milk from COVID-19-Vaccinated, -
Recovered, and -Unvaccinated women, Breastfeed. Med. 17 (2022) 163-172,
doi:10.1089/bfm.2021.0232.

B. Desye, COVID-19 pandemic and water, sanitation, and hygiene: impacts,
challenges, and mitigation strategies, Environ. Health Insights 15 (2021)
11786302211029447, doi:10.1177/11786302211029447.

S.M. Marcus, T.S. Marcus, Infrastructural inequality and household COVID-19 vul-
nerability in a South African urban settlement, J. Urban Health 99 (2022) 571-581,
doi:10.1007/s11524-022-00625-7.

P.K. Munywoki, C. Nasimiyu, M.D. Alando, N. Otieno, C. Ombok, R. Njoroge,
et al., Seroprevalence and risk factors of SARS-CoV-2 infection in an urban infor-
mal settlement in Nairobi, Kenya, December 2020, F1000Res 10 (2021 Aug) 853,
doi:10.12688/f1000research.72914.2.

UNAIDS Global Data on HIV epidemiology and response.
https://aidsinfo.unaids.org Accessed: Jan 2022.

AVERT - Global information and education on HIV and AIDS: HIV and
AIDS in Malawi. Available at: https://www.avert.org/professionals/hiv
-around-world/sub-saharan-africa/malawi . Accessed: Jan 2022.

C. Gervasoni, P. Meraviglia, A. Riva, A. Giacomelli, L. Oreni, D. Minisci, et al., Clin-
ical features and outcomes of patients with human immunodeficiency virus with
COVID-19, Clin. Infect. Dis. 71 (2020) 2276-2278, doi:10.1093/cid/ciaa579.

T.A. Crowell, L.I. Daud, J. Maswai, J. Owuoth, V. Sing’oei, M. Imbach, et al., Severe
acute respiratory syndrome coronavirus-2 antibody prevalence in people with and
without HIV in rural Western Kenya, January to March 2020, AIDS 35 (2021) 2401-
2404, doi:10.1097/QAD.0000000000003054.

S. Gatechompol, A. Avihingsanon, O. Putcharoen, K. Ruxrungtham, D.R. Kuritzkes,
COVID-19 and HIV infection co-pandemics and their impact: a review of the litera-
ture, AIDS Res Ther 18 (2021) 28.

AM. Cook, S.E. Faustini, L.J. Williams, A.F. Cunningham, M.T. Drayson,
A.M. Shields, et al., Validation of a combined ELISA to detect IgG, IgA and IgM
antibody responses to SARS-CoV-2 in mild or moderate non-hospitalised patients,
Clin. Trial J. Immunol. Meth. 494 (2021) 113046, doi:10.1016/j.jim.2021.113046.

Available at:

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

Journal of Clinical Virology Plus 2 (2022) 100110

G.D. Banham, A. Godlee, S.E. Faustini, A.F. Cunningham, A. Richter, L. Harper,
Hemodialysis patients make long-lived antibodies against SARS-CoV-2 that May Be
associated with reduced reinfection, J. Am. Soc. Nephrol. 32 (2021) 2140-2142,
doi:10.1681/ASN.2021020188.

P. Emmerich, C. Murawski, C. Ehmen, R. von Possel, N. Pekarek, L. Oestere-
ich, et al., Limited specificity of commercially available SARS-CoV-2 IgG ELISAs
in serum samples of African origin, Trop. Med. Int. Health 26 (2021) 621-631,
doi:10.1111/tmi.13569.

A. Yadouleton, A.L. Sander, A. Moreira-Soto, C. Tchibozo, G. Hounkanrin, Y. Badou,
etal., Limited specificity of serologic tests for SARS-CoV-2 antibody detection, Benin.
Emerg. Infect. Dis. 27 (1) (2021 Jan) 233-237, doi:10.3201/eid2701.203281.

A. Nkuba Ndaye, A. Hoxha, J. Madinga, J. Marién, M. Peeters, F.H. Leendertz,
et al., Challenges in interpreting SARS-CoV-2 serological results in African countries,
Lancet Glob Health 9 (2021) e588-e589, doi:10.1016/52214-109X(21)00060-7.
L.C. Steinhardt, F. Ige, N.C. Iriemenam, S.M. Greby, Y. Hamada, M. Uwandu, et al.,
Cross-reactivity of two SARS-CoV-2 serological assays in a setting where malaria is
endemic, J. Clin. Microbiol. 59 (2021) 0051421, doi:10.1128/JCM.00514-21.
K.W. Ng, N. Faulkner, G.H. Cornish, A. Rosa, R. Harvey, S. Hussain, et al., Preexist-
ing and de novo humoral immunity to SARS-CoV-2 in humans, Science 370 (2020)
1339-1343.

S. Lapidus, F. Liu, A. Casanovas-Massana, Y. Dai, J.D. Huck, C. Lucas, et al.,
Plasmodium infection induces cross-reactive antibodies to carbohydrate epi-
topes on the SARS-CoV-2 Spike protein, medRxiv (2021) 2021.05.10.21256855,
doi:10.1101,/2021.05.10.21256855.

F. Amanat, D. Stadlbauer, S. Strohmeier, T.H.O. Nguyen, V. Chromikova, M. McMa-
hon, et al., A serological assay to detect SARS-CoV-2 seroconversion in humans, Nat.
Med. 26 (2000), doi:10.1038/541591-020-0913-5.

1. Sagara, J. Woodford, A. Dicko, A. Zeguime, M. Doucoure, J. Kwan, et al.,
SARS-CoV-2 seroassay optimization and performance in a population with high
background reactivity in Mali, medRxiv (2021 Mar 12) 2021.03.08.21252784,
doi:10.1101/2021.03.08.21252784.

D. Stadlbauer, F. Amanat, V. Chromikova, K. Jiang, S. Strohmeier, G.A. Arunkumar,
et al., SARS-CoV-2 seroconversion in humans: a detailed protocol for a serologi-
cal assay, antigen production, and test setup, Curr. Protoc. Microbiol. 57 (2020),
d0i:10.1002/cpme.100.

L. Premkumar, B. Segovia-Chumbez, R. Jadi, D.R. Martinez, R. Raut, A. Markmann,
et al., The receptor binding domain of the viral spike protein is an immunodominant
and highly specific target of antibodies in SARS-CoV-2 patients, Sci. Immunol. 5
(2020) eabc8413, doi:10.1126/sciimmunol.abc8413.

N.M.A. Okba, M.A. Miiller, W. Li, C. Wang, C.H. GeurtsvanKessel, V.M. Corman,
et al., Severe acute respiratory syndrome Coronavirus 2-Specific antibody responses
in coronavirus disease 2019 patients, Emerg. Infect. Dis. 26 (2020) 1478-1488,
doi:10.3201/eid2607.200841.

I. Nedelcu, R. Jipa, R. Vasilescu, C. Baicus, C.I. Popescu, E. Manea, et al.,
Long-term longitudinal evaluation of six commercial immunoassays for the de-
tection of IgM and IgG antibodies against SARS CoV-2, Viruses 13 (2021) 1244,
doi:10.3390/v1307124.

T. Gebrecherkos, Y.K. Kiros, F. Challa, S. Abdella, A. Gebreegzabher, D. Leta, et al.,
Longitudinal profile of antibody response to SARS CoV-2 in patients with COVID-19
in a setting from Sub-Saharan Africa: a prospective longitudinal study, PLoS ONE
17 (2022) 0263627, doi:10.1371 /journal.pone.0263627.

C. Gaebler, Z. Wang, J.C.C. Lorenzi, F. Muecksch, S. Finkin, M. Tokuyama, et al.,
Evolution of antibody immunity to SARS-CoV-2, Nature 591 (2021) 639-644,
doi:10.1038/541586-021-03207-w.

Z. Wang, J.C.C. Lorenzi, F. Muecksch, S. Finkin, C. Viant, C. Gaebler, et al., Enhanced
SARS-CoV-2 neutralization by dimeric IgA, Sci. Transl. Med. 13 (2021) eabf1555,
doi:10.1126/scitranslmed.abf155.


https://doi.org/10.1186/s12916-021-02187-y
https://doi.org/10.1001/jama.2021.15265
https://doi.org/10.1093/cid/ciab589
https://doi.org/10.21203/rs.3.rs-676935/v1
https://doi.org/10.1136/bmjopen-2021-053036
https://doi.org/10.1001/jama.2021.7563
https://doi.org/10.1128/mBio.03192-20
https://doi.org/10.1089/bfm.2021.0232
https://doi.org/10.1177/11786302211029447
https://doi.org/10.1007/s11524-022-00625-7
https://doi.org/10.12688/f1000research.72914.2
https://aidsinfo.unaids.org
https://www.avert.org/professionals/hiv-around-world/sub-saharan-africa/malawi
https://doi.org/10.1093/cid/ciaa579
https://doi.org/10.1097/QAD.0000000000003054
http://refhub.elsevier.com/S2667-0380(22)00049-7/sbref0047
https://doi.org/10.1016/j.jim.2021.113046
https://doi.org/10.1681/ASN.2021020188
https://doi.org/10.1111/tmi.13569
https://doi.org/10.3201/eid2701.203281
https://doi.org/10.1016/S2214-109X(21)00060-7
https://doi.org/10.1128/JCM.00514-21
http://refhub.elsevier.com/S2667-0380(22)00049-7/sbref0054
https://doi.org/10.1101/2021.05.10.21256855
https://doi.org/10.1038/s41591-020-0913-5
https://doi.org/10.1101/2021.03.08.21252784
https://doi.org/10.1002/cpmc.100
https://doi.org/10.1126/sciimmunol.abc8413
https://doi.org/10.3201/eid2607.200841
https://doi.org/10.3390/v1307124
https://doi.org/10.1371/journal.pone.0263627
https://doi.org/10.1038/s41586-021-03207-w
https://doi.org/10.1126/scitranslmed.abf155

	Dynamics of SARS-CoV-2 exposure in Malawian infants between February 2020 and May 2021
	1 Background
	2 Study design
	2.1 Population characteristics
	2.2 Study samples
	2.3 Historical samples
	2.4 Enzyme-Linked immunosorbent assays for SARS-CoV-2
	2.5 Statistical analysis
	2.6 Ethical considerations

	3 Results
	3.1 ELISA assays for the detection of anti-SARS-CoV-2 antibodies
	3.2 Population characteristics
	3.3 SARS-CoV-2 IGG seroprevalence in Malawian infants

	4 Discussion
	Authors’ contribution
	Funding
	Declardation of Competing Interest
	Acknowledgments
	References


