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A cross-sectional study on severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2) seroprevalence among unvaccinated people living with HIV
(PLWH) was conducted in Kampala, Uganda, in 2022. Data collection was done
using a structured questionnaire. SARS-CoV-2 serologies were done using the
Roche Elecsys Anti-SARS-CoV-2 S immunoassay, which assesses the adaptive
humoral immune response to the SARS-CoV-2 Spike protein. A total of 575
PLWH (female n=355, 61.7%) with a median age of 49 years (IQR 39-55) were
included. SARS-CoV-2 seroprevalence was 93%. The majority had antibody
concentration levels > 250 U/ml (n=383, 66.6%). Participants aged >55 years
were significantly more likely to have lower antibody concentrations compared
to younger participants (p-value < 0.001). A high BMI (> 30 kg/m2) was
significantly associated with higher antibody concentrations (p-value 0.001).
Concerning COVID-19 history, a small proportion of participants (n=79, 13.6%)
reported contact with a known COVID-19 patient. Only 8.1% (n=47) had ever had
a nasopharyngeal swab for SARS-CoV-2 RT-PCR done, and 3.1% (n=18) actually
had a laboratory-confirmed SARS-CoV-2 infection in the past. SARS-CoV-2
seroprevalence was high among our study population, which may be
attributed to the fact that the study took place right after all restrictions were
lifted and the population was exposed to the dominant Omicron variant.
Interestingly, only a small proportion of infections had been
laboratory-confirmed.
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1 Introduction

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)
causes the communicable respiratory coronavirus disease 2019
(COVID-19), which resulted in the death of over 7 million people
worldwide since the start of the recent pandemic in March 2020 (1).
The clinical course of COVID-19 is highly variable depending largely
on host factors such as age, comorbidities, and preexisting immune
status. Generally, people of older age, as well as people with
underlying health conditions such as immunodeficiency, heart
disease, and chronic obstructive pulmonary disease are at higher
risk of severe courses of illness including death (2-4).

In people living with HIV (PLWH), the impact of SARS-CoV-2
infection on morbidity and mortality is not entirely clear and remains
subject to further research (5). Some evidence suggests that PLWH
are at higher risk of severe COVID-19 outcomes (6, 7). However, this
may not be true for patients with sustained viral suppression and
good immunological response on antiretroviral treatment (ART) in
the absence of known risk factors for severe COVID-19 (8-11). Since
the availability of effective SARS-CoV-2 vaccines, PLWH are
included in the vaccine priority group by the World Health
Organization’s (WHO) Strategic Advisory Group of Experts on
Immunization (SAGE). The WHO particularly recommends that
PLWH with advanced-stage HIV disease, low CD4 cell count, and co-
morbidities be prioritized for COVID-19 vaccination (12).

In many low and middle-income countries (LMIC), vaccines
against COVID-19 became available during the first half of 2021. In
Uganda, the vaccination program started in a phased manner with
the initial phase targeting selected high-risk groups such as
healthcare workers, teachers, persons above the age of 50 years, as
well as persons with comorbidities. However, widespread vaccine
hesitancy resulted in low uptake of the recommended vaccinations
even in high-risk populations (13, 14). By January 2022, vaccination
coverage had reached less than one-fifth of the targeted population
in Uganda. For clinicians in HIV care, knowing a patient’s SARS-
CoV-2 serostatus at the time was of benefit to guide hesitant high-
risk patients towards vaccination.

The aim of our study was to assess the seroprevalence of SARS-
CoV-2 among unvaccinated PLWH in Kampala, Uganda, and to
analyze factors potentially associated with the level of antibody
concentrations in this population. Our assessment took place right
after all preventive measures to curb the spread of SARS-CoV-2,
including tight “lock-down” procedures, had been lifted by the
Ugandan government and testing as well as vaccination were widely
available. To the best of our knowledge, this is the first assessment of
SARS-CoV-2 seroprevalence in PLWH from Uganda during the
recent pandemic.

2 Methods
2.1 Study site
This study was conducted at the Infectious Diseases Institute

(IDI) in Kampala, Uganda, which serves a population of over 8,000
PLWH. The clinic provides a range of outpatient services including
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routine HIV care and treatment, integrated TB-HIV services, sexual
and reproductive health services, and others. During the
recent COVID-19 pandemic, IDI served as a SARS-CoV-2
immunization center.

2.2 Eligibility criteria and study procedures

This cross-sectional study was conducted from January to
September 2022. From 25 January 2022 to 10 June 2022, we
recruited PLWH who were not vaccinated against SARS-CoV-2
and at high risk of a clinically severe course of COVID-19 (presence
of comorbidities or aged > 50 years) with the ability to speak either
English or Luganda and give written informed consent. Following
an amendment, from 11 June 2022 onwards we expanded study
eligibility to all non-vaccinated PLWH above the age of 18 years.
Consecutive sampling was used to recruit participants from the IDI
clinic. Thus, approached PLWH above the age of 18 years who
confirmed non-vaccination status were screened for eligibility.

Data collection was done by a structured questionnaire
designed in RedCap (version 10.0.25 - © 2023 Vanderbilt
University). The sociodemographic and clinical characteristics of
participants, including age, sex, and comorbidities, were collected.
Furthermore, we assessed exposure to known COVID-19 cases,
previous COVID-19 diagnosis, COVID-19 symptom history, and
complications from COVID-19. Additional clinical information
(ART regimen and duration, HIV viral load, HIV WHO stage,
body mass index (BMI) values) were extracted from routinely
collected data in the IDI clinic’s electronic database known as the
Integrated Clinical Enterprise Application version 3.0.3.4 (15).

All study participants were evaluated for SARS-CoV-2
seropositivity. Serology testing was performed in serum separated
from whole blood through centrifugation. Laboratory tests were
done at the IDI Core Lab, which is a College of American
Pathologists (CAP) accredited laboratory based in Kampala,
Uganda, using the Elecsys Anti-SARS-CoV-2 S immunoassay and
the Cobas e411 instrument (both Roche, Basel, Switzerland), which
assess the adaptive humoral immune response to the SARS-CoV-2
Spike (S) protein.

Ethical approval was granted from the IDI Research Ethics
Committee (IDIREC REF 038/2021) and Uganda National Council
of Science and Technology (UNCST) (HS1956ES). Informed
consent was obtained from all subjects involved in the study.

2.3 Data management and
statistical analysis

Data was exported into Microsoft Excel and analysis was
performed using R version 4.1.1 and the tidyverse package (16,
17). Participants were categorized as “high-risk” if they were 50
years old or above at enrolment and had at least one comorbidity.
Participants’ characteristics were described using frequencies and
percentages. SARS-CoV-2 antibody concentrations were considered
negative at values below 0.8 according to the manufacturer (18). For
the purpose of comparison, positive antibody concentration levels

frontiersin.org


https://doi.org/10.3389/fviro.2024.1429785
https://www.frontiersin.org/journals/virology
https://www.frontiersin.org

Ainembabazi et al.

were grouped into the following categories: <2.5, 2.5 - 19, 20 - 149,
150 - 249, and 2250 U/ml, based on the manufacturer’s sensitivity
testing tables. Antibody concentration groups were summarized
using medians and inter-quartile range (IQR), as well as frequencies
and proportions, and were compared across participants’
characteristics using Pearson’s chi-square test. For multivariate
analysis, we used an ordinal logistic regression model to examine
adjusted associations between SARS-CoV-2 antibody concentration
groups and participants’ characteristics. To explore the effect of
high-risk groups, we fitted a separate model including high-risk as a
covariate, however, we excluded age groups as they were highly
collinear. The appropriateness of the assumption of proportional
odds assumed by the ordinal logistic regression model was checked
by using the Brant test. Statistical significance was assumed at a
5% level.

3 Results
3.1 Study participants

A total of 787 PLWH were screened for eligibility, of which 580
were enrolled in the study. Five participants were withdrawn from
the study after enrolment as no blood sample was given. The final
analysis included 575 study participants. All study participants were
on ART with fully suppressed viral loads. Almost two-thirds
(n=347, 60.3%) were classified as WHO stage 3 or 4 at the time
of HIV diagnosis and recent CD4 cell counts were not available. A
total of 79 participants (13.6%) reported that they had previous
contact with a known patient with COVID-19. The majority of
study participants (n=567, 99%) reported that they had at least one
COVID-19-related symptom during the pandemic. The most
common symptoms reported by participants were rhinorrhoea
(n=524, 91%), cough (n=502, 87.3%), and sore throat (n=495,
86.1%). However, only 47 (8.1%) had a nasopharyngeal swab for
SARS-CoV-2 RT-PCR done, and 18 (3.1%) actually had a
laboratory-confirmed SARS-CoV-2 infection in the past. Study
participants” characteristics are shown in Table 1.

3.2 SARS-CoV-2 seroprevalence

SARS-CoV-2 seroprevalence was 93% (n= 534) in our study
population. The majority of participants had antibody concentration
levels > 250 U/ml (n=383, 66.6%). Twenty-one (3.7%) had levels 150
-249 U/ml, 73 (12.7%) 20 - 149 U/ml, 46 (8%) 2.5 - 19 U/ml, and 12
(2.1%) had levels 0.8 - 2.4 U/ml. Fifty-one (8.9%) had levels <2.5 U/
ml. Figure 1 shows the proportion of participants per antibody
concentration level category for each month of recruitment. The
proportion of participants with high concentration values increased
from approximately 60% at the beginning of recruitment to 80% at
the end of our study period. Furthermore, the proportion of
participants with very low antibody concentration levels was
smallest (3% of participants recruited during the month of
September) at the end of the recruitment period.
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TABLE 1 Study participants” characteristics.

Number (%) or Median

Characteristics

(IQR)

N=575
Age in years, median (IQR) 49(39-55)
Sex, n (%)
Female 355(61.7)
WHO HIV stage at HIV diagnosis, n
(%)
lor2 223(38.8)
3or4 347(60.3)
Missing 5(0.9)

BMI in kg/mz, median (IQR) 24.9(21.4-28.8)

Years on ART, median (IQR) 10(7-14)
ART regimen, n (%)

1 line 466(81.0)
2" Jine 100(17.4)
3" line 9(1.6)
Any comorbidity’, n (%) 201(35.0)
Diabetes 43(7.5)
Hypertension 166(28.9)
Chronic obstructive pulmonary disease 1(0.2)
Cancer 4(0.7)
Heart disease 1(0.2)
Other comorbidities® 24(4.2)

1) More than one possible; 2) Other comorbidities: tuberculosis (n=4), asthma (n=15), kidney
disease (n=1), ulcers (n=1), sinusitis (n=1), allergy (n=1).

As shown in Table 2, participants aged <50 years, those who had
a high (= 30 kg/m2) BMI, those who received a first-line ART
regimen, and those defined as non-high-risk had higher
proportions in antibody concentration category >250 U/ml
compared to their counterparts (p-value <0.05).

The distribution of antibody concentrations by study month is
shown in Supplementary Figure S1. Concerning the correlation
between continuous antibody concentrations and participant
characteristics, we found a weak negative correlation between
continuous antibody concentrations and age (correlation
coefficient -0.207, p-value < 0.001).

Results from the multivariable analysis using ordinal logistic
regression are shown in Table 3.

The following factors were significantly associated with a lower
probability of being in higher SARS-CoV-2 antibody concentration
categories: Other than first-line ART regimen, age >45 years, and BMI
<18.5 kg/m* (aOR=0.63 [95%CI 0.41, 0.97], 0.39[0.19, 0.74], 0.43 [0.23,
0.81]. A high BMI (>25 kg/m2) was associated with a higher
probability of being in a higher SARS-CoV-2 antibody concentration
category (aOR=1.55 [95%CI 1.02, 2.43]. In a separate model fitted by
replacing the covariate age group with the high-risk group, participants
in the high-risk group were associated with a lower probability of being
in the higher SARS-CoV-2 antibody concentration categories
(aOR=0.43 [95%CI 0.26, 0.70]) (Supplementary Table S3). WHO
HIV stage, duration on ART, sex, and any comorbidity showed no
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FIGURE 1
Proportion of participants per antibody concentration level category for each month of recruitment. Antibody concentration level categories by color.

TABLE 2 SARS-CoV-2 antibody concentration levels per category in relation to study participants” characteristics.

Characteristics N Antibody concentrations (U/ml) categorized (n (row%))

2.5to 19 20 to 149 150 to 249  >250

Overall 575 51(8.9) 48(8.3) 72(12.5) 21(3.7) 383(66.6)
Male 220 22(10.0) 21(9.5) 29(13.0) 6(2.7) 142(65.0) 0.679
Female 355 29(8.2) 27(7.6) 43(12.0) 15(4.2) 241(68.0)

‘ Age groups
<50 years 290 19(6.6) 17(5.9) 26(9.0) 8(2.8) 220(76.0) <0.001
> 50 years 285 32(11.0) 31(11.0) 46(16.0) 13(4.6) 163(57.0)

HIV WHO stage

lor2 223 19(8.5) 18(8.1) 30(13.0) 5(2.2) 151(68.0) 0.491

3or4 347 31(8.9) 30(8.6) 42(12.0) 15(4.3) 229(66.0)

BMI categories in kg/m?

<185 38 6 (15.8) 9 (23.7) 6 (15.8) 3(7.9) 14 (36.8) 0.001
185 to < 25 255 29 (11.4) 17 (6.7) 36 (14.1) 9 (3.5) 164 (64.3)

25 to < 30 163 10 (6.1) 10 (6.1) 22 (13.5) 4(2.5) 117 (71.8)

> 30 119 6 (5.0) 12 (10.1) 8 (6.7) 5(42) 88 (73.9)

Years on ART

<1 15 3(20.0) 1(6.7) 3(20.0) 1(6.7) 7(47.0) 0.398
1to<3 21 1(5.0) 2(10.0) 4(20.0) 1(5.0) 12(60.0)

3to <5 44 2(4.5) 3(6.8) 7(16.0) 0(0.0) 32(73.0)

5 to <10 180 9(5.0) 18(10.0) 21(12.0) 5(2.8) 127(71.0)

>10 315 36(11.0) 24(7.6) 37(12.0) 14(4.4) 204(65.0)

ART regimen

1° line 466 43(9.2) 36(7.7) 53(11.0) 11(2.4) 323(69.0) 0.013
2™ line 100 7(6.9) 11(11.0) 18(18.0 9(8.8) 55(55.0)

(Continued)

Frontiers in Virology 04 frontiersin.org


https://doi.org/10.3389/fviro.2024.1429785
https://www.frontiersin.org/journals/virology
https://www.frontiersin.org

Ainembabazi et al.

TABLE 2 Continued

10.3389/fviro.2024.1429785

Characteristics Antibody concentrations (U/ml) categorized (n (row%)) P-value
2.5t0 19 20 to 149 150 to 249  >250
ART regimen
3¢ line 9 1(14.0) 1(14.0) 1(14.0) 1(14.0) 5(43.0)
‘ Risk groups
Non-High risk 209 13(6.2) 11(5.3) 18(8.6) 3(1.4) 164(78.0) <0.001
High risk! 366 38(10.0) 37(10.0) 54(15.0) 18(4.9) 219(60.0)
‘ Comorbidity
Yes 201 19(9.5) 19(8.5) 31(15.0) 11(5.5) 123(61.0) 0.174
No 374 32(8.6) 31(8.3) 41(11.0) 102.7) 260(70.0)

All p-values generated using Pearson Chi-square test; n) denotes the number of participants in a category, % denotes row percentage; 1) High-risk was defined as age above 50 years and at least

one comorbidity.
Bold p-values are significant (< 0.05).

significant association with SARS-CoV-2 antibody concentration
categories. The appropriateness of the assumption of proportional
odds assumed by the ordinal logistic regression model was verified.

4 Discussion

This study assessed the SARS-CoV-2 seroprevalence among
non-vaccinated PLWH in an urban adult population in Uganda in
2022. SARS-CoV-2 seroprevalence was high in our study

population at 93%. We attribute this finding to the fact that our
research took place after all restrictions of movement were lifted in
Kampala, and the majority of the population was exposed to the
dominant Omicron virus variant at the time. This interpretation is
further supported by the increase in the proportion of participants
with high antibody concentrations of >250 U/ml, indicating recent
infections in approximately 60% to 80% of the participants during
the recruitment period.

So far, SARS-CoV-2 seroprevalence in Uganda has been assessed
among blood donors, as well as selected rural communities. A

TABLE 3 Associations between SARS-CoV-2 antibody concentration groups and participants’ characteristics (ordinal logistic regression model).

Characteristics Un-adjusted Adjusted

OR (95%Cl) P-value OR (95%Cl) P-value
Sex
Female Reference Reference
Male 0.83 (0.59, 1.18) 0.307 1.06 (0.73, 1.56) 0.769
ART regimen
1st line Reference Reference
2™ or 3 line 0.65 (0.44, 0.98) 0.036 0.63 (0.41, 0.97) 0.033
HIV WHO stage
lor2 Reference Reference
3or4 0.80 (0.15, 5.92) 0.797 0.64 (0.11, 5.03) 0.632
Age categories in years
18- 34 Reference Reference
35 - 44 0.58 (0.29, 1.13) 0.119 0.53 (0.26, 1.05) 0.075
45 - 54 0.40 (0.21, 0.73) 0.004 0.39 (0.19, 0.74) 0.005
55+ 0.26 (0.13, 0.48) <0.001 0.27 (0.13, 0.53) <0.001
BMI categories in kg/m2
<185 0.38 (0.21, 0.71) 0.002 0.43 (0.23, 0.81) 0.009
18.5 to < 25 Reference 0.083 Reference 0.044
25 to < 30 1.45 (0.96, 2.21) 0.057 1.55 (1.02, 2.43) 0.027
> 30 1.59 (0.99, 2.58) 1.78 (1.08, 3.02)
ART duration in years 0.97 (0.94, 1.01) 0.116 1.01 (0.97, 1.05) 0.640
Any comorbidity
Yes Reference Reference
No 1.35 (0.95, 1.90) 0.095 1.16 (0.80, 1.68) 0.426

OR, odds ratio; CI, confidence interval; Model fitted on complete cases on all variables in the adjusted model (N=575).
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recently published study on seroprevalence among Ugandan blood
donors, which was conducted during a similar timeframe as our
research, found a seropositivity of 82.6% (19). A further analysis,
which included rural households in eastern Uganda and sampled
during the first months of 2022, found seroprevalence rates of up to
96% (20). To the best of our knowledge, seroprevalence has not been
assessed among Ugandan PLWH. Published data on PLWH from
other regions of the world, including sub-Saharan Africa, indicate
lower seropositivity rates compared to our findings (21, 22).

In our study, people above the age of 45 years were significantly
more likely to have lower antibody concentration levels compared
to younger age groups. This finding is consistent with a study
conducted amongst healthcare workers with COVID-19 infection
or vaccination history in Germany (23). Furthermore, our study
shows that participants without specific risk factors for a severe
course of illness were significantly more likely to have higher
antibody concentration values compared to participants
categorized as high-risk, which we assume is attributable to the
age factor entirely. The lack of association with the presence of any
comorbidity supports this conclusion.

We also found that participants with a low BMI were
significantly more likely to have lower antibody concentration
values compared to other categories. While the underlying
mechanism is thus far unclear, similar observations have been
made for the humoral response following SARS-CoV-2
vaccination in the general population, as well as in PLWH (24, 25).

In line with the high seropositivity, almost all study participants
reported to have suffered from COVID-19-related symptoms during
the pandemic. Of note, the time since their last COVID-19-related
symptom was not assessed. Despite suffering from symptoms
suggestive of COVID-19 during the pandemic, less than 10% had
ever undergone testing for SARS-CoV-2 (RT-PCR from
nasopharyngeal swab), and less than 5% of all participants actually
had a laboratory-confirmed SARS-CoV-2 infection in the past. This
low level of testing despite having typical COVID-19 symptoms
during the pandemic is quite remarkable, especially considering that
our study population is potentially at risk for severe courses of illness
due to HIV infection. As testing centers were widely available to the
public, we assume that hesitancy rather than inaccessibility led to a
low uptake of testing services. During 2021, the second year of the
pandemic, testing positive for SARS-CoV-2 in Kampala resulted in
home isolation. For many low-income families relying on daily
earnings through the informal market, at-home isolation meant
considerable economic hardship (26).

In November 2023, the WHO revised the current
recommendations for prioritizing the use of COVID-19 vaccines.
The revision reflects the impact of the Omicron variant and high
levels of population immunity (12). Prioritization continues to focus
on persons at increased risk of severe disease or death and aims to
take further factors into account, namely vaccine performance, cost-
effectiveness, feasibility, and community acceptance. Older adults as
well as all PLWH are considered high-priority groups and therefore
(booster) vaccination currently continues to be recommended by the
WHO. While vaccination rollout was initially slow due to delayed
access in many regions of sub-Saharan Africa, including Uganda,
vaccines are now widely available. Whether the SAGE

Frontiers in Virology

10.3389/fviro.2024.1429785

recommendations will be followed now depends more on the
provision of medical information to high-priority groups through
treating clinicians and community acceptance.

In conclusion, SARS-CoV-2 seroprevalence was high among
our study population of PLWH in urban Uganda. We attribute the
high population immunity levels to being exposed to the dominant
Omicron variant upon the lifting of movement restrictions before
our recruitment period. Older study participants, as well as
participants with a low BMI were more likely to have lower
SARS-CoV-2 antibody concentrations. Interestingly, only a small
proportion of past infections had been laboratory-confirmed.
Whether testing was not done due to mild courses of illness or
general hesitancy towards testing remains unclear.
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