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Abstract (132 words)
The high proportion of SARS-CoV-2 infections that remain undetected presents a challenge to
tracking the progress of the pandemic and implementing control measures in Kenya. We determined
the prevalence of IgG to SARS-CoV-2 in residual blood samples from mothers attending antenatal
care services at 2 referral hospitals in Kenya. We used a validated IgG ELISA for SARS-Cov-2 spike
protein and adjusted the results for assay sensitivity and specificity. In Kenyatta National Hospital,
Nairobi, seroprevalence in August 2020 was 49.9% (95% CI 42.7-58.0). In Kilifi County Hospital
seroprevalence increased from 1.3% (95% CI 0.04-4.7) in September to 11.0% (95% CI 6.2-16.7) in
November 2020. There has been substantial, unobserved transmission of SARS-CoV-2 in parts of
Nairobi and Kilifi Counties.
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Background
The proportion of confirmed SARS-CoV-2 infections that have been reported as asymptomatic ranges
from 36%-49%1-4; in India 94% of a random population sample who had detectable antibodies to
SARS-CoV-2 reported having had no symptoms5. Symptoms are more common with increasing age
and therefore the proportion of infections that are asymptomatic differs with the age-structure of each
population. In Kenya, with just 3.9% of the population over 65 years of age6, the proportion of
infections that are asymptomatic is likely to be high7. Additionally, limited access to tests and limited
testing capacity makes it likely that a substantial proportion of cases with mild symptoms are not
detected. This makes it difficult for the government to track the progress of the pandemic and institute
control measures, as symptom based case-finding is likely to miss a substantial proportion of the
infections2. Measuring the prevalence of antibodies to SARS-CoV-2 is an alternative way to estimate
cumulative infection. A number of serological assays have been developed and perform well with
high sensitivity and specificity8-11. We have shown that 5.6% of blood donors in Kenya had SARSCoV-2 antibodies in April-June of 202012. However, it is unclear whether blood donors are
representative of the population.

In the context of a pandemic, sentinel public health surveillance using residual aliquots of routinely
collected blood samples has the potential to overcome participation bias given that unlinked,
anonymised residual samples can be tested without informed consent. For example, sero-surveillance
for HIV among mothers attending antenatal care was used to track the progress of the HIV pandemic
and showed prevalence estimates that were similar to population samples from the same areas13,14. In
high income countries, a number of seroprevalence studies have indicated that the proportion of
pregnant women who have been infected by SARS-CoV-2 is much greater than the cumulative
prevalence identified by PCR testing of symptomatic individuals; seroprevalence estimates range
from 5-20% but samples differ in time since the virus first emerged15-21. It remains unclear whether
pregnancy alters susceptibility to SARS-CoV-2 infection22; however, a large systematic review has
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found no difference in risk of becoming symptomatic when comparing pregnant women with
confirmed SARS-CoV-2 infection with women of the same age23.

In Kenya, in 2014, 50% of women had had at least one pregnancy or were pregnant by 20 years of age
and the coverage of at least one antenatal care visit was 96%24. Residual blood samples from mothers
visiting antenatal care for the first time may represent therefore a relatively unbiased sample of young
women, and an alternative to blood donors. Testing an aliquot of blood for antibodies to SARS-CoV2 is feasible as a venous blood sample (5ml) is already taken to screen mothers for malaria, HIV and
syphilis at their first ANC visit. We aimed to determine the prevalence of antibodies against SARSCoV-2 in mothers attending ANC at 2 referral hospitals in Kenya.

Methods
Setting
In a collaboration between the Kenyan Ministry of Health (MOH) and KEMRI-Wellcome Trust
Research Programme (KWTRP), two referral hospitals were engaged to provide residual blood
samples and limited anonymised data from laboratory register books. Kenyatta National Hospital
(KNH) is the national referral tertiary hospital located in Nairobi, the country’s capital city,
approximately 3km from the central business district. The population of Nairobi city was 4,397,073 in
2019, the wider urban area includes over 9 million residents6. Kilifi County Hospital (KCH) is the
county referral hospital in Kilifi Town. The county covers an area of 12,000 km2, with a
predominantly rural population of 1.4 million6. The first SARS-CoV-2 infection in Kenya was
identified in Nairobi on the 12th March 2020 and the first infection in Kilifi County was confirmed on
the 17th March 2020. By the end of December 2020, 96,458 confirmed cases had been reported in
Kenya including 1,670 deaths.
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Study population
All mothers attending ANC for the first time, who provided a routine blood sample, were included in
the study. Mothers who did not provide a sample at their first antenatal care visit, or mothers
attending their second or subsequent ANC visit, were excluded.

Sample collection and processing
In Kenya, a 5ml blood sample is routinely collected at the first ANC visit. After testing for malaria,
syphilis and HIV in the hospital laboratory, the residual volume is usually discarded. In this study, all
residual samples were set aside and collected daily for SARS-CoV-2 sero-surveillance. Where
possible, the following data were collected from hospital records and linked to the residual sample
identity number: date of sample collection, age, sub-county of residence, trimester of pregnancy and
presence or absence of COVID19-like symptoms in the last month. No personal identifiers were
collected. In Kilifi, samples were centrifuged, separated and stored at -20 degrees Celsius on the day
of collection at the KWTRP laboratories. Samples from Nairobi were processed in a similar manner at
the Institute of Primate Research and transported to KWTRP in batches on dry ice. All samples were
tested at the KWTRP laboratories for IgG to SARS-CoV-2 whole spike protein using an adaptation of
the Krammer Enzyme Linked Immunosorbent Assay (ELISA)8. Validation of this assay is
described in detail elsewhere12. Results were expressed as the ratio of test OD to the OD of the plate
negative control; samples with OD ratios greater than two were considered positive for SARS-CoV-2
IgG. Sensitivity, estimated in 174 PCR positive Kenyan adults and a panel of 5 sera from the National
Institute of Biological Standards in the UK was 92.7% (95% CI 87.9-96.1%); specificity, estimated in
910 serum samples from Kilifi drawn in 2018 was 99.0% (95% CI 98.1-99.5%)12.

Analysis
We estimated the proportion of samples seropositive for IgG to SARS-CoV-2 by date, location,
maternal age, trimester and the presence or absence of symptoms in the last month, as available.
Sampling at least 135 mothers per month from each hospital would provide estimates of
5
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seroprevalence in the range 3-25% with a precision of 3-7%. Bayesian modelling was used to adjust
seroprevalence estimates for the sensitivity and specificity of the assay. Non-informative priors were
used for each parameter (sensitivity, specificity and proportion true positive) and the models were
fitted using the RStan software package25 (see appendix for code). We also obtained the number of
PCR-confirmed SARS-CoV-2 infections in the same Counties of residence from the MOH. Subcounty population densities were extracted from the Kenya National Bureau of Statistics’ database6.

The study was conducted as anonymous public health surveillance at the request of the MOH. The
protocol was also approved by the Scientific and Ethics Review Unit (SERU) of the Kenya Medical
Research Institute (Protocol SSC 4085), the Kenyatta National Hospital – University of Nairobi

Ethics Review Committee (Protocol P327/06/2020) and the Kilifi County health management
team rapid response team.

Results
Crude seroprevalence across time and location
Between 30th July and 25th August, 196 samples were collected from Kenyatta National Hospital in
Nairobi. Data on age, trimester, sub-county of residence and the presence or absence of COVID19like symptoms in the month before the visit were available. Women were aged between 17 and 45
years (mean 30 years); 114 (58%) attended their first antenatal care visit during their third trimester of
pregnancy. A total of 176 (90%) reported residence in 14 different sub-counties of Nairobi, 64 (35%)
of mothers were resident in Embakasi North, East or West sub-counties, and 35 (19%) were resident
in Dagoretti North or South sub-counties. Crude seroprevalence was 46% and this did not differ by
age, trimester, or the population density in their sub-county of residence. Among 184 (94%) women
who had data on symptoms during the preceding month, 12 (7%) reported symptoms and all of those
with symptoms reported abdominal pain, which is non-specific for COVID-19. Symptoms were not
associated with seropositivity, controlling for age (OR 1.47 95% CI 0.43-5.00; Table 1).
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At Kilifi County Hospital, 419 samples were collected between the 18th September and 24th
November 2020. No data were available on age, trimester, location or symptoms. Crude
seroprevalence increased over the period of sample collection from 0% in September to 10% in
November (p=0.0001, Chi sq test for trend).

Adjusted seroprevalence estimates
Seroprevalence, adjusted for assay sensitivity and specificity of the ELISA, was 49.9% (95% CI 42.758.0) in Nairobi in August. In Kilifi, it was 1.3% (95% CI 0.04-4.7) and 11.0% (95% CI 6.2-16.7) in
September and November, respectively (Table 1).

Discussion
Surveillance for IgG antibodies to SARS-CoV-2 among mothers attending ANC services in two
county referral hospitals in Kenya has revealed evidence of a substantial amount of prior infection in
mid-late 2020. Surveillance of pregnant women has been used as a proxy for population-based SARSCoV-2 surveillance in high income countries15-21. This indicates much higher seroprevalence in Kenya
than previously reported in samples from blood transfusion donors in the same counties earlier in
202012.

In Nairobi, just after the peak of the first wave of SARS-CoV-2 infections (median date of collection
11th August 2020), 50% of expectant mothers had IgG antibodies to SARS-CoV-2. At the same
timepoint, just 6,727 PCR-confirmed infections had been registered across the city (<1% of the
County’s population; Figure 1). This estimate is substantially higher than the 7.1% seroprevalence
reported among blood donors in the same county by the end of July 202012. We hypothesise the
difference between these data and the blood donor data is likely to be due to the localised nature of
outbreaks and heterogeneity in the use of KNH across the city. Expectant mothers attending ANC in
KNH predominantly came from 5 sub-counties close to the hospital which are densely populated with
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low-income earners6. Blood transfusion donors are likely to be more heterogenous and widely
distributed across Nairobi including areas of lower population density and greater affluence.

There was evidence of substantially less prior infection with SARS-CoV-2 among expectant mothers
attending ANC in Kilifi County Hospital compared to KNH, but also evidence that seroprevalence
had increased markedly during the sampling timeframe to 10.9% by the end of November 2020. The
estimate in September (1.3%) was lower than the 4.6% seroprevalence reported among blood donors
from Kilifi County (median date of sample collection 30th May)12. Again, there is likely substantial
geographical heterogeneity in the samples. Blood donations come from across the county including
urban centres such as Malindi, whereas women attending ANC are from the hospital catchment area
and may represent a less heterogenous group, exposed to less transmission at this timepoint. The
lower seroprevalences in Kilifi are consistent with modelling suggesting that the initial wave of the
COVID-19 pandemic was concentrated in urban centres, with subsequent spread increasingly
affecting rural areas26; Kilifi County reported a marked increase in the number of infections in
December 2020 (Figure 1).

The serological assay used in this study has been rigorously validated using locally relevant control
populations and reference panels from the National Institute for Biological Standards and Control
(NIBSC) in the UK27. The threshold used to define seropositivity was chosen to prioritise specificity
over sensitivity, i.e. to minimize the number of false positives. The very low crude seroprevalence
(0%) in the first month of samples from Kilifi adds confirmation that the specificity of this assay is
very high.

The impact of pregnancy on susceptibility to SARS-CoV-2 infection is unclear22; however,
comparisons of infected pregnant women with non-pregnant women of the same age suggests that a
similar proportion of infections become symptomatic23. This would suggest a similar proportion of
pregnant and non-pregnant women mount a protective antibody response and seroprevalence
8
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estimates are generalisable to non-pregnant women of the same age. In a comparison of samples from
blood donors and ANC in Australia, the two sample sets estimated seroprevalence within 0.1% of
each other, although overall prevalence was very low (<1%)28. Additionally, seroprevalence in blood
donors in Kenya did not differ by sex12, suggesting that these results from pregnant women may be
generalisable to men between 17-45 years of age, residing in the same areas.

Our analysis is constrained by the nature of the anonymised surveillance data available. Data on age,
trimester and location data for the expectant mothers in Kilifi would have allowed more valid
comparisons with data from other sources, e.g. blood transfusion donors. The results from Nairobi
indicate very low prevalence of COVID-like symptoms even among those who were seropositive;
however, stigma associated with disease, particularly early in the pandemic could have resulted in
under-reporting. We also lack local data on the rate of antibody waning, which is important to
estimate cumulative incidence of infection from snapshot seroprevalence estimates29,30. This is
especially important in populations, like those reported here, where ongoing transmission may cause
‘natural boosting’ and where circulation of other human coronaviruses may modify immunological
responses to SARS-CoV-229,31,32.

Conclusions
This seroprevalence study of pregnant mothers attending ANC clinics suggests there has been
substantial, unobserved transmission of SARS-CoV-2 in parts of Nairobi and Kilifi Counties. Only
7% of women reported any COVID-19-related symptoms, the majority of infections in young adults
seem to be asymptomatic. The results suggest at least half of pregnant women in the catchment area
of Kenyatta National Hospital in Nairobi and 10% of women in the catchment area of Kilifi County
Hospital had already been infected by SARS-SoV-2 by August and November 2020, respectively.
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Tables
Table 1. Seroprevalence of IgG to SARS-CoV-2 among mothers attending antenatal care, by selected characteristics

Total

Seropositive

Adjusted seroprevalence

N

n

%

%

(95% CI)

196

91

46.4

49.9

42.7-58.0

Kenyatta National Hospital, Nairobi
Period (2020)

30th July – 25th Aug.

Age

17-29 years

91

38

41.8

44.7

34.2-56.5

30-45 years

90

44

48.9

52.3

40.8-63.7

1

17

7

41.2

44.9

21.8-70.6

2

53

21

39.6

42.8

29.1-56.5

3

114

58

50.9

54.6

44.0-64.9

Trimester

Any symptoms in last
month1

Yes

12

7

58.3

61.2

33.2-86.4

No

172

78

45.4

48.7

40.4-57.0

Population density of
sub-county of residence

<20,000 per km2

97

44

45.4

48.7

38.4-59.9

79

39

49.4

52.9

40.5-65.0

82

0

0.0

1.3

0.04-4.7

183

3

1.6

1.5

0.07-4.1

154

16

10.4

11.0

6.2-16.7

2

20,000-81,000 per km
2

Kilifi County Hospital, Kilifi
Month (2020)

September (18th-30th)
st

October (1-31 )
th

November (1-24 )
1

Women were asked about the full list of COVID-19 symptoms as per the MOH COVID-19 screening form i.e. fever/ chills, general weakness, cough, sore throat, runny
nose, shortness of breath, diarrhoea, nausea/ vomiting, headache, irritability/ confusion, pain (muscular/ chest/ abdominal/ joint).
2

No age, trimester or symptom data were available from the ANC records at KCH.
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Figure 1. A) Daily number and B) Cumulative daily number of PCR positive
tests for SARS-CoV-2 in Kenya, Nairobi and Kilifi Counties.
A) Daily (faint lines) and the 7-day moving average (bold lines) number of positive PCR
tests per million population

B) Cumulative positive PCR tests per million population
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Statisitical appendix: Stan code and input data for estimating adjusted seroprevalence
data {
int N;
int N_se;
int N_sp;
int y;
int x;
int z;
}
parameters {
real<lower=0,upper=1> p;
real<lower=0,upper=1> se;
real<lower=0,upper=1> sp;
}
transformed parameters {
real<lower=0,upper=1> p_obs;
p_obs = se * p + (1 - sp) * (1 - p);
}
model {
//priors
p ~ beta(1, 1);
se ~ beta(1, 1);
sp ~ beta(1, 1);

}

//likelihood
y ~ binomial(N, p_obs);
x ~ binomial(N_se, se);
z ~ binomial(N_sp, sp);
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