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Abstract

Background: Human coronaviruses are causative agents of respiratory infections with several subtypes being
prevalent worldwide. They cause respiratory illnesses of varying severity and have been described to be
continuously emerging but their prevalence is not well documented in Uganda. This study assessed the
seroprevalence of antibodies against the previously known human coronaviruses prior 2019 in Uganda.

Methods: A total 377 serum samples collected from volunteers that showed influenza like illness in five hospital-
based sentinel sites and archived were analyzed using a commercial Qualitative Human Coronavirus Antibody IgG
ELISA kit. Although there is no single kit available that can detect the presence of all the circulating coronaviruses,
this kit uses a nucleoprotein, aa 340–390 to coat the wells and since there is significant homology among the
various human coronavirus strains with regards to the coded for proteins, there is significant cross reactivity beyond
HCoV HKU-39849 2003. This gives the kit a qualitative ability to detect the presence of human coronavirus
antibodies in a sample.

Results: The overall seroprevalence for all the sites was 87.53% with no significant difference in the seroprevalence
between the Hospital based sentinel sites (p = 0.8). Of the seropositive, the age group 1–5 years had the highest
percentage (46.97), followed by 6–10 years (16.67) and then above 20 (16.36). An odds ratio of 1.6 (CI 0.863–2.97,
p = 0.136) showed that those volunteers below 5 years of age were more likely to be seropositive compared to
those above 5 years. The seropositivity was generally high throughout the year with highest being recorded in
March and the lowest in February and December.

Conclusions: The seroprevalence of Human coronaviruses is alarmingly high which calls for need to identify and
characterize the circulating coronavirus strains so as to guide policy on the control strategies.
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Background
Human coronaviruses are common causative agents of
respiratory infections with several subtypes being preva-
lent in many parts of the world. Coronaviruses are a
complex group of viruses of the subfamily Coronavirinae
in the family Coronaviridae of the order Nidovirales
[1, 2]. This subfamily has four genera: Alphacoronaviruses,
Betacoronaviruses, Gammacoronaviruses and Deltacorona-
viruses, of which Alphacoronaviruses (HCoV-229E and
HCoV-NL63) and Betacoronaviruses (HCoV-HKU1, SARS-
CoV-1, SARS-CoV-2 HCoV-OC43 and MERS-CoV) infect
humans [3, 4]. They are enveloped with a linear, non-
segmented, positive sense, single-stranded RNA genome
ranging between 27 kb to 32 kb which shows that they are
the largest among the RNA viruses [5, 6]. Although they are
phenotypically and genotypically diverse, they possess a
common genomic organization with the replicase gene
occupying two thirds of 5′ end of the genome in which two
overlapping large open reading frames, ORF1a and ORF1b
are found [5, 7].
Human coronaviruses were first discovered in the

1960s as causative agents of self-limited upper respira-
tory tract infections and until 2002, they were known to
cause mild infections but this changed with the emer-
gence of Severe Acute Respiratory Syndrome Corona-
virus (SARS-CoV) [8, 9]. To date there are seven known
Human coronaviruses (HCoVs) that have been identi-
fied, these are HCoV-229E, HCoV-NL63, HCoV-OC43,
HCoV-HKU1, SARS-CoV, MERS-CoV and the newest
discovered, SARS-CoV-2 [4, 10]. The first four HCoVs
have been well known to be of worldwide distribution
causing approximately 33.3% of human common cold
infections [11]. However in some cases, these can cause
severe illness in the elderly, children and all immuno-
compromised persons and patients especially those with
underlying infections medical conditions like diabetes,
hypertension, tuberculosis and AIDs [12, 13]. SARS-CoV
suddenly emerged in Guangdong Province of China in
2002 with a fatality rate of 10–11%, causing severe pneu-
monia characterized by fever, headache and cough but
later develops into life threatening respiratory failure
and distress [14]. After 10 years, in 2012, MERS-CoV ap-
peared in Saudi Arabia causing severe human respiratory
disease with clinical presentation similar to SARS-CoV
but with a higher fatality rate of 35% [15, 16]. Currently
the world is facing a pandemic caused by a novel human
coronavirus that started from the Hubei Province in
China and now has spread the whole world, this novel
coronavirus that had been previous named 2019-nCoV
is now known as SARS-CoV-2 due to its similarity to
the symptoms induced by SARS-CoV [17–19]. The
transmission of SARS-CoV-2 to humans through an
intermediate host has not been proven, although direct
transmission from bats without the participation of an

intermediate host may not be discarded. Nevertheless,
studies have showed that human-to-human transmission
through droplets and direct contact has been the most
important mode of transmission to regions outside
Hubei especially by asymptomatic carriers traveling from
one area to another [20, 21].
Seroprevalence studies are important in understanding

the prevalence of subclinical human coronavirus infec-
tions and the population’s herd immunity against these
viruses. The Seroprevalence of human coronaviruses
varies greatly among studies because of the different an-
tigens, methodologies used, age and other demographic
characteristics of the population studied [22]. The Sero-
prevalence estimates for Human coronaviruses range
from 5 to 30% of all respiratory infections with up to
21.6% of the general population having serum antibodies
[23, 24]. The Seroprevalences of the zoonotic human
coronaviruses (SARS, MERS and SARS-2) have been re-
ported to be below 6% in humans especially among
those who do not come into contact with the intermedi-
ate hosts for these viruses [25–29]. Such results suggest
that unknown asymptomatic and subclinical infections
or unrecognized cases might exist in the general popula-
tion that can underscore the role of human-to-human
transmission [30–32].
Human coronavirus infections are commonly diag-

nosed by polymerase reaction using cDNA synthesized
from RNA extracts from respiratory tract samples. How-
ever, for the establishment of exposure rates among the
population, seroepidemiological studies offer an import-
ant avenue for painting a picture on HCoV infections.
Coronaviruses, just like other respiratory infections show
seasonal occurrence that correspond to the variation in
climatic conditions of an area this is because climatic
conditions affect the stability of the viruses which conse-
quently affects their transmission and the degree of
threat caused to humans [33]. Several studies have been
done to establish the immune cross-reactivity among
seasonal human coronaviruses (HKU1, OC43, 229E and
NL63) and SARS-CoV-2 and these have revealed that
this cross-reactivity is not protective against SARS-CoV-
2 [34, 35]. Although an increasing threat of zoonosis and
emerging pandemics caused by coronaviruses with the
capacity to infect humans is now more obvious than
ever, there is little known about their seroprevalence in
most developing countries especially Uganda. Here we
report the seroprevalence of human coronavirus anti-
bodies in hospital-based surveillance sentinel sites in
Uganda before the global pandemic of SARS-CoV-2.

Methods
All methods used in the study were carried out in
accordance with relevant guidelines and regulations.
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Study setting
The study was conducted among the Makerere University
Walter Reed project established hospital-based sentinel
sites for surveillance activities on acute febrile illnesses.
Samples were obtained from the five hospital-based sites
were established for surveillance which include Jinja
(Eastern Uganda), Mulago (Central Uganda, Capital),

Bwera (Western Uganda), Gulu (Northern Uganda) and
Bombo Military hospital (Central Uganda) (Fig. 1).

Sample collection
Patients reporting to these Sentinel sites between in
2018, aged 6 months or older presenting influenza like
illness (ILI) were enrolled after written and signed

Fig. 1 Map showing the Hospital based surveillance Sentinel sites in Uganda
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consent for the adults while for minors, written and
signed consent was obtained from their parents or legal
guardians. Blood samples were drawn from the volun-
teers into anticoagulant free vacutainers then trans-
ported to the Emerging Infectious Diseases Laboratory,
Makerere University. The blood was allowed to clot by
leaving it standing at room temperature for 60 min, then
centrifugation was done at 1500 x g for 10 min to the
serum. The serum samples were kept at -80 °C and ana-
lyzed in 2019.

Case definition
An ILI patient was defined as any individual having a
fever of temperature 38 °C and above, plus any of the
following clinical signs (cough, sore throat, myalgia and
headache) for a period not exceeding 10 days according
to the established guidelines by WHO with modifica-
tions in other studies [36]. Demographic characteristics
of the patients were recorded on a standardized form.

Sample size determination
The samples size was computed using the formula
adapted from Veterinary Epidemiology by Michael
Thrusfield at 95% confidence interval, prevalence of 50%
(Xiuping et al., 2007) and precision of 5%.

n ¼ 1:962x Pexp 1−Pexp
� �

d2

n is the required sample size, Pexp is expected preva-
lence, d is desired absolute precision

n ¼ 1:962x 0:5 1−0:5ð Þ
0:052

¼ 384

Due to resource limitations, a total of 377 samples were
randomly selected from 1485 samples that had been col-
lected from the Sentinel sites between in 2018.

Laboratory testing and analysis
The archived serum samples were retrieved, thawed to
room temperature and tested using a commercial
Qualitative Human Coronavirus IgG ELISA kit Cat. No.
MBS9301037 (renamed HCoV-HKU-IgG ELISA kit)
from MyBioSource. The kit uses a nucleoprotein, aa
340–390 to coat the wells and according to the manu-
facturer, since there is significant homology among the
various human coronavirus strains with regards to the
coded for proteins, there is significant cross reactivity
beyond SARS-CoV HKU-39849 2003 [37]. This gives the
kit a qualitative ability to detect the presence of human
coronavirus antibodies in a sample. The assay was done
according to manufacturer’s recommendation. Briefly,
the reagents and samples were brought to room
temperature, the positive and negative control wells as

well as the sample wells were set. 50 μl each of the posi-
tive control, negative control and undiluted samples
were added to respective wells. 100 μl of HRP- conjugate
reagent was added to all the wells, covered with an adhe-
sive strip and then incubated for 60 min at 37 °C. The
plates were then washed four times after which 50 μl of
Chromogen Solution A and 50 μl of Chromogen Solu-
tion B was added to each well successively, mixed gently
and incubated for 15 min at 37 °C when protected from
light. 50 μl of stop solution was added to each well and
then Optical Density read at 450 nm using an ELISA
reader at 5 min after the addition of the stop solution.
The cut off for positivity were calculated per assay as the
average OD value for the negative control wells + 0.15.

Statistical analysis
We categorized volunteers in two broad groups (below 5
years and those above 5 years) to calculate the odds for
seropositivity according to age group of volunteers. The
computation was done manually using the formula
adapted from Veterinary Epidemiology by Michael
Thrusfield at 95% confidence interval.

Table 1 Demographic characteristics of the samples

Demographic Characteristic Numbers (%)

Gender

Male 184 (48.8%)

Female 193 (51.2%)

Age in years

< 1 28 (7.4%)

1–5 171 (45.4%)

6–10 68 (18.0%)

11–15 27 (7.2%)

16–20 22 (5.8%)

> 20 61 (16.2%)

occupation

Pre-school Children 160 (42.4%)

Schooling /Students 139 (36.9%)

Employed 30 (8.0%)

Unemployed 48 (12.7%)

Table 2 Seroprevalence in different sites

Site Seropositive
Positive

Seronegative
Negative

Seroprevalence (%)

Gulu (n = 76) 64 12 84.21

Mulago (n = 79) 64 15 81.01

Jinja (n = 68) 66 2 97.06

Bwera (n = 76) 70 6 92.16

Bombo (n = 78) 66 12 84.62

Over all (n = 377) 330 47 87.53
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Results
Demographic and clinical characteristics of enrolled
volunteers
The demographic profile of the samples is summarized
in Table 1. Majority of the samples (45%) were from vol-
unteers of 1–5 years of age and were gender balanced
(48.8% males, 51.2% females).

Seropositivity among the samples
Of the 377 serum samples analyzed, 330 (87.53%) were
seropositive while 47 (12.47%) were seronegative
(Table 2). There was no significant difference in the
seroprevalence of Human Coronavirus antibodies in the
different sentinel sites (95% CI, p-value =0.8).
When we examined the seroprevalence according to

age groups (Table 3), age group 1–5 years had the high-
est seroprevalence 90.6% with 47% of the seropositives
falling in this age group. Further, 63% of all the seroposi-
tives were in the age bracket 1–10 years which also con-
stituted 63% of all the samples. The percentage of the
seropositive samples for each age was high with a mean
of 86.63% and standard mean error 1.029.
The volunteers were divided into two broad categories,

those below 5 years of age and those above 5 years to
calculate the odds ratio for seropositivity (Table 4), an
odds ratio of 1.6 was obtained (CI 0.863–2.97, p = 0.136).
This shows that those below 5 years are more likely to
be seropositive compared to those above 5 years.

Seasonality of the seropositivity among the volunteers
The seropositivity was generally high throughout the
year with highest being recorded in March and the low-
est in February and December as shown in Fig. 2.

Discussions
Human coronaviruses are known to have a wide distri-
bution and endemic to most countries in the world but
usually limited information is available on their presence
and circulation in Sub-Saharan countries like Uganda.
Conducting serosurvey studies is important in establish-
ing baseline knowledge of endemic viruses in a commu-
nity especially examining the extent of exposure of the
population to coronaviruses. We report on the level
seroprevalence of human coronaviruses in hospital-
based sentinel sites in Uganda at a time when country
and the world at large is facing a pandemic caused by
SARS-CoV2. This will provide a picture about the pos-
sible level of exposure and population-based immunity
against human coronaviruses.
The study observed a high seroprevalence (87.5%) of

human coronavirus antibodies in volunteers that visited
the hospital-based sentinel sites. This high seropreva-
lence was consistent with other studies elsewhere that
showed a prevalence of antibodies to four human coro-
naviruses (229E, OC43, NL63 and HKU 1) to be above
90% [38, 39]. This is still consistent with other studies
that have shown that human coronaviruses have a global
distribution [7, 40]. Although in our study we did not
screen for specific strain of human coronavirus, the re-
sult shows a great exposure of the volunteers to human
coronaviruses. The hospital-based sentinel sites from
which the samples were collected are major referral
health centers in the respective regions in the country,
thus this result give an overall picture of the seropreva-
lence of human coronavirus antibodies in the country. A
previous surveillance study in hospital-based sites in
Uganda showed 1.5% PCR positivity for human corona-
viruses which further proves that these viruses circulate
within the population [41].
The qualitative Human coronaviruses antibody IgG

ELISA kit that was used had its wells coated with a nu-
cleoprotein, aa 340–390 (SARS corona HKU-39849)
[37]. There is no commercially available kit which can
universally detect antibodies against all circulating coro-
naviruses but given that there is significant homology
among the various human coronavirus strains with
regards to the coded for proteins, there is significant
cross reactivity beyond SARS-CoV HKU-39849 2003
[23]. This gives the kit a qualitative ability to detect and
give an overall picture of the seroprevalence of human
corona antibodies in the volunteers. IgG antibodies are
known to be detected 4 days after onset of disease and
may persist in patients for a period of 36 months in indi-
vidual after recovery [42]. Never the less, this suggests
that this observed high seroprevalence among volunteers
could be due to a recent or earlier exposure to the
human coronaviruses. Without corresponding PCR or
culture experiments for the tested samples, it was not

Table 3 showing seroprevalence according to groups

Age group
years (n)

Seropositive
samples

% Seropositive
within age group

% Seropositive
in total samples

< 1(n = 28) 24 85.71 7.27

1–5 (n = 171) 155 90.64 46.97

6–10 (n = 68) 55 80.88 16.67

11–15 (n = 27) 23 85.19 6.97

16–20 (n = 22) 19 86.36 5.76

20 < (n = 61) 54 88.52 16.36

Total (377) 330 87.53

Table 4 showing the broad age categories

Age category Seropositive samples Seronegative samples Odds

Below 5 (199) 179 (89.9%) 20 (10.1%) 8.95

above 5 (178) 151 (84.8%) 27 (15.2%) 5.59
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possible to confirm the presence and the infectiveness of
the virus in the volunteers.
In this study, seropositivity was highest among chil-

dren between 0 and 5 years compared to other age group
ranges. The samples were selected completely at random
therefore the numbers per age group is not equal which
limits our degree of comparison. However, it is true that
the seroprevalence of human coronaviruses antibodies
vary greatly depending on the age of the population
[22, 43]. The computed odds ratios show that chil-
dren under 5 years are more likely to be seropositive
compared to individuals above 5 years of age. This
agrees with the study which suggested that primary
exposure to and infection by HCoVs takes place in
childhood [7, 44–47]. The first years of an individual
usually sees them transit from purely parent protec-
tion and isolation to open exposure in school settings.
It is probable that this exposure makes this age group
more susceptible to contracting human coronaviruses
resulting in the high seropositivity.
In terms of seasonality, the seroprevalence was gener-

ally constant throughout the year with slight variations
observed. The highest seroprevalence was observed in
March and the lowest in February and December.
Although no data about climate was analyzed during this
study, Uganda experiences little annual variation in
temperature with the average coolest months between
June and September, while the rainy seasons occur
between March and June, then between September and
November, notwithstanding that the country experiences
occasional light rains almost through the year especially

for regions around Lake Victoria [48]. These weather
conditions seem to favor the circulation of human
coronavirus which elsewhere have been documented to
circulate more frequently during winter season [11]. In
addition, Studies in some countries in Africa (South
Africa, Ghana and Kenya) have also shown that human
coronaviruses circulate continuously throughout the year
[49–51]. All these are in line with the argument that the
activity of human coronaviruses is sporadic throughout
the year with no clear seasonality [52] unlike influenza
whose seasonality in Uganda has been established [53].
With the current spread of SARS-CoV-2 across the
globe, seasonal differences have been preliminary
suggested to might have contributed to the spread and
severity of COVID-19, with countries in the Northern
hemisphere being more affected than those in the
Tropical regions and Southern hemispheres [54]. This
therefore points to the need of continuously doing sero-
surveillance over a longer period of time to establish and
describe the seasonality of Human coronaviruses in
Uganda in order to minimize the disease burden caused.
Serological cross-reactivity between pre-COVID-19

human coronaviruses and SARS-CoV-2 antibodies has
been shown with the nucleocapsid protein but this is not
surprising because this protein is conserved and shows
cross reactivity among human coronaviruses [34]. Cross
reactivity between the spike protein of SARS-CoV-2 and
that of other previously circulating HCoVs is limited
because this protein is strain specific especially the S1
domain of the spike protein [34, 55]. The importance of
these SARS-CoV-2 cross-reactive antibodies in the

Fig. 2 showing the variation of percentage seropositivity across the year (2018)
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population towards protection against the infection is
not yet fully studied and thus cannot be related to this
observed high seroprevalence of HCoVs and the limited
deaths in Uganda compared to other countries.
This study had limitations. The sentinel sites are not

evenly distributed in the country, the lack of measure-
ment of climatic factor to relate with the observed sero-
prevalence. Since the kit used was not quantitative in
nature, we did not establish the antibody titer in the
samples which could be correlated with the time of
infection.

Conclusion
This study reports the high seroprevalence of antibodies
against Human coronaviruses. Human coronaviruses are
important emerging pathogens and currently the world
is facing a devastating pandemic caused by SARS-2,
there is therefore need for continuous viral surveillance.
There is need to determine whether these antibodies
possessed due to previous exposure to coronaviruses can
offer protection to these emerging viral strains.

Abbreviations
HCoV: Human Coronavirus; SARS: Severe Acute Respiratory Syndrome;
MERS: Middle East Respiratory Syndrome; cDNA: complementary DNA
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