Original research

BM) Leveraging remnant viral load samples
Public for SARS-CoV-2 antibody

Health seroprevalence trends among PLHIV in
Kenya, February 2021-October 2022:

a cross-sectional surveillance survey

Helen Chun @ ' Anthony Waruru,? Rose Wafula,® Ernest Makokha,?

Erastus Cheti,* Valarie Sarah Opollo @ ,*> Rachael Joseph © ,2 Emilio Dirlikov © ,
Marc Bulterys,? Hetal Patel @ ,' Muthoni Junghae,? John Kiiru,”> Dominic Kariuki,”
Rebecca Achieng © ,°> Martha Wezuma,®> Ann Maina,* Elvis Kirui,*

Noel Odhiambo,* Jane Y Carter @ ,* Mary Schmitz,?> Rashid Aman ©

Nancy Bowen,® Leonard Kingwara,® Mamo Umuro,® Denis Wanyama,*

Kenneth Ouma Ndiege,* Appolonia Aoko @ ,2 Ray Shiraishi @

6

To cite: Chun H, Waruru A, ABSTRACT
Wafula R, et al. Leveraging Introduction People living with HIV (PLHIV) are at WHAT IS ALREADY KNOWN ON THIS TOPIC
remnant viral load samples increased risk of COVID-19-related mortality. However, the = Seroepidemiological surveys have been widely used
;‘gf;ﬁfﬂ:ﬁ:ﬁ:ﬁ:ﬁfgi{nor‘g burden of and immune response to SARS-CoV-2 infection to estimate SARS-CoV-2 burden and track epidem-
PLHIV in Kenya, February amorg PIaHIV,tpagicularly in sub-Saharan Africa, remains g:uglxilgﬁglcz.eg;g:g |2§22Ied2¥;n$r (‘)Nr:hsﬂtl)v S(;I;:rlgl
_ : _ poorly understood. -
igft:on%‘fffﬁgﬁfnif cross Methods We conducted a four-round serial cross- Africa remain limited, and few studies have as-
survey. BMJ Public Health sectional surveillance survey using HIV viral load testing sessed trends using routinely collected remnant
2026:4:¢004713. doi:10.1136/  remnant samples from PLHIV on antiretroviral treatment clinical samples.
bmjph-2025-004713 (ART) in Kenya to assess trends in SARS-CoV-2 antibody
seroprevalence from February 2021 to October 2022. WHAT THIS STUDY ADDS . .
» Aditional supplemental SARS-CoV-2 IgG antibodies were detected using a = This is one of the largest studies assessing SARS-
material is published onfine only, Validated two-assay ELISA serial algorithm. Samples with CoV-2 antibody seroprevalence among PLHIV in
To view, please visit the journal  ELISA-positive or borderline result samples were further Sub-Saharan Africa. Using viral load testing remnant
online (https://doi.org/10.1136/  tested using a multiplex bead assay (MBA) to distinguish samples, we assessed seroprevalence trends by
bmjph-2025-004713). potential infection and/or vaccination status. age, sex, antiretroviral therapy (ART) regimen, ART
Results National SARS-CoV-2 antibody seroprevalence duration, year of ART initiation, and HIV viral load
—_— among PLHIV on ART increased from 16.1% in round 1 test result. From February 2021 to October 2022,
HC and AW contributed equally. 4 "a1 20/ in round 4: round 1: 16.1% (95% CI 6.9% to SARS-CoV-2 antibody seroprevalence among PLHIV
: 33.1%), round 2: 29.6% (95% Cl 13.7% to 52.7%), round increased from 16.1% to 91.7%. By extrapolating
222;23? DMe:yerznob;é 2025 3: 84.2)% (95% Cl 67.7%(t0 93.1%) and round 4: ;1 7% seroprevalence to estimated number of PLHIV on
(95% CI 86.5% to 95.0%). These estimates corresponded ART, we estimated approximately 1 173 399 (95%
to approximately 186 891 (95% CI 38 639 to 3 35 143), g'o\1/ 12225_%?)5961 EthihEg:;gtlfﬂt\r/] gns tAF;T 22(:(?5:2
363 590 (95% Cl 114 267 to 612 913), 1 072 496 (95% Cl - 1bodies by uay period, re-
914 449 io 1230 452)and 1173 399) (95% Cl 1 1 (20 294 flecting potential SARS-CoV-2 infection, vaccination
to 1226 574) PLHIV on ART with SARS-CoV-2 antibodies or both.
across the four rounds. MBA testing of ELISA-positive
Check for undates | and borderline samples showed that 97% had evidence
| ® - of probable infection and/or vaccination while 3% tested INTRODUCTION
© Author(s) (or their negative by MBA. Between Mal'rch 2020 and November 2022,
employer(s) 2026. Re-use Conclusions Monitoring SARS-CoV-2 infection in PLHIVis ~ Kenya experienced seven waves of COVID-
permitted under CC BY-NC. essential. Seroprevalence among PLHIV on ART in Kenya 19, caused by SARS-CoV-2. During 13 March
Published by BM.J Group. increased substantially during 2021-2022, reflecting both ~ 2020—1 November 2022, there were 339 147
For numbered affiliations see  infection and vaccination. Protecting the health of PLHIV laboratory-confirmed cases (6331 confirmed
end of article. through sustained prevention, treatment and vaccination cases per million) and 5678 reported (105.1
Correspondence 1o strategies remains critical in mitigating the threat of deaths per million) 1 The highest monthly

COovID-19.

Dr Helen Chun; vgi2@cdc.gov number of reported COVID-19 cases occurred

BMJ Group Chun H, et al. BMJ Public Health 2026;4:¢004713. doi:10.1136/bmjph-2025-004713 1

'salbojouyoal Jejiwis pue ‘Buluresy |y ‘Buiuiw elep pue 1xa) 01 parejal sasn 1o} Buipnjour ‘ybLAdod Ag pajoslold
1sanb Ag 920z sunr Gz uo wod fwg yresyolgndlwigy/:sdny woly pspeojumod "9202 Ae 8z Uo £T.%00-5202-ydlwa/9eTT 0T Se paysiignd 1sil :yifesH 2lland (NG


https://bmjpublichealth.bmj.com/
https://crossmark.crossref.org/dialog/?doi=10.1136/bmjph-2025-004713&domain=pdf&date_stamp=2026-05-28
https://orcid.org/0000-0002-1050-7361
https://orcid.org/0000-0002-5931-1685
https://orcid.org/0000-0003-4644-1568
https://orcid.org/0000-0003-4631-2643
https://orcid.org/0000-0002-5468-2591
https://orcid.org/0009-0004-1406-5275
https://orcid.org/0000-0003-4671-3519
https://orcid.org/0000-0002-7296-5608
https://orcid.org/0000-0001-6597-607X
https://orcid.org/0000-0001-7640-0666
https://doi.org/10.1136/bmjph-2025-004713
https://doi.org/10.1136/bmjph-2025-004713

BMJ Public Health 3

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR
POLICY

= These findings support the value of leveraging remnant clinical
samples for ongoing surveillance of emerging and epidemic-prone
diseases. This efficient approach can complement routine case sur-
veillance, monitor population-level exposure over time, and inform
targeted public health action. Future work to refine serologic tools
for surveillance, distinguish infection and vaccine-derived respons-
es, and clarify the correlates and durability of protection in PLHIV
is needed.

in December 2021, with a test positivity rate exceeding
35%.

COVID-19 vaccination was introduced in March 2021
and became widely available by March 2022.% By 30
October 2022, 14 million (25.9% of the population) had
received at least one vaccine dose, 9 861 223 (19.6%) had
received two or more doses, and 1 592 647 had received a
booster. Overall vaccination uptake reached 36.2% by the
end of October 2022.°

In 2021, among Kenya’s total population of 55 million,*
an estimated 1.4 (1.2-1.6) million people living with HIV
(PLHIV), of whom 1.28 million (93% (83% to >98%))
were receiving antiretroviral therapy (ART).” Although
PLHIV are not necessarily more likely to acquire SARS-
CoV-2 infection, clinical and social determinants may
contribute to worse COVID-19 outcomes.’®”

Population-based seroepidemiological surveys can
estimate the proportion of a population exposed with
evidence of SARS-CoV-2 antibodies and the propor-
tion potentially still susceptible. However, systematically
collected data to estimate the burden of SARS-CoV-2
infection among PLHIV, particularly in sub-Saharan
Africa, remain limited.*"" To address this gap, we
assessed trends in SARS-CoV-2 antibody seroprevalence
among PLHIV on ART in Kenya from February 2021 to
October 2022.

METHODS

Study design

We conducted four nationally representative cross-
sectional SARS-CoV-2 serologic surveys using a multistage
cluster survey design. Surveys used remnant samples
collected for routine HIV viral load (VL) testing among
PLHIV on ART in Kenya between 12 February 2021 and
21 October 2022. Per national guidelines, PLHIV on ART
are routinely monitored via VL testing, primarily using
plasma sample type, with samples sent from health facil-
ities to one of ten VL testing laboratories in the country.
In the first stage, five of Kenya’s 47 counties were selected
using probability proportional to size (PPS) sampling with
replacement. The size was determined based on PLHIV
on PEPFAR-supported ART during the quarter ending
31 March 2020. In the second stage, approximately 500
remnant VL samples were selected using systematic
sampling from within the laboratories of each of the five

selected counties. The sampling interval was calculated
as the number of available VL samples divided by 500
and the frame for the VL samples consisted of remnant
samples collected for routine HIV VL testing during the
month of the survey round (round 1: 22 February-19
March 2021; round 2: 31 May-29 June 2021; round 3: 31
May-26 June 2022; round 4: 26 September—24 October
2022). When fewer than 500 remnant VL samples were
available at the time of sampling, a take-all approach was
used.

Sampling deviated from our initial approach only
in survey round 2 because of logistical challenges in
retrieving samples. During round 2, for Nairobi County,
one laboratory was selected with certainty (selection
probability=1.0) in stage 2 due to its small size, and two
of five additional laboratories were selected using PPS
with replacement, where size was based on the number
of monthly samples. All the laboratories serving the four
remaining counties were selected with certainty. In stage
three, approximately 500 remnant VL samples were then
selected using systematic sampling from within each of
the five selected counties.

Sampling weights were calculated as the inverse of the
product of the stage one and two selection probabili-
ties, and for survey round 2, the inverse of the product
of the stage one, two, and three selection probabilities.
Sampling weights were then adjusted for non-response,
where non-response included stored samples that could
not be located or retested for SARS-CoV-2, as well as
undercoverage. Undercoverage occurred when the
number of available remnant samples was less than the
number of samples tested during the month. Poststrat-
ification was conducted by age (ie, <1, 1-4, 5-9, 10-14,
15-19, 20-24, 25-29, 30-34, 35-39, 40-44, 45-49, >50
years) and sex, aligning with fiscal year 2023 (October
2022-September 2023) PEPFAR monitoring, evaluation,
and reporting data for PLHIV on ART during the fiscal-
year quarter of each survey round,? so that the weighted
sample reflected the age-sex distribution of PLHIV on
ART at the time of sampling.

SARS-CoV-2 laboratory testing

Remnant plasma samples were tested at the Kenya
Medical Research Institute, Centre for Global Health
Research, HIV Research Laboratory, Kisumu. SARS-
CoV-2 IgG antibodies were detected using a vali-
dated two-assay ELISA serial algorithm (online
supplemental figure 1la). Initial screening used
the InBios SCoV-2 Detect IgG ELISA (InBios Inter-
national, Seattle, Washington, USA), a qualitative
indirect ELISA for the detection of IgG antibodies
that targets epitopes derived from SARS-CoV-2, with
manufacturer-reported sensitivity of 97.8% and spec-
ificity of 98.9%.'"" Positive samples were tested in
duplicate using the confirmatory test, EUROIMMUN
Anti-SARS-CoV-2 ELISA (IgG) (Eurolmmun US, New
Jersey, USA), which uses an antigen against the S1
domain of the spike protein of SARS-CoV-2, and
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Table 1 Baseline characteristics of PLHIV on ART in Kenya by sample round tested for SARS-CoV-2 antibodies
Round 1 Round 2 Round 3 Round 4
Total Total Total Total
n % (95% CI) n % (95% Cl) n % (95% Cl) n % (95% ClI)
Age
<15 129 5.4 160 5.3 202 4.7 122 4.5
15-24 120 7.8 154 7.7 223 7.6 209 7.5
25-44 712 50.3 948 49.6 648 48.2 958 47.9
45+ 455 36.5 810 37.4 326 39.6 817 40.1
Total 1416 100.0 2072 100.0 1399 100.0 2106 100.0
Sex
Female 964 67.0 1382 67.2 934 66.9 1416 66.9
Male 452  33.0 690 32.8 465  33.1 690 33.1
Total 1416 100.0 2072 100.0 1399 100.0 2106 100.0
Current ART regimen
DTG-based 1112  81.3 (72.0 to 88.1) 1665 88.3 (79.3 t0 93.7) 1153 85.6 (78.1 to 90.8) 1847 88.8 (79.8 to 94.1)
NNRTl-based 115 7.7 (5.3to 11.1) 63 2.7 (0.8 t0 8.1) 42 43(2.1t08.5) 44 2.0 (0.2t0 15.2)
Pl-based 151  9.5(4.5t0 19.1) 153 7.1 (3.6 t0 13.3) 155 7.6 (4.9 to 11.5) 154 6.9 (5.3 10 8.9)
Other 29 1.5 (0.6 to0 3.5) 57 2.0 (0.3t0 11.6) 39 25(1.4t04.6) 58 2.4 (0.6 t0 9.4)
Total 1407 100.0 1938 100.0 1389 100.0 2103 100.0
Most recent VL
<200 1052 84.3(78.7t088.7) 1719 93.4(88.4t096.4) 1199 88.4(85.0t091.2) 1865  89.9 (85.6 to 93.1)
>200 207 157(11.3t021.3) 122 6.6 (3.6 t0 11.6) 196  11.6 (8.8 to 15.0) 213 10.1 (6.9 to 14.4)
Total 1259 100.0 1841 100.0 1395 100.0 2078 100.0
Vaccine validity
Not documented 371  36.0 (9.3 to 75.4) 560 33.4(18.3t053.0) 559 44.7(285t062.1) 693 35.5 (27.3 to 44.7)
Not vaccinated 705 63.9(24.4t090.6) 1132 61.2(37.7t080.4) 160 13.7 (5.4 to 30.5) 64 3.6 (0.6 to 19.7)
Vaccinated 2 0.2 (0.0to 4.4) 103 5.4 (2.1t0 13.2) 357 41.6 (33.6 to 50.1) 1057 60.9 (49.0 to 71.7)
Total 1078 100.0 1795 100.0 1076 100.0 1814 100.0
Time on ART
<5 years 434 38.9(36.6t041.3) 618 37.7 (34.7t040.7) 378 34.6(28.4t041.4) 521 28.5 (22.9 to 34.9)
>5 years 643 61.1 (58.7 to 63.4) 1174 62.3 (59.3 to 65.3) 694  65.4 (58.6 to 71.6) 1286 71.5(65.1t0 77.1)
Total 1077 100.0 1792 100.0 1072 100.0 1807 100.0
ART start year
<2015 557  53.0 (49.2t056.8) 986 51.7 (47.4t056.1) 484 469 (42.4t051.4) 906 49.5 (46.6 to 52.4)
2015to <2017 183 16.5 (11.9 to 22.4) 301 16.8 (14.5t0 19.4) 171 14.4 (11.5t0 17.8) 308 17.5 (13.3 t0 22.7)
>2017 337 30.5 (28.8 to 32.3) 507 31.4 (25.9 to 37.5) 418  38.7 (32.4 to 45.3) 594 33.0 (26.8 to 39.8)
Total 1077 100.0 1794 100.0 1073 100.0 1808 100.0
SARS-CoV-2
Borderline 47 3.0 (2.4 10 3.8) 85 3.7 (2.810 4.8) 25  1.4(1.0t02.1) 18 0.8 (0.4 to 1.6)
Negative 1169 80.9 (65.41t090.5) 1339  66.7 (43.5t083.9) 284 14.4(5.8t0 31.6) 165 7.5 (4.0 to 13.5)
Positive 200 16.1 (6.9 to 33.1) 648 29.7 (13.7 to 52.9) 1090 84.2 (67.7 to 93.1) 1923 91.7 (86.5 to 95.0)
Total 1416 100.0 2072 100.0 1399 100.0 2106 100.0

ART, antiretroviral treatment; DTG, dolutegravir; NNRTI, non-nucleoside reverse transcriptase inhibitor; PI, protease inhibitor; PLHIV, people living
with HIV; VL, viral load.
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has reported sensitivity of 94.4% and specificity of
99.6%."* Both assays received the US Food and Drug
Administration Emergency Use Authorisation and
regulatory approval from the Kenya Pharmacy and

Poisons Board. All testing was conducted according

to the manufacturer’s instructions for use (IFU).
Samples testing positive or borderline on EURO-

IMMUN were further tested using FlexImmArray 7-Plex
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SARS-CoV-2 Human IgG Antibody Test (Tetracore, Rock-
ville, Maryland, USA), a multiplex bead assay (MBA)
that has magnetic microspheres coupled with recombi-
nant SARS-CoV-2 antigens to detect IgG antibodies to
three SARS-CoV-2 antigen targets: the Receptor Binding
Domain (RBD-CoV-2), Nucleocapsid Protein (NP-CoV-2)
and RBD-Nucleocapsid Protein hybrid (RBD-NP)."”
Fluorescence intensity was measured using Luminex
MagPix equipment (Luminex, Austin, Texas, USA),
and initial test results were classified using relative fluo-
rescence intensity (RFI) values as per the IFU (online
supplemental figure 1b). MBA test results used the RFI
and median fluorescence intensity (RFI and MFI, respec-
tively) for three microspheres for RBD-CoV-2, NP-CoV-2
and RBD-NP to determine potential infection and/or
vaccination status using the following logic: Samples with
RFI values for any of the three microspheres less than 0.9
were classified as negative; all three greater than 1.2 were
classified as positive, and any of the three values between
0.9-1.2 were considered equivocal. Samples testing posi-
tive (RFI>1.2) were further classified for potential SARS-
CoV-2 infection and/or COVID-19 vaccination status (ie,
‘vaccination alone’, ‘probable infection and vaccination’
or ‘probable infection’) based on RFI and MFI values
for RBD-CoV-2, NP-CoV-2 and RBD-NP (online supple-
mental Table 1).

Patient data

Patient data were extracted from the VL laboratory infor-
mation system (National AIDS/STD Control Programme
VL-early infant diagnosis (NASCOP VL-EID)) and elec-
tronic patient records in the National Data Warehouse
(NDW), a centralised data warehouse of routinely
reported data from facility electronic medical record
systems. Available COVID-19 vaccination data were also
obtained from the NDW and linked to NASCOP VL data
through unique patient numbers. MBA test results and
vaccination documentation data were merged. Vaccina-
tion status was determined for samples with non-equivocal
MBA results by comparing the documented COVID-19
vaccination date with the date the sample was received
by the VL testing laboratory. Vaccine validity was defined
using three categories: not documented, not vaccinated
or vaccinated. Not documented was defined as having
no record of COVID-19 vaccine receipt in the patient’s
file. Not vaccinated was defined as having received a
COVID-19 vaccine after the date of sample receipt by the
VL testing laboratory. Vaccinated was defined as having
had at least one COVID-19 vaccine dose prior to the
date of VL sample receipt by the VL testing laboratory.
Additionally, vaccination status was classified as fully or
partially vaccinated by clinicians, based on the number
of doses and vaccine type. Quality checks and cleaning
were conducted prior to merging serosurvey, clinical,
and vaccination data.

Patient and public involvement
Patients and the public were not involved in the design,
conduct, reporting, or dissemination of this research. The

research questions and outcome measures were devel-
oped by the study investigators based on programmatic
priorities and existing literature available at the time. No
direct patient recruitment was undertaken as this study
used secondary data analysis and remnant samples.

Statistical analysis

Analyses were conducted using Stata V.17.0 (StataCorp.,
2021. Stata Statistical Software: Release 17.0, StataCorp)
and accounted for the multistage cluster survey design,
including weighting and clustering. We estimated SARS-
CoV-2 antibody seroprevalence as the proportion of indi-
viduals with detectable anti-SARS-CoV-2 IgG antibodies,
with the denominator comprising all samples tested via
ELISA. We also estimated SARS-CoV-2 antibody sero-
prevalence stratified by demographic and clinical char-
acteristics, including age, sex, ART regimen (ie, inte-
grase strand transfer inhibitor, dolutegravir (DTG), non-
nucleoside reverse transcriptase inhibitor or protease
inhibitor (PI)-containing ART), ART duration, HIV VL
result, COVID-19 vaccination status, whether vaccina-
tion was received at or prior to the date of the VL sample
receipt by the VL laboratory, and round of VL sample
collection. Statistical testing for differences in seropreva-
lence across various demographic and clinical factors was
conducted using a Rao-Scott %* test. We used seropreva-
lence estimates to project the number of PLHIV on ART
with SARS-CoV-2 antibodies by applying the estimates to
the total number of PLHIV on ART reported at the end
of each survey quarter.

Additionally, we analysed the distribution of antibody
response by final classification for samples tested using
MBA, final MBA classifications by survey round, and the
relationship between ELISA ratio values and final MBA
classifications across rounds.

RESULTS

Between February 2021 and October 2022, 6993 (87.3%)
of 8007 sampled remnant VL samples, representing
80.1% of the expected sample size, were retrieved and
tested for SARS-CoV-2 antibodies. Sample sizes by survey
round ranged from 1399 to 2106: round 1—1416; round
2—2072; round 3—1399; round 4—2106 (online supple-
mental figure 2). All 6993 samples were tested using
ELISA, with 3861 (55.2%) testing positive, 175 (2.5%)
borderline and 2957 (42.3%) negative.

Characteristics of PLHIV among selected remnants
were similar across survey rounds, approximately 67%
were female, 47.9%-50.3% were aged 25-44 years,
61.1%-71.5% were on ART for more than 5 years, 81.3%—
88.8% were on DTG-based regimens, and 84.3%-93.4%
were virally suppressed (<200 copies/mL) (table 1).
Among those with available vaccination documentation,
the proportion with 21 COVID-19 vaccine dose before
VL sample collection increased across rounds: 0.0% in
round 1, 14.6% in round 2, 72.0% in round 3 and 94.2%
in round 4. The percentage with full vaccination status
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Figure 1 Trends in estimated PLHIV on ART with SARS-CoV-2 antibodies in Kenya, March 2021-October 2022. ART,

antiretroviral treatment; PLHIV, people living with HIV.

also increased from 0.0 to 2.0%, 62.8% and 87.7% over
rounds 1-4, respectively (online supplemental Table 2).

National SARS-CoV-2 seroprevalence rose markedly
over time: round 1: 16.1% (95% C16.9% to 33.1%); round
2:29.7% (95% CI13.7% to 52.9%); round 3: 84.2% (95%
CI 67.7% to0 93.1%) and round 4: 91.7% (95% CI 86.5%
t095.0%) (table 2). These seroprevalence estimates trans-
lated to an estimated 186 891 (95% CI 38 639 to 335 143)
PLHIV on ART with SARS-CoV-2 antibodies in round 1,
363 590 (95% CI 114 267 to 612 913) PLHIV on ART with
SARS-CoV-2 antibodies in round 2, 1 072 496 (95% CI 9
14 449 to 1 230 452) PLHIV on ART with SARS-CoV-2
antibodies in round 3, and 1 173 399 (95% CI 1 120 224
to 1226 574) PLHIV on ART with SARS-CoV-2 antibodies
in round 4 (figure 1). Few differences in seroprevalence
by age, sex, current ART regimen, most recent VL result,
vaccine validity, ART duration and ART initiation year
were observed across rounds (table 2).

We conducted an unweighted subanalysis of MBA
results among the 4036 samples that were ELISA posi-
tive or borderline (online supplemental figure 2). Of
these, 236 (5.9%) were classified as equivocal. Among
the remaining 3795, 1591 (42%) were classified as prob-
able infection, 1155 (30%) as probable infection and
vaccination, 929 (24%) as probable vaccination and
120 (3%) as negative. Vaccination data were available
for 2044 (53.9%) of MBA-tested samples. Among 1917

(93.8%) samples with definitive MBA results (ie, nega-
tive or positive) and vaccination documentation, 1312
(68.4%) were reported to have received 21 COVID-19
vaccine dose before sample collection (vaccinated), and
605 (32%) were not vaccinated (ie, received their first
dose of COVID-19 vaccine after the sample collection).
Of the 1312 samples with vaccination status determined
by a clinician using the number of vaccine doses and
vaccine type, 1158 (88.3%) were fully vaccinated and 154
(11.7%) were partially vaccinated.

MBA antibody response patterns by final classifica-
tion showed higher RBD-CoV-2 responses among indi-
viduals classified as probable infection and vaccination
than among those classified as probable infection alone
or probable vaccination alone, and higher NP-CoV-2
responses among those classified as probable infection
(online supplemental figure 3). The distribution of final
antibody response classification by MBA showed that
the proportion of seronegative declined across rounds,
while the proportions of probable vaccination only and
probable infection and vaccination increased (online
supplemental Table 3). Because the EUROIMMUN
assay detects anti-spike IgG, positive results could reflect
prior infection, vaccination, or both. MBA classification
therefore provided additional context by incorporating
response patterns to RBD and nucleocapsid targets;
higher EUROIMMUN ratios were generally observed in
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specimens classified by MBA as probable infection, prob-
able infection and vaccination, or probable vaccination
only, whereas MBA-negative specimens remained low
across rounds (online supplemental figure 4). Overall,
increasing SARS-CoV-2 antibody seroprevalence was
observed alongside increasing vaccination uptake among
PLHIV during the study period (online supplemental
figure 5).

DISCUSSION

By the end of 2022, most PLHIV in Kenya on ART had
SARS-CoV-2 antibodies, indicating substantial cumula-
tive immunologic exposure to infection, vaccination or
both. The largest increase in seroprevalence occurred
between round 2 and round 3, paralleling Kenya’s succes-
sive epidemic waves and expansion of vaccine uptake
(online supplemental figure 5), suggesting that both
infection and vaccination contributed to antibody prev-
alence. Continued serologic surveillance using remnant
VL samples may provide valuable data on undiagnosed
and unreported cases and inform vaccination and public
health planning. Because seropositivity does not directly
measure neutralising capacity, durability of protection,
or risk of onward transmission, these findings should be
interpreted as evidence of prior exposure rather than
protective immunity.

Additional studies are needed to assess the durability
and correlates of vaccine-induced and hybrid immunity
in PLHIV, including how antibody responses vary by
immunologic status.'*™® We observed a strong association
between SARS-CoV-2 seroprevalence and vaccination
coverage, suggesting that antibodies detected were partly
vaccine-induced. Maintaining ART continuity, virologic
suppression, management of comorbidities and access to
COVID-19 vaccination and treatment remain important
for reducing the risk of severe outcomes in PLHIV.'*"

Serosurveys are critical to understanding the spread of
COVID-19 and guiding public health policy and disease
control strategies. This study leveraged Kenya’s routine
VL monitoring infrastructure and remnant VL samples,
enabling cost-effective, longitudinal surveillance, while
the high VL coverage among PLHIV strengthened the
reliability of the data. The 20-month statistical sampling
design allowed for analysis of seroprevalence trends
across the different waves of the pandemic and periods
of vaccine rollout. Vaccination data, from utilisation of
available electronic medical record data, also demon-
strated the feasibility of this approach for future passive
disease surveillance.

This study had several limitations. It focused on PLHIV
on ART who had VL testing from selected counties,
limiting generalisability. In rounds three and four, three
laboratories were excluded due to logistical issues, and
one small county’s samples were inconsistently tested.
ELISA was not always able to distinguish between vaccine-
induced and infection-induced antibodies, particularly
as vaccine availability was limited during earlier rounds,

with antibodies likely reflecting infection. Factors such as
waning antibodies, timing of infection, variant-specific
differences in assay performance or cross-reactivity may
have underestimated seroprevalence. COVID-19 vaccina-
tion data, which were based on self-report and provider
documentation, may have been subject to recall bias.
While MBA testing improved differentiation between
infection and vaccination, 6% of results were equivocal
but not retested due to resource constraints. Further
analyses were limited due to incomplete linkage with the
NDW, which, however, lacks COVID-19 symptom, hospi-
talisation and mortality data. Pandemic disruptions in
the supply chain also affected the study timeline and data
completeness.

Despite these limitations and the evolving under-
standing of immune response to SARS-CoV-2, this study
provides important national data on SARS-CoV-2 anti-
body seroprevalence among PLHIV on ART in Kenya,
a population at heightened risk for severe COVID-19.
This study is one of the largest seroprevalence studies in
PLHIV in sub-Saharan Africa, which is home to 66% of
the global PLHIV population.”® Our findings are consis-
tent with other serosurveillance data from Kenya and
broader standardised seroprevalence syntheses showing
substantial increases in SARS-CoV-2 antibody seropreva-
lence during 2021-2022.**° Leveraging VL testing and
electronic medical records systems for ongoing surveil-
lance offers a scalable, efficient model for monitoring
public health threats, identifying intervention gaps and
informing future epidemic preparedness.
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