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ABBREVIATIONS 

AEHI: Acute and Early HIV Infection
AGYW: Adolescent Girls and Young Women
AHI: Acute HIV Infection
AIDS:  Acquired Immuno Deficiency Syndrome 
ANC: Antenatal Care services 
aPNS:  Assisted Partner Notification Services 
ART: Anti-Retroviral Therapy
CAPI: Computer-Assisted Personal Interview
CASI: Computer-Assisted Self-Interview 
CCC: Comprehensive HIV Care Centre 
CITC: Client-Initiated Testing and Counseling 
COVID-19: Coronavirus disease
DBS: Dried Blood Spots 
DTC: Diagnostic HIV Testing and Counseling
ED: Emergency Departments 
EID: Early Infant Diagnosis 
ELISA:  Enzyme Linked Immuno Sorbent Assay 
FGD: Focus Group Discussion 
FSW:  Female Sex Workers 
FTT:  First Time Testers/Testing
GBV: Gender Based Violence
GEE:  Generalized Estimating Equation 
GP: General Population
GUD: Genital Ulcer Disease 
HBTC: Home-Based Testing and Counseling
HCW:  Health Care Workers
HIV: Human Immunodeficiency Virus 
HIVST:  HIV Self-Testing 
HPN: HIV Partner Notification Services 
HPTN: HIV Prevention Trial Network
HTC:  HIV Testing and Counseling 
HTS: HIV Testing Services 
IPV: Intimate Partner Violence 
KAIS: Kenya AIDS Indicator Survey
KASF: Kenya AIDS Strategic Framework
KDHS: Kenya Demographic and Health Survey
KEMRI: Kenya Medical Research Institute
KEMSA: Kenya Medical Supplies Authority 
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KENPHIA: Kenya Population-based HIV Impact Assessment
KP:  Key Populations 
KWTRP: KEMRI-Wellcome Trust Research Programme
MARPS: Most at Risk Populations
MoH: Ministry of Health
MSM:  Men who have Sex with Men
NA: Nucleic Acid 
NAAT:  Nucleic Acid Amplification Tests
NASCOP:  National AIDS and STI Control Programme 
NHIF: National Hospital Insurance Fund 
OPD: Outpatient Department 
OR:  Odds Ratio
OST:  Oral Self-Testing
PCR: Polymerase Chain Reaction 
PEP: Post-Exposure Prophylaxis 
PEPFAR: President’s Emergency Plan for AIDS Relief 
POC: Point-Of-Care
PITC:  Provider-Initiated HIV Testing and Counseling 
PLWH: People Living With HIV
PMTCT:  Prevention of Mother to Child Transmission
PNS:  Partner Notification Services 
PrEP:  Pre-Exposure Prophylaxis
PWID: People Who Inject Drugs 
RDT Rapid Detection Test
RRI: Rapids Results Approach and Initiative
RRR: Relative Risk Ratio 
SSA:  Sub-Saharan Africa
STI: Sexually Transmitted Infections 
SW: Sex Workers
TasP: Treatment as Prevention
TAT: Turnaround Time
TB: Tuberculosis
TMP: Tambua Mapema Plus trial 
TOT: Trainer of trainers 
UNAIDS:  The Joint United Nations Programme on HIV/AIDS
UTT:  Universal HIV Testing and Treatment
VCT: Voluntary Counseling and Testing
VL: Viral Load 
WB:  Western Blot 
WHO:  World Health Organization 
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TERMINOLOGY

The following terminology are used in this thesis:

Assisted Partner Notification Services: aPNS refers to a voluntary process where 
consenting HIV-positive clients are assisted by a trained provider to elicit their sexual 
and/or drug injecting partners to disclose their status or to anonymously notify them 
of their potential exposure to HIV infection with an aim of offering them HIV testing 
services. Assisted partner notification is done using contract referral, provider referral or 
dual referral approaches.

Client-initiated HIV testing and counselling (also called Voluntary Counselling and 
Testing, or VCT): involves individuals actively seeking HIV testing and counselling at a 
facility that offers these services.

Generalized HIV epidemic: HIV is firmly established in the general population. Although 
sub-populations at high risk may contribute disproportionately to the spread of HIV, sexual 
networking in the general population is sufficient to sustain an epidemic independent of 
sub-populations at higher risk of infection. Numerical proxy: HIV prevalence consistently 
over 1% in pregnant women.

HIV partner notification (HPN) is a voluntary process where trained health workers, 
including lay providers, ask people diagnosed with HIV about their sexual partners 
or drug injecting partners, and with the consent of the HIV-positive client, offer these 
partners voluntary HIV testing. Partner notification is provided using passive or assisted 
approaches.

HIV self-testing: a process in which a person collects his or her own specimen (oral fluid 
or blood) and then performs a test and interprets the result, often in a private setting, 
either alone or with someone he or she trusts.

 “Opt-in”: an HIV testing approach where patients must affirmatively agree to the test 
being performed after pretest information has been received.

“Opt-out” : an HIV testing approach where a patient must specifically decline the HIV 
test after receiving pretest information if they do not want the test to be performed
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Passive referral: is a partner notification service in which HIV-positive clients are 
encouraged by a trained provider to disclose their status to their sexual and/or drug 
injecting partners by themselves, and to also suggest HTS to the partner(s) given their 
potential exposure to HIV infection.

Provider-initiated HIV testing and counselling refers to HIV testing and counselling 
which is recommended by health care providers to persons attending health care facilities 
as a standard component of medical care.
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Chapter 1

GENERAL INTRODUCTION 

Globally, 38 million people are living with HIV with 25.4 million on treatment [1]. 
Despite overall reductions in new HIV infections, there were 1.7 million new infections 
reported in 2019 and 690,000 AIDS-related deaths. Sex disparities in the reduction of new 
infections were apparent in 2019, with fewer new infections reported among women and 
girls, than among men and boys. Key populations (KP) and their sexual partners remain 
disproportionately affected by HIV with an estimated 62% of new adult HIV infections 
found among sex workers (SW), people who inject drugs (PWID), transgender, men who 
have sex with men (MSM) and others. In sub-Saharan Africa (SSA), a 38% reduction in 
new infections was reported in 2019, however, young women and adolescents accounted 
for 1 in 4 new infections. In eastern and southern Africa alone, adolescents accounted for 
30% of new infections [1]. 

HIV testing is the main entry point to prevention, care, support, and treatment services. 
The proportion of new infections resulting from HIV transmission during early or acute 
HIV phase remains unknown, with up to 22% of new infections thought to be during 
acute and recent HIV infection and up to 70% arising from undiagnosed people [2]. With 
increasing availability of antiretroviral therapy (ART) and the growing body of evidence 
of treatment as prevention (TasP), there has been a global scale up in HIV testing [3]. 
The Joint United Nations programme on HIV/AIDS (UNAIDS) in 2014 set an ambitious 
target aimed at ending the AIDS epidemic by 2020 of “90-90-90” i.e. 90% of all people 
living with HIV (PLWH) will know their HIV status, 90% of all people with diagnosed 
HIV infection will receive sustained antiretroviral therapy and 90% of all people receiving 
antiretroviral therapy will have viral suppression, with modelling suggests that achieving 
these targets by 2020, would result in an end to the AIDS epidemic by 2030 [4]. Fast-
track targets were set, driving the 90-90-90 agenda  after 2020, to 95-95-95 by 2030 by 
accelerating HIV testing and the delivery of high impact HIV prevention and treatment 
services resulting in reductions in new HIV infections among populations most affected 
[5]. Since then, evidence from studies such as HIV Prevention Trial Network (HPTN) 
052 demonstrated the benefits of ART in the reduction of HIV transmission [6, 7]. In 
2015, there was a shift from TasP to universal HIV testing and treatment (UTT) by the 
World Health Organisation (WHO), with the recommendation that all PLWH know their 
status and receive ART following evidence of reduced mortality, morbidity and HIV 
transmission outcomes from trials such as the UTT randomised studies [6], TEMPRANO 
[8] and START [9], and further pushing forward the agenda on universal access to HIV 
treatment and care [10]. Data from the four UTT trials (BCPP/YaTsie, HPTN 071/PopART, 
SEARCH and ANRS 12249/TasP) in SSA demonstrated that the UNAIDS “first 90” was 
rapidly achievable with all four studies reporting over 90% of PLWH were aware of their 
status; 88-97% of these were on ART in 3 of the 4 studies (UNAIDS “second 90”)  and 
≥87% virally suppressed across all studies by trial end [11]. 
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1

Background

Globally, progress has been made in the attainment of the 90-90-90 goals with 81% of 
people having been diagnosed, 67% of individuals aware of their status being on ART, and 
59% of those on ART being virally suppressed in 2019 [1, 12]. However, by 2018, only 19 
countries had met the set target of 90% serostatus awareness by 2020 [13]. Heterogeneity 
across the HIV treatment cascade in achieving the 90-90-90 goals has been reported across 
age and sex in SSA. Youth, 15-24 years, and men were found to have a low population wide 
viral suppression compared to women and those aged 25 and above [14]. In eastern and 
southern Africa, 85% of PLWH, know their status [15]. Gaps in testing however remain 
among those at highest risk including men, adolescents and young people, and KP [15]. 
Data from population-based surveys in SSA showed gaps in test coverage among men and 
low trends in HIV testing among individuals with high risk behaviours and adolescents 
despite the high rates of HIV infection in this group [16]. 

To attain the fast-track goals (95-95-95) by 2030, there has been rapid expansion of HIV 
testing and treatment services over the past decade, with innovative approaches to HIV 
service delivery including facility-based testing, with HIV testing routinely offered in 
clinical settings in high HIV burden settings, and community-based HIV testing services 
to complement facility-based testing and identify those in greatest need of HIV testing 
services (HTS) who may otherwise not seek testing in health facilities such as KPs, men 
and young people. These services include provider-initiated HIV testing and counselling 
(PITC), voluntary counselling and testing (VCT), home, mobile and outreach testing [15, 17, 
18]. To scale up HIV case finding and diagnosis, the WHO in 2016 launched new guidelines 
on HIV self-testing (HIVST) and HIV partner notification services (HPN) [17, 19].  
HIV partner notification, where sexual partners of recently diagnosed individuals are 
notified of their HIV exposure and referred for testing, has improved partner testing 
and diagnosis of HIV-positive partners [20]. HIVST has further improved HIV status 
awareness  among individuals not otherwise able to access healthcare or HTS, including 
hard-to-reach populations such as men, young people and key populations [13, 19].  
Recommendations on HIV retesting have also been outlined by the WHO as part of 
prevention and diagnosis efforts, with annual testing recommended for sexually active 
individuals in high HIV burden settings or who have ongoing HIV-related risks, and more 
frequent testing (3-6 months) based on individual risk and as part of broader prevention 
measures e.g. quarterly testing for individuals on pre-exposure prophylaxis (PrEP) and 
KPs [15]. 

With increased availability of ART, HIV case finding and partner testing in facility-based 
and community settings remain key in achieving the UNAIDS goals [21]. This thesis aims 
to describe progress towards the attainment of the UNAIDS first 95 by 2030 in coastal 
Kenya, by examining factors associated with HIV diagnosis and uptake and scale up of 
VCT and facility-based HIV testing services, and by evaluating the impact of a targeted 
HIV-1 point-of-care (POC) RNA testing intervention (Cepheid GeneXpert® HIV-1 Qual) 
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Chapter 1

Figure 1: Kenya county HIV prevalence of adults 15-64 years. 

Source: Kenya Population Based HIV Impact Assessment (KENPHIA) 2018 Preliminary Report[22] 
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Background

to detect acute and prevalent HIV in adults 18-39 years seeking primary care for symptoms 
of an acute infectious illness.

HIV epidemic in Kenya 
Kenya has the fifth largest number of PLWH globally, with HIV, the leading cause of 
adult morbidity and mortality [22]. National HIV prevalence was estimated at 4.9% in 
the 2018 population-based survey (Kenya Population-based HIV Impact Assessment, 
KENPHIA 2018), a decline from 5.6% in 2012, with 1.3 million adults living with HIV. 
In the same year, an estimated 36,000 new cases of HIV infection were reported among 
adults; an annual incidence of 0.14%, down from 52,000 infections in 2017 [22-24]. In 
2019, adolescents and young people aged 15-29 accounted for 61.2% of the total adult new 
HIV infections [25]. Prevalence is varied geographically across the 47 counties of Kenya, 
ranging from 19.6% in Homa Bay, western Kenya, to <0.1% in Garissa in north-eastern 
Kenya in 2018 [22]. 

There are marked disparities in the epidemic in Kenya by age, sex and risk group. National 
HIV prevalence trends among adults (15-49 years) are documented to have peaked at 10-
11% in the mid-1990s, with a decline to 6% by 2006 and stabilised since [24].  In 2018, 
prevalence was twice as high among women at 6.6% compared to men at 3.1% [22], with 
similar differences reported in the 2012 population survey (Kenya AIDS Indicator Survey, 
KAIS 2012) at 6.9% vs 4.4% respectively [23]. Similar to adults, prevalence among the youth 
(15-24 years) peaked at 9-10% vs 3-4% in the mid-1990s for females and males respectively, 
with a decline to 3.5% vs 1.4% for females and males respectively in 2006 and has stabilised 
since then particularly among men, with a modest decline among females [24]. In 2019, 
boys and young men aged 15-34 years accounted for 53% of new infections among males, 
with HIV awareness demonstrated to be lower among men compared to women in the last 
population survey, KENPHIA 2018 [25]. Adolescents and young people contributed up to 
42% of adult new HIV infections in 2020 [25], and 12% of AIDS related deaths in 2017 [26], 
with adolescent girls and young women (AGYW) aged 15-24 years accounting for a third 
of all new HIV adult infections [25]. Key populations are disproportionately affected by 
HIV with prevalence among SW, MSM and PWID estimated at 29.3%, 18.2% and 18.3% 
respectively in 2018 [26]. 

Kenya has made significant strides towards its commitment to achieving the UNAIDS 
90-90-90 goals. Several strategies have been adopted to increase access to HIV testing 
and address the needs of diverse populations including PITC, and more recently, HPN 
and HIVST [28-30]. Revised HTS guidelines in 2015 outlined retesting recommendations 
for various subpopulations including annual retesting for the general population (GP), 
quarterly testing for KPs, and retesting after 4 weeks for persons with a recent exposure 
incidence [28]. “Test and Treat”  guidance was adopted in 2016  to expand access to care, 
advocating for provision of ART for all confirmed HIV infections [31]. In support of 
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enhancing HIV prevention among those at highest risk of HIV acquisition, Kenya was 
the second country in Africa to roll-out nationally guidance for screening and provision 
of PrEP in 2017 [32, 33]. In the same year, Kenya was one of the first countries to adopt 
HIVST to expand access to HIV testing [29]. HIVST including oral self-testing (OST), was 
integrated as one of the facility-based HIV service delivery channels [28],  for partners and 
couples testing [34] including for male partner testing of antenatal care (ANC) clients [35] 
and among KPs [34, 36]. Similarly, HPN guidance was rolled out to improve identification 
of PLWH in Kenya [29] with initial studies on HIV partner notification services in Kenya 
demonstrating a 15 fold increase in first time testing (FTT) and 5 fold increase in new 
HIV diagnosis among sexual partners receiving HPN [37]. Since then an estimated 90% of 
PLWH knew their HIV status achieving the first 90 target by 2020, 74% were on treatment 
and 68% of adults on ART had achieved viral suppression in 2019 [25]. 

Figure 2: HIV prevalence by sex among adults. 

Source: Kenya AIDS Strategic Framework 2014/2015 – 2018/2019 [27]

Abbreviations: KDHS- Kenya Demographic and Health Survey; KAIS- Kenya AIDS Indicator Survey 
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Background

Despite these achievements, much needs to be done to ensure reduced endemic 
transmission with over 30% of PLWH not engaged in care or virally suppressed. Kenya’s 
HIV programme, which is heavily donor funded, experienced funding cuts from the 
President’s Emergency Plan for AIDS Relief (PEPFAR) of over US$100 million aimed at 
achieving more efficiency and cost-effectiveness [38]. The cuts have seen a reduction on 
human resources for health and programmes for KPs and men, with more proposed cuts 
to reduce support for HIV test kits [38]. PEPFAR has prioritised prevention and treatment 
activities targeted at the highest prevalence and high-risk networks based on high yield and 
incidence [39]. Although Kenya has reported a yield of 1.06% from 6.1 million outpatients 
tested for HIV (accounting for 60% of all HIV tests conducted) [40], innovative strategies 
are needed to efficiently target testing for those most vulnerable to HIV, and diagnose 95% 
of all PLWH by 2030. 

The history of HIV testing services in Kenya 
Kenya’s testing services were initially primarily offered through client-initiated HIV 
testing and counseling (CITC) i.e. VCT. Early studies in 1998 showed that VCTs could 
be integrated in public health facilities with national VCT guidelines developed in 2001 
[41, 42]. HIV testing at the time used laboratory-based ELISA and Western blot tests. 
These tests were however expensive and required highly trained personnel and advanced 
technology and had a long turnaround time (TAT) for results of up to 2 – 4 weeks. Various 
lab-based technologies were adopted over time including Capillus [43] and ImmunoComb 
[44] test kits, to the rapid antibody tests, Determine (Alere Determine™ HIV-1/2) [45]  and 
Uni-Gold (Uni-Gold™ Recombigen® HIV-1/2) [46], introduced in 2001 to facilitate same-
day results, reduce requirements for skilled personnel (use of lay counsellors) as well as 
reduce patient attrition due to delays in the TAT for results [37]. To achieve the UNAIDS/
WHO “3 by 5” initiative set in 2003, i.e. provide ART to 3 million PLWH by 2005, there was 
a nationwide VCT promotion campaign and a rapid scale up of integrated (health facility 
based) VCT services up until 2008 [42, 47-50]. VCTs at the time, demonstrated evidence 
of behavioural risk reduction [21]. However, despite attracting higher-risk persons than in 
the general population with the highest documented positivity rates, challenges emerged 
with achieving VCT uptake due to the costs associated with stand-alone VCT services, 
stigma and fear, unclear benefits of HIV testing as well as myths around HIV testing [47, 
48, 51]. 

High acceptability for testing was reported for provider-initiated testing including facility 
and home testing, with the highest numbers of FTT recorded. Test coverage among 
women was high with facility-based testing, attributed mainly to ANC services [42].  By 
2006, in response to high numbers of hospitalised HIV-infected individuals and WHO 
recommendations on provider-initiated HIV testing and counseling, routine HIV testing 
was adopted, a move away from symptomatic based testing i.e. diagnostic HIV testing 
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and counseling approach (DTC) [42, 52]. Data from the second national population-based 
survey, KAIS 2007, documented national prevalence at 7.1%, with only 36.6% of Kenyans 
having ever tested for HIV, twice more likely among women at 44.6%, than among men at 
25.6% [53]. Among PLWH, only about 1 in 6 were aware of their positive HIV status [53]. 
Following KAIS, the first HIV testing and counseling (HTC) guidelines were developed 
in 2008 replacing  the national guidelines for VCT [48]. Universal HTC (i.e. 80% correct 
knowledge of HIV status by 2011) was prioritized due to the high proportion of PLWH 
unaware of their status with the aim of identifying and initiating ART for those eligible, 
as well as identifying individuals at risk of HIV [48, 51, 53].  The guidelines emphasized 
diversified testing strategies including PITC in health care settings, home-based testing 
and counseling (HBTC), mobile VCT, and outreach activities [48, 53]. HBTC documented 
the highest yields of couples tested, whereas mobile VCTs aimed at geographically or hard-
to-reach populations, documented high numbers of FTT and women. However, shortages 
of VCT counsellors and staff, health worker attitudes and stigma coupled with the feeling 
that HTC was not their core responsibility posed barriers to routine HTC [42]. Challenges 
also arose with the collection of HTC data which were incomplete or not routinely filled, 
and data was not systematically analysed [51]. 

The Kenya National AIDS Strategic Plan 2009/10-2012/13 was developed with 
recommendations on strategies to be employed towards attaining 80% coverage by 2011 
[54]. Recommendations touched on how to scale up HIV prevention, care and treatment, 
community outreach activities including those targeting most at risk populations 
(MARPS) such as KPs and young women, and HIV testing targets across various service 
delivery points amongst others [54]. Testing targets were set with an aim of testing 13 
million Kenyans by 2011 through PITC, VCT, HBTC and prevention of mother-to-child 
transmission (PMTCT). By 2010, a cumulative total of 9.7 million (74.3%) individuals 
had been tested [51, 54]. Between 2007 and 2010, there were accelerated HTC campaigns, 
Rapids Results Approach and Initiative (RRIs), aimed at scaling up HIV testing within a 
defined period to achieve the goals of universal access. The campaigns targeted various 
populations including KPs such as SWs and truck drivers, and HIV service delivery 
points with 2009 and 2010 RRIs focusing on facility-based HIV testing including PITC. 
The RRIs reached populations not otherwise accessing HTS including FTT, the youth, 
and PLWH, with 4.6 million individuals tested during the campaigns with a documented 
HIV prevalence of 4.3% [51]. Despite these successes, challenges remained in the scale 
up of HTC. HTC services were not fully integrated in health care services, there was 
poor linkage to care following diagnosis, HIV associated stigma, healthcare attitudes 
specifically towards PITC including lack of motivation for testing and counseling 
subsequently decreasing PITC coverage and poor HTC data reporting and analyses 
practices [51]. Recommendations at the time were put forth, including to scale up HIV 
retesting with standardized messaging on retesting intervals, to incorporate PITC as a 
routine service in health facilities, enhance linkage to HIV prevention and biomedical 
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interventions including ART for HIV prevention, the use of self-testing as a strategy for 
retesting amongst those at highest risk of HIV and reach FTT, and to address the need for 
HIV testing technologies for the detection of acute HIV infection (AHI) where individuals 
were most infectious [51].  

By 2012, population survey data (KAIS 2012), reported national HIV prevalence at 5.6% 
(6.9% among women, 4.4% among men) with 1.19 million PLWH of which 106,000 were 
new HIV infections [53]. Remarkable increases in test coverage were reported with 71.6% 
coverage of adults who had ever tested for HIV in 2012 compared to 33.6% in 2007, 56.1% 
of these, having testing in the past year [53, 55]. Test coverage was higher among women 
at 80.4% compared to 62.5% among men. However, among PLWH, 53.0% were unaware 
of their HIV infection [53, 55]. The findings of KAIS 2012 reemphasized the need for HIV 
case finding and identifying PLWH through innovative methods such as family testing 
and self-testing, which was available at the time in the private sector, guidance on when 
to retest, the need for a national surveillance system for monitoring trends in prevalence, 
new infections and HIV-related deaths as well as targeted testing strategies to reach at 
risk populations such as KPs [53]. With increasing numbers of PLWH accessing care, the 
requirement for routine viral load (VL) monitoring and decentralisation of services was 
highlighted, alongside the scale-up of programs for Early Infant diagnosis (EID) [53]. 

The Kenya AIDS Strategic Framework (KASF) 2014/2015 – 2018/2019 followed, with 
key objectives of reducing new HIV infections by 75%, AIDS related mortality by 25%, 
HIV related stigma and discrimination by 50% and to increase domestic funding of the 
HIV response by 50% [27]. Specific recommendations of KASF around HTS included the 
adoption of population and geographic specific HTC approaches by scaling up facility-
based PITC and ensuring linkage to care, conducting routine community-based HTC for 
priority and KPs; strengthening of HIV diagnostic infrastructure and systems through 
the innovative diagnostic strategies such as POC testing and HIVST; delivery of targeted 
and integrated HIV testing and counseling by offering couples and partner testing, 
integrated HTC services and by identifying high risk individuals for regular HTC; and 
strengthening linkages to care and treatment [27]. KASF also advocated for the adoption 
of evidence-based interventions on combination HIV prevention including PrEP and 
emphasized the use of research and innovation to address challenges and gaps in HIV 
policy and programming [27]. KASF called for increased domestic allocation to the HIV/
AIDS response, with an estimated 68% of the national AIDS response funded externally 
[27]. 

HTS guidelines were subsequently revised in 2015 [28], informed by recent data from 
Kenya Demographic and Health Survey (KDHS 2014) on test coverage (85% vs 72% of 
women and men respectively, who had ever tested for HIV, of which, 53% vs 46% had 
tested in the past 12 months) [56] and from KAIS 2012 on the knowledge of HIV status 
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[23, 55]. Key recommendations of the guidelines included a shift from HTC to HTS 
which encompassed the 5Cs of Consent, Confidentiality, Counseling, Correct results and 
Connection (linkage to care); lowering the age of consent for HTS to allow for testing 
among adolescents and youth from the age of 15 years; the use of HIVST as a tool to 
increase HIV status awareness;  guidance on retesting (i.e. retesting annually for GP and 
quarterly for KPs); and proposed integration of HTS within Tuberculosis (TB), PMTCT, 
sexual and reproductive health services, voluntary medical male circumcision as well as 
Gender Based Violence (GBV) services [28]. 

Since Kenya’s first population data on HTC (KDHS 2003) demonstrated only 16% of 
Kenyans knew their HIV status [57], several policy recommendations towards the 
achievement of the UNAIDS first 90 have been released including in the field of HIV 
diagnostics. Guidance on retesting recommendations for various populations was issued 
in the revised 2015 HTS guidelines [28]. Treatment guidelines in 2016 were revised 
recommending ART for all PLHIV. PrEP was recommended for HIV negative individuals 
at substantial ongoing risk of HIV as part of combination HIV prevention [31]. HIVST 
and HPN guidance were rolled out in 2017 to scale up HIV case finding [29]. In 2017, 
POC testing for EID was introduced and implemented ,with a subsequent increase in VL/
EID regional test labs from 7 in 2016 to 10 in 2018 [26].  Health facilities were networked 
to regional VL/EID test labs with documented improvements in the TAT for VL from 
24 days in 2016 to 10 days in 2018 [26]. While the number of PLWH who are aware of 
their positive status has risen to 79.5% (82.7% female vs 72.6% male) in 2018 [22], no 
recent national level estimates are available on retesting uptake or the factors that predict 
adherence to recommended retesting frequency. 

With declining donor funding for HIV programming in low and middle income 
countries [58], as well as competing disease priorities including the ongoing COVID-19 
global pandemic, current policy recommendations aim at maximizing efficiencies and 
implementing interventions based on geographical locations and populations most 
vulnerable to HIV infection [15, 25]. PITC, which forms majority of tests performed in 
Kenya [40, 59], remains key in identifying undiagnosed individuals presenting to care and 
offering immediate linkage to HIV care and treatment [52]. Understanding the coverage 
of HTS including PITC as well as retesting uptake may help inform efficient targeting 
strategies.  

This thesis aims to use routine HTS data collected over 12 years from 3 VCTs in in coastal 
Kenya to describe trends in HIV positivity and retesting uptake including the proportions 
of FTT (those who had never tested before) and on-time and late retesting encounters (i.e. 
previous test more than a year ago for GP or more than 3 months ago for KPs), as well as 
describe factors associated with these outcomes among GP and KP. In addition, we aimed 
to evaluate factors associated with HIV testing history and new HIV diagnosis stratified 
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by sex, among male and female adult outpatients aged 18-39 seeking care for symptoms of 
acute infectious illness at six health facilities in coastal Kenya. 

Provider Initiated HIV testing and Counselling (PITC)
To achieve universal test coverage, the WHO in 2007, issued guidance on PITC 
recommending an HIV test in all patients attending health facilities for countries with 
generalised epidemics as a standard part of medical care, regardless of whether the 
patient shows signs and symptoms of underlying HIV infection or the patient’s reason 
for presenting to the health facility [52]. This was in response to global low test coverage 
and low HIV test uptake at the time despite increased access to HIV treatment, care and 
prevention services, with health facilities offering a systematic way to diagnose HIV and 
facilitate patient immediate access to prevention, treatment, care and support services 
[21, 52, 60]. Studies at the time had shown many missed opportunities to diagnose HIV 
at health facilities in both industrialised and resource limited settings, with delayed 
diagnoses among patients who had earlier accessed health care services [52]. The goal of 
PITC was to allow for  specific clinical decisions to be made, or to offer specific medical 
services which would otherwise not have been done without knowledge of the person’s 
HIV status [52]. The WHO recommended the “opt-out” approach, which meant that a 
patient must specifically decline the HIV test after receiving pre-test information if they 
do not want the test to be performed [52]. By 2010, 42 countries in SSA had adopted policies 
on PITC [61]. However, the impact of PITC has been varied across clinical settings with 
higher provider offer of HIV testing in TB patients (over 9 in 10), and lowest among those 
seeking outpatient department (OPD) services, with only 1 in 4 offered an HIV test at care 
seeking [52]. Significant gains in HIV testing rates among pregnant women and sexually 
transmitted infection (STI) clinics following PITC have been documented in SSA, which 
has seen the elimination of mother-to-child HIV transmission in some countries [60, 61]. 

The implementation of PITC in SSA has however not been without challenges. Early 
concerns were raised on whether an “opt-in” or “opt-out” approach should have been 
adopted to enhance patient understanding, consent and participation, and on which 
providers should offer HIV testing between doctors, nurses or dedicated HIV counsellors 
[21]. Distance from clinics and poor transport infrastructure to access healthcare, long 
waiting times, costs, confidentiality concerns and infrequent contact with the healthcare 
system hindered facility-based testing [62, 63]. Despite relatively high patient acceptability 
for HIV testing [21, 61, 64, 65], negative provider attitudes with the feeling that PITC should 
be limited to symptomatic patients and those attending STI clinics,  fear of offending 
patients, perceived slowing of patient flow, in addition to weak healthcare systems, poor 
working conditions, lack of motivation and incentives, absence of guidelines, poor referral 
systems for care and treatment, high patient loads with shortages of trained personnel 
and test commodities, limited space and infrastructure have been reported as some of the 
provider reasons for not offering an HIV test in various SSA settings [63, 66-70]. While 
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reported acceptability has been high, patients in some settings expressed discomfort 
refusing an HIV test, contrary to the WHO PITC principle of opt-out testing [64].  Among 
patients, refusal of an HIV test has been associated with prior knowledge of one’s HIV 
status, inaccurate and incomplete knowledge of HIV, local spiritual and traditional beliefs, 
stigma, fear of breach of patient confidentiality by providers, low risk perception, having 
previously tested for HIV,  a desire to preserve social relationships, fear and feeling not 
ready for an HIV test [63-66, 71].  Poor preventive health utilization and low literacy levels 
in SSA has resulted in poor health seeking behaviour, with patients presenting to facilities 
with advanced illness compared to industrialised settings [63, 72]. 

Emergency departments (ED) and OPD provide unique opportunities for HIV testing due 
to the large volumes of individuals presenting for episodic care, with EDs for some, being 
the sole source of care [73]. ED-based HIV testing also offers the advantage of timely linkage 
to care [73]. EDs in low- and middle-income countries often serve a large catchment area 
and have high yield [73-77], with up to 50% of patients visiting the ED found to be positive 
in some settings, often presenting with advanced HIV disease [78, 79]. Indeed, a large 
proportion of individuals diagnosed with HIV, had visited an ED in the months preceding 
their diagnosis in a study in the early 2000s [80]. Unfortunately, PITC in ED settings has 
been found to be low including in high HIV burden countries such as South Africa [81, 82]. 
However in some low [83] and high prevalence settings [84], although PITC resulted in 
increased testing rates within OPD, there were marginal increases in HIV case finding. There 
is a large PITC implementation gap in SSA, where overall PITC coverage has been estimated 
at only 20% [62]. Although, more recent studies in SSA settings demonstrate improved PITC 
coverage in OPD settings when HIV testing is initiated before or during consultation [85, 
86],  understanding the provider and patient level barriers to implementation, may provide 
much needed insights on how to scale up PITC. 

PITC in Kenya 
In order to expand access and uptake to HTC, Kenya adopted PITC guidance in 2008 to 
supplement existing client-initiated testing approaches [28]. This was a shift from the “opt-in” 
symptomatic testing and treatment, DTC, first introduced in 2004 [42, 48], to “opt-out” routine 
testing with initial PITC coverage targets set at 100% for inpatients and 50% for outpatient [51, 
87]. PITC offered an opportunity for early HIV detection and linkage to care. Following its 
roll out, facility-based testing services documented high numbers of women tested due to 
ANC services [3, 42],  however, among inpatients, those identified as positive, often presented 
with advanced illness and low CD4 counts [42]. In high prevalence settings in western Kenya, 
nearly 50% of patients presenting to care at ED were HIV infected. Testing within the ED 
provided an opportunity for immediate linkage to care within the same facility [88]. HIV 
testing in these ED-settings was found to be acceptable and identified a high proportion of 
positive patients presenting  to care [89]. Among TB suspects, high HIV test acceptance was 
reported and identified patients co-infected with HIV in need of care [90]. 
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Mass laying-off of VCT counsellors funded by donor support in 2009 with the shift of 
the burden of testing to healthcare workers (HCWs), coupled with policies that rendered 
many recently diagnosed HIV-positive patients ineligible for treatment, the challenge of 
following patients who did not yet qualify for ART, poor referral systems and linkage 
to HIV care posed barriers to the scale-up of PITC [3, 42, 91]. Among HCWs, initial 
barriers to PITC implementation included normalising a highly stigmatised disease, 
patient refusal for HIV testing, dealing with lack of disclosure and ethics around patient 
confidentiality in addition to lack of staff, space, resources and time [92].  Perceived 
obstructions to the patient consenting process with the provider-initiated opt-out strategy, 
as well as the disproportionate awareness of HIV status among women compared to men 
due to scaled up testing in ANC and the associated burden of disclosure, posed further 
barriers to implementation [93]. Challenges also existed in the reporting of PITC; despite 
disaggregation of testing by inpatient and outpatient departments, lack of information 
on the total inpatient and outpatient client workload made it difficult to compute PITC 
coverage [42].  

By 2009, 1.7 million tests had been conducted in outpatient (89% of tests performed) 
and inpatient facilities countrywide, with high acceptability (91%), and an overall HIV 
prevalence for all patients tested via PITC at 9.5% (8.6% vs 16.5%, outpatient vs inpatient 
respectively) [91]. Since then, testing has been scaled up, with PITC in outpatient settings 
and inpatient wards representing 42.7% of 6.8 million tests conducted in 2012 [23, 55], 
and 77% of 13 million tests performed in 2017/2018, however with declining yield at 1.4% 
[59]. In 2019, 6.1million outpatients were tested for HIV accounting for 60% of all HIV 
tests conducted with a yield of only 1.06% [40]. In the face of declining funding for HIV 
programming and declining yield in OPD settings, targeting PITC for those most at risk 
of HIV infection may improve the efficiency of HIV testing.

Data on national level PITC coverage however are sparse, with only 34.5% of adults 15-64 
years visiting a health facility offered an HIV test from population survey data in 2012 
[23]. A retrospective chart review in a high prevalence county in western Kenya showed 
only 24% of patients admitted through ED were tested for HIV [94]. Similarly, only 16% 
of adults <30 years were offered an HIV test in primary care facilities in coastal Kenya 
[95]. This highlights a gap in implementation of PITC at health facilities with missed 
opportunities to test for HIV in patients presenting to care. There remains a gap in 
knowledge on what drives clinicians to request for an HIV test in Kenya and what barriers 
exist to scaling up of PITC, almost 10 years following its adoption in HTS guidelines. 
This thesis aims to describe PITC coverage and factors associated with PITC in patients 
presenting for primary care with symptoms of an acute infectious illness, and to identify 
barriers to offering PITC in coastal Kenya. 
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Acute HIV infection (AHI) screening 
AHI, a period between viral acquisition and the emergence of HIV specific antibodies, is 
characterised by markedly high viremia and increased HIV transmission [96]. Individuals 
with undiagnosed AHI are thought to contribute to up to 22% of new HIV infections [2]. 
Early detection of AHI and timely ART initiation can reduce HIV transmission, preserve 
immune function, and improve clinical outcomes during this key period [97, 98]. AHI 
detection, however, poses a challenge due to lack of detectable antibodies, rendering tests 
that rely on HIV antibody detection ineffective. This is of importance for resource-limited 
settings where reliance is primarily on rapid antibody detection test [97, 98]. Routine rapid 
antibody tests remain negative during the first 3-4 weeks of infection, underscoring the 
importance of diagnosis based on the presence of HIV proteins, such as the P24 antigen, 
or nucleic acids [99]. Numerous studies in Africa have demonstrated missed diagnoses, 
with HIV RNA positive results in 0.9%-5.4% of samples negative on HIV rapid tests [98, 
100-104]. HIV-1 RNA is detected about 5-7 days earlier than p24 antigen, making nucleic 
acid amplification tests (NAAT) the most sensitive method for detection of AHI. However, 
NAAT technology is expensive, requires complex laboratory equipment and skilled 
technicians to perform it [97]. POC HIV-1 RNA tests which provide accurate results, are 
easy for lower cadres of staff to use, and work in locations without a reliable electricity 
supply remain desirable in resource-limited settings [105]. As POC HIV-1 RNA tests 
become increasingly available,  they can lead to timely HIV diagnosis in recently infected 
individuals,  improved detection of treatment failure through HIV-1 RNA quantitation, 
resulting in improved clinical outcomes and reduced HIV transmission [106].

A targeted testing approach of individuals who seek care for acute symptoms and who may 
have an increased likelihood of AHI has been proposed using a risk score algorithm [107]. 
In a study among MSM and FSW, up to 70% of individuals with AHI sought healthcare 
for symptoms in the period following HIV acquisition, but often get treated for other acute 
febrile illnesses [96, 103, 108, 109].  A consensus risk-score developed from SSA studies 
demonstrated that younger age (18–29 years), fever, fatigue, body pains, diarrhoea, sore 
throat, and genital ulcer disease were independent predictors of AHI, with a risk score of 
2 indicated for AHI testing [110]. Similar findings have been documented among South 
African women at high risk of HIV-1 acquisition [111], adults attending a STI clinic in Malawi 
[112] and among a cohort of MSM in coastal Kenya [113]. Among >2500 women enrolled in 
several HIV prevention trials in Malawi, South Africa, Uganda, and Zimbabwe, age <25 
years, being unmarried, and having a curable STI at baseline were the strongest predictors of 
HIV-1 acquisition [114]. Other studies have since developed risk score algorithms identifying 
additional sexual risk factors associated with AHI including the number of sexual partners, 
if the partner has other sexual partners, cohabitation with sexual partners, age at sexual 
debut among others [115, 116], as well as HIV testing history [40]. In a study conducted 
among young adults seeking outpatient services in coastal Kenya in 2016, 6 (0.9%) patients 
were diagnosed with acute or early HIV infection (AEHI) with all 6 reporting body pains, 4 
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(66.7%) fatigue, 4 (66.7%) reported fever, 3 (50.0%) sore throat, 3 (50.0%) ulcer disease, and 
5 of the 6 AEHI patients were under 30 years of age [117]. The additional use of Xpert HIV-1 
Qual test in this study, led to an increase in confirmed HIV diagnosis by 25% [117]. 

With the increasing use of symptom and risk-based screening tools in response to calls 
for more efficient testing with higher yield, caution has been raised on the risk of missing 
individuals with undiagnosed HIV in high prevalence settings [118]. A review conducted 
by Quinn et al at the WHO, on symptom and risk-based screening to optimize HIV testing 
services, found screening tools to be beneficial in increasing HTS coverage and identifying 
PLWH in low prevalence settings where testing is not routinely offered or among specific 
populations such as children or adolescents where coverage may be low. There was limited 
evidence for adults in high HIV burden settings and among key populations [118]. A 
review by Palmer et al however, found increased yield of acute and early HIV testing 
among MSM when symptom and/or risk screening behaviour was used [119].

Aim of the thesis 
This thesis aims to synthesize evidence on the performance and clinical utility of POC 
HIV-1 RNA testing assays and to evaluate the impact of a targeted HIV-1 POC RNA 
testing intervention (Cepheid GeneXpert® HIV-1 Qual) to detect acute and prevalent 
HIV in adults 18-39 years seeking primary care for symptoms of an acute infectious 
illness with enrolment into the study based on an AHI risk score algorithm [120]. We 
hypothesized that such an approach would lead to increased rates of HIV case finding and 
linkage to care compared to facility-based standard of care HIV testing i.e. PITC [120] and 
contribute to the evidence base for effective targeted testing approaches. 

The objective of this thesis was to assess factors associated with the uptake and scale up of 
HIV testing services from routine VCT data and at primary care settings in coastal Kenya. 
Specific sub-objectives include: 

1. To systematically review the evidence on the availability and clinical utility of POC 
HIV-1 RNA testing for HIV diagnosis and care. 

2. To describe time trends and factors associated with first time testing and testing 
positive for HIV among adults 18- 39 years visiting three VCT centres in Kilifi County 
in the period 2006-2017. 

3. To describe the coverage and factors associated with provider-initiated HIV testing in 
patients seeking primary care in Coastal Kenya.

4. To describe history and coverage of HIV testing among adult male and female patients 
aged 18-39 presenting for urgent care, evaluating factors associated with testing history 
and those associated with new HIV diagnosis for each sex.

5. To assess the impact of a novel HIV-1 RNA testing intervention to detect acute and 
prevalent HIV infection and reduce HIV transmission.
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Study setting and population 
Data were collected at three VCT centres operated by the Kenya Medical Research 
Institute (KEMRI)-Wellcome Trust Research Programme (KWTRP) in Kilifi county, 
coastal Kenya. 

Figure 3: Map of the KEMRI VCTs 

Modified from the Kenya HIV County Profiles 2016 [32, 121]

The first centre established in 2006, is situated within KWTRP in Kilifi town, 60 kilometres 
(km) north of Mombasa county (the second largest town in Kenya), and approximately 500 
meters from the Kilifi County Hospital. The county, classified as a medium HIV county, 
has an estimated population of 1.4 million people in 2019 [122, 123], with approximately 
33,000 PLWH in 2017 [24]. HIV prevalence was estimated at 2.3% in 2018 [22], with an 
estimated 70% of the county residents unaware of their HIV status by 2014 [124]. HIV 
testing for the general population at the hospital was initiated in 2004, and a large 
comprehensive HIV care centre (CCC) was set up in 2005. 

The second centre was started in 2010 and is situated at the KEMRI research clinic in 
Mtwapa town, 20 km north of Mombasa. The town, which is a key urban centre in Kilifi 
county, had an estimated population of 69,000 people in 2020 [122], and has a busy nightlife, 
with a large number of bars, nightclubs and hotels among other businesses, including 



569768-L-bw-Agutu569768-L-bw-Agutu569768-L-bw-Agutu569768-L-bw-Agutu
Processed on: 7-12-2021Processed on: 7-12-2021Processed on: 7-12-2021Processed on: 7-12-2021 PDF page: 27PDF page: 27PDF page: 27PDF page: 27

27

1

Background

many private health facilities and pharmacies [125]. The KEMRI Mtwapa research clinic 
has been operational in the area since 2005 and has conducted cohort studies and clinical 
trials among the GP and KPs, including MSM and FSW [126]. The centre was established 
following a request by community leaders requesting accessible clinical services for the 
population in the area.  

The third centre also started operating in 2010 and is situated at a KWTRP-supported 
drop-in centre within the sub-county hospital in Malindi town, 120 km north of Mombasa. 
Malindi, a subcounty within Kilifi county, had an estimated population of 333,000 in 
2019 [127]. The subcounty was reported to have an estimated HIV prevalence of >10% 
in 2016 [122]. The VCT initially targeted MSM and FSW with KWTRP collaborating 
with community-based organizations between 2014-2015 to mobilize KP for testing. The 
facility has since served the general population as well. 

Tambua Mapema Plus (TMP) Study 
Data generated for the analysis of objectives 3, 4 and 5 were obtained from the Tambua 
Mapema Plus (TMP) study (ClinicalTrials.gov Identifier: NCT03508908). This is a proof-
of-concept study assessing the impact of a health facility-based HIV testing intervention 
for detection of prevalent  (i.e., RNA-positive, seropositive) and acute (i.e., RNA-positive, 
seronegative or discordant rapid test results) HIV  infections using POC HIV-1 RNA 
(Cepheid GeneXpert® HIV-1 Qual) among adult patients 18-39 years seeking care for 
symptoms [120]. 

The study recruited patients presenting for care due to symptoms compatible with an acute 
infectious illness at four public and two private primary care facilities in Mombasa and 
Kilifi counties. (estimated prevalence in 2018, 5.6% and 2.3%, respectively)[22]. Mombasa 
county is identified as one of 13 priority counties for targeting HIV interventions due 
to high HIV incidence and its contribution to total new infections in Kenya[25]. The 
county ranked ninth nationally out of 47 based on reported prevalence (5.6%) in the last 
population-based survey, KENPHIA 2018[22]. The six facilities were chosen based on 
their proximity (within a 20-kilometer radius) to the KEMRI research clinic operational 
in Kilifi county, outpatient volume (≥15 outpatient visits daily), and availability of HIV 
testing services. 
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Figure 4: Tambua Mapema study sites [120] 

Outline of the thesis 
We first systematically reviewed evidence on the availability and clinical utility of POC 
HIV-1 RNA testing for HIV diagnosis and care (objective 1; chapter 2). Using routinely 
collected data, we assessed trends and predictors of FTT, late retesting (previous test more 
than one year ago for GP or three months for KP), and test positivity at three VCT centers 
in coastal Kenya (objective 2; chapter 3). We used data obtained from a stepped-wedge 
interventional trial evaluating the impact of an HIV-1 RNA testing intervention targeting 
young adult patients aged 18-39 years seeking care for symptoms of acute infectious 
illness [120], to describe coverage and predictors of PITC and identify barriers to offering 
PITC (objective 3; chapter 4), and to describe HIV testing history and new HIV diagnoses, 
evaluating factors associated with each outcome separately for men and for women 
(objective 4; chapter 5). We describe the findings of the TMP study, which evaluated the 
yield of a health facility-based targeted HIV-1 testing intervention to identify acute and 
prevalent HIV infection, compared to standard of care (objective 5; chapter 6). The last 
chapter summarizes and puts into context the findings of our research and discusses the 
impact of our findings on future research and policy (chapter 7). 
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ABSTRACT

Background: Point of-care (POC) HIV-1 RNA tests which are accurate and easy to use with 
limited infrastructure are needed in resource-limited settings (RLS). We systematically 
reviewed evidence of POC test performance compared to laboratory-based HIV-1 RNA 
assays and the potential utility of these tests for diagnosis and care in RLS.

Methods: Studies published up to July 2018 were identified by a search of PUBMED, 
EMBASE, Web of Science, CINAHL and Cochrane Central Register of Controlled 
Trials. Studies evaluating the use of POC HIV-1 RNA testing for early infant diagnosis 
(EID), acute HIV infection (AHI) diagnosis, or viral load monitoring (VL), compared to 
centralized testing, were included. Separate search strategies were used for each testing 
objective. 

Results: 197 abstracts were screened and 34 full-text articles were assessed, of which 32 
met inclusion criteria. Thirty studies evaluated performance and diagnostic accuracy of 
POC tests compared to standard reference tests. Two of the thirty and two additional 
studies with no comparative testing reported on clinical utility of POC results. Five 
different POC tests (Cepheid GeneXpert® HIV-1 Quantitative and Qualitative assays, 
Alere q HIV‐1/2 Detect, SAMBA, Liat HIV Quant and Aptima HIV‐1 Quant) were used in 
21 studies of VL, 11 of EID and 2 of AHI. POC tests were easy to use, had rapid turnaround 
times, and comparable accuracy and precision to reference technologies. Sensitivity and 
specificity were high for EID and AHI but lower for VL. For VL, lower sensitivity was 
reported for whole blood and dried blood spots compared to plasma samples. Reported 
error rates for Cepheid GeneXpert Qual (2.0%-5.0%), GeneXpert Quant (2.5%-17.0%) and 
Alere q HIV‐1/2 Detect (3.1%-11.0%) were higher than in WHO prequalification reports. 
Most errors resolved with retesting; however, inadequate sample volumes often precluded 
repeat testing. Only two studies used POC results for clinical management, one for EID 
and another for VL. POC EID resulted in shorter time-to-result, rapid ART initiation, and 
better retention in care compared to centralised testing.

Conclusions: Performance of POC HIV-1 RNA tests is comparable to reference assays, 
and have potential to improve patient outcomes. Additional studies on implementation in 
limited-resources settings are needed. 
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Point of care HIV-1 RNA testing for diagnosis and care

INTRODUCTION

Clinical point of care (POC) testing has evolved for situations requiring fast turnaround 
times and those in which a centralized lab approach faces other limitations, such as 
difficult or costly transportation of samples [1]. POC testing is defined as near-patient 
testing in a hospital, doctor’s office, clinic or home, with the advantage of providing a 
rapid answer[1]and thus resulting in fewer patients being lost to follow up. Testing occurs 
while patients are on-site and reduces the burden on patients by circumventing the need 
for a return visit [2]. POC testing can significantly expand access to clinical laboratory 
testing for rural populations by eliminating the need for sample transport, laboratory and 
data management infrastructure, and highly trained staff [3]. 

Many currently available diagnostic assays for human immunodeficiency virus type 1 (HIV-
1) infection, including polymerase chain reaction (PCR), enzyme-linked immunosorbent 
assay (ELISA) and Western blot (WB), are limited to centralized laboratories due to 
requirements for infrastructure and trained personnel. These laboratory-based assays 
are complex, expensive and time-consuming, limiting their accessibility in developing 
countries where the challenge of the HIV/AIDS pandemic is most severe [4]. Although 
rapid antibody tests have greatly expanded access to HIV diagnosis, the inability of these 
tests to detect HIV-1 RNA and the poor performance of current fourth generation rapid 
antigen/antibody assays in many high-prevalence settings [5, 6] means that resource-
limited settings face challenges in the detection of infection in infants and in patients who 
were recently infected. In addition, HIV-1 RNA quantitation or semi-quantitative viral 
load (VL) testing is needed to monitor ART [4]. POC HIV-1 RNA testing could contribute 
to timely HIV diagnosis and improve detection of treatment failure, resulting in improved 
clinical outcomes and reduced HIV transmission [4]. 

In 2016, two POC HIV-1 RNA assays received World Health Organization (WHO) 
prequalification for early infant diagnosis (EID): the Alere q HIV-1/2 Detect (Alere 
Technologies GmbH, Jena, Germany) and the Xpert HIV-1 Qual Assay (Cepheid AB, Solna, 
Sweden)[7]. Additional nucleic acid amplification testing (NAAT) assays for HIV-1 RNA 
detection or quantitation that have received approval include the Aptima HIV‐1 Quant 
Dx Assay (Hologic, Inc., San Diego, USA) in 2017 , Xpert HIV‐1 Viral Load (Cepheid AB, 
Solna, Sweden) in 2017 [7], and the  Alere q HIV-1/2 VL plasma assay (“m-PIMA HIV-1/2 
VL”)  (Alere Technologies GmbH, Jena, Germany) in 2019 [8]. Several additional assays 
of this type have active applications for WHO prequalification, including the SAMBA I & 
II HIV-1 Semi-Q test (Diagnostics for the Real World Ltd, San Jose, USA and Cambridge, 
United Kingdom) and the SAMBA I & II HIV-1 Qual Whole blood test (Diagnostics for 
the Real World Ltd, San Jose, USA and Cambridge, United Kingdom) [9]. Other newer 
assays such as the Liat HIV Quant POC VL assay (Iquum, Inc., Marlborough, MA) have 
not yet applied for WHO prequalification [10].
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 In 2018, Nash et al conducted a review of the performance of the Xpert HIV‐1 Viral Load 
assay, reporting high correlation between POC Xpert results and those of laboratory-based 
reference assays (pooled Pearson correlation 0.94; pooled Spearman correlation 0.96). 
Bland-Altman analyses pooled from 11 identified studies were within 0.35 log/copies ml 
of perfect agreement [11].  Numerous field evaluations of other POC HIV-1 RNA assays 
have since been conducted in different countries and settings.  However, to date, there 
is no systematic review on the performance of all currently available POC HIV-1 RNA 
testing assays and assessment of their uses in HIV care.

As POC HIV-1 RNA testing has become increasingly available and has been shown to be 
accurate and valid for multiple clinical uses, this systematic review aimed to synthesize 
evidence on the performance and clinical utility of POC quantitative (i.e., continuous) or 
qualitative (i.e., dichotomous) HIV-1 RNA testing assays for different purposes, and to 
identify barriers and facilitators to their scale up in resource-limited settings.

METHODS  

Eligibility criteria
Studies evaluating the use of POC HIV-1 RNA testing for EID, acute HIV infection (AHI) 
diagnosis, or VL monitoring, as well as studies comparing the POC HIV-1 RNA testing to 
centralized HIV-1 RNA testing were included. We excluded studies testing commercially 
prepared sample panels [12]. Publications on laboratory-based HIV-1 RNA diagnostics, 
POC HIV-2 RNA assays, rapid antibody HIV tests, combined rapid antibody/antigen 
tests, and POC assays used for diagnosis of infectious diseases other than HIV were also 
excluded. 

Search strategy 
The search was carried out in March 2017 and updated in July 2018. PubMed, EMBASE, 
Web of Science, CINAHL and the Cochrane controlled trial register were searched using 
the following terms: (“point of care HIV-1 viral load” OR “point-of-care HIV-1 viral load” 
OR “Xpert HIV-1” OR “GeneXpert” OR Alere OR SAMBA) in combination with (EID 
OR “early infant diagnosis” OR “infant HIV infection” OR MTCT OR “mother to child 
transmission”) or (“ART monitoring” OR “HIV antiretroviral therapy monitoring “OR 
“viral load monitoring “OR “HIV-1 viral load monitoring” OR “treatment failure”) or 
(“acute HIV diagnosis” OR “early HIV diagnosis”). References of included studies were 
searched for additional relevant literature. Conference abstracts were excluded due to 
insufficient detail.
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Data extraction 
Study titles and abstracts were checked for eligibility according to the inclusion criteria 
detailed above. Full-text articles were retrieved for potentially eligible studies, and the 
final set of included studies was agreed upon by all researchers. Data were abstracted by 
two independent reviewers (CAA and CJN) using a standard data abstraction form that 
recorded study characteristics, sample characteristics, POC assay evaluated, comparator 
assay (if any), test accuracy (correlation or concordance, sensitivity, specificity), and error 
rate. In addition, factors related to barriers or facilitators to the scale-up of POC assays 
were noted, including those related to human resources, supply chain management, and 
patient and provider attitudes.

Quality Assessment 
The quality of the studies comparing POC to reference assays was assessed by two 
independent reviewers using eighteen of twenty-four criteria selected from the STARD 
guidelines for reporting diagnostic studies [13]; these criteria were selected based on 
relevance to the literature reviewed. The eighteen parameters appraised covered six main 
categories including the title; abstract and key words; introduction; methods (participant 
eligibility criteria and sampling, reference and index test methods and statistical methods 
for comparing measures of diagnostic accuracy); results (flow chart of participant sampling, 
turnaround time to test results for reference and index tests and reported estimates of 
diagnostic accuracy) and discussion (clinical applicability of the results). Each reviewer 
scored the publications, with disagreements resolved by discussion with all authors.

RESULTS

Study selection 
The search produced 313 references. Following removal of duplicates, 197 titles and 
abstracts were screened and 34 references were identified for full-text review. An 
additional 8 studies were identified through searches of the references of included articles. 
After screening was completed and any discrepancies resolved by the study team, 32 full-
text articles met inclusion criteria and were included in the final review. Figure 1 details 
the study selection flow chart.

Characteristics of included studies
Table 1 outlines the characteristics of the 32 included studies. All studies were published 
between 2014 and 2018. Thirty studies were field reviews comparing the performance 
of POC HIV-1 RNA tests to a reference standard. Two of the thirty and two additional 
studies with no comparative testing included reported on the clinical utility of POC 
results [14-17]. Of the two field reviews that reported on clinical utility [15, 17], one was 
a field feasibility evaluation study [14] and the other a cluster-randomized trial [16]. POC 
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Figure 1. Flow diagram of study selection

results were used for clinical management in two studies [14, 15]. The studies enrolled 
12,535 infants for EID, 846 adults for AHI screening, 222 adults for HIV detection and 
6,975 HIV patients for VL monitoring, and were conducted in sub-Saharan Africa (n=16 
studies, N= 14,744 participants), Europe (n=5, N=811), India (n=3, N=561), Israel (n=4, 
N=1,633), or multiple sites (n=4, N=2,627).
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Of the 32 included studies, 11 focused on EID, 2 on AHI diagnosis, and 21 on VL 
monitoring. Two studies assessed both EID and VL monitoring [14],[18].  The studies 
evaluated the following POC assays: Cepheid GeneXpert Qual (5 for EID, 2 for AHI) and 
Cepheid GeneXpert Quantitative (Quant) assay (13 for VL), Alere q HIV‐1/2 Detect (6 
for EID, 1 for VL), Aptima HIV‐1 Quant Dx Assay (4 for VL), Liat HIV Quant (1 for 
VL), and SAMBA I/II (1 for EID, 3 for VL). Three studies used multiple POC assays. 
References assays used to compare POC to laboratory-based assays are detailed in Table 1. 
Six studies used multiple comparator assays. In addition, the 2 studies of AHI diagnosis 
both used Architect HIV Ag/Ab Combo assay (AR, Abbott Diagnostics, Abbott Park, IL, 
USA), followed by Vidas HIV DUO ULTRA (VD, Biomérieux, Marcy-l’Etoile, France) if 
reactive; confirmatory testing was performed with the Geenius HIV-1/2 differentiation 
assay (GS, Bio-Rad Laboratories, 68 Hercules, California).

Three studies assessed the performance of POC HIV-1 RNA assays compared to laboratory-
based NAAT assays for VL on specimens other than blood plasma [31, 34, 44]. One evaluated 
VL results using whole blood, plasma, and dry blood spots (DBS) [31]; another whole blood 
only [34]; and a third used leuko-depleted whole blood (i.e., filtered whole blood) [44].

Accuracy and precision
Where correlation with quantitative reference test results was reported in the included 
studies, this was found to be high across all POC assays assessed: Alere q NAT [34], 
Cepheid GeneXpert Quant [18, 27-29, 32, 35-39, 43] and Qual assays [18], Aptima HIV‐1 
Quant Dx assay [33, 37, 42], and Liat HIV Quant [10].  No information on correlation 
was reported for the studies performed with SAMBA HIV-1 Qual and SAMBA HIV-1 
Semiquantitative tests [24, 30, 40, 44]. Most studies reported Spearman [18, 27, 32] or 
Pearson’s correlation coefficients (ρ and r, respectively) for quantitative HIV-1 RNA results 
[18, 28, 35-39, 42, 43], while seven studies reported Cohen’s Kappa coefficient (κ) for both 
quantitative and qualitative HIV-1 RNA results [15, 17, 22, 33, 35, 41, 42].  Percentage 
concordance or agreement with dichotomous reference test results (i.e., results above or 
below a threshold) was reported by sixteen studies [10, 18, 20, 22, 23, 30, 31, 33, 35-38, 40-
42, 44], while sensitivity and specificity were reported in 17 and 18 studies respectively [10, 
15, 17, 19-27, 30-32, 34-36, 40]. Eleven studies on VL monitoring reported Bland-Altman 
analysis results (i.e., mean difference vs. the comparator) for log10-transformed viral loads 
across the wide range of HIV-1 RNA levels [18, 27, 29, 32, 36-39, 41-43]. For all studies, 
an inter-assay difference of <0.5 log copies/ml, the accepted clinically relevant difference 
between two viral load measurements, was observed [45, 46].  

Early infant diagnosis 
Cepheid GeneXpert HIV-1 Qual (Xpert Qual). Five studies evaluated the use of Xpert 
Qual for EID [14, 15, 18, 21, 23]. The Xpert Qual provides a qualitative result (HIV detectable 
or undetectable). A high correlation and agreement compared with reference tests was 
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reported in two studies (r=0.95 and k=0.97, respectively) [15, 18]. Concordance compared 
to the reference test was reported by one study, and was found to be high at 90.9% [18]. 
Overall, sensitivity and specificity compared to reference assays ranged from 93.3%-100% 
and 99.5%-100%, respectively  [15, 21, 23]. Xpert Qual performed well on DBS samples from 
infants, with 93.3% sensitivity and 100% specificity [21].  Figure 2 presents a Forest Plot of 
the sensitivity of Cepheid GeneXpert Qual assay compared to reference tests for EID.

Figure 2. Sensitivity of Cepheid GeneXpert HIV-1 RNA Qual for Early Infant Diagnosis

Alere q HIV‐1/2 Detect (Qual). Six studies evaluated Alere Detect for EID compared to 
reference tests, with a qualitative result provided (HIV detected or undetected) [16, 17, 19, 20, 22, 
23].  Sensitivities and specificities were high, ranging from 95.5%-100% and 99.5% -100% [17, 19, 
20, 22, 23]. In two studies, sensitivity was reported to be lower in birth testing (infants <7 days 
old) compared to older children (routine EID at ages 6-14 weeks), at 90.0% and 93.3% compared 
to 100% and 95.5% respectively [19, 20]. Three studies reported high percentage agreement 
compared with reference tests, ranging from 97.8%-99.8% [20, 22, 23], and two studies reported 
on agreement by Cohen’s Kappa coefficient (κ) ranging from 0.98-1.0 [17, 22].  Figure 3 presents 
a Forest Plot of the sensitivity of Alere Detect compared to reference tests for EID.

SAMBA HIV-1 Qual. One study assessed the performance of the SAMBA HIV-1 
Qualitative test for EID compared to a reference test. High sensitivity (98.5%) and high 
specificity (99.8%) were reported [24]. 
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Acute and chronic HIV diagnosis
Cepheid GeneXpert HIV-1 Qual. Two studies by Michaeli et al [25] and Rakovsky et al 
[26] evaluated the use of Cepheid GeneXpert HIV Qual  for detection of HIV-1 RNA in 
stored pre-seroconversion samples collected from individuals with recent, documented 
HIV-1 acquisition. All samples tested reactive on Architect HIV Ag/Ab Combo and Vidas 
HIV DUO ULTRA 4th generation assays and had an indeterminate or negative result when 
tested by the Bio-Rad Geenius HIV-1/2 Confirmatory assay. A high sensitivity (94.9%-
100%) and specificity (92.6%-100%) for the detection of HIV-1 RNA was reported in the 
two studies [25, 26]. Of note, Cepheid GeneXpert HIV-1 Qual failed to detect HIV-1 RNA 
in samples from patients with VL suppressed on antiretroviral therapy, as expected [26].

Garrett et al [27] reported on the use of the Xpert Qual for the detection of HIV-1 RNA on 
whole blood samples from adult known HIV positive women, likely with chronic infection. 
Of the twenty samples collected, 13 were from patients with detectable viral loads and 7 
were virologically suppressed. All except one of the participants (95% sensitivity) with low 
level viremia (VL 523 copies/ml) were correctly identified by the assay. 

SAMBA HIV-1 Qual. Ondiek [24] et al evaluated the use of SAMBA HIV-1 Qual for the 
detection of HIV using 202 whole blood adult samples of previously known and unknown 
HIV status, including ART-naïve patients. It was not specified whether participants were 
acutely or chronically infected with HIV. They reported a sensitivity and specificity of 
100% and 99.2% respectively.

Figure 3. Sensitivity of Alere Q HIV ½ Detect (Qual) for Early Infant Diagnosis 
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Viral load monitoring 
Cepheid GeneXpert HIV-1 Quant. Thirteen studies evaluated the performance of the Xpert 
Quant for viral load monitoring compared to reference assays [14, 18, 27-29, 31, 32, 35-39, 
43].  The linear detection range of the Xpert Quant is 40-107 copies/ml, with results given as a 
quantitative value within the analytical measurement range [47]. Correlation of HIV-1 RNA 
levels between Xpert Quant and reference test results was reported in eleven studies, ranging 
from 0.81 to 0.99 [18, 27-29, 32, 35-39, 43]. Nine studies reported a mean difference in viral 
load vales of -0.01 to 0.34 log copies/ml for Xpert Quant compared to reference assays [18, 27, 
29, 32, 36-39, 43]. Where concordance and agreement above a threshold was reported, it was 
found to be high, ranging from 87.2%-100% compared to reference tests [18, 31] [35-38]. In 
one study, agreement was 97.1% at 40 copies/ml, but only 90.6% at 1000 copies/ml, the WHO 
threshold for clinical decision-making for virological failure [38].  Overall, sensitivity and 
specificity for HIV-1 RNA detection ranged between 84%-97% and 95.9%-100% respectively, 
when POC assays were compared to reference assays [31, 32, 35, 36, 38]. Sensitivity compared 
to reference tests at the clinically relevant threshold of 1000 copies/ml ranged from 92.9%-
100% [31, 36, 38], with specificity ranging from 95.9%-98% [31, 36, 38]. Low sensitivity of 
60.7% and 50.0% for the detection of HIV-1 RNA >1000 copies/ml was reported for whole 
blood and DBS samples respectively. Specificity was comparable to plasma samples at 91.6% 
and 96.6% for whole blood and DBS samples respectively [31]. 

Alere q NAT (Quant). One study evaluated the performance of Alere q NAT compared to a 
reference test in whole blood samples, using several potential thresholds for treatment failure. 
Sensitivity for identifying treatment failure was 96.8% at 1,000 copies/ml and 84.0% at 10,000 
copies/ml; however, specificity was 47.8% at 1,000 copies/ml compared to 90.3% at 10,000 
copies/ml [34]. Correlation of HIV-1 RNA levels by the two methods used was r2=0.361.

SAMBA HIV Semiquantitative assay. High agreement was reported between the SAMBA 
HIV Semiquantitative assay and reference tests at a threshold of 1,000 copies/ml, ranging 
from 96.5%-98.1% [30, 40, 44]. Two studies reported only specificity at a threshold of 1,000 
copies/ml, which was 100% in both studies [30, 40].

Liat HIV Quant. Scott et al evaluated the performance of Liat HIV Quant compared to reference 
tests for VL monitoring. A high Pc concordance (Pearson’s correlation x a bias correlation 
factor) of 0.96 with the reference test was reported. Sensitivity was 100% at a threshold of 1000 
copies/ml for both plasma and whole blood assays, but specificity at this threshold was only 
41.2% for whole blood, compared to 88.2% for plasma assays [10]. Downward misclassification 
compared to reference results at the 1000 copies/ml threshold, falsely suggesting virologic 
suppression, was more frequent with whole blood compared to plasma samples [10]. 

Aptima HIV‐1 Quant Dx Assay. High agreement and concordance were reported between 
Aptima Quant Dx assay and reference tests, ranging from 83.9%-95% [33, 37, 41, 42]. At a 
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threshold of 50 copies/ml, agreement between the Aptima Quant Dx Assay and three 
reference assays (Abbott M2000 HIV-1 RealTime, Artus and Roche CAP CTMv2.0) ranged 
from 88.0%-95.0%. Agreement was highest with Abbott M2000 HIV-1 RealTime (k=0.74) and 
lowest with Roche CAP CTMv2.0 (k=0.50) [33].  Mor et al reported concordance at a threshold 
of 40 copies/ml between Aptima Quant Dx Assay, Xpert Quant, and two reference assays 
(NucliSENS EasyQ HIV‐1 v2.0 and Abbott M2000 HIV-1 RealTime), which ranged from 
83.9%-89.8%. Concordance was highest between Aptima Quant Dx assay and Xpert Quant 
(91.4%) [37]. Two additional studies reported high agreement between the Aptima Quant Dx 
Assay and reference assays, at 30 copies/ml [41] and 50 copies/ml and 200 copies/ml (details 
in Table 1). No studies of Aptima Quant Dx reported sensitivity or specificity. In two studies 
of quantitative HIV-1 RNA levels, the Aptima Quant Dx assay yielded significantly higher 
results than Abbott M2000 HIV-1 RealTime [33, 37]; in another, a trend was observed for 
higher Aptima Quant Dx results relative to Roche CAP CTMv2.0 results [42]. In three studies 
of the mean difference between Aptima Quant Dx and reference test results, Aptima Quant 
Dx viral load values were 0.13 to 0.36 log copies/ml higher than the reference assays [37, 41, 42].

Error Rates 
Error rates were reported for four POC assays; Xpert Quant, Xpert Qual, Alere Detect 
and Liat HIV Quant. Error rates ranged between 2.0%–5.0% for Xpert Qual [14, 15, 18, 
23] and between 2.5%–17.0% for Xpert Quant [14, 18, 31, 32, 35, 39], and were associated 
with inadequate sample volume (“error” result) [14, 15, 18, 23], incorrect sample processing 
or PCR inhibition (“invalid” result) [18], insufficient data collection (“no result”) [18], 
mechanical or cartridge errors resulting from faulty modules requiring replacement [15], 
incorrect pipette supply [15], device optic errors [23], probe check failures [31], and power 
outages [23].  Repeat testing resolved Xpert Qual errors in two studies [15, 23],  with 10% 
of errors persisting in another [15]. In three studies using Xpert Quant [18, 32, 35], samples 
for which errors occurred could not be retested due to lack of extra plasma aliquots.  In the 
study with the highest reported invalid rate (17%) for Xpert Quant [39], the error rate was 
attributed primarily to cartridges that were broken during shipment or were defective. For 
Alere Detect, error rates ranged from 3.1%–11.0% [16, 17, 19, 20, 23], including operator errors 
such as no or too little sample being detected, cartridge not properly locked or misaligned, 
and device errors, such as a connection error between the controller and processor and 
failure to read the barcode [23]. Specimens once retested were reported to produce valid 
results[23] or resolve the majority of the errors [20]. Error rates were observed to be higher in 
birth testing (infants<7 days) compared to testing in older infants [17, 20]. For the Liat HIV 
Quant, a 1.6% error rate was reported, all due to scanning errors [10]. 

Clinical Utility
Four studies reported on clinical utility of POC results [14-17], and two studies used 
POC results for clinical management [14, 15]. Technau et al reported results of POC test 
implementation within an EID programme in Johannesburg, South Africa. Samples were 
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obtained from HIV-exposed infants for POC testing with the Xpert Qual and compared to 
the local standard of care, which was HIV PCR testing using the Roche COBAS TaqMan 
HIV-1 Qualitative test (version 2·0, Roche Molecular Systems, Branchburg, NJ, USA). A 
positive test by either assay prompted ART initiation and confirmatory testing. A total of 
30 neonates were diagnosed using the POC Xpert test, all of whom initiated ART. Time 
to result was reduced by POC testing (median 1 day vs. 10 days for HIV PCR), leading to 
more rapid ART initiation in infected neonates identified by the POC test [15].

Ndlovu et al evaluated the operational feasibility of integrated HIV VL, EID and MTB/RIF 
testing using the GeneXpert platform[14]. At three rural health facilities in Zimbabwe, whole 
blood samples were collected for HIV VL testing and DBS were collected from infants for 
EID. POC Xpert EID and VL testing had shorter median turnaround time for result delivery 
(1 day for each), compared to conventional centralised testing (17 and 26 days, respectively), 
substantially reducing time to ART initiation and decreasing patient loss to follow-up [14].

Jani et al measured the effect of POC EID on ART initiation rates and retention in care 
among HIV-positive infants in Mozambique [16]. POC EID facilitated rapid diagnosis 
and treatment of HIV-infected infants: 89.7% of HIV positive infants in the POC arm 
and 12.8% in the standard of care arm initiated ART within 60 days of sample collection.  
At 90 days of follow-up, 61.6% of those who initiated ART in POC arm and 42.9% in the 
standard of care arm were retained in care [16]. 

Meggi et al evaluated the feasibility, performance and diagnostic yield of rapid POC EID at 
birth within primary health care maternity wards in Mozambique [17]. Samples obtained 
from HIV-exposed infants were tested at birth and at 4-6 weeks using both POC Alere 
q HIV‐1/2 Detect Qual and Roche COBAS TaqMan HIV-1 Qualitative test (version 2·0). 
Sensitivity and specificity of POC testing compared with laboratory testing at birth were 
100% (95% CI 89.4±100.0) and 100% (95% CI 99.8±100.0), respectively. Notable within the 
study were results of four infants who tested positive for HIV infection with laboratory-
based and/or POC EID nucleic acid tests at birth but tested negative at least once during 
follow-up while on nevirapine (NVP) prophylaxis. For all four infants, results turned 
positive following NVP cessation, indicating that the diagnosis at birth was correct [17]. 

Provider experiences with POC assays
Cepheid GeneXpert HIV-1 Qual and HIV-1 Quant. Table 2 outlines the provider 
experiences with POC assays as obtained from the included studies. 
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Point of care HIV-1 RNA testing for diagnosis and care
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Chapter 2

These assays were found to be simple to use [32, 35, 36, 43], with a rapid turnaround 
time of 90 minutes [18, 32, 36, 43], resulting in expeditious clinical decision-making [43]. 
Other advantages included: results that were easy to interpret [23], more efficient patient 
management compared to batch testing in a central laboratory [43], no requirement for 
calibrated mechanical pipettes, and the ability for less skilled personnel (potentially 
including non-laboratory personnel) to perform the test [15, 23, 35]. The GeneXpert 
platform was found to be compact in comparison to other platforms and more cost 
effective (≈17 USD per cartridge) [21, 36, 43]. The machine that takes a 4-cartridge module 
is easy to transport for use in various settings, an advantage for low-income countries 
[32].  The ability to run assays for tuberculosis and other pathogens in addition to HIV-1 
was also advantageous [14, 18, 31, 36, 38], allowing for use of the same procurement chains 
and service plans for both TB and HIV diagnostics [18].  Of note, the Cepheid GeneXpert 
platform can be used in large laboratories with high volume, as configurations for up to 
80 modules are available [31].  The modular nature of the equipment makes it possible to 
change one module if not working, avoiding a complete halt in the platform activities [18].

Drawbacks of the Xpert assays included the need for air-conditioning and refrigeration 
to maintain the platform and samples at correct temperatures [14] and the requirement 
for a back-up power source for the high-throughput modules when  a steady power supply 
is not readily available [23]. In addition, overloading may occur when a large volume of 
tests is performed on a single machine and quality control requirements may exceed local 
capacity [14, 27]. Where implementation is planned for centralized testing, efficient and 
robust sample transport networks are needed [14].  Cartridge colours for the different 
Xpert assays are all the same, and therefore separate preparation areas in the laboratory 
are required to avoid confusion [14, 31]. Samples must also be manually added to the 
cartridge [23, 32]. Centrifugation is required to obtain plasma samples [14, 31, 38], and 
the 1000-μl plasma volume required could be a particular challenge for testing infants 
[38]. Finally, one study reported an instance of contamination of a DBS sample with a 
plasma VL sample, generating a false positive EID result and highlighting the risk of 
contamination with PCR assays [14]. 

Alere q HIV‐1/2 Detect Qual. Advantages of this assay include: ease of use with a short 
run time of about 52 minutes [23], limited training required [16, 17, 19, 22], a small sample 
volume requirement (25μl) [19], the ability to print out test results, and the availability of a 
dedicated battery pack as an alternative backup power source [23]. Disadvantages include 
the ability to run only one sample at a time and difficulty using capillaries to load samples 
[23]. The cartridge ejection mechanism was reported to cause problems and the keyboard 
design was not considered user-friendly. The lack of information provided when an error 
message occurred was reported as a further disadvantage in one study; however, valid 
results were obtained on re-running the specimen [19].
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SAMBA HIV Semiquantitative assay. The short turnaround time of 90 minutes, heat 
stability, and limited training required have been reported as advantages [30, 40]. The 
visual detection of nucleic acid on a test strip was an added advantage, enabling staff 
to show result to the patient [40]. Limitations reported include inability to provide a 
quantitative result and requirement for a plasma sample, with no potential to use DBS 
or other sample types [30]. Despite a stronger signal on the test strip distinguishing 
positive results from negative results than present in current HIV rapid antibody tests, 
the possibility for misinterpretation of results by users remains [40, 44]. This issue can be 
overcome by having a paper printout of the test result, or having the results appear on a 
screen [40]. 

Liat HIV Quant. This assay was found easy to use, with no support required for installation 
and only a brief 2-hour training needed [10]. The closed system requires no special safety 
precautions. Data can be exported from the device using a USB port or ethernet cable. 
The Liat platform can test 12-14 specimens in an 8-hour day, using either whole blood 
or plasma.  Disadvantages reported include the short half-life of reagents, the need to 
maintain a cold chain for the testing cartridges,  and the need for centrifugation when 
plasma is used[10].

Aptima HIV‐1 Quant Dx Assay. The reported advantage of this assay is its ability to 
detect low HIV-1 copy numbers [33].  

Quality assessment 
Quality was assessed based on the 18 modified STARD criteria for the 30 included studies 
that reported on diagnostic accuracy (Table 3). Most (86.7%, n=26) were easily classified 
as studies of diagnostic accuracy, with a clear objective of comparing the diagnostic 
accuracy of a POC assay to one or more laboratory-based reference assays.  All studies 
stated whether or not their results were applied clinically. Few studies, however, specified 
inclusion or exclusion criteria (33.3%, n=10), clinical and demographic data for the 
population from which samples were obtained (36.6%, n=11), data collection procedures 
(16.7%, n=5), or training requirements for the POC assay evaluated (26.7%, n=8). 
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DISCUSSION

This systematic review of the literature aimed to synthesize evidence on the performance 
and clinical utility of POC quantitative or qualitative HIV-1 RNA testing assays for EID, 
AHI diagnosis and VL monitoring, and to identify barriers and facilitators to their scale-
up in resource-limited settings. We found 32 studies that met inclusion criteria, of which 
30 focused on diagnostic accuracy and 4 included results on clinical utility. Overall, the 
studies of diagnostic accuracy showed excellent performance. Where correlation between 
quantitative results was reported, it was high across all assays assessed; in addition, inter-
assay differences reported were <0.5 log copies/ml, which is considered for clinical practice 
[45, 46]. Although POC VL assays tended to overestimate virologic failure compared to 
reference tests, which could lead to early switching, the use of central laboratory testing 
to confirm treatment failure could overcome this disadvantage [48]. In addition, while 
sensitivity for birth testing in infants <7 days of age was lower than for routine EID testing 
at 6-14 weeks, earlier diagnosis for those infants with positive POC results provides 
important advantages [14, 16].  Given the increasing body of evidence on the diagnostic 
accuracy of POC RNA testing, studies on clinical utility, implementation barriers and 
facilitators, and cost-effectiveness should be the focus of future research. 

The WHO recommends HIV-1 testing of exposed infants at the earliest opportunity with 
an assay that detects HIV-1 DNA or RNA, by 4-6 weeks of age at the latest [49]. Without 
ART, about 50% of perinatally-infected infants progress to advanced disease by 8-12 weeks 
of age or die [50, 51]. Unfortunately, only half of all HIV-exposed infants in RLS receive 
an EID test within 2 months of age [49].  Challenges with current EID programs include 
loss to follow-up of 30%-80% of mother-infant pairs and late presentation of many infants, 
who miss out on the benefits of early ART initiation as well as lack of diversified testing and 
sample collection sites [49, 52].  In the two studies that used POC EID results, turnaround 
time  was reduced to one day, leading to rapid ART initiation and reduced loss to follow-
up [14, 15].  With the scale-up of prevention of mother to child transmission (PMTCT) 
programmes in sub-Saharan Africa, where all EID studies in this review were conducted, 
POC testing by non-specialized personnel in field settings could help decentralize services 
and improve infant outcomes [19]. Integration of POC HIV testing services for women 
and infants in other high-yield settings for paediatric HIV case-finding, including TB 
clinics, malnutrition clinics and inpatient wards, could lead to the identification of HIV-
exposed or -infected infants missed by routine PMTCT programmes [52]. While effects 
of infant NVP prophylaxis on birth testing outcomes and algorithms for confirmatory 
testing before ART initiation still need to be addressed [17], POC testing for EID holds 
promise. 

 The WHO estimates that by mid-2016, more than 18 million HIV-infected individuals 
were receiving ART, with access increasing due to “test and treat” approaches [53, 54]. With 
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continued scale-up, virologic monitoring to ensure treatment efficacy and combat HIV 
drug resistance is necessary [53, 54], particularly in low- and middle-income countries, 
where delayed treatment and poor care engagement can result from financial, human 
resource, and infrastructural barriers [55, 56]. Currently, only ≈20% of ART patients in 
low-middle income countries receive VL testing [54, 57, 58].  This low coverage has been 
attributed to a number of challenges, including poor sample referral systems, a lack of 
electronic data systems for results, and long turnaround times resulting in patient loss to 
follow-up [56].Improved health data systems are needed to flag those in need of VL testing 
and ensure fast turnaround times for prompt clinical decision-making [56, 58]. POC VL 
testing could meet a critical need, by ensuring same-day results for providers in rural or 
hard-to-reach areas where VL test access is currently limited [57, 58]. The advantages of 
POC VL assays may outweigh concerns about upward misclassification, especially as the 
current tendency is to switch too late, rather than too early [56].  Centralized confirmatory 
testing with standard-of-care assays for patients with suspected virological failure could 
address concerns about false positive results. 

AHI diagnosis is a concern that has often been overlooked in RLS [59]. An estimated 
10%–50% of all HIV transmission events may be attributable to AHI, a period associated 
with high transmission risk due to extremely high viral load and high infectivity of 
founder viruses [60]. Despite the importance of diagnosing AHI, there is currently no 
WHO recommendation on AHI diagnosis, and very few studies have considered this 
application of POC HIV-1 RNA assays [48]. New WHO recommendations to exclude 
acute or early HIV infection prior to initiating PrEP (pre-exposure prophylaxis) or PEP 
(post-exposure prophylaxis)[48] may provide the impetus needed to investigate the utility 
of POC HIV-1 RNA assays for AHI diagnosis among patients with symptoms of acute 
retroviral syndrome. In our review, we found two studies investigating performance of the 
Cepheid GeneXpert® HIV-1 Qual for AHI diagnosis. Additional studies are on the horizon, 
including the Tambua Mapema Plus study, a proof-of-concept study evaluating the impact 
of an HIV-1 RNA testing intervention (Cepheid GeneXpert® HIV-1 Qual ) targeting young 
adult Kenyan patients aged 18-39 years who seek urgent care for symptoms associated 
with AHI (ClinicalTrials.gov Identifier: NCT03508908) [61]. Prompt diagnosis of AHI is 
needed to maximize the benefits of a test and treat approach [59]. If AHI diagnosis is 
augmented by assisted partner notification with HIV-1 RNA testing, partners with acute 
or prevalent HIV infection could also be identified and linked to ART if infected or PrEP 
if uninfected, maximizing impact. 

Various factors should be considered prior to implementation and scale-up of POC HIV-1 
RNA testing. Staff will require training and rigorous quality control measures should be 
put in place. Costs for reagents and consumables, shipment, customs charges, tax, service, 
and maintenance remain important considerations, which we were unable to address in 
the current review given the paucity of published data on this aspect of POC HIV-1 RNA 
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tests. However, 2017 data from the Global Fund suggests the maximum price per test 
including consumables is $10.60 per test for the Aptima Quant Dx assay for VL, $16.80 
per test for Xpert Quant for VL, $17.95 per tests for Xpert Qual for EID, up to $25 per test 
for Alere Q  for EID,  and $37.40 each for SAMBA I and II for VL and EID [62]. The cost 
of the POC-of-care equipment excluding service and maintenance varies greatly; from 
$12,280 for the GeneXpert IV-2 platform, $24,800 for SAMBA II, and $25,000 for Alere Q, 
up to $71,500 for the GeneXpert XVI and $72,000 for SAMBA I, and as high as $150,000 
for the Hologic panther system on which the Aptima Quant Dx assay operates [62]. The 
primary strategy proposed to mitigate cost constraints is pooled procurement through 
PEPFAR or the Global Fund, with the hope that eventually higher demand will bring 
about competition and drive down costs [57].

Our review has a number of limitations. First, only published studies, of which the 
majority were field reviews, were included. Very few studies reported on clinical utility of 
the POC devices. Second, conference abstracts were excluded due to insufficient detail and 
inability to assess the quality of the study. This resulted in the exclusion of some relevant 
studies. Third, pricing data are often difficult to find and can change rapidly. Lastly, there 
was variability in the measures of accuracy, precision and agreement reported across the 
studies, which did not allow for pooling of data and limits its generalisability. 

CONCLUSION 

This systematic review has identified a number of studies investigating POC HIV-1 RNA 
assays in RLS, of which most demonstrate acceptable clinical accuracy. Very few studies 
have investigated clinical utility and strategies for scale-up. As POC HIV-1 RNA assays 
are more widely evaluated for the uses discussed in this review, the requirement for plasma 
samples and thus continued need for trained phlebotomists and centrifugation of samples 
may remain a barrier in some RLS [57].  In addition, the need for additional resources such 
as air-conditioning, cold chain for reagents and a back-up power source may prove an 
additional challenge. If POC HIV testing is considered as part of an integrated laboratory 
network, strong tracking systems, good documentation, and robust sample transport and 
supply chain systems are needed. Moving forward, further research is needed on clinical 
utility, quality assurance, algorithms for confirming positive results, reliability of results 
for clinical decision-making, and cost-effectiveness [63]. In general, however, it is clear 
that POC HIV-1 RNA assays are here to stay and offer clear advantages that will help 
advance HIV prevention and care globally.
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SUPPORTING INFORMATION

S1. Search strategy for systematic review 

PUBMED (total=81) 
(“point of care HIV-1 viral load” OR “point-of-care HIV-1 viral load” OR “Xpert HIV-1” 
OR “GeneXpert” OR Alere OR SAMBA) AND (EID OR “early infant diagnosis” OR “infant 
HIV infection” OR MTCT OR “mother to child transmission” OR “ART monitoring” OR 
“HIV antiretroviral therapy monitoring “OR “viral load monitoring “OR “HIV-1 viral 
load monitoring” OR “treatment failure” OR “acute HIV diagnosis” OR “early HIV 
diagnosis”) 81

EMBASE (total=63) 
1. (“point of care HIV-1 viral load” or “point-of-care HIV-1 viral load” or “Xpert HIV-

1” or “GeneXpert” or Alere or SAMBA).mp. [mp=title, abstract, heading word, drug 
trade name, original title, device manufacturer, drug manufacturer, device trade 
name, keyword, floating subheading] 2171

2. (“EID” or “early infant diagnosis” or “infant HIV infection” or MTCT or “mother to 
child transmission”).mp. [mp=title, abstract, heading word, drug trade name, original 
title, device manufacturer, drug manufacturer, device trade name, keyword, floating 
subheading] 6880

3. 1 and 2=  27
4. (“acute HIV diagnosis” or “early HIV diagnosis”).mp. [mp=title, abstract, heading 

word, drug trade name, original title, device manufacturer, drug manufacturer, device 
trade name, keyword, floating subheading]  161

5. 1 and 4= 0
6. (‘ART monitoring’ or ‘HIV antiretroviral therapy monitoring’ or ‘viral load monitoring’ 

or ‘HIV-1 viral load monitoring’ or ‘treatment failure’).mp. [mp=title, abstract, heading 
word, drug trade name, original title, device manufacturer, drug manufacturer, device 
trade name, keyword, floating subheading]  139192

7. 1 and 6= 36

WEB OF SCIENCE (total=135) 
((‘point of care HIV-1 viral load’ OR ‘point-of-care HIV-1 viral load’ OR ‘Xpert HIV-1’ OR 
‘GeneXpert’ OR Alere OR SAMBA)) AND TOPIC: ((EID OR ‘early infant diagnosis’ OR 
‘infant HIV infection’ OR MTCT OR ‘mother to child transmission’))  22

  ((‘point of care HIV-1 viral load’ OR ‘point-of-care HIV-1 viral load’ OR ‘Xpert HIV-
1’ OR ‘GeneXpert’ OR Alere OR SAMBA))  AND  TOPIC:  ((‘ART monitoring’ OR ‘HIV 
antiretroviral therapy monitoring’ OR ‘viral load monitoring’ OR ‘HIV-1 viral load 
monitoring’ OR ‘treatment failure’)) 70
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TOPIC: ((‘point of care HIV-1 viral load’ OR ‘point-of-care HIV-1 viral load’ OR ‘Xpert 
HIV-1’ OR ‘GeneXpert’ OR Alere OR SAMBA)) AND TOPIC: ((‘acute HIV diagnosis’ OR 
‘early HIV diagnosis’))  43

CINAHL (total=2) 
(“point of care HIV-1 viral load” OR “point-of-care HIV-1 viral load” OR “Xpert HIV-1” 
OR “GeneXpert” OR Alere OR SAMBA) AND (EID OR “early infant diagnosis” OR “infant 
HIV infection” OR MTCT OR “mother to child transmission” OR “ART monitoring” OR 
“HIV antiretroviral therapy monitoring “OR “viral load monitoring “OR “HIV-1 viral 
load monitoring” OR “treatment failure” OR “acute HIV diagnosis” OR “early HIV 
diagnosis”) 2

COCHRANE (total=32)
(“point of care HIV-1 viral load” OR “point-of-care HIV-1 viral load” OR “Xpert HIV-1” 
OR “GeneXpert” OR Alere OR SAMBA) AND (EID OR “early infant diagnosis” OR “infant 
HIV infection” OR MTCT OR “mother to child transmission” OR “ART monitoring” OR 
“HIV antiretroviral therapy monitoring “OR “viral load monitoring “OR “HIV-1 viral 
load monitoring” OR “treatment failure” OR “acute HIV diagnosis” OR “early HIV 
diagnosis”) 32
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S2. PRISMA checklist

Section/topic # Checklist item Reported 
on page # 

TITLE 

Title 1 Identify the report as a systematic review, meta-analysis, or both. 1.

ABSTRACT 

Structured 
summary 

2 Provide a structured summary including, as applicable: background; 
objectives; data sources; study eligibility criteria, participants, and 
interventions; study appraisal and synthesis methods; results; limitations; 
conclusions and implications of key findings; systematic review 
registration number. 

2-3

INTRODUCTION 

Rationale 3 Describe the rationale for the review in the context of what is already 
known. 

4-5

Objectives 4 Provide an explicit statement of questions being addressed with reference 
to participants, interventions, comparisons, outcomes, and study design 
(PICOS). 

N/A

METHODS 

Protocol and 
registration 

5 Indicate if a review protocol exists, if and where it can be accessed 
(e.g., Web address), and, if available, provide registration information 
including registration number. 

N/A

Eligibility 
criteria 

6 Specify study characteristics (e.g., PICOS, length of follow-up) and report 
characteristics (e.g., years considered, language, publication status) used 
as criteria for eligibility, giving rationale. 

6

Information 
sources 

7 Describe all information sources (e.g., databases with dates of coverage, 
contact with study authors to identify additional studies) in the search 
and date last searched. 

6

Search 8 Present full electronic search strategy for at least one database, including 
any limits used, such that it could be repeated. 

6 & S1

Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included 
in systematic review, and, if applicable, included in the meta-analysis). 

6-7

Data collection 
process 

10 Describe method of data extraction from reports (e.g., piloted forms, 
independently, in duplicate) and any processes for obtaining and 
confirming data from investigators. 

6-7

Data items 11 List and define all variables for which data were sought (e.g., PICOS, 
funding sources) and any assumptions and simplifications made. 

6-7

Risk of bias 
in individual 
studies 

12 Describe methods used for assessing risk of bias of individual studies 
(including specification of whether this was done at the study or outcome 
level), and how this information is to be used in any data synthesis. 

7

Summary 
measures 

13 State the principal summary measures (e.g., risk ratio, difference in 
means). 

N/A

Synthesis of 
results 

14 Describe the methods of handling data and combining results of studies, 
if done, including measures of consistency (e.g., I2) for each meta-analysis. 

N/A
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Section/topic # Checklist item Reported 
on page # 

Risk of bias across 
studies 15

Specify any assessment of risk of bias that may affect the 
cumulative evidence (e.g., publication bias, selective reporting 
within studies). 

N/A

Additional 
analyses 16

Describe methods of additional analyses (e.g., sensitivity or 
subgroup analyses, meta-regression), if done, indicating which were 
pre-specified. 

N/A

RESULTS 

Study selection 17
Give numbers of studies screened, assessed for eligibility, and 
included in the review, with reasons for exclusions at each stage, 
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ABSTRACT

Background: Little is known about HIV retesting uptake among key populations (KP) 
and general populations (GP) in Kenya. We assessed trends and predictors of first-time 
testing (FTT), late retesting (previous test more than one year ago for GP or three months 
for KP), and test positivity at three voluntary counselling and testing (VCT) centres in 
coastal Kenya.

Methods: Routine VCT data covering 2006-2017 was collected from three VCT centres in 
Kilifi County. We analysed HIV testing history and test results from encounters among 
adults 18-39 years, categorized as GP men, GP women, men who have sex with men 
(MSM), and female sex workers (FSW).

Results: Based on 24,728 test encounters (32% FTT), we observed declines in HIV 
positivity (proportion of encounters where the result was positive) among GP men, GP 
women, first-time testers and MSM but not among FSW. The proportion of encounters 
for FTT and late retesting decreased for both GP and KP but remained much higher in 
KP than GP. HIV positivity was higher at FTT and late retesting encounters; at FSW and 
MSM encounters; and at encounters with clients reporting lower educational attainment 
and sexually transmitted infection (STI) symptoms. HIV positivity was lower in GP 
men, never married clients and those less than 35 years of age. FTT was associated with 
town, risk group, age 18-24 years, never-married status, low educational attainment, and 
STI symptoms. Late retesting was less common among encounters with GP individuals 
who were never married, had Muslim or no religious affiliation, had lower educational 
attainment, or reported STI symptoms.

Conclusions: HIV positive test results were most common at encounters with first-time 
testers and late re-testers. While the proportion of encounters at which late retesting 
was reported decreased steadily over the period reviewed, efforts are needed to increase 
retesting among the most at-risk populations.

Keywords: Voluntary counselling and testing, HIV retesting, HIV diagnosis, Kilifi 
County, Kenya
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INTRODUCTION

Kenya has the fifth-largest human immunodeficiency virus (HIV) epidemic in the world 
[1], with 1.3 million adults living with HIV in 2018 [2]. Data from sentinel surveillance and 
national population-based surveys indicate that national HIV prevalence peaked at 10%–
11% in the mid-1990s and declined to about 6% in 2006 [1,3,4]. Prevalence has remained 
relatively stable at that level for several years with a modest decline observed from 2010 
to 2017 [5]. In 2018, national prevalence was estimated at 4.9%, higher in women (6.6%) 
than men (4.5%) [2]. The epidemic is geographically diverse, with prevalence ranging 
from 19.6% in Homa Bay county in the west to <0.1% in Garissa county in the north-
east [2]. There were approximately 36,000 new infections in 2018 [2], with more than a 
third occurring among young women 15–24 years [5,6]. Key populations, including men 
who have sex with men (MSM) and female sex workers (FSW) remain disproportionately 
affected by HIV. In 2017, prevalence was estimated at 18% among MSM and 29% among 
FSW [6]. County-level prevalence estimates for key populations are not available.

The proportion of Kenyan adults 15–64 years who have ever tested for HIV increased from 
37% in 2007 to 70% in 2012 [4,7], and to 80% in 2014 [8]. This tremendous increase in testing 
coverage is the result of an expanded testing program, including voluntary counselling 
and testing (VCT), routine (opt-out) provider-initiated testing in health facilities, routine 
testing in prevention of mother-to-child transmission programs, home-based (door-to-
door) testing, mobile testing, and annual testing campaigns. However, knowledge of HIV 
status remains low. In 2018, it was estimated that 79.5% of people living with HIV knew 
their status [2]. This falls short of the UNAIDS target of 90% and plays a major role in 
ongoing transmission [9]. It is estimated that 54–90% of new transmission events arise 
from persons with undiagnosed infection [10–13].

Low knowledge of HIV status may be attributable in large part to infrequent testing. Current 
national HIV testing guidelines recommend retesting quarterly for key populations (KP) 
andannually for the general population (GP) [14]. In 2012, a population survey estimated 
national retesting uptake at 55% among all adults 15–64 years [7]. A more up-to-date 
estimate is not available, but a repeat survey was underway in 2018. Little is known 
about retesting uptake at the sub-national level or the factors that predict adherence to 
recommended retesting frequency. To address such information gaps, data collected at 
VCT centres can supplement population-based surveys [15,16], if regularly and rigorously 
analysed. Currently, test data collected at various testing facilities are reported to county 
and national headquarters only in summary form, combining VCT and other testing 
points, and not disaggregated by risk groups.
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Kilifi county, one of the six counties in the coastal region of Kenya, is among the poorest 
counties in Kenya [17], with low literacy levels and high rates of school dropout affecting 
both girls and boys [18,19]. In 2017, 30,597 adults were living with HIV in the county, for 
an estimated HIV prevalence of 3.8% [5]. In the same year, the county experienced 1,380 
new infections, with a third occurring among adolescents and young people in the age-
group 15–24 years [5].

In the present study, we used routine data collected over a period of 12 years at three 
VCT centres located in three neighbouring towns in Kilifi county, to assess trends in 
HIV positivity (proportion of test encounters where the result was positive), and the 
proportion of encounters at which clients reported first-time testing (never tested before) 
or late retesting (previous test more than one year ago for GP or three months for KP). 
Information on these outcomes in different sub-groups who utilize VCT services can 
support the targeting of HIV prevention efforts.

METHODS

Study setting and population
Data were collected at three VCT centres operated by the Kenya Medical Research Institute 
(KEMRI)-Wellcome Trust Research Programme (KWTRP) in Kilifi county (Figure 
1, population 1.4 million [20]). The three centres followed the serial testing strategy 
recommended in national guidelines [14,21]. The centres served clients seeking testing out 
of their own initiative (walk-in clients) and clients mobilized during periodic campaigns 
by KWTRP outreach workers (mobilized clients).

The oldest of these centres started operating in 2006 and is situated within the KWTRP 
main campus in Kilifi town, 60 kilometres (km) north of Mombasa (the second largest 
town in Kenya), and approximately 500 meters from the Kilifi County Hospital. The 
estimated catchment population for the county hospital is 125,500 [22,23]. HIV testing 
for the general population at the hospital started in 2004, and a large comprehensive HIV 
care centre was set up in 2005. 

The second centre started operating in 2010 and is situated on the premises of the KWTRP 
clinic in Mtwapa town, 20 km north of Mombasa. Its estimated catchment population is 
116,000 [22,23]. The town has a busy nightlife, with a large number of bars, nightclubs and 
hotels among other businesses, including many private health facilities and pharmacies [24]. 
Since 2005, the KWTRP clinic has conducted cohort studies among KP, including MSM and 
FSW [25]. The centre was set up following a request by community leaders who wanted clinic 
services to be accessible to the general population in the area.
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The third centre also started operating in 2010 and is situated at a KWTRP-supported 
drop-in centre within the sub-county hospital in Malindi town, 120 km north of Mombasa. 
Its estimated catchment population is 128,000 [22,23]. This centre initially targeted MSM 
and FSW, but increasingly served the general population. During the period 2014–2015, 
KWTRP collaborated with community-based organizations to mobilize KP for testing.

Data collection procedures
For each test encounter during the study period, a data collection form was completed 
by VCT staff capturing type of client (walk-in or mobilised in an outreach campaign), 
test location (Kilifi, Mtwapa, or Malindi), test date, gender, date of birth, highest level of 
education, religious affiliation, marital status, reason for testing, HIV test results, whether 
the client had ever tested before, and date of previous test (whether at our VCT or any other 
testing site). Starting in 2010, data were collected on self-reported HIV risk behaviour in 
the past six months, including: gender of sex partners, receipt of payment for sex, and 
current symptoms of sexually transmitted infections (STI). STI symptoms included: 
for men, urethral discharge and dysuria; for women, excessive or foul-smelling vaginal 
discharge; and for both men and women, genital sores and history of rectal discharge 
for those who reported anal sex. VCT records were extracted in early 2018, cleaned, and 
prepared for analysis.

Figure 1. Map of study area.
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Sample selection
Our sample selection was guided by our goal to assess trends in adult walk-in VCT clients 
(i.e., clients seeking testing out of their own initiative). We therefore excluded data from 
mobilized clients who were tested during outreach campaigns and may have felt social 
pressure to test, even if previously diagnosed. In addition, the frequency and intensity of 
outreach campaigns varied over time, making it difficult to evaluate time trends. We also 
excluded VCT clients seeking confirmatory testing after a positive test done elsewhere, 
partners of HIV-positive index clients, Malindi clients from 2010–2011 (a period when 
testing exclusively targeted MSM), and clients outside the age group 18–39 years, where 
HIV incidence is highest in Kenya. We included 24,728 (52%) of all 47,893 test encounters 
in the original dataset (Extended data: Supplementary Table 1). The dataset analysed 
included tests conducted at the Kilifi VCT centre in the period 2006–2017, Mtwapa VCT 
in 2010–2017, and Malindi VCT in 2012–2017.

Data analysis
Data cleaning, recoding and analysis was conducted using Stata® version 15 (StataCorp, 
USA). Based on sex, sex of sex partners, and report of transactional sex (collected since 
2010), we categorized clients into four risk groups: GP men, MSM, GP women, and FSW. 
As sexual behaviour data was not collected before 2010, test encounters from that period 
(all Kilifi-based) were categorized as GP.

The three main outcomes were HIV positivity (proportion of test encounters where the 
result was positive), proportion of encounters at which clients reported first-time testing 
(FTT), and proportion of encounters at which clients reported late retesting (previous 
test more than one year ago for GP or three months for KP). One year was defined as 
365 calendar days, and three months as 90 days. We assessed change in outcomes over 
calendar year using locally weighted regression ([26], Stata package “lowess”).

Using multivariable log binominal regression (“binreg”) and data from the period when 
information on sexual behavior was complete (2012–2017, n=19,298), we assessed factors 
associated with the three outcomes. Given the difference in definitions of late retesting for 
GP and KP, we fit separate GP and KP models for this outcome. Age and sex were included 
a priori in all models; all other variables for which p<0.10 in bivariable analyses were 
carried forward in multivariable models. Factors with p<0.05 in the multivariable model 
were considered to have statistically significant associations with the outcome in question. 
For the FTT model, we assessed interactions between study area and risk group.

Ethical statement
The study received ethical approval from the KEMRI Scientific and Ethical Review Unit 
(KEMRI/SERU/CGMR-C/188/4014).
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RESULTS

Characteristics of testing encounters
Of 24,728 tests conducted in the period 2006–2017, 50% were conducted in Mtwapa, 33% 
in Kilifi, and 16% in Malindi (Table 1). Overall, 56% of encounters were among men, 68% 
among never-married individuals, 73% among Christians, and 41% among those with 
secondary education; 92% were among GP and 9% among KP; 32% were FTT encounters 
and 22% involved clients who were late retesters, that is, had a previous test more than a 
year ago for GP or three months for KP.

Time trends in the proportion of encounters with first- time testers
For GP, we observed a decline in the proportion of encounters where the client was testing 
for the first time among men overall, women overall, and women aged 18–24 years (Figure 
2). Slopes were similar for all three sub-groups. For KP, the proportion of encounters that 
involved FTT declined less steadily, with the lowest percentage-point decline per year 
observed in MSM.

For the final year assessed (2017), the proportion of encounters involving FTT was 15% 
for GP clients: 16% for men, 13% for women, and 20% for women aged 18–24 years. The 
proportion of encounters involving FTT was 29% for KP: 42% for MSM and 9% for FSW.
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Table 1. Characteristics of HIV testing encounters among clients attending three voluntary 
counselling and testing centres in Kilifi County, Kenya, 2006–2017.

Characteristic All centres  
combined Mtwapa Kilifi Malindi

N % N % N % N %
Number of test  
encounters 24,728 100 12,420 100 8,234 100 4,074 100

Gender  
Male 13,949 56 6,731 54 4,837 59 2,381 58
Female 10,779 44 5,689 46 3,397 41 1,693 42

Age group  
18–24 years 8,848 36 4,307 35 3,215 39 1,326 33
25–34 years 12,857 52 6,637 53 3,997 49 2,223 55
35–39 years 3,023 12 1,476 12 1,022 12 525 13

Marital status 1  
Never married 16,771 68 9,124 73 4,933 60 2,714 67
Married 6,594 27 2,810 23 2,766 34 1,018 25
Separated/  
Divorced/  
Widowed

1,361 6 486 4 533 6 342 8

Religion  
None 1,908 8 727 6 852 10 329 8
Christian 18,156 73 9,453 76 5,929 72 2,774 68
Muslim 4,664 19 2,240 18 1,453 18 971 24

Education level  
Primary or none 9,863 40 3,832 31 3,379 41 2,652 65
Secondary 10,064 41 5,934 48 3,061 37 1,069 26
Higher education 4,801 19 2,654 21 1,794 22 353 9

Test period  
2006–2009 2,357 10 0 0 2,357 29 0 0
2010–2011 3,636 15 1,781 14 1,855 23 0 0
2012–2014 8,219 33 4,741 38 2,063 25 1,415 35
2015–2017 10,516 42 5,898 48 1,959 24 2,659 65

HIV testing  
history 2  

On-time testing 11,291 46 7,140 57 2,956 36 1,195 29
Late retesting 5,563 22 3,127 25 1,513 18 923 23
First-time test 7,874 32 2,153 17 3,765 46 1,956 48

Risk group 3  
GP Men 12,502 51 6,268 50 4,729 57 1,505 37
MSM 1,447 6 463 4 108 1 876 22
GP Women 10,026 41 5,202 42 3,373 41 1,451 36
FSW 753 3 487 4 24 0 242 6

Current STI  
symptoms 4  

No 21,456 96 11,687 94 5,796 99 3,973 98
Yes 915 4 733 6 81 1 101 2

1 Data were missing for marital status (n=2) and risk group (n=1). 2 Late retesting was defined as previous 
test more than one year ago for GP or three months for key population. 3 Derived from gender of sex partners 
and report of transactional sex in past six months. These two variables were collected from 2010 onwards. 
All test encounters before 2010 (all Kilifi-based) were categorized as GP. 4 Any report of urethritis, dysuria, 
vaginal discharge, genital sore, or proctitis. As these variables were only collected from 2010 onwards, data 
were missing for 2,603 test encounters. GP: General population; MSM: Men who have Sex with Men; FSW: 
Female Sex Workers; STI: Sexually Transmitted Infection
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 General population Key population

Figure 2. Time trends in the proportion of encounters involving first-time testers among 
clients attending voluntary counselling and testing centres in Kilifi County, Kenya.  

Plots drawn using locally weighted scatterplot smoothing (LOWESS). Slope is percentage-point change per 
year. Data points on which the plots are based are included in the supplemental materials (Extended data: 
Supplementary Table 2 and 3). MSM: Men who have Sex with Men; FSW: Female Sex Workers.

Time trends in the proportion of encounters with late retesters
We observed declines in the proportion of encounters involving late retesting for both 
GP (previous test more than one year ago) and KP (previous test more than three months 
ago) (Figure 3). Throughout the period assessed, the proportion of encounters involving 
late retesting among the KP remained much higher than that in GP. The percentage-point 
changes per year were similar for all sub-groups assessed.

Figure 3. Time trends in the proportion of encounters involving late retesting among clients 
attending voluntary counselling and testing centers in Kilifi County, Kenya.

Plots drawn using locally weighted scatterplot smoothing (LOWESS). Slope is percentage-point change per 
year. (Extended data: Supplementary Table 4 and 5). MSM: men who have sex with men; FSW: female sex 
workers. 
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For the final year assessed (2017), the proportion of encounters involving late-retesting 
was 28% for GP: 29% for encounters with men, 28% for encounters with women, and 25% 
for encounters with women aged 18–24 years. The proportion of encounters involving late 
retesting was 83% for KP: 81% for MSM encounters and 85% for FSW encounters.

Time trends in HIV positivity
For GP, there was a decline in overall HIV positivity at encounters with both men and 
women, as well as with the sub-group of those testing for the first time, but not among 
female late re-testers (Figure 4).

 General population Key population

Figure 4. Time trends in HIV positivity at testing encounters among general population clients 
attending voluntary counselling and testing centres in Kilifi County, Kenya.

Plots drawn using locally weighted scatterplot smoothing (LOWESS). (Extended data: Supplementary Table 
6 and 7). 

For encounters among MSM, HIV positivity was steady among encounters involving late 
re-testing ( Figure 5). For encounters among FSW, there was an increase in HIV positivity 
over time. This was also true for encounters with FSW involving first-time testing (large 
increase at +4.9 percentage points per year) and late re-testing, but not for encounters with 
FSW involving on-time re-testing.

For the final year assessed (2017), overall HIV positivity for GP encounters was 2.3%: 1.1% 
for encounters with men, 3.9% for encounters with women, and 2.8% for encounters with 
women aged 18–24 years. Overall HIV positivity in KP encounters was 7.8%: 6.0% for 
MSM encounters and 10.7% for FSW encounters.
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Factors associated with first-time testing encounters
As presented in Table 2, factors associated with increased probability of FTT at VCT 
encounters included: test location (Kilifi and Malindi), age 18–24 years, never-married 
status, lower educational attainment. Compared to GP women encounters, MSM and GP 
men encounters were more likely to involve FTT, while FSW encounters were less likely to 
involve FTT. First-time testing encounters were less likely during earlier testing periods 
and among clients with current STI symptoms. No interactions between study area and 
risk group were identified (data not shown).

Factors associated with late retesting encounters
The GP model is presented in Table 3, and the KP model in Extended data: Supplementary 
Table 10. The KP model did not identify any predictors of late retesting (previous test more 
than three months ago).

Figure 5. Time trends in HIV positivity at testing encounters among key population clients 
attending voluntary counselling and testing centres in Kilifi County, Kenya.

Plots drawn using locally weighted scatterplot smoothing (LOWESS). Slope is percentage-point change per 
year. (Extended data: Supplementary Table 8 and 9). 
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Table 2. Factors associated with first-time testing encounters among adult clients attending 
voluntary counselling and testing centres in Kilifi, Kenya, 2012–2017.

Factor Number 
of test 

encounters 1 

Number (%)  
first- time 

testing  
encounters

Bivariable analysis
Multivariable  

analysis  
(Full model)

Risk ratio  
[95%  

Confidence  
interval]

P value

Adjusted risk 
ratio [95%  

Confidence  
interval]

P value

Testing location 
Kilifi 4,022 1,355 (27.2) 2.2 [2.0-2.3] <0.001 2.1 [1.9-2.2] <0.001
Malindi 4,074 1,956 (39.3) 3.1 [2.9-3.2] <0.001 2.7 [2.5-2.9] <0.001
Mtwapa 10,639 1,666 (33.5) Ref Ref Ref Ref

Age group 
18–24 years 6,440 2,031 (40.8) 1.4 [1.3-1.5] <0.001 1.3 [1.2-1.4] <0.001
25–34 years 9,969 2,415 (48.5) 1.1 [1.0-1.2] 0.158 1.0 [0.9-1.1] 0.509
35–39 years 2,326 531 (10.7) Ref Ref Ref Ref

Marital status 2 
Never married 13,026 3,622 (72.8) 1.2 [1.1-1.2] <0.001 1.2 [1.1-1.3] <0.001
Separated/  
Divorced/ 
Widowed

937 218 (4.4) 1.0 [0.9-1.1] 0.708 0.9 [0.8-1.1] 0.236

Married 4,770 1,137 (22.8) Ref Ref Ref Ref
Religion 

None 1,308 364 (7.3) 1.1 [1.0-1.2] 0.078 1.0 [0.9-1.1] 0.959
Muslim 3,560 1,060 (21.3) 1.2 [1.1-1.2] <0.001 1.0 [0.9-1.1] 0.707
Christian 13,867 3,553 (71.4) Ref Ref Ref Ref

Education level 
Primary or 
none 7,271 2,480 (49.8) 1.8 [1.7-2.0] <0.001 1.6 [1.4-1.7] <0.001

Secondary 7,727 1,794 (36.0) 1.2 [1.1-1.3] <0.001 1.3 [1.2-1.4] <0.001
Higher  
Education 3,737 703 (14.1) Ref Ref Ref Ref

Testing period 
2015–2017 10,516 2,428 (48.8) 0.7 [0.7-0.8] <0.001 0.7 [0.7-0.7] <0.001
2012–2014 8,219 2,549 (51.2) Ref Ref Ref Ref

Risk group 3 
GP men 9,262 2,515 (50.5) 1.2 [1.1-1.3] <0.001 1.3 [1.2-1.4] <0.001
MSM 1,256 640 (12.9) 2.2 [2.1-2.4] <0.001 1.4 [1.3-1.6] <0.001
FSW 751 112 (2.3) 0.7 [0.5-0.8] <0.001 0.6 [0.5-0.7] <0.001
GP women 7,466 1,710 (34.4) Ref Ref Ref Ref

Current STI symptoms 
Yes 848 146 (2.9) 0.6 [0.5-0.7] <0.001 0.7 [0.6-0.9] <0.001
No 17,887 4,831 (97.1) Ref Ref Ref Ref

1 For Mtwapa and Kilifi, numbers are less than in Table 1 since the time periods are different. 2 Data were 
missing for marital status (n=2). 3 Gender and transactional sex were excluded from the model due to 
collinearity with the risk group variable. GP: General population; MSM: Men who have sex with men; FSW: 
Female sex workers; STI: Sexually transmitted infection. 
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Table 3. Factors associated with late retesting encounters among general population clients 
attending voluntary counselling and testing centres in Kilifi, Kenya, 2012–2017.

Factor Number of  
test  

encounters 1 

Number  
(%) of late-  
retesting  

encounters

Bivariable analysis
Multivariable  

analysis  
(Full model)

Risk ratio  
[95%  

Confidence  
interval]

P value

Adjusted  
risk ratio  

[95%  
Confidence  

interval]

P value

Testing location 
Kilifi 2,612 753 (22.7) 1.1 [1.1-1.2] 0.001 1.1 [1.0-1.2] 0.039
Malindi 1,603 456 (13.7) 1.1 [1.0-1.2] 0.012 1.1 [1.0-1.2] 0.079
Mtwapa 8,288 2,112 (63.6) Ref Ref Ref Ref

Age group 
18–24 years 3,906 971 (29.2) 0.8 [0.7-0.9] <0.001 0.9 [0.8-1.0] 0.065
25–34 years 6,897 1,831 (55.1) 0.9 [0.8-0.9] 0.001 0.9 [0.8-1.0] 0.081
35–39 years 1,700 519 (15.6) Ref Ref Ref Ref

Marital status 
Never married 8,367 2,105 (63.4) 0.9 [0.8-0.9] <0.001 0.9 [0.8-1.0] 0.009
Separated  
/ Divorced/  
Widowed

626 202 (6.1) 1.1 [1.0-1.3] 0.084 1.1 [1.0-1.3] 0.157

Married 3,508 1,014 (30.5) Ref Ref Ref Ref
Religion 

None 849 195 (5.9) 0.8 [0.7-1.0] 0.007 0.8 [0.7-1.0] 0.012
Muslim 2,189 532 (16.0) 0.9 [0.8-1.0] 0.004 0.9 [0.8-1.0] 0.010
Christian 9,465 2,594 (78.1) Ref Ref Ref Ref

Education level 
Primary or none 4,196 1,147 (34.5) 1.0 [0.9-1.0] 0.363 1.0 [0.9-1.1] 0.487
Secondary 5,390 1,348 (40.6) 0.9 [0.8-1.0] 0.001 0.9 [0.8-1.0] 0.024
Higher Education 2,917 826 (24.9) Ref Ref Ref Ref

Testing period 
2015–2017 7,390 1,891 (56.9) 0.9 [0.9-1.0] 0.003 0.9 [0.8-1.0] 0.006
2012–2014 5,113 1,430 (43.1) Ref Ref Ref Ref

Risk group 
GP men 6,747 1,841 (55.4) 1.1 [1.0-1.1] 0.047 1.1 [1.0-1.1] 0.069
GP women 5,756 1,480 (44.6) Ref Ref Ref Ref

Current STI symptoms 
Yes 508 105 (3.2) 0.8 [0.6-0.9] 0.003 0.8 [0.7-1.0] 0.019
No 11,995 3,216 (96.8) Ref Ref Ref Ref

1 For Mtwapa and Kilifi, numbers are less than in Table 1 since the time periods are different. GP: General 
population; STI: Sexually transmitted infection.
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Table 4. Factors associated with HIV positivity at testing encounters among adult clients 
attending voluntary counselling and testing centres in Kilifi, Kenya, 2012–2017.

Factor Number  
tested

Number  
(%)  

positive

Bivariable analysis
Multivariable  

analysis  
(Full model)

Risk ratio  
[95%  

Confidence  
interval]

P value

Adjusted  
risk ratio  

[95%  
Confidence  

interval]

P value

Testing location 
Kilifi 4,022 122 (16.8) 0.9 [0.8-1.2] 0.576 0.9 [0.7-1.1] 0.223
Malindi 4,074 262 (36.1) 2.0 [1.7-2.3] <0.001 1.3 [1.1-1.5] 0.011
Mtwapa 10,639 342 (47.1) Ref Ref Ref Ref

Age group 
18–24 years 6,440 168 (23.1) 0.4 [0.4-0.5] <0.001 0.5 [0.4-0.6] <0.001
25–34 years 9,969 420 (57.9) 0.7 [0.6-0.9] <0.001 0.8 [0.6-0.9] 0.008
35–39 years 2,326 138 (19.0) Ref Ref Ref Ref

Marital status 
Never married 13,026 382 (52.6) 0.6 [0.5-0.6] <0.001 0.6 [0.5-0.7] <0.001
Separated/  
Divorced/  
Widowed

937 92 (12.7) 1.9 [1.5-2.3] <0.001 1.2 [1.0-1.5] 0.081

Married 4,770 252 (34.7) Ref Ref Ref Ref
Religion 

None 1,308 63 (8.7) 1.3 [1.0-1.6] 0.062 1.3 [1.0-1.6] 0.067
Muslim 3,560 139 (19.1) 1.0 [0.9-1.2] 0.726 0.9 [0.8-1.1] 0.578
Christian 13,867 524 (72.2) Ref Ref Ref Ref

Education level 
Primary/none 7,271 382 (52.6) 2.7 [2.1-3.5] <0.001 1.6 [1.3-2.1] <0.001
Secondary 7,727 272 (37.5) 1.8 [1.4-2.4] <0.001 1.5 [1.2-1.9] 0.002
Higher  
Education 3,737 72 (9.9) Ref Ref Ref Ref

Testing period 
2015–2017 10,516 371 (51.1) 0.8 [0.7-0.9] 0.005 0.8 [0.7-0.9] 0.007
2012–2014 8,219 355 (48.9) Ref Ref Ref Ref

HIV testing history 1 
On-time testing 9,375 212 (29.2) Ref Ref Ref Ref
Late retesting 4,383 260 (35.8) 2.6 [2.2-3.1] <0.001 2.0 [1.6-2.4] <0.001
First-time testing 4,977 254 (35.0) 2.3 [1.9-2.7] <0.001 2.0 [1.7-2.5] <0.001

Risk group 2 
MSM 1,256 99 (13.6) 1.6 [1.3-2.0] <0.001 1.1 [0.9-1.4] 0.341
FSW 751 90 (12.4) 2.5 [2.0-3.1] <0.001 1.8 [1.4-2.3] <0.001
GP men 9,262 176 (24.2) 0.4 [0.3-0.5] <0.001 0.4 [0.3-0.5] <0.001
GP Women 7,466 361 (49.7) Ref Ref Ref Ref

Current STI symptoms 
Yes 848 59 (8.1) 1.9 [1.4-2.4] <0.001 1.6 [1.2-2.0] 0.001
No 17,887 667 (91.9) Ref Ref Ref Ref

1 Late retesting was defined as previous test more than one year ago for GP or three months for key 
population.  2 Gender and transactional sex were excluded from the model due to collinearity with the risk 
group variable. GP: General population; MSM: Men who have sex with men; FSW: Female sex workers; STI: 
Sexually transmitted infection. 
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In the GP model, encounters involving late retesting (previous test more than one year ago) 
were less likely among never-married clients, clients professing Muslim or no religious 
affiliation, those with secondary education, and those with current STI symptoms. 
Encounters involving late retesting were more likely during 2012–2014 and among clients 
served in Kilifi compared to Mtwapa.

Factors associated with HIV positivity
Table 4 presents factors associated with HIV positivity at testing encounters. Encounters 
with a positive test result were more likely to involve Malindi clients, clients with less 
than higher education, first-time testers and late re-testers, MSM and FSW, and clients 
with current STI symptoms. Of note, encounters involving FTT and late retesting were 
about twice as likely to result in a positive test compared to on-time retesting encounters. 
Encounters among clients with primary or no education were 1.6 times more likely to 
result in a positive HIV test, compared to those among clients with higher education, 
while those among clients with secondary education were 1.5 times more likely.

Encounters where a positive HIV result was less likely were among clients under 35 years, 
those who were never married, and GP men.

DISCUSSION

Analysis of 12-year data from three VCT centres in Kilifi county, Kenya, revealed a decline 
in the proportion of encounters involving first-time testing (those who had never tested 
before) among GP men, GP women, GP women aged 18–24 years, and FSW; suggesting 
increasing coverage of HIV testing in the county, in line with national trends [6]. However, 
the proportion of encounters involving FTT among MSM was relatively constant, and 
the prevalence of FTT encounters among MSM in the final year assessed (2017) was 
relatively high at 42% (compared to 15% in GP and 9% in FSW). We also found an overall 
decline – albeit more modest – in the proportion of encounters involving late retesting, 
but this remained, in absolute terms, much higher among KP, for whom more frequent 
testing is recommended, compared to GP. While the proportion of encounters involving 
late retesting (i.e. previous test more than a year ago) was 28% for GP in 2017, 83% of 
encounters for KP in the current study involved late retesting (previous test more than 3 
months ago).

FTT encounters were more common among men (both GP men and MSM), among 
younger (18–24 years) or single persons, and among persons with lower educational 
attainment. Such persons may perceive themselves to be at higher risk. Among GP, late 
retesting encounters were less common among single persons, those with secondary 
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education, those professing Muslim or no religious affiliation and those who had current 
STI symptoms. While the association with religious affiliation is less clear, the other 
associations may indicate increased awareness of risk for HIV. These findings are of 
interest given that encounters involving first-time and late re-testing were more likely 
to yield a positive test result, compared to on-time re-testers. Increased education and 
a mobilization strategy targeting sub-groups with these attributes could potentially 
contribute significantly to achieving the 90% UNAIDS HIV diagnosis target in Kilifi 
county and other similar settings. Because current STI symptoms were associated with 
a near doubling of HIV positivity at encounters, such approaches should incorporate 
integrated sexual reproductive health services that include screening, diagnosis and 
treatment for STI [27].

Encounters in which HIV test results were positive declined among GP men and women, 
and among MSM, but increased among FSW. The increase in positivity among FSW may 
have been due to a high proportion of encounters involving FTT among FSW in one 
location (Malindi, data not shown) as a result of increased knowledge or risk perception 
after cumulative outreach efforts in recent years. While MSM-focused community-based 
organizations were active in the three areas from the beginning of the study period, there 
were initially limited services targeting FSW [28]. At the KWTRP VCT centre in Malindi, 
specifically, the initial focus was on MSM and did not expand to include FSW until 2015 
[29].

The low uptake of quarterly retesting (implied by the low proportion of on-time retesting 
encounters among KP in our study) and consequent continuing transmission among MSM 
and FSW may be due to stigmatizing attitudes of healthcare workers, discrimination, and 
concerns about confidentiality; factors that have been shown to decrease access to health 
services [30–32]. HIV self-testing (HIVST) services were introduced in Kenya in 2017 in 
order to improve test uptake among hard-to-reach populations including KP, men and 
young people [33]. Scaling up of HIVST and partner notification services among KP, 
including through innovative strategies such as peer test distribution, has been shown to 
increase test uptake in this population [34–37].

In our study, low educational attainment was associated not only with encounters for 
FTT but also with HIV positivity. Testing encounters among clients with primary or no 
education were 1.6 times more likely to result in a positive HIV test, compared to those 
among clients with higher education, while those among clients with secondary education 
had 1.5 times the likelihood. Kilifi County is amongst the poorest counties in the country 
[17], and has low literacy levels [18,19]. Specifically, in Kilifi county, educational outreach 
and targeted HIV testing programs tailored to the needs of low-literacy, rural populations 
might improve HIV testing services. For instance, HIV knowledge and literacy could be 
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assessed among patients seeking healthcare, and patients with no or low level of education 
could be offered brief education sessions with visual aids and confidential HIV testing 
with clear and simple messages. Community outreach could also help to dispel myths 
about HIV and increase awareness and uptake of services.

In Kenya and other similar settings, adolescents and young women 15–24 years are 
disproportionately affected by HIV [38]. In 2017, this sub-population accounted for more 
than a third of all new adult HIV infections in Kenya [5,6]; HIV prevalence in this group 
was estimated at 2.6% [5,6]. In the present study, HIV positivity at VCT encounters by 
young women 18–24 years was 2.8% in 2017. Initiatives that tackle social determinants of 
HIV risk in this vulnerable group, such as poverty, gender inequality, and sexual violence 
are needed [39–41]. However, resources to implement such initiatives may be limited, 
since Kilifi is categorized as a medium priority county for HIV prevention and care. Less 
donor-dependent interventions, such as sex education at primary and secondary schools, 
will be crucial and could be rolled out in tandem with HIV education aimed at improving 
health literacy.

Our findings suggest unequal delivery of HIV prevention services across the county. 
Testing history and HIV positivity at VCT encounters varied by town, with Malindi having 
the lowest testing prevalence and highest HIV positivity. Malindi is more geographically 
isolated, being furthest from Mombasa – Kenya’s second largest city, main seaport and 
former administrative headquarters for the coast province. On the other hand, the town 
has a vibrant tourism sector which attracts large numbers of KP. Clearly, greater coverage 
of HIV testing and prevention services is needed in this area, with a strong focus on KP.

This study demonstrates the utility of rigorous analysis of routinely collected data to 
evaluate trends in first-time testing, late retesting, and HIV positivity at VCT encounters 
at a county level [42]. Currently, test data collected at various testing facilities are reported 
to county headquarters only in summary form, combining data from VCT centres and 
other testing points such as provider-initiated testing in outpatient and antenatal clinics; 
the data is also not disaggregated by risk groups. Our findings also show that additional 
socio-demographic, sexual behaviour, and testing history data can be useful in identifying 
subpopulations in need of additional education and outreach, as well as targeted HIV 
prevention and care services.

Our study had a number of limitations. First, we cannot be sure that encounters with a 
positive test result documented were new diagnoses of HIV infection, as stigma and social 
desirability bias may lead some clients to report their previous test result as negative even 
if it was positive [43,44]. Second, social desirability bias may also have resulted in over-
reporting of previous HIV test uptake. Third, stigma and discrimination towards MSM 
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may have resulted in under-reporting of same-sex behavior practices among men and sex 
work stigma may have resulted in under-reporting of transactional sex among women. 
Additionally, our dataset lacked information on sexual behavior prior to 2010, limiting 
our ability to describe trends by risk group in that period. Fourth, the data capture 
system we used did not track individual testers longitudinally, precluding our ability 
to analyse individual testing practices over time. As one individual’s multiple retesting 
episodes were counted as individual encounters, this may have biased our modelling. 
Fifth, cross-site comparisons of time trends may have been biased by changes in covered 
populations in the different VCT centers over time. Sixth, although we excluded clients 
mobilized through outreach activities, some of the clients registered as walk-in may 
have been influenced indirectly by outreach activities, hence the sample used may not 
be wholly representative of the walk-in VCT clientele. Seventh, our data do not enable us 
to hypothesize about mechanisms underlying some findings, such as associations with 
religion, and some findings may be due to chance or residual confounding. In particular, 
the use of p values to select variables for model building can be misleading [45]. Finally, 
the three VCT centres included in the study are close to KWTRP research clinics, hence 
clients may not be representative of the whole VCT clientele in the county.

CONCLUSIONS

Our study showed that in Kilifi county, HIV positivity at encounters in the three VCT 
centres studied was most common when encounters involved first-time testing, testing less 
than annually, key populations, and persons with lower educational attainment. While 
encounters involving first-time testing and late retesting decreased over time, potentially 
reflecting increased testing coverage, there is an urgent need to evaluate actual HIV test 
coverage in different sub-populations and to implement non-stigmatizing HIV testing 
programs accessible to all in order to achieve the 90% diagnosis target set for the county.

DATA AVAILABILITY

Underlying data Harvard Dataverse: Underlying dataset for: Trends and predictors of HIV 
positivity and time since last test at voluntary testing and counseling encounters among 
adults in Kilifi, Kenya, 2006–2017, https://doi.org/10.7910/DVN/43DAWU [46].

This project contains the following underlying data:
- Underlying data
- Codebook
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EXTENDED DATA

Harvard Dataverse: Supplementary tables for: Trends and predictors of HIV positivity and 
time since last test at voluntary testing and counseling encounters among adults in Kilifi, 
Kenya, 2006–2017, https://doi.org/10.7910/DVN/TVQJZP [47].

This project contains the following extended data:

-  Supplementary Table 1. Number of test encounters excluded from the analysis and 
HIV positivity for each exclusion category.

-  Supplementary Table 2. Time trends in the proportion of encounters involving first-
time testers among general population attending voluntary counselling and testing 
centres in Kilifi County, Kenya, N = 22,528

-  Supplementary Table 3 Time trends in the proportion of encounters involving first-
time testers among key population attending voluntary counselling and testing centres 
in Kilifi County, Kenya, N = 2,200

-  Supplementary Table 4. Time trends in the proportion of encounters involving late 
retesting among general population attending voluntary counselling and testing 
centers in Kilifi County, Kenya, N = 15,488

-  Supplementary Table 5. Time trends in the proportion of encounters involving late 
retesting among key population attending voluntary counselling and testing centers 
in Kilifi County, Kenya, N = 1,366

-  Supplementary Table 6. Time trends in HIV positivity at testing encounters among 
general population men attending voluntary counselling and testing centres in Kilifi 
County, Kenya, N = 12,502

-  Supplementary Table 7. Time trends in HIV positivity at testing encounters among 
general population women attending voluntary counselling and testing centres in 
Kilifi County, Kenya, N = 10,026

-  Supplementary Table 8. Time trends in HIV positivity at testing encounters among 
MSM attending voluntary counselling and testing centres in Kilifi County, Kenya, N = 
1,447

-  Supplementary Table 9. Time trends in HIV positivity at testing encounters among 
FSW attending voluntary counselling and testing centres in Kilifi County, Kenya, N = 
729

-  Supplementary Table 10. Factors associated with testing less than quarterly (> 3 months 
ago) among episodes with Key Populations, voluntary counselling and testing centres 
in Kilifi County, Kenya, 2012–2017

Data are available under the terms of the Creative Commons Zero “No rights reserved” 
data waiver (CC0 1.0 Public domain dedication).

https://doi.org/10.7910/DVN/TVQJZP
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Supplementary Table 1. Number of test encounters excluded from the analysis and HIV 
positivity for each exclusion category

Number (%) 
of Encounters

Number (%)
HIV Positive

All test encounters 47,893 (100%) 2,911 (6.1%)
Included in analysis 24,728 (52%) 1,054 (4.3%)
Excluded from analysis1: 23,165 (48%) 1,857 (8.0%)
     Mobilized clients 14,920 (31%) 886 (5.9%)
     Confirmatory and index partner testing 2,023 (4%) 441 (21.8%)
     Malindi clients 2010-2011 333 (1%) 100 (30.0%)
     Not in age group of interest 18-39 years2 4,947 (10%) 382 (7.7%)
     Missing HIV testing history 942 (2%) 48 (5.1%)

1 Clients could fall into more than one exclusion sub-category. Mutually exclusive sub-categories were 
created by excluding encounters in the order listed.
2 Number of encounters (n=4,947) includes 600 (12%) clients under 18 years; 4,267 (86%) over 39 years; 
and 80 (2%) with missing age.
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Trends and predictors of HIV positivity and time since last test at voluntary counselling  
and testing encounters among adults in Kilifi, Kenya, 2006-2017

Supplementary Table 8. Time trends in HIV positivity at testing encounters among MSM 
attending voluntary counselling and testing centres in Kilifi County, Kenya, N = 1,447

Test year 2010 2011 2012 2013 2014 2015 2016 2017
Testing on-time;  
No. positive/N 6/81 6/110 23/205 8/125 15/167 19/203 20/324 14/232

FTT; No. positive/N 0/7 1/3 0/9 0/5 2/18 0/19 1/21 1/26
Testing on-time;  
No. positive/N 4/39 2/62 7/58 5/56 8/71 12/88 10/136 7/109

FTT; No. positive/N 2/35 3/45 16/138 3/64 5/78 7/96 9/167 6/97

MSM: men who have sex with men. FTT: first-time testers; Late retesting: defined as previous test more than 
one year ago for GP or three months for key population.

Supplementary Table 9. Time trends in HIV positivity at testing encounters among FSW 
attending voluntary counselling and testing centres in Kilifi County, Kenya, N = 729

Test year 2012 2013 2014 2015 2016 2017
Testing on-time;  
No. positive/N 14/167 6/108 18/124 10/80 22/112 15/138

FTT; No. positive/N 2/12 1/9 2/21 1/14 3/19 1/19
Testing on-time;  
No. positive/N 8/117 3/84 11/92 8/56 10/76 11/108

FTT; No. positive/N 4/38 2/15 5/11 1/10 9/17 3/11

FSW: female sex workers. FTT: first-time testers; Late retesting: defined as previous test more than one year 
ago for GP or three months for key population.
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Supplementary Table 10. Factors associated with testing less than quarterly (> 3 months 
ago) among episodes with Key Populations, voluntary counselling and testing centres in Kilifi 
County, Kenya, 2012-2017

Factor
Number 

of test 
ecnounters1

Number tested 
less than 
quarterly

(% of tested)

Bivariable analysis Multivariable analysis
(Full model)

Risk ratio
[95% 

Confidence 
interval]

P value

Adjusted 
risk ratio

[95% 
Confidence 

interval]

P value

Testing location:
Kilifi 55 44 (4.1%) 1.0 [0.9-1.1] 0.938 1.0 [0.7-1.4] 0.988
Malindi 515 467 (44.0%) 1.1 [1.1-1.2] <0.001 1.1 [1.0-1.3] 0.098
Mtwapa 685 551 (51.9%) Ref Ref Ref Ref

Age group:
18-24 years 503 413 (38.9%) 0.9 [0.9-1.0] 0.082 0.9 [0.7-1.2] 0.651
25-34 years 657 565 (53.2%) 1.0 [0.9-1.1] 0.491 1.0 [0.8-1.2] 0.903
35-39 years 95 84 (7.9%) Ref Ref Ref Ref

Marital Status:
Never married 1,037 871 (82.0%) 0.9 [0.9-1.0] 0.008 0.9 [0.8-1.2] 0.579
Separated / 
Divorced/ 
Widowed

93 77 (7.3%) 0.9 [0.8-1.0] 0.078 0.9 [0.7-1.2] 0.459

Married 125 114 (10.7%) Ref Ref Ref Ref
Religion:

None 95 73 (6.9%) 0.9 [0.8-1.0] 0.095 0.9 [0.7-1.2] 0.410
Muslim 311 270 (25.4%) 1.0 [1.0-1.1] 0.348 1.0 [0.9-1.2] 0.959
Christian 849 719 (67.7%) Ref Ref Ref Ref

Education Level:
Primary or 
none 595 512 (48.2%) 1.1 [1.0-1.2] 0.035 1.0 [0.8-1.3] 0.690

Secondary 543 460 (43.3%) 1.1 [1.0-1.2] 0.073 1.1 [0.9-1.4] 0.535
Higher 
Education 117 90 (8.5%) Ref Ref Ref Ref

Testing period:
2015-2017 698 579 (54.5%) 1.0 [1.0-1.1] 0.063 1.1 [0.9-1.2] 0.383
2012-2014 557 483 (45.5%) Ref Ref Ref Ref

Risk group2:
MSM 616 518 (48.8%) 1.0 [0.9-1.0] 0.609 1.0 [0.8-1.1] 0.624
FSW 639 544 (51.2%) Ref Ref Ref Ref

Current STI symptoms:
Yes 194 142 (13.4%) 0.8 [0.8-0.9] <0.001 0.9 [0.7-1.1] 0.197
No 1,061 920 (86.6%) Ref Ref Ref Ref

1 For Mtwapa and Kilifi, number are less than in Table 1 since the time periods are different. 
2 Gender and transactional sex were excluded from the model due to collinearity with the risk group variable.

MSM: Men who have sex with men; FSWs: Female sex workers; STI: Sexually transmitted infection.
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ABSTRACT 

Background: Only approximately one in five adults are offered HIV testing by providers 
when seeking care for symptoms of acute illness in Sub-Saharan Africa. Our aims were 
to estimate testing coverage and identify predictors of provider-initiated testing and 
counselling (PITC) and barriers to PITC implementation in this population.

Methods:  We assessed HIV testing coverage among adult outpatients 18-39 years of age 
at four public and two private health facilities in coastal Kenya, during a 3- to 6-month 
surveillance period at each facility. A subset of patients who reported symptoms including 
fever, diarrhoea, fatigue, body aches, sore throat or genital ulcers were enrolled to 
complete a questionnaire independently of PITC offer. We assessed predictors of PITC in 
this population using generalised estimating equations and identified barriers to offering 
PITC through focus group discussion with healthcare workers (HCW) at each facility.

Results: Overall PITC coverage was 13.7% (1600 of 11,637 adults tested), with 1.9% (30) 
testing positive. Among 1,374 participants enrolled due to symptoms, 378 (27.5%) were 
offered PITC and 352 (25.6%) were tested, of whom 3.7% (13) tested positive. Among 
participants offered HIV testing, 93.1% accepted it; among participants not offered 
testing, 92.8% would have taken an HIV test if offered. The odds of completed PITC 
were increased among older participants (adjusted odds ratio [aOR] 1.7, 95% confidence 
interval [CI] 1.4-2.1 for 30-39 years, relative to 18-24 years), men (aOR 1.3, 95% CI 1.1-1.7); 
casual labourers (aOR 1.3, 95% CI 1.0-1.7); those paying by cash (aOR 1.2, 95% CI 1.0-1.4) 
or insurance (aOR 3.0, 95% CI 1.5-5.8); participants with fever (aOR 1.5, 95% CI 1.2-1.8) 
or genital ulcers (aOR 4.0, 95% CI 2.7-6.0); and who had tested for HIV >1 year ago (aOR 
1.4, 95% CI 1.0-2.0) or had never tested (aOR 2.2, 95% CI 1.5-3.1). Provider barriers to 
PITC implementation included lack of HCW knowledge and confidence implementing 
guidelines, limited capacity and health systems constraints. 

Conclusion:  PITC coverage was low, though most patients would accept testing if 
offered. Missed opportunities to promote testing during care-seeking were common and 
innovative solutions are needed.
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INTRODUCTION 

HIV testing remains the gateway to HIV prevention, treatment, care and other support 
services. To achieve universal test coverage, the World Health Organization (WHO) in 
2007, recommended an “opt-out” testing approach known as Provider-Initiated HIV 
Testing and Counselling (PITC), in which an HIV test is offered to all patients attending 
health facilities in countries with generalised epidemics  as a standard part of medical 
care [1]. However, a review looking at the operational implementation of PITC among 
non-pregnant adults in sub-Saharan (SSA) settings highlighted challenges in PITC 
implementation [2], with coverage estimated  at only 20% [3]. PITC coverage has been 
lowest in general outpatient settings, despite a high yield of new HIV diagnosis[4-6]. High 
workload combined with high patient volume, personnel shortages, perceived slowing of 
patient flow, confusion about procedures, and operational challenges such as shortages of 
test commodities, inadequate infrastructure and space  have been identified as barriers to 
implementing PITC in SSA [2, 7-9]. 

In 2018, Kenya had an estimated 1.4 million adults living with HIV [10]. National HIV 
prevalence was estimated at 4.9% in the same year, with an estimated 36,000 new adult 
infections [10]. Kenya has made progress towards achieving the UNAIDS “first 90” with 
an estimated 79.5% of people living with HIV (PLHIV) who knew their status in 2018 
[10, 11], up from 53.0% in 2012 [12]. Initially, Kenya HIV testing and counseling (HTC) 
services were primarily provided through voluntary counseling and testing (VCT) sites 
where individuals who wanted to know their status could visit out of their own initiative 
[13]. From 2007, however, Kenya adopted multiple strategies to increase HIV test uptake, 
including routine PITC with targets set at 100% for inpatients and 50% for outpatient 
[13, 14]. Unfortunately, funding to support HTC counsellors, staffing and HIV tests has 
been limited and health worker attitudes have posed barriers to PITC scale-up [9, 13]. 
Population survey data in 2012 indicated that only a third (34%) of adults 15-64 years, 
visiting a health facility were offered an HIV test, despite high acceptability (91.5%) among 
those offered testing [15]. 

Routine HIV testing in Kenya has been implemented in antenatal care (ANC) settings 
[16, 17] and in tuberculosis (TB) clinics, where HIV screening has documented significant 
rates of co-infection [16, 17]. Missed opportunities for HIV testing however, remain in 
outpatient departments and other clinical settings [17]. Because current reporting tools 
aggregate facility-based HIV testing and do not allow for the estimation of PITC coverage 
by department [13, 18], it is difficult to compare PITC coverage across various clinical 
settings (e.g., outpatient, TB, ANC, VCT). Current national HIV testing service (HTS) 
guidelines in Kenya recommend annual HIV testing for the general population, to be 
carried out by routine testing in health facilities, VCT services, and other settings [19].
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While young patients presenting for outpatient care with symptoms of acute illness may 
have higher rates of undiagnosed HIV infection [20-24], the rate at which they are offered 
PITC at care-seeking is not clear.  Using data from the observational phase of a stepped-
wedge trial of an HIV-1 RNA testing intervention that enrolled patients aged 18-39 years 
who sought urgent care for symptoms of acute infectious illness, we aimed to describe 
PITC coverage and factors associated with completed HIV testing in this population. In 
addition, we conducted focus group discussions with health care workers (HCW) in four 
public and two private health facilities in coastal Kenya to understand their general views 
on barriers to PITC implementation. 

METHODS

Study setting and population 
The Tambua Mapema (“Discover Early” in Swahili) Plus Study (ClinicalTrials.gov 
Identifier: NCT03508908) is a proof-of-concept stepped-wedge trial assessing the impact 
of a health facility-based HIV testing intervention for detection of prevalent and acute 
HIV infection (AHI) using point-of-care HIV-1 RNA (Cepheid GeneXpert® HIV-1 Qual) 
among young adult patients aged 18-39 years seeking care for symptoms compatible with 
acute infectious illness[25]. Between December 2017 and June 2019, the study recruited 
male and female adult patients presenting for care at four public and two private primary 
care facilities in Mombasa and Kilifi Counties (estimated adult HIV prevalence in 2018, 
5.6% and 2.3%, respectively) [26]. Mombasa County is ranked ninth nationally out of 
47 counties with respect to its HIV prevalence (5.6%) [26]. Kilifi County, just north of 
Mombasa County, includes several periurban, including Mtwapa, where a Kenya Medical 
Research Institute (KEMRI) Mtwapa research clinic has been operational since 2005. The 
six health facilities selected for this study, three in Mombasa County and three in Kilifi 
County, were chosen based on their proximity to the KEMRI research clinic in Mtwapa 
(within a 20-kilometer radius), ≥15 outpatient visits daily, and the availability of HIV 
testing services, including PITC. The facilities included a dispensary (1 public), 3 health 
centres (2 public, 1 private) and 2 hospitals (1 public, 1 private). 

Eligibility criteria for the Tambua Mapema Plus (TMP) study included: 1) age 18-39 years; 
2) not previously diagnosed with HIV infection; and 3) a score ≥2 on an AHI risk score 
algorithm with scoring as follows; age 18-29 years (1), fever (1), fatigue (1), body pains 
(1), diarrhoea (1), sore throat (1), and genital ulcer disease (GUD) (3) [24, 27]. Prior to 
implementing the testing intervention at each site, we observed facility HIV and malaria 
testing of patients presenting to the outpatient department and recorded the outcomes of 
facility-administered HTS among enrolled TMP study participants (i.e., the observation 
phase with 1,375 participants). PITC was offered according to national Kenyan HTS 
guidelines using rapid antibody HIV tests [19]. Linkage to care and treatment after 
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HIV diagnosis was provided at the study facility or any other facility, as per participant 
preference and in accordance with national ART guidelines. 

The current study employed an explanatory sequential mixed-method design[28] with 
focus group discussions (FGDs) conducted with providers working at the six health 
facilities following completion of quantitative data collection from the observation phase. 
FGDs were chosen to provide feedback on the quantitative findings and an opportunity for 
reflection on the challenges of PITC scale up experienced by facility staff [29]. Eligibility 
for the FGDs included age ≥ 18 years, employed for at least one year and planning to 
work at the facility for the duration of trial implementation there. The study protocol and 
detailed procedures have been published [25]. Data collection forms and the FGD topic 
guide were pilot tested and refined before implementation. The present analysis includes 
data collected during 3 months of observation period at the first site, followed by 6 months 
in each subsequent facility.

Data collection procedures 
For each study participant, data on age, symptoms, HIV testing history, and axillary 
temperature were collected by the research clinician or counsellor. Research staff (clinician 
or counsellors) obtained permission from the facility providers to be present during 
patient consultations for data collection. Patients with a risk score of ≥2 were offered 
enrolment by a study counsellor. Enrolled participants were administered a questionnaire 
collecting data including marital status, religion, education level and source of income. 
Sexual risk behaviour history over the past 6 weeks was obtained via computer-assisted 
self-interview (CASI). Additionally, we assessed days since symptoms began, mode of 
payment for services, and other costs to participants for their facility visit. From February 
2018 (study period; December 2017 to June 2019), we also asked whether HIV testing was 
offered by the provider or requested by the participant, and for those not offered HIV 
testing, whether they would have agreed to an HIV test if requested by the provider. The 
outcomes of PITC and malaria tests ordered by the facility provider were captured.

As background information for each health facility, we extracted from routine facility 
testing registers, de-identified data on age, sex and HIV testing results, if done, on all 
outpatients aged 18-39 years registered in the same period that study patients were 
enrolled in the observational period of the study. Additionally, we collected data on facility 
attributes (including the type of facility and staffing), consultation fees, and available HIV 
testing and care services and malaria diagnostic services. 

Following completion of the observation phase at each facility, and compilation of PITC 
data at each facility, a focus group discussion (FGD) was conducted at each health facility 
with between 8 to 11 facility staff members  involved in the provision of HTS during that 
facility’s observation period. HCWs were purposively sampled to include representatives 
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from different cadres including clinicians, nurses, HTS counsellors and laboratory 
technologists, to explore barriers to offering PITC. FGDs were conducted in English 
guided by a trained moderator. A semi-structured topic guide was used to explore their 
general experiences providing PITC and other HTS, to discuss which patients’ providers 
targeted for testing, and to solicit provider views on how to increase PITC completion 
rates. The findings of the quantitative analysis were integrated within the topic guide 
to give a more context specific discussion. Notes were taken by a second research team 
member. FGDs took up 2 hours and were recorded on a digital voice recorder following 
participants consent. 

Data analysis 
To calculate facility HIV testing coverage among outpatients aged 18-39 years seeking 
primary care, we divided number of patients tested by the total number patients 
registered during the observation period. For enrolled participants, descriptive statistics 
were used to summarize frequencies and proportions for categorical data and medians 
and interquartile ranges for continuous data. The main outcome was PITC completed 
among study participants. Generalised estimating equations (GEE) regression with 
an exchangeable correlation matrix and robust standard errors was used to identify 
participant characteristics associated with completed PITC, taking into account clustering 
within health facility. Sensitivity analysis was conducted with PITC offer as an outcome. 
Covariates with a p value ≤0.10 in bivariable analysis were included in multivariable 
modelling; age and sex were included a priori. Associations with a p value ≤0.05 in 
multivariable modelling were considered significant. Data analysis was conducted using 
Stata ® 15 (Stata Corp, USA). 

Verbatim transcriptions were uploaded into NVivo software (Version 11 (2015), QSR 
International Pty Ltd) to assist in data management and analysis. Coding of transcripts 
used a thematic framework approach [30, 31]. A coding dictionary was developed from 
pre-determined parent codes based on the topic guide and themes related to barriers and 
facilitators to PITC implementation from literature and that emerged from summary notes 
compiled by the moderator and note-taker at the end of each FGD.  To ensure reliability, 
data from the provider FGDs were triangulated with data from the quantitative analysis 
and facility testing registers. Excerpts from the FGDs presented in this paper were edited 
to aid readability.

Ethical considerations
The study received ethical review and approval by the KEMRI Scientific and Ethical 
Review Unit (KEMRI/SERU/CGMRC-C/051/3280), the University of Washington Human 
Subjects Division (STUDY00001808) and the University of Oxford Tropical Research 
Ethics Committee (OxTREC) (Reference: 46-16). Written informed consent was obtained 
from all study participants. 
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RESULTS 

Health facility characteristics 
Characteristics of the six primary care health facilities at which participants were enrolled 
are presented in Table 1. In the majority of the facilities, clinical services were provided by 
clinical officers and nurses. All facilities offered HIV testing and care services, with free 
HTS across all four public facilities. In the majority of facilities, following recommendation 
by the provider, HTS was performed by counsellors or laboratory technicians. The cost of 
PITC at the two private facilities was KSH 200 (US$ 2) and KSH 350 (US$ 3.5); this service 
was free at public facilities. Between December 2017 and June 2019, overall HIV testing 
coverage among adult patients (not all research participants) aged 18-39 years at these 
facilities was 13.7% (1,600 / 11,637). Of those tested, 1.9% (30) were newly diagnosed. Test 
coverage among patients in this age group ranged from 3.9%-37.0% among public health 
facilities and from 9.2%-20.6% among private facilities. HIV-positivity ranged from 
1.0%-3.0% at public health facilities and from 2.4%-3.4% at private facilities. Additional 
information on health facility characteristics can be found in the supplemental materials 
(S1 table).
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Table 1. Characteristics of the six health facilities selected for participation in the Tambua 
Mapema Plus Trial, 2017-2020

Characteristic Health 
facility 1

Health 
facility 2

Health 
Facility 3

Health 
facility 4

Health 
facility 5

Health 
facility 6

County Kilifi Kilifi Kilifi Mombasa Mombasa Mombasa
Facility operations

Type of health facility Private Private1 Public Public Public Public

Consultation cost KES 100 
KES 
400/4502 Free KES 30 KES 20 KES 130 

Staff offering HTS Lab-techs, 
NOs, COs

VCT 
counsellors 
and Lab-
techs

VCT 
counsellors, 
Lab-techs 
and COs

VCT 
counsellors, 
Lab-techs 
and NOs

VCT 
counsellors 
and Lab-
techs

VCT 
counsellors 
and Lab-
techs 

Cost of HIV tests3 KES 200 KES 350 Free Free Free Free
Facility data during the study period 

Patient visits among adults 
18- 39 years registered at 
the facility 

1401 3207 2065 2051 1636 1277

Testing encounters among 
adults 18- 39 years tested 
for HIV 
n (%)4 

288 (20.6) 294 (9.2) 764 (37.0) 79 (3.9) 108 (6.6) 67 (5.2)

HIV positivity among 
testing encounters 
n (%)4

7 (2.4) 10 (3.4) 8 (1.0) 1 (1.3) 2 (1.9) 2 (3.0)

Abbreviations: CO: Clinical Officer,  HTS: HIV testing and counselling services, Lab-tech: Laboratory 
technologist, NO: Nursing Officer/Nurse, VCT: Voluntary Counselling and Testing 
Exchange rate: approximately 1 USD= 100 KES
1 Faith based organisation  

2 Day charges -KES 400, night charges- KES 450  
3 Cost of rapid antibody tests 
4 Number inclusive of participants enrolled in the observation phase of the TMP study. A total of 11,637 
patient visits among adults 18-39 years registered at the facility during the study period, with 1600 (13.7%)  
HIV testing encounters of which 30 (1.9%) resulted in a HIV diagnosis. 

Characteristics of study participants
Participant characteristics are presented in Table 2. Of 1,374 study participants enrolled 
between December 2017 and June 2019, mean age was 26 years (SD 4.8), 64.5% were female, 
47.2% were single, 39.5% had secondary education, 76.6% were Christian and 51.5% were 
employed. The vast majority (95.9%) reported that their current symptoms had started ≤14 
days ago; 65.8% reported fatigue, 64.5% body aches, 48.3% fever, 27.4% sore throat, 14.2% 
diarrhoea, and 6.6% genital ulcers. Overall, 494 (36.0%) of enrolled participants last tested 
for HIV >1 year ago and 147 (10.7%) had never tested for HIV; of these 133 (26.9%) and 59 
(40.1%), respectively, had an HIV test requested by the provider and completed testing. A 
malaria test was requested for 48.6% of participants (of whom 64.7% had reported fever or 
had a  temperature  ≥ 37.5° Celsius). Overall, 378 participants (27.5%) were offered PITC 
and 352 (25.6%) completed testing. 
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Table 2. Factors associated with provider-initiated HIV testing and counselling (PITC) 
completion among study participants, n=1,374

Characteristics Total, n (%) Total PITC1, 
n (%)

Crude OR [95% 
CI] P-Value  Adjusted OR 

[CI] P-Value

Type of facility
Private 374 (27.2) 46 (12.3) [ ref ] 0.503
Public 1000 (72.8) 306 (30.6) 1.82 (0.32, 10.43)

Age  
18-24 years 644 (46.9) 167 (25.9) [ ref ]   [ ref ]
25-29 years 439 (32.0) 105 (23.9) 1.10 (0.89, 1.36) 0.379 1.23 (0.96, 1.57) 0.105
30-39 years 291 (21.2) 80 (27.5) 1.60 (1.33, 1.92) <0.001 1.70 (1.38, 2.10) <0.001

Sex    
Female 886 (64.5) 204 (23.0) [ ref ]   [ ref ]
Male 488 (35.5) 148 (30.3) 1.35 (1.22, 1.49) <0.001 1.32 (1.05, 1.67) 0.019

   
Marital status2  

Single 649 (47.2) 180 (27.7) [ ref ]  
Married 635 (46.2) 148 (23.3) 1.06 (0.77, 1.45) 0.722
Separated, 
divorced, 
widowed

86 (6.3) 23 (26.7) 1.15 (0.62, 2.13) 0.667

Level of education2

Primary and 
below 513 (37.3) 158 (30.8) [ ref ] [ ref ]

Secondary 542 (39.5) 129 (23.8) 0.73 (0.47, 1.12) 0.148 0.74 (0.43, 1.26) 0.267
Higher 
education 315 (22.9) 64 (20.3) 0.63 (0.40, 0.99) 0.045 0.64 (0.37, 1.10) 0.109

Religion2 

Christians 1053 (76.6) 263 (25.0) [ ref ]
Muslims 295 (21.5) 81 (27.5) 1.14 (0.97, 1.33) 0.111
None 22 (1.6) 7 (31.8) 1.24 (0.67, 2.30) 0.485

Source of income2

Employed 707 (51.5) 162 (22.9) [ ref ]   [ ref ] 
Unemployed 478 (34.8) 122 (25.5) 0.96 (0.88, 1.05) 0.397 1.12 (0.94, 1.34)  0.206
Casual 
labourers3 185 (13.5) 67 (36.2) 1.37 (1.18, 1.59) <0.001 1.31 (1.02, 1.68)  0.035

Payment for consultation or use of national social insurance card
Free services 360 (26.2) 73 (20.3) [ ref ] [ ref ]
Social 
insurance 
(NHIF4)

301 (21.9) 41 (13.6) 1.16 (0.61, 2.19) 0.656 1.15 (0.54, 2.44) 0.710

Cash 700 (51.0) 236 (33.7) 1.13 (0.90, 1.42) 0.306 1.19 (1.04, 1.37) 0.011
NHIF and 
cash 6 (0.4) 1 (16.7) 0.50 (0.11, 2.15) 0.349 0.79 (0.19, 3.21) 0.740
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Characteristics Total, n (%) Total PITC1, 
n (%)

Crude OR [95% 
CI] P-Value  Adjusted OR 

[CI] P-Value

Other 
schemes5 7 (0.5) 1 (14.3) 2.15 (1.25, 3.69) 0.005 2.98 (1.53, 5.82) 0.001

Risk group6 

 Sexually 
active general 
population

897 (65.3) 215 (24.0) 1

 Sexually 
active key 
populations7

19 (1.4) 3 (15.8) 0.56 (0.23, 1.35) 0.197

Not sexually 
active, past 6 
weeks 

458 (33.3) 134 (29.3) 1.00 (0.89, 1.12) 0.967

Time since last HIV test

≤ 1 year ago 733 (53.4) 160 (21.8) [ ref ] [ ref ]
More than 1 
year ago 494 (36.0) 133 (26.9) 1.40 (1.05, 1.86) 0.020 1.44 (1.03, 2.03) 0.033

Never tested 147 (10.7) 59 (40.1) 1.87 (1.43, 2.45) <0.001 2.16 (1.51, 3.09) <0.001
Temperature    

<37.5 1166 (84.9) 284 (24.4) [ ref ]  
>=37.5 208 (15.1) 68 (32.7) 1.36 (0.92, 2.03) 0.128

Reported fever 663 (48.3) 195 (29.4) 1.27 (0.98, 1.65) 0.069  1.49 (1.23, 1.81) <0.001
Reported 
diarrhoea 195 (14.2) 46 (23.6) 1.04 (0.79, 1.37) 0.768

Reported fatigue 904 (65.8) 245 (27.1) 1.13 (0.89, 1.43) 0.333
Reported body 
aches 886 (64.5) 233 (26.3) 0.96 (0.71, 1.30) 0.812 

Reported sore 
throat 376 (27.4) 95 (25.3) 1.11 (0.97, 1,27) 0.146

Reported genital 
ulcers 91 (6.6) 47 (51.7) 2.94 (1.94, 4.45) <0.001  4.04 (2.70, 6.04)  <0.001

Days since 
symptoms 
began2 ≤ 14 days

1317 (95.9) 335 (25.4) 0.72 (0.41, 1.28) 0.264

Malaria test 
done 668 (48.6) 222 (33.2) 1.51 (0.76, 3.02) 0.242

OR= odds ratio 
A priori factors (age and sex) and variables with a p value of ≤0.10 in bivariable analysis were included in the 
multivariable GEE model, which accounted for clustering by health facility. 
1 Out of 1,374 enrolled participants, 25.6% (352) were tested for HIV. 3.1% (43) participants were not 
included in the regression analysis as it was unknown if the provider had offered HIV testing. 
2 Data were missing for 4 participants due to corrupted Audio Computer-Assisted Self-Interview (ACASI) 
entries.
3 Casual labourers included those reporting daily or weekly wages. 
4 National Health Insurance Fund  
5 Includes payments made by company medical insurance or private insurance schemes
6 Risk group assessed only in those who reported to be sexually active in the past six weeks (n=916)
7 Key populations include men who have sex with men (MSM) (n=4), sex workers (n=15) and people who 
inject drugs (PWID) (n=1)
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Factors associated with PITC completion 
In bivariable modelling, increased odds of PITC completion among participants was 
associated with older age (30-39 years vs. 18-29 years), male sex, casual labourers, payment 
using insurance, reported fever or genital ulcers, and testing >1 year ago or never having 
tested before (Table 2). Higher education was associated with decreased odds of PITC 
completion. In the multivariable model, older individuals (adjusted odds ratio [aOR] 1.7, 
95% confidence interval [CI] 1.4-2.1 for 30-39 years, relative to 18-24 years), men (aOR 1.3, 
95% CI 1.1-1.7); casual labourers (aOR 1.3, 95% CI 1.0-1.7, relative to the employed); those 
paying by cash (aOR 1.2, 95% CI 1.0-1.4) or insurance (aOR 3.0, 95% CI 1.5-5.8), relative to 
free services); participants with reported fever (aOR 1.5, 95% CI 1.2-1.8) or genital ulcers 
(aOR 4.0, 95% CI 2.7-6.0); and participants who had tested for HIV >1 year ago (aOR 1.4, 
95% CI 1.0-2.0) or had never tested (aOR 2.2, 95% CI 1.5-3.1, relative to testing in the past 
year) had higher rates of completed PITC. Sensitivity analysis on factors associated with 
PITC offer are presented in the supplemental materials (S2 table)

PITC outcomes and HIV positivity among study participants
Figure 1 presents a flow diagram of study participants and testing outcomes. Among the 
352 participants tested, 13 (3.7%) were diagnosed with HIV and all linked to HIV care at 
the facility of enrolment.  Among participants not offered HIV testing by the provider, 
2.8% (27) initiated HIV testing on their own. In addition, 43 (3.1%) of participants did not 
have clear documentation on whether the provider offered HIV testing. 

PITC acceptance was the same among both men and women (93.0% for each). Twenty-
four participants (6.3%) refused HIV testing for the following reasons: no explanation 
(13), tested <1 month ago (3), not ready (4), and unable to pay (4). For two patients, no HTS 
provider was available to conduct the test (Figure 1).  Among participants not offered 
testing for HIV, 775 (81.3%) were asked a question on acceptability of HIV testing, which 
was added after the study began. Of these, 719 (92.8%) reported they would have tested 
for HIV if requested by the provider. Testing coverage (3.2%-56.4%) and HIV positivity 
(0.0%-8.3%) varied across facilities (Table 3). 
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Figure 1. Study recruitment and outcome of provider-initiated HIV testing and counseling 

Table 3.  PITC coverage among adult research participants 18-39 years seeking primary care 
for symptoms of acute infectious illness at 6 health facilities, coastal Kenya 2017-2019. 

Facility 
no. Facility type County Facility testing among research participants (n=1,374)

Patients 
18-39 years 
enrolled 

Patients 18-39 years 
tested for HIV
 n (%)

HIV positivity 
among those tested
 n (%)

1 Private Kilifi 125 35 (28.0) 0 (0.0)
2 Private Kilifi 249 11 (4.4) 1 (9.1)
3 Public Kilifi 250 141 (56.4) 2 (1.4)
4 Public Mombasa 250 8 (3.2) 0 (0.0)
5 Public Mombasa 250 60 (24.0) 5 (8.3)
6 Public Mombasa 250 97 (38.8) 5 (5.2)1

Total 1374 352 (25.6) 13 (3.7)
1 One participant had serodiscordant results for which the outcome of repeat testing is unknown
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Provider experiences and perceptions of PITC
Six FGDs were conducted with a total of 57 clinic staff (8 to 11 participants per FGD) 
(details in S3 table). Three major themes emerged in the FGD. 

Knowledge and confidence in implementing guidelines was lacking 
Providers exhibited varying levels of knowledge of what PITC entailed, with some unaware 
of PITC and others who felt that HIV testing was a personal decision.

“Is there a policy that anybody who comes to the facility is tested?” (38-year-old, male, 
pharmaceutical technologist, Health facility 4, public)

Some providers  exhibited uncertainty about PITC procedures with one provider 
emphasizing the need for pre-test counselling and insisting that testing should not be 
done if the patient was not counselled first, contrary to current guidelines. 

“I think according to the Kenyan algorithm, they say no patient should be tested without 
counselling, that is why each time a patient comes, they must go to the consultation room 
then lab.” (31-year-old, male, laboratory technologist, Health facility 2, private) 

There were mixed opinions on when retesting should be recommended to the general 
population. Some providers mentioned not offering HIV testing to those who reported 
their last test was in the past 6 months; others advised retesting every 3 months to patients 
suspected to have recent HIV exposure. Some providers recommended annual HIV 
testing even in the absence of sexual exposure; however, this was not consistent across the 
facilities. 

“There are some instances like maybe the client has not completed 3months, or the last 
test was carried out less than 3, or maybe 6 months ago. There are some questions you 
ask the client for screening; is this client eligible even if he has been tested, you don’t just 
test because he has been sent.” (36-year-old, female, counsellor, Health facility 5, public)

Providers commented on the challenges of lack of documentation of testing history and 
the reliance on patient self-report of recent testing.  

“…we don’t have a book that shows someone has tested, so most of them [the patients] say 
they just tested recently…there is no history that we look at, they just say they did it [HIV 
testing]”. (30-year old, female, medical officer, Health facility 2, private) 

Given limited capacity, HIV testing is often targeted 
Most providers reported targeting patients for HIV testing based on clinical signs and 
symptoms of advanced HIV disease such as symptoms of TB, Kaposi’s sarcoma, and other 
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WHO stage 3 or 4 AIDS-defining illnesses. Those presenting to care with recurrent sexually 
transmitted infections (STI) and recurrent illnesses without an apparent diagnosis were 
also sent for HIV testing. 

“…. There are those signs that you check for, looking at the patient, depending on your 
experience, there are those signs that will always be there in someone who is HIV 
positive…. there is that aspect of staging..., stage three and four, you can hardly miss 
that.” (36-year-old, male, nurse, Health facility 1, private)

Some providers assessed history of recent exposure or targeted populations thought to be 
at risk, including those suspected to be sex workers.  

“…There are female sex workers. they are normally very honest...like I said, we send them 
for testing…” (30-year-old, female, clinical officer, Health facility 2, private)

In one facility, a risk assessment tool provided by an implementing partner was available 
for screening prior to testing; however, providers were not trained on how to administer 
it, and it was not uniformly employed. 

“In some rooms we are provided with tools for screening, even at the pharmacy, and at 
the OPD [outpatient department]. We know the clinicians, there is a tool that was given 
by ‘Afya Pwani’ [U.S. Agency for International Development]; you ask them when was 
the last time you were tested, such questions ...” (34-year-old, female, acting medical 
superintendent, Health facility 6, public)

Priority for HIV testing was reported by some to be given to the TB clinic; women seeking 
ANC, postnatal, or family planning services; and child welfare clinics. Across all the 
facilities, providers felt that HIV testing was of highest priority for pregnant women, due 
to consequences of transmission to the unborn child; in general, providers demonstrated 
familiarity with Kenyan prevention of mother-to-child HIV transmission guidelines. 

“Okay, sometimes back there was a case whereby we had some shortages of the Determine 
[HIV] test kits, so you give priority especially to the pregnant mothers who would even 
expose an extra party, as in maybe the baby….” (40-year-old, female, nurse, Health 
facility 5, public)

Health systems factors constrained PITC offering
 High patient volume, often combined with shortage of personnel including VCT and HTS 
counsellors, was mentioned by providers as barrier to routine offer of HIV testing. Patient 
queues were often long, such that providers prioritized quantity over quality. 
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“… on a particular day, we have a staffing issue,  we have one clinician, at the lab we 
have one person, then the queue has come this far....the clinician asks about HIV and 
what have you, he/she writes and forwards, when they get to the lab, the issue is the 
same, a single person…. it is just clearing the queues, so that at least they [the patients] 
move because they are quarrelling at the outpatient, yeah.” (37-year-old, female, HTS 
counsellor, Health facility 3, public)

Availability of space for conducting HIV testing within outpatient departments was 
noted as a challenge in all facilities. This was felt to greatly affect patient confidentiality, 
especially in settings with shared consultation rooms.

“…I would say space, we are space constraint. We do not have enough room for all our 
counsellors.” (49-year-old, female, nurse-in-charge, Health facility 5, public)

In the private facilities, the cost of HIV testing was often a deterrent to testing, especially 
when patients had to pay for other lab tests ordered by providers. 

“On a busy day, this patient has been here, he has queued to see you [HCW]…, apart 
from wanting them to do an HIV test, there are other tests that you require him to do. 
When you look at the cost, he tells you “I can’t afford the other tests”, so most of the times, 
I omit the HIV and I send them for the rest [of the tests]… because they can’t pay for it…” 
(30-year-old female, clinical officer, Health facility 2, private)

Providers also reported limited training opportunities, which impacted negatively on 
their HIV testing services, especially when they missed training when HTS guidelines 
were updated. 

“…. sometimes you find that when they are going for training, they [fellow HCW] are 
just allocated maybe one slot per facility and of course we are a number of testers…you 
are trained, then you have to come and give feedback, yet you cannot give everything 
because this was a seminar for five days with a lot of content covered, you cannot divulge 
everything that you learned….So, if there was a way to have trainings done for all the staff 
that will be better.” (36-year-old, male, nurse, Health facility 1, private) 

Some providers placed more emphasis on the achievement of testing targets than on 
referring all qualifying patients for PITC. HTS counsellors reported having their own 
testing targets, with a maximum of 15 patients in any HIV testing service delivery point 
to be tested per day per counsellor.

“Those [HTS counsellors] who are testing are hitting their targets, as in 15 clients in a day, 
which is 100% according to us.” (45-year-olf, female, HTS counsellor, Health facility 6, public)



569768-L-bw-Agutu569768-L-bw-Agutu569768-L-bw-Agutu569768-L-bw-Agutu
Processed on: 7-12-2021Processed on: 7-12-2021Processed on: 7-12-2021Processed on: 7-12-2021 PDF page: 128PDF page: 128PDF page: 128PDF page: 128

128

Chapter 4

DISCUSSION 

Our results describe HIV test coverage among adults aged 18-39 years who sought primary 
care at six health facilities in coastal Kenya. We found that PITC was offered to only 1 in 7 
patients aged 18-39 years who sought care for any reason. Among study participants aged 
18-39 years, all of whom sought care for symptoms compatible with an acute infectious 
illness, less than 1 in 4 were offered an HIV test by the facility provider. Our findings 
demonstrate multiple missed opportunities for HIV testing in primary care facilities 
on the Kenyan coast, similar to our earlier study [21] and findings in other settings 
in Africa [32-34]. There was stark variation of PITC coverage between facilities, likely 
due to varying levels of HIV programming support, including supply of commodities, 
training, and staffing of HTS providers as well as differences in reporting on different 
sources of HTS that made it difficult to evaluate PITC coverage. In private facilities, the 
cost of HIV testing may have impacted provider offer of testing and patient ability to 
pay for the service. Additional factors such as differences in clinic staffing, supervision, 
management and procedures may have also contributed to heterogeneity in test coverage 
across sites. The higher test coverage among study participants may have been due to their 
reported symptoms, which were required for study eligibility, or to characteristics of the 
non-research participants and their reasons for seeking care.

When study participants were offered PITC, 93.1% accepted it. Interestingly, amongst 
those not offered HIV testing, a similar proportion (92.8%) reported they would have 
tested for HIV if requested by the provider. This suggests that non-patient barriers may 
be the primary reason for low PITC rates. Indeed, we identified a number of barriers 
to offering routine HIV testing, including a low level of knowledge about current HTS 
guidelines and retesting recommendations, shortages of trained staff, inadequate testing 
space, and frequent outages of test kits.  With limited supplies, testing was often prioritised 
for pregnant women and TB patients. Of note, providers did report offering diagnostic 
HIV testing to those with obvious signs and symptoms of advanced HIV.

Our quantitative findings showed that providers initiated HIV testing more often for 
patients who were older (>30 years), male, casual labourers, those who paid cash for their 
consultation or had insurance or other medical coverage, had a fever or genital ulcers, 
or had tested >1 year ago or had never before tested for HIV.  Targeting those whose 
costs could be recovered through insurance schemes may reflect a facility concern with 
recouping of running costs. In Kenya, as in other parts of Africa, men often test late for 
HIV and initiate treatment at a more advanced stage of disease [35]. For example, in a 2017 
report on the Kenyan epidemic, fewer young men than women in the 20-24 age range had 
tested for HIV (67.3% vs. 91.6%, respectively) [36]. Similarly, in the most recent national 
population-based HIV impact survey conducted in 2018, 72.6% of men vs 82.7% of women 
who tested positive were aware of their HIV status [10]. In our study, providers may have 
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targeted men for PITC because they were aware of this disparity and knew that young 
women are frequently tested within ANC settings [35]. It is also notable that providers 
were more likely to test for HIV participants who reported genital ulcer disease or fever. 
Due to the known association between sexually transmitted infections (STIs) and HIV, 
national HTS guidelines emphasize the importance of testing persons with an STI and 
retesting them 4 weeks later [19]. From the qualitative and quantitative data, it was clear 
that providers were more likely to test individuals with a presentation compatible with a 
STI or with untreated or advanced HIV infection.

There is a large PITC implementation gap in Kenya, as in other countries of Sub-Saharan 
Africa (SSA), where overall PITC coverage has been estimated at only 20% [3].  In our 
study, over one third of participants had not tested for HIV within the last 12 months and 
10.7% reported never having tested. It is therefore encouraging that such patients were 
more likely to be offered PITC by providers in our study. The WHO emphasizes annual 
HIV testing for sexually active individuals in settings with a high HIV burden (greater 
than 5% HIV prevalence), with more frequent retesting based on individual risks; Kenyan 
national HTS guidelines align with this WHO recommendation [19, 37]. Interestingly, in 
this study of patients with symptoms of acute infectious illness, providers offered HIV 
testing to those reporting fever, however they were more likely to test for malaria compared 
to HIV (48.6% vs 25.6%), indicating they may be more concerned about missing a malaria 
diagnosis than an HIV diagnosis, despite overall declining trends in malaria prevalence in 
the region, especially among adults[38]. HCW training on recognizing symptoms of acute 
HIV in  the context of care seeking is needed, especially given the need to rule out acute 
HIV infection  prior to pre- or post-exposure prophylaxis initiation [19, 39].  

In our FGD, several challenges were identified by providers, including that HTS guidelines 
were not clearly understood and staff wanted additional training. While educating 
providers about HTS guidelines and about the consequences of late HIV diagnosis could 
help increase PITC coverage [40], PITC scale-up likely requires the removal of structural 
barriers faced by providers and patients [41, 42]. Initiating HIV testing before or during 
consultation has been shown to improve PITC coverage in OPD settings in SSA [6, 43]. 
In addition, HIV self-testing (HIVST) is an innovative, low-cost intervention that could 
help achieve the “first 90” [44] and improve the efficiency of facility-based testing services 
by reducing provider burden and patient wait times [45]. For instance, HIVST could be 
done while waiting for a malaria test result, and the same laboratory technician could 
document both results. HIVST has been demonstrated to increase testing by partners of 
women in ANC programs in Kenya [46, 47], and led to an increase in PITC coverage in 
a randomized trial in Malawi [45]. While other studies have cited poor referral systems 
for linkage to care  and treatment after diagnosis as barriers to PITC implementation [2], 
this was not a concern in our study, in which all newly diagnosed study participants were 
promptly linked to care at the same facility. 
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Although there is a clear public health case for universal testing for HIV, widespread 
adoption and implementation is required [17, 48]. In the face of poor HIV test coverage 
across most regions of SSA, new strategies have to be identified to reach the “first 90” and 
eventually identify the “first  95%”[49]. Targeted testing may be beneficial, in light of flat or 
reduced funding and the need for greater efficiency in testing. Targeted testing may also be 
beneficial in areas of declining HIV prevalence. In settings of low HIV prevalence, despite 
an increase in HIV testing rate, universal testing did not improve HIV case detection in 
outpatient departments compared to the routine use of symptom-based diagnostic HIV 
testing [50, 51]. In an analysis of data from PEPFAR-funded HTC programmes between 
July 2017 and June 2018, De Cock et al found the highest yield of new HIV diagnosis arose 
from TB clinics at 9.6%, while yield was only 1.4% in over 13 million tests performed, of 
which 77% were categorized as PITC [17]. In our study, yield was slightly higher at 3.7% 
in the research participants tested (compared to 1.9% overall among patients in this age 
group presenting to the study facilities), suggesting that targeting testing of patients with 
symptoms suggestive of acute infectious illness may be a strategy that could increase the 
yield of testing and improve the efficiency of PITC in clinical settings. 

Our study had some limitations. First, we looked at predictors of PITC amongst patients 
selected because they met an AHI symptom score and did not collect detailed data on 
patients who did not meet these criteria. Second, overall PITC coverage at each health 
facility was calculated from facility registry data that may be inaccurate and did not 
distinguish between our research participants and other patients. Third, while we did not 
order HIV testing for study participants, the presence of research team members in the 
clinic may have influenced offering of PITC to study participants. Finally, the study was 
conducted in only six health facilities in a limited area of coastal Kenya. Therefore, results 
may not be generalizable to all health facilities in the region. Despite these limitations, our 
study provided both quantitative and qualitative insights to PITC implementation.

CONCLUSIONS 

Our study showed missed opportunities for HIV testing among young adults aged 18-39 
with symptoms of acute infectious illness presenting to primary care, despite higher HIV 
testing yield among those tested relative to yield among all patients in this age group 
who sought care for whatever reason. In Kenya, where most HIV testing is facility-based, 
PITC remains a key strategy for early identification and linkage to care of HIV-positive 
individuals. While we found that most patients would be willing to accept HIV testing 
if offered, facility staff faced numerous barriers to successfully increasing PITC rates.  
Prioritising patients who have not tested recently and those with symptoms compatible 
with acute infectious illness or STI-related symptoms may increase the efficiency of HIV 
testing, if validated in other settings. 
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SUPPORTING INFORMATION

S1 Table. Characteristics of the six health facilities selected for participation in the Tambua 
Mapema Plus Trial, 2017-2020

Characteristic Health  
facility 1

Health  
facility 2

Health 
facility 3

Health 
facility 4

Health 
facility 5

Health 
facility 6

Observation 
period duration1 

December 2017- 
February 2018

 December 2017- 
May 2018

 March-  
July 2018

August- 
December 2018

September 2018- 
March 2019

March- June 
2019

Facility 
operations 
Number of staff 9

(2 CO, 5 NO, 2 
lab techs)

29

(1 MO, 4 CO, 12 
NO, 4 lab techs, 4 
pharm techs, 4
VCT counsellors)

25

(4 CO, 12 
NO, 4 lab 
techs, 1 
pharmacy 
tech, 4 VCT 
counsellors)

26

(4 CO, 1 DO, 
14 NO, 2 lab 
techs, 2 pharm 
techs, 3 VCT 
counsellors)

15

(1 CO, 7 NO, 
2 lab techs, 
2 pharm 
techs, 3 VCT 
counsellors)

62

(9 MO, 10 
CO, 30 NO, 
6  lab techs, 4 
pharmacists, 
1 pharm 
tech, 2 VCT 
counsellors)

Venues for HIV 
testing 

Laboratory and 
VCT

Laboratory, VCT, 
ANC, maternity, 
and ward

Laboratory, 
VCT, ANC, 
maternity, 
ward, well-
baby and FP 

VCT, ANC, 
ward and well-
baby clinic 

Laboratory, 
VCT, ANC and 
FP

VCT, ANC 
and FP

Cost of malaria 
test2, 3

KES 150 KES 250/150 Free Free KES 50 KES 50 

Abbreviations: ANC: Antenatal care, CO: Clinical Officer,  DO: Dental Officer, FP: family planning, Lab tech: 
Laboratory technologist, MO: Medical Officer, NO: Nursing Officer/Nurse,  Pharm tech: Pharmaceutical 
Technologist, VCT: Voluntary Counselling and Testing 
1 Predetermined observation period. Target recruitment set at 250 participants per facility over a 3-6 month 
period following a modified stepped-wedged design with the exception of the first site (health facility 1; 125 
participants) having only 3 months of observation to allow for site preparations, staff training and study 
oversight.
2 Exchange rate: approximately 1 USD = 100 KES
3 Cost of microscopy/ cost of malaria rapid diagnostic test
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S2 Table. Factors associated with provider-initiated HIV testing and counselling (PITC) offer 
among study participants, n=1,374

Characteristics Total, 
n (%)

Total 
PITC1, 
n (%)

Crude OR [95% 
CI] P-Value  Adjusted OR [CI] P-Value

Type of facility
Private 374 (27.2) 53 (14.2) [ ref ] 0.577
Public 1000 (72.8) 325 (32.5) 1.66 (0.28, 9.98)

Age  
18-24 years 644 (46.9) 180 (28.0) [ ref ]   [ ref ]
25-29 years 439 (32.0) 113 (25.7) 1.09 (0.89, 1.33) 0.416 1.23 (1.00, 1.50) 0.05
30-39 years 291 (21.2) 85 (29.2) 1.57 (1.36, 1.81) <0.001 1.70 (1.49, 1.95) <0.001

Sex    
Female 886 (64.5) 219 (24.7) [ ref ]   [ ref ]
Male 488 (35.5) 159 (32.6) 1.36 (1.19, 1.56) <0.001 1.38 (1.03, 1.83) 0.029

Marital status2  
Single 649 (47.2) 195 (30.1) [ ref ]  
Married 635 (46.2) 158 (24.9) 1.03 (0.81, 1.31) 0.807
Separated, 
divorced, 
widowed

86 (6.3) 24 (27.9) 1.08 (0.56, 2.07) 0.814

Level of education2

Primary and 
below 513 (37.3) 165 (32.2) [ ref ] [ ref ]

Secondary 542 (39.5) 141 (26.0) 0.77 (0.52, 1.15) 0.201 0.76 (0.46, 1.24) 0.268
Higher 
education 315 (22.9) 71 (22.5) 0.68 (0.47, 0.98) 0.039 0.67 (0.42, 1.10) 0.112

Religion2 

Christians 1053 (76.6) 279 (26.5) [ ref ] [ ref ]
Muslims 295 (21.5) 91 (30.9) 1.25 (1.05, 1.49) 0.013 1.14 (1.00, 1.29) 0.046
None 22 (1.6) 7 (31.8) 1.14 (0.61, 2.13) 0.680 0.96 (0.43, 2.13) 0.925

Source of income2

Employed 707 (51.5) 175 (24.8) [ ref ]   [ ref ] 
Unemployed 478 (34.8) 133 (27.8) 0.99 (0.88, 1.11) 0.850 1.14 (0.92, 1.42)  0.239
Casual 
labourers3 185 (13.5) 69 (37.3) 1.30 (1.17, 1.45) <0.001 1.24 (1.02, 1.51)  0.027

Payment for consultation or use of national social insurance card
Free services 360 (26.2) 77 (21.4) [ ref ] [ ref ]
Social insurance 
(NHIF4) 301 (21.9) 45 (15.0) 0.99 (0.63, 1.55) 0.967 0.94 (0.56, 1.58) 0.816

Cash 700 (51.0) 253 (36.1) 1.13 (0.87, 1.46) 0.362 1.17 (1.04, 1.32) 0.008
NHIF and cash 6 (0.4) 2 (33.3) 1.13 (0.20, 6.48) 0.889 1.78 (0.28, 11.22) 0.537
Other schemes5 7 (0.5) 1 (14.3) 1.81 (1.18, 2.78) 0.007 2.27 (1.34, 3.85) 0.002
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Characteristics Total, 
n (%)

Total 
PITC1, 
n (%)

Crude OR [95% 
CI] P-Value  Adjusted OR [CI] P-Value

Risk group6 

 Sexually 
active general 
population

897 (65.3) 231 (25.8) 1

 Sexually active 
key populations7 19 (1.4) 3 (15.8) 0.50 (0.21, 1.21) 0.124
Not sexually 
active, past 6 
weeks 

458 (33.3) 144 (31.4) 1.01 (0.91, 1.11) 0.894

Time since last HIV test
≤ 1 year ago 733 (53.4) 169 (23.1) [ ref ] [ ref ]
More than 1 year 
ago 494 (36.0) 146 (29.6) 1.50 (1.12, 2.00) 0.006 1.54 (1.12, 2.11) 0.007

Never tested 147 (10.7) 63 (42.9) 1.96 (1.38, 2.77) <0.001 2.21 (1.51, 3.25) <0.001
Temperature    

<37.5 1166 (84.9) 304 (26.1) [ ref ]  
>=37.5 208 (15.1) 74 (35.6) 1.42 (0.87, 2.30) 0.162

Reported fever 663 (48.3) 206 (31.1) 1.22 (0.93, 1.60) 0.158 
Reported 
diarrhoea 195 (14.2) 49 (25.1) 1.03 (0.74, 1.43) 0.881

Reported fatigue 904 (65.8) 264 (29.2) 1.15 (0.87, 1.51) 0.322
Reported body 
aches 886 (64.5) 245 (27.7) 0.89 (0.61, 1.30) 0.535
Reported sore 
throat 376 (27.4) 103 (27.4) 1.13 (0.96, 1.32) 0.131
Reported genital 
ulcers 91 (6.6) 49 (53.9) 2.86 (1.79, 4.56) <0.001  3.30 (2.01, 5.42)  <0.001
Days since 
symptoms began2 

≤ 14 days
1317 (95.9) 360 (27.3) 0.74 (0.39, 1.41) 0.355

Malaria test done 668 (48.6) 239 (35.8) 1.54 (0.77, 3.09) 0.224

OR= odds ratio 
A priori factors (age and sex) and variables with a p value of ≤0.10 in bivariable analysis were included in the 
multivariable GEE model, which accounted for clustering by health facility. 
1 Out of 1,374 enrolled participants, 27.5% (378) were offered an  HIV test by the provider. 3.1% (43) 
participants were not included in the regression analysis for whom it was unknown if the provider offered 
HIV testing. 
2 Data were missing for 4 participants due to corrupted Audio Computer-Assisted Self-Interview (ACASI) 
entries.
3 Casual labourers included those reporting daily or weekly wages. 
4 National Health Insurance Fund  
5 Includes payments made by company medical insurance or private insurance schemes
6 Risk group assessed only in those who reported to be sexually active in the past six weeks (n=916)
7 Key populations include men who have sex with men (MSM) (n=3), sex workers (n=15) and people who 
inject drugs (PWID) (n=1)
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S3 Table. Characteristics of healthcare workers in provider focused group discussions from 
6 health care facilities, coastal Kenya 2017-2019 (n=57)

Characteristics N (%)
Gender

Female 40 (70.2)
Male 17 (29.8)

Age (Years)
18 -39 41 (71.9)
>39-60 16 (28.1)

Organisation Type
Public 39 (68.4)
Private 18 (31.6)
Cadre

Clinical staff1 36 (63.2)
HIV testing counsellors 10 (17.5)
Administrative staff 8 (14.0)
Others2 3 (5.3)

Experience in HIV care
None 10 (17.5)
< 5 years 25 (43.9)
5-10 years 15 (26.3)
> 10 Years 7 (12.3)

1 Clinical staff included medical and clinical officers, nurses, laboratory and 
pharmaceutical technologists.
2 Other staff included nutritionists, public health officers and mentor-mothers.  
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Additional files  

Additional File 1: Focus group topic guide 
 

Study number: _________________________________   

Interviewer      : _________________________________  

Site                  : _________________________________ 

Date                 : _________________________________ 

Start                 : _________________________________ 

End                  : _________________________________ 

 
 
 
 
 

 
 
 
 
Introduction:    
In this interview/discussion we want to understand your approach to patients who present for 
urgent care with febrile illness like symptoms. We would like to understand your differential 
diagnosis, what prompts a healthcare worker to test for HIV versus thinking of other pathogens 
such as Malaria, bacterial infections etc.   

In this interview/discussion we would also want to understand your HIV testing services at your 
health facility and ask you as healthcare workers for your views on early detection of HIV infection 
and prevention of transmission through finding and testing the partners of newly diagnosed 

 

IMPACT OF A NOVEL HIV-1 RNA TESTING INTERVENTION TO DETECT ACUTE 
AND PREVALENT HIV INFECTION AND REDUCE HIV TRANSMISSION – 

TAMBUA MAPEMA PLUS  
Focus group discussion topic guide for participating health facility staff  

Pre-Intervention Topic Guide 
 

The objectives of the discussions are to assess and explore: 
1. Healthcare providers’ experiences with HIV testing and diagnosis, care and treatment in existing healthcare system 

2. Healthcare providers’ knowledge base on HIV infection and acute HIV, and identify training needs 

3. How partner notification and testing is currently performed, and identify opportunities for implementing assisted 
partner services intervention (aPS) 

4. Healthcare providers’ perspectives on potential barriers and facilitators for malaria testing and PITC 
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individuals. We would also appreciate to learn from you what you know about acute HIV infection, 
and whether you feel screening for acute HIV infection is important, feasible and scalable.   

With your permission, we would like to tape record the interview/discussion for later transcription 
and translation to English for analysis. All information will be kept strictly confidential, and, as 
participants, you will never be identified with any comment you make. 

 

 

1. Health facility background   
• How would you describe the patients that are attended to at this health facility? 

(Probe for: Insurance covered; socio-economic status; nature of illnesses; antenatal/post-
natal services) 

• Kindly, describe the type of HIV testing that you offer at your health facility. 
(Probe for the types and numbers of health providers that are in the clinic, services offered; 
what guides the particular services offered) 

• How would you say the HIV services are organised in this health facility? 
(probe for: do they have a VCT? CCC? Who supports the HIV services offered in your 
health facility; government’s role; who are the collaborators and their mandate; If insurance 
companies including NHIF support HIV services and to what extent;  

 

2. HIV diagnostic services  
• What avenues for HIV testing are available?  

(Probe lab, VCT, ANC etc.) 

• Who initiates HIV testing  

(Prompt: should staff other than clinician also initiate HTC?)  

• What are the Point of care HIV tests available at your health facility?  

(Probe for who uses them, knowledge of other POC tests, knowledge on applications for 
POC tests)  

•  What kind of patients are tested for HIV in this health facility? And why? 

(Probe symptoms/clinical presentation prompts them to refer for HIV testing)  

• Kindly describe for me how provider-initiated testing and counselling (PITC) works in 
your health facility.  

(Probe on: who is referred to VCT vs the lab; who makes the referrals; at what point 
counselling occurs; who are the staff involved in testing for HIV)  

• What would you say are some of the reasons why health providers may not offer routine 
HIV testing?  

• Are there occasions when patients are referred for HIV testing but do not test? If yes, why?  
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• What challenges do you face in providing routine HIV diagnostic services?  

(Probe for stock outs, training challenges, staffing, supplies etc.)  

• Who provides the HIV training services? How frequently? Which staff are sent for the 
training?   

• Generally, what are your opinions about HIV testing services that you offer at your health 
facility? 

(probe for: perceptions on the extent of testing done; what they would find acceptable 
testing rate for the health facility; what needs to be considered to improve HIV testing) 

• How does your health facility handle discrepant rapid HIV test results that could 
potentially be acute HIV?  

(probe for: what current guidelines say about repeat HIV testing for those recent 
exposure or symptoms suggest AHI? Do you recommend follow-up testing? How do you 
track such individuals?) 

• Do you know symptoms associated with HIV seroconversion, that is, acute HIV?  

• What would you say is the importance of diagnosing acute HIV infection? 

• Do you think it is important to include in the current national HIV guidelines screening 
for acute HIV?  

• If there were laboratory point of care tests available for diagnosing AHI, what factors 
would you say should be considered? Are there any barriers you foresee? 
(Probe for suggestions on potential point of care tests to target AHI, volume workload, 
benefits over using reference laboratories, space within laboratories, who would operate 
the POC tests, training of HCPs, educating the community and at-risk groups) 

 

3. Partners notification, finding and testing for HIV 
 

• How does the health facility ensure that partners of HIV positive patients also test for HIV?  

(Probe for ways in which partner notification is done if any; the points at which it is done; 
the staff involved and their roles) 

• Who initiates the process of partner testing?  

o Who follows up whether all reported partners have been tested for HIV and linked to 
care if positive?  

• In your experience what would you say about how easy or difficult it is for HIV positive 
patients to list their sexual partner both current and past sexual partners/primary and non-
primary? 

• In your context or based on the kind of patients you attend to at this health facility, what do 
you think would be preferred way to make sure partner of HIV positive patients also get tested? 
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• If you were to assist a HIV positive client/patient to contact their partner(s) for disclosure and 
HIV testing, how would you go about it? 

o What factors would you consider? What would be your fears and concerns? 

• In the recent Kenya guidelines, it provides 3 options for the approach to partner notification:   
- provider referral which is also called ‘assisted partner services’. Assisted partner services 

involves index patients tested with HIV infections being asked to provide information about 
sex partners and then a health provider contacts these partners to ensure that they test for 
HIV and link to care, without revealing the identity of the index patient) 

- Contract referral 

- Client referral via a referral slip  
 

o Which option do you implement as a health facility?  

o Have you heard of assisted partner services (aPS)? 

o Do you have any experience with assisted partner services? If yes, probe for: who does 
it and a description of how it is done, the role of the health provider 

o What approach would you prefer as a facility? Why? 

• Who should provide PN?  
(probe for: outreach workers? Clinicians? HTS counsellors?) 

• Would you say PN as an intervention is feasible? What about scalable?  

• When would you say is the appropriate time as a health provider to offer assisted partner 
services for patients newly diagnosed with HIV?  

(Probe for immediate vs delayed aPS)  

• What challenges do you foresee (or experiencing) in implementing PN? 

• What support would healthcare providers require for the implementation of PN? 

(Probe for training, guidelines, supervision, experience sharing) 

 

4. HIV Linkage and care at the health facility   
 

• Describe what you would ordinarily do if you had a newly HIV diagnosed case. 
(probe for the linkage process) 

• What would you say are the kind of HIV clinical care and support services that you offer 
in your clinic? 

(Probe for clinical care, support (e.g. couples counselling, adherence, retention, referral 
to support groups)) 
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• What barriers would you say you experience in providing linkage and HIV care and 
treatment  

o Do you remember any problematic situation in your work you found particularly 
challenging when attending to HIV positive patients? 

• How do you monitor HIV treatment? 
(Probe for: Reference labs, Viral Load testing)  

• What would you consider you have done well in regard to HIV testing, care and 
management?  

(Probe for understanding of UNAIDS 90-90-90 targets and what the facility is doing to 
contribute to the targets, recommendations for improvement) 

 

5. Malaria screening and management  

 

• How would you describe the patients you test for malaria? 

• What is the approach to the febrile patient who presents to your health facility?  

• What are some of the symptoms of patients who you refer for malaria testing?  

• What malaria tests do you offer in your facility?   
(Probe: what guides them to use blood slide vs mRDT) 

• What do malaria guidelines say about who should be tested and treated for malaria?  

• How often do you go for training on managing the acute febrile patient- and malaria 
guidelines specifically?   

(Probe for who attends the training)  

• What challenges do you face in providing routine malaria diagnostic services?  

(Probe for stock outs, training challenges, staffing, supplies etc.)  
 

Other comments and recommendations 

• Any other comments you have regarding the discussion and the Tambua Mapema Plus 
study? What about any recommendations that we may have not discussed?  

 

Kindly thank the participants for sharing their views. 
 
END 
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Additional File 2: AHI Study Eligibility Form 
 
Start time: ______________ End time:  _______________        Volunteer ID: 
 
 
Screening ID:                                                      Facility name: _________________     
 
Date: ____/ ____/ ____  
 
     
Gender: ____ Male   ___ Female      
 
Estimated age: ____ (yrs)    
 
Permission script: We are currently conducting a study in this facility for which only some patients are eligible. We 
don’t need your name or contact information in order to see if you’re eligible. Is it OK if I ask a few questions to see 
if you are eligible? This will take about one minute. 
 
Research staff initials documenting verbal permission to screen: _________________ 
 
Axillary temperature: _______ 
 
DOB: (dd/mmm/yyyy): ____/ ____/ ____   Actual age: ____ (yrs)  
(For participants aged 18 and 39, please calculate the exact age in years and months and document in the 
comments section on the flip side of the form)  
HIV status:   
 

Ever tested for HIV?  __Yes  __ No 
 
HIV Status:   __ Positive   __ Negative/ Unknown  
 
If HIV positive: registered in care:   __Yes  __ No 
 
If HIV positive: on ART:    __Yes  __ No 

  
Patients not in care or on ART should be counselled accordingly. 
 

Have you previously enrolled in this study?     __Yes   __ No 
 
If yes, which facility: ___________________________________   Date: (dd/mmm/yyyy): ____/ ____/ ____ 
(Do not proceed with screening and enrolment if the patient has been enrolled in TMP within 6 months at any 
of the TMP study sites) 
 
If between 18 and 39 years of age and not known HIV positive, calculate risk score below: 

Characteristic Present = Yes (circle score) Absent = No (circle score) 

Age 18-29 years 1 0 

Reported fever 1 0 

Reported diarrhoea 1 0 

Reported fatigue 1 0 
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Reported body aches 1 0 

Reported sore throat 1 0 

Reported genital ulcer 3 0 

TOTAL SCORE   

If score is 2 or more (≥ 2), invite patient for Tambua Mapema Plus study.  

Malaria test requested: __Yes _ No   HIV test requested (PITC): __ Yes _ No 

Research staff Initials: _________________  
If enrolled, place sticker with participant ID number in box in right hand corner above. Please confirm all 
screening data above after written consent is obtained: 

Research staff Initials: _________________  
 
 
Please capture reason not enrolled in the table below. 
 
 

Reason Check all applicable 
Not eligible  
Too ill  
Too busy, in a hurry  
Need to ask partner  
Temporary visitor (<2 weeks in study area)  
Outside catchment area (>30 km from the KEMRI 
Mtwapa Research Clinic) 

 

Never been sexually active  
Doesn’t want to participate in research  
Patient enrolled in TMP study within 6 months at any of 
the TMP study sites 

 

Patient found to be under or over age [correct age and 
initial above] 

 

Patient found to have known HIV-positive status 
[correct and initial above] 

 

Patient does not want to take a HIV test  
Other, describe: ________________________ 
______________________________________ 

 

 
Comments: 
_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________ 

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________ 
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_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________ 

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________ 

 

 

 

Stop time: ___ ___ : ___ ___ (hours) 

 

This concludes our questionnaire. Thank you very much for your time. The study team will be in 
touch with you again after your clinic visit and any testing ordered have been completed. 
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Additional File 3: Socio-Demographic Form  
CASI/CAPI to capture:  Date: ___ / ___ / _____       Start time ___ / ___ (hours)        
Staff to enter:    Sex (M or F): ___       Health facility patient (Y or N): ___ 

1. What is your current marital status? (circle one) 
 
1 = Single      2 = Married-monogamous       3 = Married-polygamous     4 = Separated or Divorced 
 
5 = Widowed 
 

2. Do you live in the same household with your spouse or regular (i.e. long term) sex partner? (circle 
one) 
 
1 = Yes          2 = No 
 

3. What is your religion? (circle one) 
 
1 = Catholic     2 = Protestant     3 = Other Christian    4 = Muslim      5 = None  
 
6 = Other, specify: _______________________________ 
 
If female, skip to Q5 
 

4. Are you circumcised? (circle one) 
 
1 = Yes          2 = No 
 

5. What is your highest level of education? (circle one) 
 
1 = Below primary      2 = Completed primary      3 = Some secondary       4 = Completed 
secondary 
 
5 = Higher education     6 = Other, specify: __________________________________ 
 

6. Do you currently have a way to support yourself financially? (circle one) 
 
1 = Yes          2 = No 

 
7. What is your major source of income? (circle one) 

 
1 = Family      2 = Spouse     3 = Formal employment   4 = Self-employed     
 
5 = No monthly income/unemployed      6 = Casual labourer      7 = Other, specify:  
 
_______________________________ 
 

8. Do you currently have a regular home or household where you live? (circle one) 
 
1 = Yes          2 = No (If No Skip to Q8b) 
 
a) Which of the following do you have (circle all that apply) 

Shared well /borehole 

Private well /borehole  
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Shared tap 

Private tap 

Purchased water 

Private toilet/latrine 

b) Which of the following do you have (circle all that apply) 

Radio 

Electricity 

Television 

Cell phone 

 

9. Do you have any children? (circle one) 
 
1 = Yes          2 = No (If No skip to Q10)  
 
a) How many children do you have? ____ children 

 
b) How many of these children currently live in your home?   ____ children 

(must be <= Q9a) 
 

(If participant is a health facility patient, continue. Otherwise, skip to question 16.)  
 

I would like to ask you some questions about the symptoms that brought you to the health 
facility today.  

10. How many days ago did your symptoms start? _____ days 
 
 

11. Have you visited any other health provider for these symptoms before this visit? (circle one) 
 
1 = Yes          2 = No 
 

12. If yes to Q11, what type of provider did you visit? (circle all that apply)  
 
1=Pharmacy   2=Traditional healer     3=Other health facility, specify: ________________ 
 

13. If yes to Q11, when did you visit a provider for your illness? (circle one) 
 
1= Today, at a different health facility     2 = yesterday      3 = in the past week   
     
 4 = in the past month    5 = more than one month ago 

 
14. Before your current symptoms started, when did you last have a similar illness (with fever, fatigue, 

diarrhea, body pains, sore throat, and/or genital ulcers)? (If answered 1, skip to the end) 
 
1 = never experienced these symptoms before now   2=within the past month    3 = 2-3 months 
ago   
     
4 = 4-6 months ago     5 = more than 6 months ago 
 

15. In general, when you've experienced symptoms like this, how likely have you been to visit 
a health care facility?  
 
1 = not at all    2 = somewhat likely      3 = very likely     4 = definitely 
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STOP HERE FOR HEALTH FACILITY PATIENTS AND CAPTURE TIME BELOW.) 
 

(If participant is a partner enrolled for HIV testing, continue below.) 
 

16. When did you last have an illness during which you experienced fever, fatigue, diarrhea, body 
pains, sore throat, and/or genital ulcers? (If answered 1, skip to the end) 
 
1 = never experienced these symptoms before now   2= within the past month    3 = 2-3 months 
ago      
 
4 = 4-6 months ago     5 = more than 6 months ago 

 
 

17. In general, when you've experienced symptoms like this, how likely have you been to visit 
a health care facility?  
 
1 = not at all    2 = somewhat likely      3 = very likely     4 = definitely 
 

CASI/CAPI to capture:             Stop time: ___/ ___ (hours) 
 



569768-L-bw-Agutu569768-L-bw-Agutu569768-L-bw-Agutu569768-L-bw-Agutu
Processed on: 7-12-2021Processed on: 7-12-2021Processed on: 7-12-2021Processed on: 7-12-2021 PDF page: 150PDF page: 150PDF page: 150PDF page: 150

150

Chapter 4

Additional File 4: Risk Assessment Form

 

190 
 

Additional File 4: Risk Assessment Form  

 

Start time: ___ ___ : ___ ___ hrs 

 

We would like to get some information about your sexual behaviour as part of this study. There are 
many kinds of sex. For this questionnaire, we are interested in two kinds: sex when a man’s penis 
goes inside a woman’s vagina (vaginal sex) or anus (anal sex), or sex when a man’s penis goes 
inside a man’s anus (anal sex).  

Please answer to the best of your ability. 
2 When did you last have sexual intercourse? (Circle one) 
 
1=Within past 2 days    2=Within past week    3=Within past 2 weeks     4= Within past 6 weeks   
 
5=More than 6 weeks ago      6=Never had sex 
 

If Q1 response = 5 or 6, then skip to Q50. 
 

3 How many people have you had sexual intercourse with in the last 6 weeks?  If you are not sure 
of the exact number, please take your best guess. _____ 

4 Of these people, how many were women? _____ 

5 Of these people, how many were men? _____ 

6 Of the people you had sex with in the last 6 weeks, how many were in each of the following 
categories: 

 
Spouse _____           Regular (long-term partner other than spouse) _____           
 
Casual (short-term partner) _____                  One-time encounter _____ 
7 Of the people you had sex with in the last 6 weeks, how many were in each of the following 

categories: 
 
They paid you money, gifts or your living expenses for sex _____                 
You paid them money, gifts or their living expenses for sex _____ 
 

I am now going to ask about the person you had sex with most recently in the past 6 weeks. 

 
8 Was your most recent partner a man or a woman?   

                                           Man                            Woman 
9 How would you describe your relationship with this person?  
 
1=Spouse   2=Regular partner   3=Casual partner   4=One-time encounter       
 
5=Other: ______________ (type description) 
 
10 When did you last have sex with this person? If you do not know the exact date, please make 

your best guess.  
 
Date: ___ / ___ / _____ (day / month / year) (If Q8=4, skip to Q12) 
 

11 When did you have sex with this person for the very first time? If you do not know the exact 
date, please make your best guess. 
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Date: ___ / ___ / _____ (day / month / year) 

12 Do you expect to have sex with this person again in the future? (Circle one) 
 
1=Definitely yes          2=Probably yes          3=Not sure                 4=Probably no      
 
 5=Definitely no 

13 What is the age of this person? (Circle one) 
 
1=About the same age as me        2=More than 5 years older than me        3=More than 5 years 
younger than me 

14 If Q8 response is not 1: Is he or she married?           Yes                No                    Don’t know 
 

15 As far as you know, has this person had any other sexual partners besides you in the last 6 
weeks? (Circle one) 

 
 1=Definitely yes     2=Probably yes     3=Not sure     4=Probably no        5=Definitely no 

16 If Q14 response ≤2: As far as you know, are this person’s other partners male or female? 
(Circle one)     

  1=Male      2=Female         3=Both       4=Not sure 

17 When you last had sex with this person, did you use a condom?   Yes        No        Don’t 
remember  

18 Heterosexual partnerships: If volunteer is male (Form 2A Staff Entered) and current 
partner is female (Q7 = woman) or if volunteer is female (Form 2A Staff Entered) and 
current partner is male (Q7 = man): 

 
17a. During your relationship so far, how often have you had vaginal sex with this partner on 
average? (Circle one) 
1=Daily      2=Almost every day       3=Once a week     4=Less often than once a week 
 
17b. When you have had vaginal sex with this partner, how often did you use a condom? 
1=Always      2=Most of the time       3=About half the time     4=Rarely         5=Never 
 
17c. During your relationship so far, how often have you had anal sex with this partner on average?  
(Circle one) 
1=Daily      2=Almost every day       3=Once a week     4=Less often than once a week      5=Never 
 
17d. If Q17c response is not never: When you have had anal sex with this partner, how often did you 
use a condom? 
1=Always       2=Most of the time      3=About half the time     4=Rarely         5=Never 

19 MSM: If volunteer is male (Form 2A Staff Entered) and current partner is male (Q7 = man):  
 
18a. During your relationship so far, how often have you had anal sex with this partner in an average 
week?  (Circle one) 
1=Daily      2=Almost every day       3=Once a week     4=Less than once a week         5=Never 
 
18b. If Q18a response is not never: When you have had anal sex with this partner, how often did you 
use a condom? 
1=Always       2=Most of the time      3=About half the time     4=Rarely         5=Never 
 
18c. When you have anal sex with this partner, what role do you take? (Circle one) 

1=Exclusively insertive                 2=Mostly insertive       

3=Insertive about half the time and receptive about half the time 

4=Mostly receptive                       5=Exclusively receptive 

20 What do you think this person’s HIV status is? (Circle one) 
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1= HIV positive    2= Probably HIV positive   3=I have no idea   4= Probably HIV negative   
 
5= HIV negative 

21 If Q19 response is not 3: Please indicate all of the reasons you have for thinking this (circle all 
that apply) 

 
1=We discussed our HIV status          2=We did couple counselling together                                         
 
3=He / she seemed healthy                4= He /she seemed unhealthy          5= I heard rumours       
 
6=He / she told me is taking ARVs     7=I have seen him or her taking pills           8=Don’t know 
 

If Q2>1, continue for the second most recent partner. Otherwise, skip to Q50. 

I am now going to ask about the person you had sex with the second most recently in the past 6 
weeks. 

 

22 Your second most recent partner, was this person a man or a woman?                                             
Man                            Woman 

23 How would you describe your relationship with this person?  
 
1=Spouse   2=Regular (long-term) partner   3=Casual (short-term) partner    
 
4=One-time encounter        5=Other: ______________ (type description) 
 
24 When did you last have sex with this person? If you do not know the exact date, please make 

your best guess.  
 
Date: ___ / ___ / _____ (day / month / year) (If Q22=4, skip to Q26) 

25 When did you have sex with this person for the very first time? If you do not know the exact 
date, please make your best guess. 

 
Date: ___ / ___ / _____ (day / month / year) 

26 Do you expect to have sex with this person again in the future? (Circle one) 
 
1=Definitely yes          2=Probably yes          3=Not sure                 4=Probably no      
 
 5=Definitely no 

27 What is the age of this person? (Circle one) 
 
1=About same age as me        2=More than 5 years older than me        3=Less than 5 years younger 
than me 

28 If Q22 response is not 1: Is he or she married?           Yes                No                    Don’t know 
 

29 As far as you know, has this person had any other sexual partners besides you in the last 6 
weeks? (Circle one) 

 
 1=Definitely yes     2=Probably yes     3=Not sure     4=Probably no        5=Definitely no 

30 If Q28 response ≤2: As far as you know, are this person’s other partners male or female? 
(Circle one)     

 1=Male      2=Female         3=Both             4=Not sure 

31 When you last had sex with this person, did you use a condom?   Yes        No        Don’t 
remember  
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32 Heterosexual partnerships: If volunteer is male (Form 2A Staff Entered) and current 
partner is female (Q21 = woman) or if volunteer is female (Form 2A Staff Entered) and 
current partner is male (Q21 = man): 

 
31a. During your relationship so far, how often have you had vaginal sex with this partner on 
average? (Circle one) 
1=Daily      2=Almost every day       3=Once a week     4=Less often than once a week 
 
31b. When you have had vaginal sex with this partner, how often did you use a condom? 
1=Always      2=Most of the time       3=About half the time     4=Rarely         5=Never 
 
31c. During your relationship so far, how often have you had anal sex with this partner on average?  
(Circle one) 
1=Daily      2=Almost every day       3=Once a week     4=Less often than once a week      5=Never 
 
31d. If Q31c response is not never: When you have had anal sex with this partner, how often did you 
use a condom? 
1=Always       2=Most of the time      3=About half the time     4=Rarely         5=Never 

33 MSM: If volunteer is male (Form 2A Staff Entered) and current partner is male (Q21 = 
man):  

 
32a. During your relationship so far, how often have you had anal sex with this partner in an average 
week?  (Circle one) 
1=Daily      2=Almost every day       3=Once a week     4=Less than once a week          5=Never 
 
32b. If Q32a response is not never: When you have had anal sex with this partner, how often did you 
use a condom? 
1=Always       2=Most of the time      3=About half the time     4=Rarely         5=Never 
 
32c. When you have anal sex with this partner, what role do you take? (Circle one) 

1=Exclusively insertive                 2=Mostly insertive       

3=Insertive about half the time and receptive about half the time 
4=Mostly receptive                       5=Exclusively receptive 

34 What do you think this person’s HIV status is? (Circle one) 
 
1= HIV positive    2= Probably HIV positive  3=I have no idea   4= Probably HIV negative   
 
5= HIV negative 

35 If Q33 response is not 3: Please indicate all of the reasons you have for thinking this (circle all 
that apply) 

 
1=We discussed our HIV status          2=Did couple counselling together                                         
 
3=He / she seemed healthy                4= He /she seemed unhealthy          5= I heard rumours       
 
6=He / she told me is taking ARVs     7=I have seen him or her taking pills           8=Don’t know 

If Q2>2, continue for the third most recent partner. Otherwise, skip to Q49. 

I am now going to ask about the person you had sex with the third most recently in the past 6 weeks. 

 

36 Your third most recent partner, was this person a man or a woman?                                             
Man                            Woman 

37 How would you describe your relationship with this person?  
 
1=Spouse   2=Regular (long-term) partner   3=Casual (short-term) partner    
 
4=One-time encounter        5=Other: ______________ (type description) 
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38 When did you last have sex with this person? If you do not know the exact date, please make 

your best guess.  
 
Date: ___ / ___ / _____ (day / month / year) (If Q36=4, skip to Q40) 

39 When did you have sex with this person for the very first time? If you do not know the exact 
date, please make your best guess. 

 
Date: ___ / ___ / _____ (day / month / year) 

40 Do you expect to have sex with this person again in the future? (Circle one) 
 
1=Definitely yes          2=Probably yes          3=Not sure                 4=Probably no      
 
 5=Definitely no 

41 What is the age of this person? (Circle one) 
 
1=About same age as me        2=More than 5 years older than me        3=Less than 5 years younger 
than me 

42 If Q36 response is not 1: Is he or she married?           Yes                No               Don’t know 

43 As far as you know, has this person had any other sexual partners besides you in the last 6 
weeks? (Circle one) 

 
 1=Definitely yes     2=Probably yes     3=Not sure     4=Probably no        5=Definitely no 

44 If Q42 response ≤2: As far as you know, are this person’s other partners male or female? 
(Circle one)     

 1=Male      2=Female         3=Both           4=Not sure 

45 When you last had sex with this person, did you use a condom?   Yes        No        Don’t 
remember  

46 Heterosexual partnerships: If volunteer is male (Form 2A Staff Entered) and current 
partner is female (Q35 = woman) or if volunteer is female (Form 2A Staff Entered) and 
current partner is male (Q35 = man): 

 
45a. During your relationship so far, how often have you had vaginal sex with this partner on 
average? (Circle one) 
1=Daily      2=Almost every day       3=Once a week     4=Less often than once a week 
 
45b. When you have had vaginal sex with this partner, how often did you use a condom? 
1=Always      2=Most of the time       3=About half the time     4=Rarely         5=Never 
 
45c. During your relationship so far, how often have you had anal sex with this partner on average?  
(Circle one) 
1=Daily      2=Almost every day       3=Once a week     4=Less often than once a week      5=Never 
 
45d. If Q45c response is not never: When you have had anal sex with this partner, how often did you 
use a condom? 
1=Always       2=Most of the time      3=About half the time     4=Rarely         5=Never 

47 MSM: If volunteer is male (Form 2A Staff Entered) and current partner is male (Q35 = 
man):  

 
46a. During your relationship so far, how often have you had anal sex with this partner in an average 
week?  (Circle one) 
1=Daily      2=Almost every day       3=Once a week     4=Less than once a week       5=Never 
 
46b. If Q46a response is not never: When you have had anal sex with this partner, how often did you 
use a condom? 
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Stop time: ___ ___ : ___ ___ (hours) 

1=Always       2=Most of the time      3=About half the time     4=Rarely         5=Never 
 
46c. When you have anal sex with this partner, what role do you take? (Circle one) 

1=Exclusively insertive                 2=Mostly insertive       

3=Insertive about half the time and receptive about half the time 
4=Mostly receptive                       5=Exclusively receptive 

48 What do you think this person’s HIV status is? (Circle one) 
 
1= HIV positive    2= Probably HIV positive  3=I have no idea   4= Probably HIV negative   
 
5= HIV negative 

49 If Q47 response is not 3: Please indicate all of the reasons you have for thinking this (circle all 
that apply) 

 
1=We discussed our HIV status          2=Did couple counselling together                                         
 
3=He / she seemed healthy                4= He /she seemed unhealthy          5= I heard rumours       
 
6=He / she told me is taking ARVs     7=I have seen him or her taking pills     8=Don’t know 
 
50 Have you participated in group sex (that is sex with more than 1 person at the same time) in the 

past 6 weeks?                1=Yes                2=No 
 

IPV Questions: “I would like to ask you some questions about your current and past 
relationships.  

 

51 Have you ever been in a relationship with a person who physically hurt you?  
1=Yes               2=No (If Q50=No, skip to Q51) 
 
How recently did this happen? 
1=In the past 1 month              2=Not in the past 1 month 
 
52 Have you ever been in a relationship with a person who threatened, frightened, or insulted, or 

treated you badly?  
1=Yes               2=No (If Q51=No, skip to Q52) 
 
How recently did this happen? 
1=In the past 1 month              2=Not in the past 1 month 
 
53 Have you ever been in a relationship with a person who forced you to participate in sexual 

activities that made you feel uncomfortable?  
1=Yes               2=No (If Q52=No, skip to Q53) 
 
How recently did this happen? 
1=In the past 1 month              2=Not in the past 1 month 
 

Injection Drug Use Questions: “I would like to ask you some questions about whether you 
inject drugs such as heroin, cocaine, or other drugs.” 

 

54 Have you injected drugs in the past 6 weeks?           1=Yes                 2=No 

55 If Q53 = yes: Did you share needles with someone else at any time in the past 6 weeks?     
1=Yes            2=No 

56 If Q53 = yes: How often do you inject drugs?      1=Daily           2=Less than daily 

 
This concludes our questionnaire. Thank you very much for your time. The study team will be 
in touch with you again after your clinic visit and any testing ordered have been completed. 
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Additional file 5: HIV Testing, Observation Period Form  
Date: ___ / ___ / _____ 

1 How much did you pay for transport to 
the clinic? 

□ Nothing  
□ Ksh________  

2 How much did you pay for registration 
(public facility) or consultation (private 
facility) today? 
(Tick all that apply) 

□ Nothing  
□ Ksh________ 
□ I used my NHIF card  
□ Other, specify ____________ 

3 How much did you pay for lab 
investigations? 
(Tick all that apply)  

□ Nothing  
□ Ksh ________  
□ I used my NHIF card  
□ Not Applicable 
□ Other, specify ____________ 

4 Did you miss work to go to the clinic? □ No (Skip to Q5) 
□ Yes  

4a How many hours of work did you 
miss? 

□ Less than 4 hours 
□ 4 to 8 hours  
□ More than 8 hours 

5 Did you have to make special 
arrangements for someone to look after 
your dependents (child or adult) while 
you came to the clinic today? 

□ No (skip to Q6) 
□ Yes  
 

5a Who did you leave to look after your 
dependents? 

□ Relative   
□ Friend 
□ Temporary house help/nanny   
□ Other; specify: ___________ 

5b How much did you pay the person who 
looked after your dependents? 

□ Nothing  
□ Ksh________ 
 

6 How much did you spend on drinks or 
food during your clinic visit? 

□ Nothing  
□ ________ Ksh 

7 How much time did you spend at the 
clinic today? 

□ Less than 2 hours 
□ 2 to 4 hours  
□ More than 4 hours 

One of our goals is to understand more about HIV testing in clinics. Please think about 
today’s visit, and the last time you tested for HIV infection. 
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If patient tested HIV-negative or was not tested for HIV infection, thank him or her and 
conclude the interview. Initial and date the form. 

8 Did clinician ask you to take an HIV 
test today? 

□ No  
□ Yes (Skip to Q11) 

9 Did you ask clinician for an HIV test 
today? 

□ No  
□ Yes (Skip to Q11) 

10 Would you have done an HIV test 
today if you were asked to take one? 

□ No 
□ Yes  
□ Don’t know 

11 Before this visit, when did you last test 
for HIV infection? 

Month / Year 
______ / ______ 
 
Never tested _____  (skip to 
Lab test observation section) 

11a If previously tested, what was the last 
HIV test result? 

____ Negative 
____ Positive 
____ Unknown 

Lab test observations: Research staff to complete 

12 Was malaria testing requested at 
today’s visit? 

□ No (skip to Q13) 
□ Yes 

12a Was malaria testing performed? □ No 
□ Yes 
 
If no, comment then skip to 
Q13: 
 
 

12b What was the result of the malaria test? □ Negative 
□ Positive 

13 Was HIV testing done at today’s visit? □ No, reason__________ 
_________________ (skip to 
end) 
□ Yes 

13a What was the result of today’s HIV 
test? (check one) 
 
KEMRI field worker verify test result 
from log book and initial when 
done_____ 

____ Negative 
____ Positive 
____ Discordant 
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If patient tested HIV-positive, complete each step below and initial when completed: 

_____ Inform patient of the 6-week visit to follow-up linkage to care 
 
_____ Collect patient’s contact information (Form 4)  
 
_____ Counsel patient about HIV infection, linkage, and treatment 
 
_____ Refer patient to care centre of choice (care centre__________________) 
 
_____ Counsel patient to inform his/her sexual partners that they should test for HIV 
 
_____ Issue appointment card for 6-week visit (Date of 6-week visit ___/____/____, 

time__________ place of 6-week visit 

______________________________________) 

KEMRI FW Initials ______  Date: ___/____/____ 
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Additional file 6: Facility Data Form  
Date Form Initiated: ___ / ___ / _____  
(Tick all that apply) 

HEALTH FACILITY 

1 Type of health facility? □ Private  
□ Public 
□ Faith based organization  
 

2 Is it a 24-hour facility?  
 
 
Hours open for consultation 
(please use 24-hour clock). 

□ No 
□ Yes 
 
 
_ __ : __ __ to __ __ : __ __ 

3 Costs for registration/ registration 
card? 

□ Free  
□ Ksh________ 
□ Co- Pay (Ksh________) 

4 Costs for consultation? □ Free  
□ Ksh________ 

5 NHIF accredited facility? 
 
 
Other insurance schemes 
available?  

□ No 
□ Yes 
□ No 
□ Yes (if yes, 
specify_____________________) 
 

6. Does the facility have a patient 
registration system?  
 
Is it manual or computerized? 

□ No 
□ Yes 
□ Manual 
□ Computerized 

PREVIOUS RESEARCH EXPERIENCE 

7 Participated in pilot work on AHI? □ No 
□ Yes 

8 Diagnosed AHI cases during pilot 
work on AHI? 

□ No 
□ Yes 

HIV SERVICES 

9 ART provided on site? 
 
 
Source of ART? 

□ No 
□ Yes 
□ NASCOP 
□ GoldStar Network  
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□ Others_____________________ 
_____________________________ 

10 PMTCT program on site? □ No 
□ Yes 

11 PEP provided on site? □ No 
□ Yes 

12 PrEP provided on site? 
 
 
Source of PrEP? 

□ No 
□ Yes 
□ NASCOP/MOH 
□ GoldStar Network  
□ Others_____________________ 
_____________________________ 

HIV TESTING SERVICES 

13 Venues for HIV testing □ Laboratory 
□ VCT 
□ ANC 
□ Ward 
□ Well baby clinic  
□ Emergency Room  
□ Other ____________________ 

14 Does the health facility have HIV 
outreach programmes? 
 
 
 
How frequent? 

□ No 
□ Yes 
 
□ Yearly 
□ Quarterly 
□ Monthly 
□ Other 

15 Which health facility staff are 
trained on HIV Testing and 
Counselling Services (HTS)? 
(tick where applicable and 
indicate how many trained) 
 
 
 
Date of the last HTS training? 
Who provided the last HTS 
training? 

□ VCT 
counsellor_________________ 
□ Laboratory technicians__________ 
□ Nurses_______________________ 
□ Clinical officers________________ 
□ Medical officers_______________ 
___________________(dd/mm/yyyy) 
□ NASCOP 
□ County TOTs 
□ Others_______________________ 
______________________________ 
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16 Does facility have a VCT? 
 
 
 
 
Who offers the services at the 
VCT?  
 
 
 
 
 
Does the facility offer couples 
counselling and testing at the 
VCT?  

□ No 
□ Yes 
 
□ VCT counsellor 
□ Nurses 
□ Laboratory technician  
□ Others_______________________ 
 
□ No 
□ Yes 

17 What partner notification services 
following HIV testing does the 
health facility offer?  
(see definitions at the end of the 
document) 

□ Passive referral   
□ Assisted Partner Notification 
services (if yes, select type of aPS)  
□ Contract referral  
□ Provider referral 
□ Dual referral 
 

18 Does the facility offer Gender 
Based Violence Services?  

□ No 
□ Yes 

19 Does facility advertise HIV 
testing? E.g posters 

□ No 
□ Yes 

20 Which diagnostic HIV tests are 
available at the facility? 

□ Rapid Antibody Tests 
□ ELISA 
□ PCR 
□ Point of care HIV-1 RNA  
□ Others_______________________ 

21 Which rapid antibody tests are 
available at the facility?   

□ Screening test__________________ 
□ Confirmatory test_______________ 
□ Tie breaker 
____________________ 

22 Is rapid antibody testing carried 
out as per the national HIV testing 
algorithm? 

□ No 
□ Yes 
If No, please state algorithm used 
____________________________ 

23 Which diagnostic HIV test is used 
predominantly at the facility (i.e. 
75% of the time)? 

□ Rapid Antibody Tests 
□ ELISA 
□ PCR 
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□ Point of care HIV-1 RNA  
□ Others_______________________ 

24 HIV Rapid antibody tests 
purchased by facility?   

□ No 
□ Yes 

25 HIV Rapid antibody tests provided 
by NASCOP 
 
If yes, how frequently are the test 
kits supplied? 

□ No 
□ Yes 
□ Monthly 
□ Quarterly 
□ Yearly 
□ Other_______________________ 

26 Cost for HIV test  □ Free 
□ Ksh ________  

27 Is there are reference laboratory 
where samples for CD4, Viral load 
or EID are sent?  

□ No 
□ Yes 
If yes, 
specify____________________ 
_______________________________ 

MALARIA TESTING 

28 Which malaria tests are available 
at the facility? 

□ mRDT 
□ Microscopy/Blood slide 
□ PCR 
□ Other_______________________ 

29 Which rapid malaria diagnostic 
tests (mRDT) is available at the 
facility?   

 
_____________________________ 

30 Which malaria test is 
predominantly used (i.e. 75% of 
the time)?  

□ mRDT 
□ Microscopy/Blood slide 
□ PCR 
□ Other_______________________ 

31 Cost for the malaria test □ Free 
□ Ksh ________ 

32 Who provides the mRDTs? 
 
 
 
If supplied by KEMSA, how 
frequently are the test kits 
supplied? 

□ KEMSA 
□ Purchased by the health facility 
□ Other_______________________ 
□ Monthly 
□ Quarterly 
□ Yearly 
□ Other_______________________ 

STAFFING 
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33 Total number of staff at the health 
facility.  

VCT counselors:  
_________________ 
Laboratory technicians: ___________ 
Nurses: ________________________ 
Pharmtechs: ____________________ 
Clinical officers: 
__________________ 
Medical officers: ________________ 
 

34 Number of clinical shifts  
 
Consultations done predominantly 
by whom? 
 
 
 
 
 
 
Specify % of out patients visits 
covered by each. 

______________________________ 
□ Medical officer and clinical officer 
□ Medical officer(s) 
□ Clinical officer(s) 
□ Nurse(s) 
 
□ Medical officers (______%) 
□ Clinical officers (______%) 
□ Other, specify:  
__________________  (______%) 
 

35 Does the facility have a 
laboratory?  
 
 
 
 
Laboratory testing done by whom? 
 
Specify % of time covered by 
each. 

□ No 
□ Yes 
If yes, proceed to part b.  
 
□ Certified technician (______%) 
□ Technician with diploma 
(______%) 
□ Other, specify:  
__________________  (______%) 
 

36 Does the facility have a pharmacy?  
 
 
 
 
Pharmacy staffed by whom? 
 
Specify % of time covered by 
each. 

□ No 
□ Yes 
If yes, proceed to part b.  
 
□ Pharmacist (______%) 
□ Pharm tech (______%) 
□ Other, specify:  
__________________  (______%) 
 

One of our goals is to understand more about HIV testing done in the facility. Please 
record the following data for the observation period only. 
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Comments: 
 
 

37 VCT (voluntary testing) performed 
(total over period)  

38 VCT (voluntary testing) performed 
for adults aged 18-39  

39 PMTCT (antenatal testing) 
performed (total over period) 

 

40 PMTCT (antenatal testing) 
performed for women aged 18-39  

41 PITC (provider-initiated testing) 
performed (total over period) 

 

42 PITC (provider-initiated testing) 
performed for patients aged 18-39 

 

Tambua Mapema Plus Timeline 

 Observation Period Dates 
(Start is date of first enrolment, 
Stop is date when enrolment target 
met) 

Start: ___/____/____ 
Stop: ___/____/____ 

 Intervention Period Dates 
(Start is date of first enrolment, 
Stop is date when enrolment target 
met) 

Start: ___/____/____ 
Stop: ___/____/____ 

Respondent details 

 Who has provided the data on this 
form?  (Tick all that apply) 

□ Medical officer in charge 
□ Medical officer 
□ Clinical officer in charge 
□ Clinical officer 
□ Laboratory in charge 
□ Laboratory technician 
□ CCC in charge 
□ VCT counsellor 
□Nurse in charge 
□ HR officer  
□ Administrator 
Other_________________________ 
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KEMRI FW Initials ______  Date Form Completed: ___/____/____ 

 

(Please complete the table on the next page).  
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Table to be completed for the year the research team is stationed at the health facility.  

 

Month PITC Malaria testing Comments 

 VCT  Lab  ANC Total mRDT Bloodslides Total (Include stock outs, 
expired kits, supply 
delays etc) 

January         

 

February         

 

March         

 

April         

 

May         

 

June         

 

July         

 

August         

 

September         

 

October         

 

November         

 

December         
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Definitions 
• Passive referral (HIV positive clients are encouraged by the provider to disclose their 

status to their sexual and/or injecting partner by themselves, and to also suggest HTS 
to their partner(s) given their potential exposure to HIV.

• Assisted Partner Notification services: when consenting HIV positive clients are 
assisted by a trained provider to disclose their status to or to anonymously notify their 
sexual and/or injecting partner of their potential exposure to HIV. The provider then 
offers HIV testing to these partner(s). 

• Contract referral: HIV-positive clients enter into a contract with a trained provider 
and agree to disclose their status and the potential HIV exposure to their partner(s) 
by themselves and to refer their partner(s) to HTS within a specific time period. If the 
partner(s) of the HIV-positive individual does not access HTS or contact the health 
provider within that period, then the provider will contact the partner(s) directly and 
offer voluntary HTS.

• Provider referral: With the consent of the HIV-positive client, a trained provider 
confidentially contacts the person’s partner(s) directly and offers the partner(s) 
voluntary HTS.

• Dual referral: A trained provider accompanies and provides support to HIV positive 
clients when they disclose their status and the potential exposure to HIV infection to 
their partner(s). The provider also offers voluntary HTS to the partner(s).
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Additional File 7: Facility Data Form (Supplementary form) 
Month________________________ 

(Collect data on the total number of the test recorded and write in brackets the number of positive cases). 

 

Comments (Stock outs, expired kits etc) 
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
______________________________________________________ 

Week 

 

 
(dd/mm/yyyy) 

 

Total VCT (HIV+) VCT 

 (18-39 years) 
(HIV+) 

Total Lab  

(HIV+) 

Lab 

(18-39 years) 

(HIV+) 

ANC 
(18-39 
years) 

(HIV +) 

Total 
ANC 

(HIV+) 

Females Males Females Males Females Males Females Males   

Week 1  

___/____/____ 

To  

___/____/____ 

 

          

Week 2  

___/____/____ 

To  

___/____/____ 

 

          

Week 3 

___/____/____ 

To  

___/____/____ 

 

          

Week 4  

___/____/____ 

To  

___/____/____ 

 

          

Week 5 

___/____/____ 

To  

___/____/____ 
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Month________________________ 

(Collect data on the total number of the test recorded and write in brackets the number of positive cases).  

MALARIA TESTING 
Week 

 

 
(dd/mm/yyyy) 

 

Total mRDT 

(+) 

mRDT 

 (18-39 years) (+) 

Total blood slides 

(+) 

Total blood slides 

(18-39 years) 

(+) 

Comments (any 
stock outs, 
expired kits etc) 

Females Males Females Males Females Males Females Males  

Week 1  

___/____/____ 

To  

___/____/____ 

 

         

Week 2  

___/____/____ 

To  

___/____/____ 

 

         

Week 3 

___/____/____ 

To  

___/____/____ 

         

Week 4  

___/____/____ 

To  

___/____/____ 

         

Week 5 

___/____/____ 

To  

___/____/____ 

 
 

 

         

 
Completed by (initials)_______
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ABSTRACT 

Background:  HIV testing is the essential first step to stop HIV transmission.  We aimed 
to evaluate HIV testing history and new diagnoses among adult outpatients in Kenya aged 
18-39 years seeking care for symptoms of acute HIV infection (AHI).

Methods:  The Tambua Mapema Plus study enrolled patients presenting to care with 
symptoms of AHI for a targeted HIV-1 nucleic acid (NA) testing intervention. Intervention 
participants underwent a questionnaire and NA testing, followed by rapid antibody tests if 
NA-positive. Multinomial logistic regression was used to analyse factors associated with 
never testing or testing >1 year ago (“late retesting”) relative to testing ≤1 year ago (“on-
time testers”). Logistic regression was used to analyse factors associated with new HIV 
diagnosis. All analyses were stratified by sex.

Results:  Of 1,500 participants, 613 (40.9%) were men. Overall, 250 (40.8%) men vs. 364 
(41.0%) women were late retesters, and 103 (16.8%) men vs. 50 (5.6%) women had never tested 
for HIV prior to enrolment. Younger age, single status, lower education level, no formal 
employment, childlessness, sexual activity in the past 6 weeks, and >1 sexual partner were 
associated with testing history among both men and women. Intimate partner violence 
>1 month ago, a regular sexual partner, and concurrency were associated with testing 
history among women only. New diagnoses were made in 37 (2.5%) participants (17 men 
and 20 women), of whom 8 (21.6%) had never tested and 16 (43.2%) were late retesters. 
Newly-diagnosed men were more likely to have symptoms for >14 days, lower education 
level and no religious affiliation and less likely to be young, single, and childless than 
HIV-negative men; newly-diagnosed women were more likely to report fever than HIV-
negative women. Among men, never having tested was associated with 5-fold increased 
odds (95% confidence interval 1.4-20.9) of a new diagnosis relative to on-time testers in 
adjusted analyses. 

Conclusion:  Most new HIV diagnoses were made among participants who had never 
tested or tested >1 year ago. Strengthening provider-initiated testing and adoption of an 
“opt-out” HIV testing approach targeting never testers and late retesters could decrease 
time to diagnosis among symptomatic adults in coastal Kenya.

Trial registration: ClinicalTrials.gov Identifier: NCT03508908 registered on April 26, 
2018.

Key words: HIV testing, coverage, primary care, acute HIV 
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BACKGROUND

Globally, an estimated one in five people living with HIV (PLWH) are unaware of their 
HIV status (1). Within Eastern and Southern Africa, groups that have gaps in terms of 
access to and uptake of HIV testing services (HTS) include key populations, partners of 
PLWH, men and young people (1). The UNAIDS 2020 report highlights sex disparities 
in the HIV epidemic, with new infections decreasing more rapidly among women than 
among men and boys globally (2). In Eastern and Southern Africa, despite a larger burden 
of women infected with HIV compared to men, testing rates, treatment coverage and viral 
suppression were higher among women, resulting in lower AIDS-related mortality rates 
among women compared to men in 2019 (2).

Several factors are associated with a lower likelihood of HIV testing in studies conducted in 
sub-Saharan Africa (SSA) including younger age (adolescents), male sex, less than primary 
education, lower socioeconomic status and having multiple sexual partners (3). Masculine 
norms influence men’s engagement in the HIV care continuum in SSA, including HIV 
testing (4), clinic attendance, ART initiation and treatment continuation (5, 6). Additional 
problems contributing to low HIV test uptake among men include stigma, discrimination 
and low risk perception, often leading to diagnosis with advanced disease and delays in 
care linkage (4, 5, 7-13). Amongst women, HIV testing has largely been integrated within 
antenatal care (ANC) services and has led to greater test coverage for women, with an 
estimated 60.7% of women in SSA receiving HIV testing as part of ANC (14).  

Kenya has an estimated 1.3 million PLWH, with a national HIV prevalence of 4.9% in 
2018, higher  among women than men (6.6% vs. 3.1%); in the same year, 36,000 new HIV 
infections were estimated (15). An estimated 62% of all new infections were among young 
people aged 15-29 years, with 15-24-year-olds contributing 42% in 2020 (16). Kenya’s HIV 
testing policies are geared towards attainment of the 2020 UNAIDS first 90 goal (i.e., 
that 90% of PLWH be aware of their status): in 2018, 79.5% of Kenyan PLWH were aware 
of their status, 82.7% among women and 72.6% among men (15). By 2019, an estimated 
90% of PLWH knew their status (17). With the new UNAIDS goals to diagnose 95% of all 
PLWH by 2030, additional interventions are needed (18). Gender-targeted interventions 
are critical to address the sex disparities in the HIV epidemic. 

Kenyan national HTS guidelines recommend annual HIV testing for the general 
population and quarterly testing amongst those at increased risk of HIV acquisition (19). 
With provider-initiated testing and counselling (PITC) accounting for the majority (77%) 
of more than 13 million tests performed in Kenya in 2017-2018 (20), health facilities are 
an important site for intensified HIV testing. Using data obtained from the intervention 
phase of a stepped-wedge trial evaluating opt-out HIV-1 nucleic acid (NA) testing among 
young adult patients seeking care who met criteria for acute HIV infection (AHI) risk (21), 
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we assessed HIV testing history and new HIV diagnoses among male and female patients 
aged 18-39 years presenting at six outpatient clinics, evaluating factors associated with 
each outcome separately for men and for women.

METHODS 

Study design 
The Tambua Mapema Plus (TMP) study (ClinicalTrials.gov Identifier: NCT03508908) 
was a proof-of-concept trial assessing the impact of a health facility-based HIV testing 
intervention for detection of acute and chronic HIV infections using a point-of-care (POC) 
HIV-1 NA assay (Cepheid GeneXpert® HIV-1 Qual) compared with standard care among 
adult patients seeking care who met criteria for AHI risk (21). The study recruited patients 
presenting at four public and two private primary care facilities in Mombasa and Kilifi 
counties (estimated HIV prevalence in 2018, 5.6% and 2.3%, respectively) (15) along the 
Kenyan coast, where febrile illnesses are most commonly caused by bacterial infections and 
common respiratory viruses,  but malaria, dengue, and chikungunya infections are also 
endemic (22-26).  The trial used a modified stepped-wedge design to evaluate the yield of 
the HIV-1 RNA testing intervention at the six facilities among 1,500 participants in the 
intervention phase, after an observation period in which 1,375 participants were recruited 
(20). The present analysis includes data collected during the intervention period of the study. 

Study setting and population 
The six study facilities were chosen based on their proximity (within a 20-kilometer radius) 
to a Kenya Medical Research Institute (KEMRI) research clinic north of Mombasa, an 
outpatient volume ≥15 outpatient visits daily, and the availability of HIV testing services. 
Facilities chosen included 1 public dispensary, 3 health centres (2 public, 1 private) and 
the outpatient departments of 2 hospitals (1 public, 1 private). Eligibility criteria for 
participation included: 1) age 18-39 years; 2) not previously diagnosed with HIV infection; 
and 3) an AHI risk score ≥2, with 1 point each for age 18-29 years, fever, fatigue, body 
pains, diarrhoea, or sore throat and 3 points for genital ulcer disease. This risk score was 
developed in our prior work, in which participants aged 18-29 and those with the specific 
symptoms and findings included were predictive of AHI (27, 28). 

Data collection 
Data were collected from December 2017 to March 2020. Research staff (clinician or 
counsellors) obtained permission from the facility providers and study participants to 
be present during patient consultations and collected data on age, symptoms, axillary 
temperature, HIV testing history and HIV status for eligibility screening. Eligible patients 
who enrolled in the study were administered a computer-assisted self-interview (CASI) 
questionnaire collecting data on sociodemographic factors, sexual activity in the past 6 
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weeks, and if sexually active, details on sexual partners, condom use, and concurrency 
amongst the last three sexual partners. After completing the CASI, participants were 
tested first with the POC HIV-1 Qual assay, then tested with rapid HIV tests if positive, 
to distinguish acute from chronic HIV infection. All newly diagnosed participants were 
offered immediate linkage to HIV care and treatment and assisted partner services at a 
KEMRI research clinic. Detailed study procedures have been published (21).

Data analysis 
Descriptive statistics were used to summarize frequencies and percentages for categorical 
data and medians and interquartile ranges for continuous data. Comparisons by sex were 
made using Wilcoxon rank sum tests for continuous variables and Chi-square or Fisher’s 
exact tests for categorical variables, as appropriate. 

Multinomial logistic regression was used to analyse sociodemographic and sexual risk 
factors associated with never testing or testing >1 year ago (“late retesting”) relative to a 
reference category of last testing for HIV ≤1 year ago (“on-time testing”). Binomial logistic 
regression was used to analyse sociodemographic and sexual risk factors associated with 
a new HIV diagnosis, relative to testing negative. Crude relative risk ratios (RRR) and 
odds ratios (ORs) were calculated for factors associated with testing history and new HIV 
diagnosis, respectively. All analyses were stratified by sex. No multivariable analysis was 
conducted, as there was no pre-specified hypothesis.  

In a separate analysis, the association between testing history and new HIV diagnosis was 
analysed overall and by sex, with and without adjustment for those factors associated with 
both testing history and new HIV diagnosis at p<0.10 in bivariable analysis. Associations 
with a p value of ≤0.05 in multivariable modelling were considered significant. Data 
cleaning and analysis were conducted using Stata 15 (StataCorp, USA). 

RESULTS 

Characteristics of study participants
Figure 1 presents a flow diagram of study recruitment and testing outcomes. In total, 613 
men and 887 women enrolled between December 2017 and March 2020. Table 1 presents 
characteristics of the 1,500 participants. Men were older than women (median [interquartile 
range] age, 26.4 [23.3-30.8] years vs 25.1 [22.2-28.8] years; p<0.001). Most participants had 
been sexually active in the past 6 weeks. Women were more likely to have experienced 
intimate partner violence (IPV) and less likely to be sexually active than men. Compared to 
women, more men were single, had secondary education or higher, were employed, and were 
childless. Men were more likely to report fever or have a temperature ≥37.5° Celsius, whereas 
women were more likely to report symptoms starting ≤14 days ago. 
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Table 1. Clinical, sociodemographic, and sexual behaviour characteristics of 1,500 study 
participants enrolled between December 2017 and March 2020 

Characteristics Male
N (%)

Female
N (%) P value

Age
30-39 years 179 (29.2) 192 (21.7) 0.001
25-29 years 194 (31.7) 260 (29.3)
18-24 years 240 (39.2) 435 (49.0)

Marital statusa

Married 256 (41.8) 503 (56.7) <0.001
Single 334 (54.5) 319 (36.0)
Separated, Divorced, Widowed 22 (3.6) 65 (7.3)

Level of educationa

Higher education 197 (32.1) 187 (21.1) <0.001
Secondary 223 (36.4) 303 (34.2)
Primary and below 192 (31.3) 397 (44.8)

Religiona 
Christian 466 (76.0) 697 (78.6) 0.123
Muslim 132 (21.5) 181 (20.4)
None 14 (2.9) 9 (1.0)

Source of incomea

Employed 391 (63.8) 431 (48.6) <0.001
Unemployed 105 (17.1) 354 (39.9)
Casual labourers 116 (18.9) 102 (11.5)

Having childrena

Yes 261 (42.6) 585 (66.0) <0.001
No 351 (57.3) 302 (34.1)

Time since last sexual activitya

≤6 weeks ago 414 (67.5) 679 (76.6) 0.001
   More than 6 weeks ago 191 (31.2) 203 (22.9)
Never had sex 7 (1.1) 5 (0.6)

Experience of intimate partner violence (IPV)b

Never 506 (82.5) 673 (75.9) 0.007
Any IPV in the past 1 month 25 (4.1) 41 (4.6)
Any IPV >1 month ago 81 (13.2) 173 (19.5)

Temperature
<37.5 499 (81.4) 764 (86.1) 0.014
≥37.5 114 (18.6) 123 (13.9)

Reported fever 324 (52.9) 396 (44.6) 0.002
Reported fatigue 473 (77.2) 695 (78.4) 0.584
Reported body aches 410 (66.9) 603 (68.0) 0.655
Reported diarrhoea 104 (17.0) 138 (15.6) 0.466
Reported sore throat 193 (31.5) 255 (28.8) 0.255
Reported genital ulcers 42 (6.9) 71 (8.0) 0.406
Days since symptoms began ≤ 14 days 569 (92.8) 849 (95.7) 0.015
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Characteristics Male
N (%)

Female
N (%) P value

Time since last HIV test
≤ 1 year ago 260 (42.4) 473 (53.3) <0.001
More than 1 year ago 250 (40.8) 364 (41.0)
Never tested 103 (16.8) 50 (5.6)

Sexual behaviour among 414 male and 679 female participants sexually active in the past 6 weeksc

Risk group
 Sexually active general population 396 (95.7) 655 (96.5) 0.497
 Sexually active key populations’d 18 (4.4) 24 (3.5)

Self-reported number of sexual partners in the past 6 weeks 
1 partner 321 (77.5) 625 (92.1) <0.001
>1 partner 93 (22.5) 54 (8.0)

Nature of relationship with the most recent sexual partner in the past 6 weeks
Spouse 219 (52.9) 473 (69.7) <0.001
Regular partnere 93 (22.5) 125 (18.4)
Casual partner 65 (15.7) 71 (10.5)
One-time encounter 37 (8.9) 10 (1.5)

Condom use with the last sexual partnerf

No 332 (80.2) 615 (90.6) <0.001
Yes 82 (19.8) 64 (9.4)

Age of last sexual partner in the past 6 weeks 
About the same age 226 (54.6) 309 (45.5) <0.001
More than 5 years older 21 (5.1) 361 (53.2)
More than 5 years younger 167 (40.3) 9 (1.3)

HIV status of last sexual partner in the past 6 weeks 
Partner status negative or unknown 400 (96.6) 667 (98.2) 0.089
Partner status positive 14 (3.4) 12 (1.8)

Concurrency amongst the last three reported sexual partners
No 352 (85.0) 642 (94.6) <0.001
Yes 62 (15.0) 37 (5.5)

a Data missing for 1 participant due to corrupted Computer-Assisted Self-Interview (CASI) software files. 
b Includes any experience of physical, emotional or sexual IPV.
c Sexual risk behaviour data was only collected from participants who reported sexual encounters in the 
past 6 weeks.
d Key populations included sex workers n=37, men who have sex with men (MSM) n=4 and people who inject 
drugs (PWID) n=1
e Regular partner: long-term partner other than spouse
f Those who could not recall using a condom at their last sexual encounter (n= 6, 3 males and 3 females) 
were included in the no condom use category
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Among participants sexually active in the past 6 weeks (414 men and 679 women), most 
reported no same-sex behaviour or transactional sex (Table 1). Compared to men, women 
were more likely to report only one sexual partner, a spouse as their most recent sexual 
partner, no condom use with their most recent sexual partner, and HIV-negative or 
unknown status of their most recent sexual partner. Based on reported times of first and 
last sexual encounters with their last three sexual partners, most participants (90.9%) had 
no concurrent partners. While most men reported being the same age as their last sexual 
partner, most women reported that their last sexual partner was >5 years older. 

HIV testing history
Among the 1,500 participants, 733 (48.9%) had tested in the past year, 614 (40.9%) had 
tested more than a year ago, and 153 (10.2%) had never tested. Testing differed by sex, with 
260 men (42.4%) testing in the past year, 250 (40.8%) testing late, and 103 (16.8%) never 
having tested, compared to 473 women (53.3%) testing in the past year, 364 (41.0%) testing 
late, and 50 (5.6%) never having tested prior to study enrolment (Chi square p<0.001) 
(Table 1). 

HIV testing among men
Table 2 presents factors associated with late retesting and never testing among men. Lower 
education level (relative to higher education), casual labor (relative to formal employment) 
and reporting no sex in the past 6 weeks (relative to reporting sex in the past 6 weeks) were 
associated with a higher likelihood of late retesting. No sexual behaviours were associated 
with late retesting among sexually active men. Younger age (18-24 years) (relative to 30-
39 years), single marital status (relative to married), lower education level, childlessness 
(relative to having children) and reporting no sex in the past 6 weeks were associated with 
a higher likelihood of never testing. Among sexually active men, having more than one 
sexual partner in the past 6 weeks (relative to one partner) was associated with a lower 
likelihood of never testing for HIV. No clinical symptoms were associated with testing 
history.
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HIV testing among women
Table 2 also presents factors associated with late retesting and never testing among 
women. Reporting no sex in the past 6 weeks was associated with a higher likelihood, 
while having experienced IPV over a month ago (relative to never having experienced 
IPV) was associated with a lower likelihood of late retesting. Among sexually active 
women, reporting multiple sexual partners in the past 6 weeks and reporting concurrency 
among the last three sexual partners (relative to no concurrency) were associated with 
a lower likelihood of late retesting. Younger age (18-24 years), single marital status, 
unemployment, childlessness and reporting no sex in the past 6 weeks were associated 
with a higher likelihood of never testing. Primary and below education level and having 
experienced IPV over a month ago were associated with a lower likelihood of never testing. 
Among sexually active women, those who reported that their last sexual encounter was 
with a regular partner were almost 3 times as likely to have never tested for HIV, compared 
to those who reported that their last sexual encounter was with a spouse. No clinical 
symptoms were associated with testing history.

Table 3. Factors associated with new HIV diagnosis among 613 males and 887 female 
symptomatic outpatients

Logistic regression for new HIV diagnosis outcome
Participant characteristics Males Females

OR (95% CI) Wald 
p value OR (95% CI) Wald 

p value
Age

30-39 years [ref] [ref]
25-29 years 0.16 (0.03, 0.73) 0.018 1.50 (0.50, 4.45) 0.469
18-24 years 0.26 (0.08, 0.83) 0.023 0.44 (0.12, 1.52) 0.192

Marital statusa

Married [ref] [ref]
Single 0.30 (0.09, 0.96) 0.043 1.11 (0.42, 2.94) 0.840
Separated, Divorced, Widowed 3.88 (0.99, 15.32) 0.053 2.39 (0.64, 8.90) 0.196

Level of educationa

Higher education [ref] [ref]
Secondary 0.88 (0.18, 4.42) 0.878 1.24 (0.22, 6.82) 0.807
Primary and below 3.93 (1.08, 14.31) 0.038 3.38 (0.76, 15.03) 0.110

Religiona 

Christian [ref] [ref]
Muslim 1.29 (0.40, 4.13) 0.665 0.67 (0.20, 2.33) 0.533
None 6.89 (1.38, 34.56) 0.019 - -
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Logistic regression for new HIV diagnosis outcome
Participant characteristics Males Females

OR (95% CI) Wald 
p value OR (95% CI) Wald 

p value
Source of incomea

Employed [ref] [ref]
Unemployed 0.82 (0.18, 3.87) 0.807 0.97 (0.38, 2.49) 0.955
Casual labourers 2.32 (0.81, 6.65) 0.119 0.84 (0.18, 3.90) 0.826

Having childrena

Yes [ref] [ref]
No 0.04 (0.01, 0.33) 0.002 0.48 (0.16, 1.44) 0.189

Time since last sexual activitya

≤6 weeks ago [ref] [ref]
   More than 6 weeks ago 0.90 0.31, 2.59) 0.846 0.83 (0.28, 2.52) 0.746
Never had sex - - - -

Experience of IPVa,b

Never [ref] [ref]
Any IPV in the past 1 month 1.46 (0.18, 11.60) 0.718 - -
Any IPV >1 month ago 0.89 (0.20, 3.99) 0.879 1.69 (0.64, 4.47) 0.289

Temperature
<37.5 [ref] [ref]
≥37.5 1.36 (0.43, 4.25) 0.597 2.12 (0.75, 5.93) 0.154

Reported fever 1.00 (0.38, 2.64) 0.994 2.96 (1.13, 7.78) 0.028
Reported fatigue 1.39 (0.39, 4.92) 0.607 0.50 (0.20, 1.28) 0.150
Reported body aches 0.55 (0.21, 1.44) 0.222 0.46 (0.19, 1.12) 0.088
Reported diarrhoea 1.53 (0.49, 4.78) 0.468 0.96 (0.28, 3.31) 0.944
Reported sore throat 1.54 (0.58, 4.12) 0.386 1.67 (0.68, 4.14) 0.266
Reported genital ulcers 1.85 (0.41, 8.39) 0.423 1.29 (0.29, 5.65) 0.740
Days since symptoms began ≤ 14 days 0.12 (0.04, 0.36) <0.001 0.39 (0.09, 1.74) 0.218
Time since last HIV test

≤ 1 year ago [ref] [ref]
More than 1 year ago 1.04 (0.30, 3.64) 0.950 1.81 (0.72, 4.55) 0.206
Never tested 3.72 (1.15, 12.00) 0.028 1.19 (0.15, 9.68) 0.873

Sexual risk behaviour characteristics among 414 male and 679 female participants sexually active in the 
past 6 weeks
Risk group

Sexually active general population [ref] 0.054 [ref])
Sexually active key populationc 4.83 (0.98, 23.86) - -

Self-reported number of sexual partners in the past 6 weeks 
1 partner [ref] [ref]
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Logistic regression for new HIV diagnosis outcome
Participant characteristics Males Females

OR (95% CI) Wald 
p value OR (95% CI) Wald 

p value
>1 partner 2.55 (0.79, 8.23) 0.118 - -

Nature of relationship with the most recent sexual partner in the past 6 weeks
Spouse [ref] [ref]
Regular partnerd 0.39 (0.05, 3.25) 0.381 1.93 (0.65, 5.75) 0.238
Casual partner 1.72 (0.42, 7.07) 0.453 0.66 (0.08, 5.25) 0.696
One-time encounter 2.03 (0.39, 10.45) 0.398 - -

Condom use with the last sexual partnere

No [ref] [ref]
Yes 3.01 (0.93, 9.75) 0.065 2.28 (0.63, 8.21) 0.209

Age of last sexual partner in the past 6 weeks 
About the same age [ref] [ref]
More than 5 years older 2.21 (0.25, 19.85) 0.479 1.10 (0.41, 3.00) 0.847
More than 5 years younger 1.65 (0.49, 5.49) 0.417 - -

HIV status of last sexual partner in the past 6 weeks 
Partner status negative or unknown [ref] [ref] 0.202
Partner status positive - - 3.95 (0.48, 32.60)

Concurrency amongst the last three reported sexual partners
No [ref] [ref]
Yes 1.94 (0.51, 7.37) 0.332 - -

Abbreviations: IPV = intimate partner violence, OR = odds ratio, ref = reference category
a Data missing for 1 male participant due to corrupted Computer-Assisted Self-Interview software files.
b Includes any experience of physical, emotional and sexual IPV.
c Key populations included, for males: sex workers (n=13), men who have sex with men (n=4) and people who 
inject drugs (n=1), and for females: sex workers (n=24).
d Regular partner: long-term partner other than spouse
e Those who could not recall using a condom at their last sexual encounter (n= 6, 3 males and 3 females) 
were included in the no condom use category

New HIV diagnosis 
Using POC HIV-1 Qual testing, 37 (2.5%) participants were newly diagnosed with HIV 
infection: 17 men (2.8%) and 20 women (2.3%, p=0.52). Among men, all new diagnoses 
were chronic HIV; among women, there were 18 (2.0%) chronic and 2 (0.2%) acute cases. 
Six (35.3%) of 17 newly diagnosed men vs. 15 (75%) of 20 newly diagnosed women were 
aged 18-29 years (Chi square p=0.02).  

Factors associated with new HIV diagnosis 
Among men, factors associated with a lower odds of new HIV diagnosis included younger 
age, single marital status, childlessness and symptoms that started ≤14 days ago (relative 
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to >14 days ago). Lower education level and no religious affiliation (relative to Christianity) 
were associated with an increased odds of new HIV diagnosis among men, and being 
separated, widowed, or divorced had a borderline association with this outcome. Recent 
sexual behaviours were not associated with a new HIV diagnosis among men (Table 
3). Among women, reported fever was associated with increased odds of a new HIV 
diagnosis. No sociodemographic factors or sexual behaviours were associated with new 
HIV diagnosis among women (Table 3).

New HIV diagnosis and testing history 
Overall, 13 (35.1%) of new diagnoses were among on-time retesters, 16 (43.2%) among late 
retesters, and 8 (21.6%) among those who had never tested for HIV (Chi square p=0.041).  
(Table 4). New HIV diagnoses were made in 5 (29.4%) who had tested in the past year, 5 
(29.4%) who were late retesters and 7 (41.2%) men who were never testers, compared to 
8 (40.0%) who had tested in the last year, 11 (55.0%) who were late retesters and 1 (5.0%) 
who had never tested. In unadjusted analyses (Table 3), never testing was associated with 
a 3.7-fold increased odds of a new HIV diagnosis relative to on-time testing in men. After 
adjustment for factors associated with both testing history and a new HIV diagnosis, 
never testing was associated with 5-fold increased odds (adjusted odds ratio 5.4, 95% CI 
1.4–20.9) of a new HIV diagnosis among men. There was no association between testing 
history and new HIV diagnosis among women in adjusted or unadjusted analysis. 

Table 4. Association between HIV testing history and new HIV diagnosis among 1500 
symptomatic outpatients 

New diagnoses 
(n, % of 

diagnoses)

Odds Ratio 
(95% Confidence 

Interval)

Wald 
p value

Adjusted Odds Ratio 

(95% Confidence 
Interval)

Wald 
p value

Testing history, among 613 male participants1

Within past year 5 (29.4) Reference Reference
>1 year ago 5 (29.4) 1.04 (0.30, 3.64) 0.950 1.09 (0.28 4.22) 0.903
Never tested 7 (41.2) 3.72 (1.15, 12.00) 0.028 5.35 (1.37, 20.87) 0.016

Testing history, among 887 female participants2

Within past year 8 (40.0) Reference Reference
>1 year ago 11 (55.0) 1.81 (0.72, 4.55) 0.206 1.91 (0.76, 4.83) 0.169
Never tested 1 (5.0) 1.19 (0.15, 9.68) 0.873 1.09 (0.13, 8.93) 0.937

1 Adjusted for factors associated with both testing history and new HIV diagnosis at p<0.10 including age, 
marital status, education level, religion and having children among males. 
2Adjusted for body aches, the only factor associated with both testing history and new HIV diagnosis at p<0.10 
among females. 
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DISCUSSION

We evaluated factors associated with HIV test coverage and new HIV diagnosis among male 
and female adult outpatients aged 18-39 seeking care for symptoms of infectious illness at six 
health facilities in coastal Kenya. Our study highlights sex differences in the uptake of HIV 
testing, with more men than women reporting never having tested (16.8% vs 5.6%) and more 
women than men reporting on-time testing (53.3% vs 42.4%). Among both men and women, 
young, single individuals with no children were less likely to have tested. Associations 
between sexual behaviours (e.g., multiple partners, concurrency, IPV) and HIV testing were 
evident among women, but no associations between sexual behaviour and HIV testing were 
found among men. In contrast, never testing for HIV prior to the study was associated with 
a 5-fold increased odds of a new HIV diagnosis relative to on-time testing among men. 
Among men, a new HIV diagnosis was associated with reporting symptoms that started >14 
days ago, while fever was associated with a new diagnosis among women, suggesting earlier 
care-seeking by women in this population. Of note, both AHI cases were diagnosed among 
women. These findings point to a need for greater engagement of both men and women in 
the study area in HIV testing and prevention measures.

Gender norms have been shown to influence engagement in the HIV care continuum (4, 5). 
Men have traditionally viewed health facilities as feminine spaces, with fear of embarrassment 
and showing weakness when seen seeking treatment, which has often led to delayed linkage 
to care. These effects have been compounded by HIV-associated stigma and fear that HIV 
would compromise a man’s ability to work and their role as a provider or lead to an early 
death, affecting their willingness to test for HIV and engage in HIV prevention methods 
(4, 5, 7). Interestingly in our study, men who reported more than one sexual partner in the 
past 6 weeks were more likely to have ever tested for HIV, reflecting engagement with HTS 
among those with risky sexual practices. Despite a relatively high proportion of men who 
had never tested before in our study, all enrolled participants (613 males) accepted HIV 
testing when presenting for health care due to symptoms. Indeed, in the observational phase 
of the present study, we demonstrated high acceptability of HIV testing among men (~93.0%) 
in our target population (29); similar findings have been documented in other parts of SSA 
(8). This suggests missed opportunities for facility-based testing of symptomatic men in our 
setting that could be addressed with targeted interventions.

Structural barriers contribute to low testing and linkage rates among men in Kenya and 
other SSA settings. These barriers include labour opportunities requiring extended absence 
from households, long wait times and inconvenient clinic hours incompatible with work 
schedules, leading some men to assume their HIV status by proxy, adopting their wives’ 
HIV status as their own (7, 9, 12). In our study, men who reported casual labour were 
more likely to test late relative to those reporting full employment, suggesting constraints 
on their ability to test. While HIV testing outside of facilities (e.g., community, mobile 
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HIV testing and counseling, home-based testing) is acceptable to men and can achieve 
higher test coverage (12, 30), facility-based PITC such as in the current study or facility-
based self-testing as carried out in a recent study in Malawi (31) could decrease missed 
opportunities, inform clinical decision-making, and identify HIV-positive men earlier in 
the course of disease. 

We found that women were more likely to be on-time testers and to have ever tested for 
HIV compared to men. However, despite high HIV test coverage among women in Kenya 
and other settings in SSA through ANC and sexual reproductive health services (7, 15, 
30, 32, 33), young (18-24 years), single, unemployed women and those who were childless 
were more likely to have never tested in our study. This is of concern, as young women 
aged 15-24 years made up a third of new adult infections and 10% of total AIDS-related 
deaths in Kenya in 2017 (34). Interventions to increase HTS uptake and prompt linkage 
to care or prevention services among youth are needed, even though testing yield (i.e., 
HIV test positivity) will be low in these groups. Studies in western Kenya demonstrated 
increased HTS coverage could be attained among adolescent girls and young women 
through mobile, home- or community-based and oral self-testing approaches (35). 

We found that female participants engaging in riskier behaviours (i.e., multiple sexual 
partners, concurrency) had a lower likelihood of late retesting, suggesting a realistic 
assessment of their potential risk of HIV infection. Interestingly, we found that sexually 
active women whose last sexual encounter was with a regular partner were almost 3 times as 
likely to have never tested for HIV compared to those whose last sexual encounter was with a 
spouse. This could be due to a tendency to wait for marriage to test, or a fear of their partner’s 
negative reaction or rejection if women test positive (36). Our data also showed that women 
who had ever experienced IPV (25% of total) were more likely to retest late. Experiences with 
violence can undermine condom negotiation, HIV testing and linkage to care if positive 
(36, 37). Despite the integration of HTS in Gender Based Violence (GBV) services in Kenya 
(19), more efforts are needed to ensure engagement in the HIV care continuum among 
women experiencing IPV. Multi-pronged programmes aimed at increasing GBV awareness, 
addressing cultural norms and strengthening community responses have been beneficial in 
other SSA settings (38), and could be helpful for Kenyan women, along with greater access to 
education and employment opportunities that lead to women’s empowerment. 

Our study enrolled symptomatic adults 18-39 years presenting for primary care to 
detect acute and chronic HIV infection, with most new diagnoses among late retesters 
occurring among women and a large number of diagnoses among young women aged 18-
29. Both AHI cases were diagnosed in women, and women reporting fever as a symptom 
had increased odds of a new HIV diagnosis. This underscores the importance of HIV 
testing among patients, especially women, presenting to care with symptoms of AHI (27). 
Among men, whose symptoms had often lasted longer than those of women, we only 
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diagnosed chronic HIV infection. Our findings underscore the importance of prompt 
HIV testing among patients presenting with symptoms of AHI, which clearly provides 
benefits with respect to earlier HIV diagnosis and prompt linkage to care and treatment. 
In Kenya, PITC constitutes majority of HIV testing conducted yet remains incompletely 
implemented: during the observation phase of the Tambua Mapema Plus study, only 1 in 
4 symptomatic patients 18-39 years seeking care were offered an HIV test (29). Scaling 
up PITC, addressing the barriers to its implementation, and increasing knowledge and 
awareness of retesting recommendations may further reduce the sex disparities in HIV 
test such as those documented in this study. 

Our study has some limitations. First, we relied on self-reported HIV testing status and 
sexual behaviour, which may have been influenced by social desirability. Second, our 
study was conducted among adults aged 18-39 years seeking care at six health facilities in 
coastal Kenya who were at increased risk for of AHI based on a risk score algorithm. These 
results may not be generalizable to patients presenting for other reasons (e.g., trauma, 
hypertension), to symptomatic patients in other regions in Kenya, or to populations 
beyond our target age group. Third, we stratified the study population by sex, which 
reduced power but highlighted important differences between men and women. Despite 
these limitations, our study provides useful insights on the correlates of late retesting and 
never testing for HIV, and of new HIV diagnosis, among men and women seeking care for 
symptoms compatible with AHI or other acute infectious illnesses. Diagnostic evaluations 
in this population are important for clinical management, and as such, this population 
should be of high priority for HIV testing strategies.   

Conclusions
Our study evaluated the correlates of testing history and new HIV diagnosis among adults 
aged 18-39 years seeking care for symptoms of an acute infectious illness who met our 
risk score criteria. Our findings underscore the importance of facility-based HIV testing 
among adults presenting with symptoms of AHI, in order to avoid diagnostic delays 
and facilitate early linkage to HIV care and treatment. Our stratified analysis approach 
highlights the need for sex-targeted interventions. Approaches focused on scaling up 
provider-initiated HIV testing and improving HIV test uptake among key patient groups 
such as men who have never tested for HIV, and young, single men and women are needed. 
Opt-out HIV testing strategies that take into account HIV testing history (never testing or 
late retesting) could decrease time to diagnosis, greatly improve knowledge of HIV status 
and lead to better clinical outcomes. Addressing differences in HIV test uptake by men 
and women is key for achieving the UNAIDS 95-95-95 goals.
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Additional File 1: AHI Study Eligibility Form  
 
 
Start time: ______________ End time:  _______________        Volunteer ID: 
 
 
Screening ID:                                                      Facility name: _________________     
 
Date: ____/ ____/ ____  
 
     
Gender: ____ Male   ___ Female      
 
Estimated age: ____ (yrs)    
 
Permission script: We are currently conducting a study in this facility for which only some patients are eligible. We 
don’t need your name or contact information in order to see if you’re eligible. Is it OK if I ask a few questions to see 
if you are eligible? This will take about one minute. 
 
Research staff initials documenting verbal permission to screen: _________________ 
 
Axillary temperature: _______ 
 
DOB: (dd/mmm/yyyy): ____/ ____/ ____   Actual age: ____ (yrs)  
(For participants aged 18 and 39, please calculate the exact age in years and months and document in the 
comments section on the flip side of the form)  
HIV status:   
 

Ever tested for HIV?  __Yes  __ No 
 
HIV Status:   __ Positive   __ Negative/ Unknown  
 
If HIV positive: registered in care:   __Yes  __ No 
 
If HIV positive: on ART:    __Yes  __ No 

  
Patients not in care or on ART should be counselled accordingly. 
 

Have you previously enrolled in this study?     __Yes   __ No 
 
If yes, which facility: ___________________________________   Date: (dd/mmm/yyyy): ____/ ____/ ____ 
(Do not proceed with screening and enrolment if the patient has been enrolled in TMP within 6 months at any 
of the TMP study sites) 
 
If between 18 and 39 years of age and not known HIV positive, calculate risk score below: 

Characteristic Present = Yes (circle score) Absent = No (circle score) 

Age 18-29 years 1 0 

Reported fever 1 0 

Reported diarrhoea 1 0 

Reported fatigue 1 0 
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Reported body aches 1 0 

Reported sore throat 1 0 

Reported genital ulcer 3 0 

TOTAL SCORE   

If score is 2 or more (≥ 2), invite patient for Tambua Mapema Plus study.  

Malaria test requested: __Yes _ No   HIV test requested (PITC): __ Yes _ No 

Research staff Initials: _________________  
If enrolled, place sticker with participant ID number in box in right hand corner above. Please confirm all 
screening data above after written consent is obtained: 

Research staff Initials: _________________  
 
 
Please capture reason not enrolled in the table below. 
 
 

Reason Check all applicable 
Not eligible  
Too ill  
Too busy, in a hurry  
Need to ask partner  
Temporary visitor (<2 weeks in study area)  
Outside catchment area (>30 km from the KEMRI 
Mtwapa Research Clinic) 

 

Never been sexually active  
Doesn’t want to participate in research  
Patient enrolled in TMP study within 6 months at any of 
the TMP study sites 

 

Patient found to be under or over age [correct age and 
initial above] 

 

Patient found to have known HIV-positive status 
[correct and initial above] 

 

Patient does not want to take a HIV test  
Other, describe: ________________________ 
______________________________________ 

 

 
Comments: 
_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________ 

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________ 



569768-L-bw-Agutu569768-L-bw-Agutu569768-L-bw-Agutu569768-L-bw-Agutu
Processed on: 7-12-2021Processed on: 7-12-2021Processed on: 7-12-2021Processed on: 7-12-2021 PDF page: 198PDF page: 198PDF page: 198PDF page: 198

198

Chapter 5

 

244 
 

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________ 

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________ 

 

 

 

Stop time: ___ ___ : ___ ___ (hours) 

 

This concludes our questionnaire. Thank you very much for your time. The study team will be in 
touch with you again after your clinic visit and any testing ordered have been completed. 
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Additional File 2: Socio-Demographic Form  
CASI/CAPI to capture:  Date: ___ / ___ / _____       Start time ___ / ___ (hours)        
Staff to enter:    Sex (M or F): ___       Health facility patient (Y or N): ___ 

18. What is your current marital status? (circle one) 
 
1 = Single      2 = Married-monogamous       3 = Married-polygamous     4 = Separated or Divorced 
 
5 = Widowed 
 

19. Do you live in the same household with your spouse or regular (i.e. long term) sex partner? (circle 
one) 
 
1 = Yes          2 = No 
 

20. What is your religion? (circle one) 
 
1 = Catholic     2 = Protestant     3 = Other Christian    4 = Muslim      5 = None  
 
6 = Other, specify: _______________________________ 
 
If female, skip to Q5 
 

21. Are you circumcised? (circle one) 
 
1 = Yes          2 = No 
 

22. What is your highest level of education? (circle one) 
 
1 = Below primary      2 = Completed primary      3 = Some secondary       4 = Completed 
secondary 
 
5 = Higher education     6 = Other, specify: __________________________________ 
 

23. Do you currently have a way to support yourself financially? (circle one) 
 
1 = Yes          2 = No 

 
24. What is your major source of income? (circle one) 

 
1 = Family      2 = Spouse     3 = Formal employment   4 = Self-employed     
 
5 = No monthly income/unemployed      6 = Casual labourer      7 = Other, specify:  
 
_______________________________ 
 

25. Do you currently have a regular home or household where you live? (circle one) 
 
1 = Yes          2 = No (If No Skip to Q8b) 
 
c) Which of the following do you have (circle all that apply) 

Shared well /borehole 

Private well /borehole  
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Shared tap 

Private tap 

Purchased water 

Private toilet/latrine 

d) Which of the following do you have (circle all that apply) 

Radio 

Electricity 

Television 

Cell phone 

 

26. Do you have any children? (circle one) 
 
1 = Yes          2 = No (If No skip to Q10)  
 
c) How many children do you have? ____ children 

 
d) How many of these children currently live in your home?   ____ children 

(must be <= Q9a) 
 

(If participant is a health facility patient, continue. Otherwise, skip to question 16.)  
 

I would like to ask you some questions about the symptoms that brought you to the health 
facility today.  

27. How many days ago did your symptoms start? _____ days 
 
 

28. Have you visited any other health provider for these symptoms before this visit? (circle one) 
 
1 = Yes          2 = No 
 

29. If yes to Q11, what type of provider did you visit? (circle all that apply)  
 
1=Pharmacy   2=Traditional healer     3=Other health facility, specify: ________________ 
 

30. If yes to Q11, when did you visit a provider for your illness? (circle one) 
 
1= Today, at a different health facility     2 = yesterday      3 = in the past week   
     
 4 = in the past month    5 = more than one month ago 

 
31. Before your current symptoms started, when did you last have a similar illness (with fever, fatigue, 

diarrhea, body pains, sore throat, and/or genital ulcers)? (If answered 1, skip to the end) 
 
1 = never experienced these symptoms before now   2=within the past month    3 = 2-3 months 
ago   
     
4 = 4-6 months ago     5 = more than 6 months ago 
 

32. In general, when you've experienced symptoms like this, how likely have you been to visit 
a health care facility?  
 
57 = not at all    2 = somewhat likely      3 = very likely     4 = definitely 
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STOP HERE FOR HEALTH FACILITY PATIENTS AND CAPTURE TIME BELOW.) 
 

(If participant is a partner enrolled for HIV testing, continue below.) 
 

33. When did you last have an illness during which you experienced fever, fatigue, diarrhea, body 
pains, sore throat, and/or genital ulcers? (If answered 1, skip to the end) 
 
1 = never experienced these symptoms before now   2= within the past month    3 = 2-3 months 
ago      
 
5 = 4-6 months ago     5 = more than 6 months ago 

 
 

34. In general, when you've experienced symptoms like this, how likely have you been to visit 
a health care facility?  
 
1 = not at all    2 = somewhat likely      3 = very likely     4 = definitely 
 

CASI/CAPI to capture:             Stop time: ___/ ___ (hours) 
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Additional File 3: Risk Assessment Form  

 

Start time: ___ ___ : ___ ___ hrs 

 

We would like to get some information about your sexual behaviour as part of this study. There are 
many kinds of sex. For this questionnaire, we are interested in two kinds: sex when a man’s penis 
goes inside a woman’s vagina (vaginal sex) or anus (anal sex), or sex when a man’s penis goes 
inside a man’s anus (anal sex).  

Please answer to the best of your ability. 
1. When did you last have sexual intercourse? (Circle one) 

 
1=Within past 2 days    2=Within past week    3=Within past 2 weeks     4= Within past 6 weeks   
 
5=More than 6 weeks ago      6=Never had sex 
 

If Q1 response = 5 or 6, then skip to Q50. 
 

2. How many people have you had sexual intercourse with in the last 6 weeks?  If you are not sure of 
the exact number, please take your best guess. _____ 

3. Of these people, how many were women? _____ 

4. Of these people, how many were men? _____ 

5. Of the people you had sex with in the last 6 weeks, how many were in each of the following 
categories: 
 
Spouse _____           Regular (long-term partner other than spouse) _____           
 
Casual (short-term partner) _____                  One-time encounter _____ 

6. Of the people you had sex with in the last 6 weeks, how many were in each of the following 
categories: 
 
They paid you money, gifts or your living expenses for sex _____                 
You paid them money, gifts or their living expenses for sex _____ 
 

I am now going to ask about the person you had sex with most recently in the past 6 weeks. 

 
7. Was your most recent partner a man or a woman?   

                                           Man                            Woman 
8. How would you describe your relationship with this person?  

 
1=Spouse   2=Regular partner   3=Casual partner   4=One-time encounter       
 
5=Other: ______________ (type description) 
 

9. When did you last have sex with this person? If you do not know the exact date, please make your 
best guess.  
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Date: ___ / ___ / _____ (day / month / year) (If Q8=4, skip to Q12) 
 

10. When did you have sex with this person for the very first time? If you do not know the exact date, 
please make your best guess. 
 
Date: ___ / ___ / _____ (day / month / year) 

11. Do you expect to have sex with this person again in the future? (Circle one) 
 
1=Definitely yes          2=Probably yes          3=Not sure                 4=Probably no      
 
 5=Definitely no 

12. What is the age of this person? (Circle one) 
 
1=About the same age as me        2=More than 5 years older than me        3=More than 5 years 
younger than me 

13. If Q8 response is not 1: Is he or she married?           Yes                No                    Don’t know 
 

14. As far as you know, has this person had any other sexual partners besides you in the last 6 weeks? 
(Circle one) 
 
 1=Definitely yes     2=Probably yes     3=Not sure     4=Probably no        5=Definitely no 

15. If Q14 response ≤2: As far as you know, are this person’s other partners male or female? (Circle 
one)     
  1=Male      2=Female         3=Both       4=Not sure 

16. When you last had sex with this person, did you use a condom?   Yes        No        Don’t remember  

17. Heterosexual partnerships: If volunteer is male (Form 2A Staff Entered) and current partner is 
female (Q7 = woman) or if volunteer is female (Form 2A Staff Entered) and current partner is 
male (Q7 = man): 
 
17a. During your relationship so far, how often have you had vaginal sex with this partner on 
average? (Circle one) 
1=Daily      2=Almost every day       3=Once a week     4=Less often than once a week 
 
17b. When you have had vaginal sex with this partner, how often did you use a condom? 
1=Always      2=Most of the time       3=About half the time     4=Rarely         5=Never 
 
17c. During your relationship so far, how often have you had anal sex with this partner on average?  
(Circle one) 
1=Daily      2=Almost every day       3=Once a week     4=Less often than once a week      5=Never 
 
17d. If Q17c response is not never: When you have had anal sex with this partner, how often did you 
use a condom? 
1=Always       2=Most of the time      3=About half the time     4=Rarely         5=Never 

18. MSM: If volunteer is male (Form 2A Staff Entered) and current partner is male (Q7 = man):  
 
18a. During your relationship so far, how often have you had anal sex with this partner in an average 
week?  (Circle one) 
1=Daily      2=Almost every day       3=Once a week     4=Less than once a week         5=Never 
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18b. If Q18a response is not never: When you have had anal sex with this partner, how often did you 
use a condom? 
1=Always       2=Most of the time      3=About half the time     4=Rarely         5=Never 
 
18c. When you have anal sex with this partner, what role do you take? (Circle one) 

1=Exclusively insertive                 2=Mostly insertive       

3=Insertive about half the time and receptive about half the time 

4=Mostly receptive                       5=Exclusively receptive 

19. What do you think this person’s HIV status is? (Circle one) 
 
1= HIV positive    2= Probably HIV positive   3=I have no idea   4= Probably HIV negative   
 
5= HIV negative 

20. If Q19 response is not 3: Please indicate all of the reasons you have for thinking this (circle all that 
apply) 
 
1=We discussed our HIV status          2=We did couple counselling together                                         
 
3=He / she seemed healthy                4= He /she seemed unhealthy          5= I heard rumours       
 
6=He / she told me is taking ARVs     7=I have seen him or her taking pills           8=Don’t know 
 

If Q2>1, continue for the second most recent partner. Otherwise, skip to Q50. 

I am now going to ask about the person you had sex with the second most recently in the past 6 
weeks. 

 

21. Your second most recent partner, was this person a man or a woman?                                             
Man                            Woman 

22. How would you describe your relationship with this person?  
 
1=Spouse   2=Regular (long-term) partner   3=Casual (short-term) partner    
 
4=One-time encounter        5=Other: ______________ (type description) 
 

23. When did you last have sex with this person? If you do not know the exact date, please make your 
best guess.  
 
Date: ___ / ___ / _____ (day / month / year) (If Q22=4, skip to Q26) 

24. When did you have sex with this person for the very first time? If you do not know the exact date, 
please make your best guess. 
 
Date: ___ / ___ / _____ (day / month / year) 

25. Do you expect to have sex with this person again in the future? (Circle one) 
 
1=Definitely yes          2=Probably yes          3=Not sure                 4=Probably no      
 
 5=Definitely no 

26. What is the age of this person? (Circle one) 
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1=About same age as me        2=More than 5 years older than me        3=Less than 5 years younger 
than me 

27. If Q22 response is not 1: Is he or she married?           Yes                No                    Don’t know 
 

28. As far as you know, has this person had any other sexual partners besides you in the last 6 weeks? 
(Circle one) 
 
 1=Definitely yes     2=Probably yes     3=Not sure     4=Probably no        5=Definitely no 

29. If Q28 response ≤2: As far as you know, are this person’s other partners male or female? (Circle 
one)     
 1=Male      2=Female         3=Both             4=Not sure 

30. When you last had sex with this person, did you use a condom?   Yes        No        Don’t remember  

31. Heterosexual partnerships: If volunteer is male (Form 2A Staff Entered) and current partner is 
female (Q21 = woman) or if volunteer is female (Form 2A Staff Entered) and current partner is 
male (Q21 = man): 
 
31a. During your relationship so far, how often have you had vaginal sex with this partner on 
average? (Circle one) 
1=Daily      2=Almost every day       3=Once a week     4=Less often than once a week 
 
31b. When you have had vaginal sex with this partner, how often did you use a condom? 
1=Always      2=Most of the time       3=About half the time     4=Rarely         5=Never 
 
31c. During your relationship so far, how often have you had anal sex with this partner on average?  
(Circle one) 
1=Daily      2=Almost every day       3=Once a week     4=Less often than once a week      5=Never 
 
31d. If Q31c response is not never: When you have had anal sex with this partner, how often did you 
use a condom? 
1=Always       2=Most of the time      3=About half the time     4=Rarely         5=Never 

32. MSM: If volunteer is male (Form 2A Staff Entered) and current partner is male (Q21 = man):  
 
32a. During your relationship so far, how often have you had anal sex with this partner in an average 
week?  (Circle one) 
1=Daily      2=Almost every day       3=Once a week     4=Less than once a week          5=Never 
 
32b. If Q32a response is not never: When you have had anal sex with this partner, how often did you 
use a condom? 
1=Always       2=Most of the time      3=About half the time     4=Rarely         5=Never 
 
32c. When you have anal sex with this partner, what role do you take? (Circle one) 

1=Exclusively insertive                 2=Mostly insertive       

3=Insertive about half the time and receptive about half the time 
4=Mostly receptive                       5=Exclusively receptive 

33. What do you think this person’s HIV status is? (Circle one) 
 
1= HIV positive    2= Probably HIV positive  3=I have no idea   4= Probably HIV negative   
 
5= HIV negative 
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34. If Q33 response is not 3: Please indicate all of the reasons you have for thinking this (circle all that 
apply) 
 
1=We discussed our HIV status          2=Did couple counselling together                                         
 
3=He / she seemed healthy                4= He /she seemed unhealthy          5= I heard rumours       
 
6=He / she told me is taking ARVs     7=I have seen him or her taking pills           8=Don’t know 

If Q2>2, continue for the third most recent partner. Otherwise, skip to Q49. 

I am now going to ask about the person you had sex with the third most recently in the past 6 weeks. 

 

35. Your third most recent partner, was this person a man or a woman?                                             Man                            
Woman 

36. How would you describe your relationship with this person?  
 
1=Spouse   2=Regular (long-term) partner   3=Casual (short-term) partner    
 
4=One-time encounter        5=Other: ______________ (type description) 
 
 

37. When did you last have sex with this person? If you do not know the exact date, please make your 
best guess.  
 
Date: ___ / ___ / _____ (day / month / year) (If Q36=4, skip to Q40) 

38. When did you have sex with this person for the very first time? If you do not know the exact date, 
please make your best guess. 
 
Date: ___ / ___ / _____ (day / month / year) 

39. Do you expect to have sex with this person again in the future? (Circle one) 
 
1=Definitely yes          2=Probably yes          3=Not sure                 4=Probably no      
 
 5=Definitely no 

40. What is the age of this person? (Circle one) 
 
1=About same age as me        2=More than 5 years older than me        3=Less than 5 years younger 
than me 

41. If Q36 response is not 1: Is he or she married?           Yes                No               Don’t know 

42. As far as you know, has this person had any other sexual partners besides you in the last 6 weeks? 
(Circle one) 
 
 1=Definitely yes     2=Probably yes     3=Not sure     4=Probably no        5=Definitely no 

43. If Q42 response ≤2: As far as you know, are this person’s other partners male or female? (Circle 
one)     
 1=Male      2=Female         3=Both           4=Not sure 

44. When you last had sex with this person, did you use a condom?   Yes        No        Don’t remember  
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45. Heterosexual partnerships: If volunteer is male (Form 2A Staff Entered) and current partner is 
female (Q35 = woman) or if volunteer is female (Form 2A Staff Entered) and current partner is 
male (Q35 = man): 
 
45a. During your relationship so far, how often have you had vaginal sex with this partner on 
average? (Circle one) 
1=Daily      2=Almost every day       3=Once a week     4=Less often than once a week 
 
45b. When you have had vaginal sex with this partner, how often did you use a condom? 
1=Always      2=Most of the time       3=About half the time     4=Rarely         5=Never 
 
45c. During your relationship so far, how often have you had anal sex with this partner on average?  
(Circle one) 
1=Daily      2=Almost every day       3=Once a week     4=Less often than once a week      5=Never 
 
45d. If Q45c response is not never: When you have had anal sex with this partner, how often did you 
use a condom? 
1=Always       2=Most of the time      3=About half the time     4=Rarely         5=Never 

46. MSM: If volunteer is male (Form 2A Staff Entered) and current partner is male (Q35 = man):  
 
46a. During your relationship so far, how often have you had anal sex with this partner in an average 
week?  (Circle one) 
1=Daily      2=Almost every day       3=Once a week     4=Less than once a week       5=Never 
 
46b. If Q46a response is not never: When you have had anal sex with this partner, how often did you 
use a condom? 
1=Always       2=Most of the time      3=About half the time     4=Rarely         5=Never 
 
46c. When you have anal sex with this partner, what role do you take? (Circle one) 

1=Exclusively insertive                 2=Mostly insertive       

3=Insertive about half the time and receptive about half the time 
4=Mostly receptive                       5=Exclusively receptive 

47. What do you think this person’s HIV status is? (Circle one) 
 
1= HIV positive    2= Probably HIV positive  3=I have no idea   4= Probably HIV negative   
 
5= HIV negative 

48. If Q47 response is not 3: Please indicate all of the reasons you have for thinking this (circle all that 
apply) 
 
1=We discussed our HIV status          2=Did couple counselling together                                         
 
3=He / she seemed healthy                4= He /she seemed unhealthy          5= I heard rumours       
 
6=He / she told me is taking ARVs     7=I have seen him or her taking pills     8=Don’t know 
 

49. Have you participated in group sex (that is sex with more than 1 person at the same time) in the past 
6 weeks?                1=Yes                2=No 
 

IPV Questions: “I would like to ask you some questions about your current and past 
relationships.  
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Stop time: ___ ___ : ___ ___ (hours) 
This concludes our questionnaire. Thank you very much for your time. The study team will be in 
touch with you again after your clinic visit and any testing ordered have been completed. 
 

 

 

 

. 

50. Have you ever been in a relationship with a person who physically hurt you?  
1=Yes               2=No (If Q50=No, skip to Q51) 
 
How recently did this happen? 
1=In the past 1 month              2=Not in the past 1 month 
 

51. Have you ever been in a relationship with a person who threatened, frightened, or insulted, or 
treated you badly?  
1=Yes               2=No (If Q51=No, skip to Q52) 
 
How recently did this happen? 
1=In the past 1 month              2=Not in the past 1 month 
 

52. Have you ever been in a relationship with a person who forced you to participate in sexual activities 
that made you feel uncomfortable?  
1=Yes               2=No (If Q52=No, skip to Q53) 
 
How recently did this happen? 
1=In the past 1 month              2=Not in the past 1 month 
 

Injection Drug Use Questions: “I would like to ask you some questions about whether you 
inject drugs such as heroin, cocaine, or other drugs.” 

 

53. Have you injected drugs in the past 6 weeks?           1=Yes                 2=No 

54. If Q53 = yes: Did you share needles with someone else at any time in the past 6 weeks?     1=Yes            
2=No 

55. If Q53 = yes: How often do you inject drugs?      1=Daily           2=Less than daily 
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Additional File 4: HIV Testing, Intervention Period Form   

Date: ___ / ___ / _____ 

1 How much did you pay for transport to the 
clinic? 

□ Nothing  
□ Ksh________  

2 How much did you pay for registration 
(public facility) or consultation (private 
facility) today? 
(Tick all that apply) 

□ Nothing  

□ Ksh________ 

□ I used my NHIF card  
□ Other, specify ____________ 

3 How much did you pay for lab 
investigations?  
(Tick all that apply) 

□ Nothing  

□ Ksh ________  
□ I used my NHIF card  
□ Not Applicable 
□ Other, specify ____________ 

4 Did you miss work to go to the clinic? □ No (Skip to Q5) 

□ Yes  

4a How many hours of work did you miss? □ Less than 4 hours 

□ 4 to 8 hours  
□ More than 8 hours 

5 Did you have to make special 
arrangements for someone to look after 
your dependents (child or adult) while you 
came to the clinic today? 

□ No (skip to Q6) 

□ Yes  
 

5a Who did you leave to look after your 
dependents? 

□ Relative   

□ Friend 

□ Temporary house help/nanny   

□ Other; specify: ___________ 

5b How much did you pay the person who 
looked after your dependents? 

□ Nothing  

□ Ksh________ 

6 How much did you spend on drinks or 
food during your clinic visit? 

□ Nothing  
□ Ksh ________  

7 How much time did you spend at the clinic 
today? 

□ Less than 2 hours 

□ 2 to 4 hours  
□ More than 4 hours 

One of our goals is to understand more about HIV testing in clinics. Please think about today’s 
visit, and the last time you tested for HIV infection. 

8 Did clinician ask you to take an HIV test 
today? 

□ No  

□ Yes (Skip to Q11) 
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If patient tested Xpert negative, thank him or her and conclude the interview. Initial and 
date the form. 
 

9 Did you ask clinician for an HIV test 
today? 

□ No  

□ Yes (Skip to Q11) 

10 Would you have done an HIV test today if 
you were asked to take one? 

□ No 

□ Yes  

□ Don’t know 

11 Before this visit, when did you last test for 
HIV infection? 

Month / Year 
______ / ______ 
 
Never tested _____  (skip to Lab 
test observation section) 

11a If previously tested, what was the last HIV 
test result? 

____ Negative 

____ Positive 

____ Unknown 

Lab test observations: Research staff to complete 

12 Was malaria testing requested at today’s 
visit? 

□ No (skip to Q13) 

□ Yes 

12a Was malaria testing performed? □ No 

□ Yes 
 
If no, comment then skip to Q13: 
 
 

12b What was the result of the malaria test? □ Negative 

□ Positive 

13 What was the result of today’s Xpert test? 
 
KEMRI field worker verify test result from 
log book and initial when done_____ 

____ Negative (skip to end) 

____ Positive 

 

13a What was the result of today’s HIV rapid 
test? (check one) 

 
KEMRI field worker verify test result from 
log book and initial when done_____ 

____ Negative 

____ Positive 

____ Discordant 
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KEMRI Research counsellor/clinician Initials ______  Date: ___/____/____ 

If patient tested HIV positive, complete each step below and initial when completed: 

 
___ Inform patient of the 6-week visit to follow-up linkage to care 
 
___ Collect patient’s contact information (Form 4)  
 
___ Counsel patient about HIV infection, linkage, and treatment 
 

KEMRI Research counsellor/clinician Initials ______  Date: ___/____/____ 
 

 
Assisted partner services (aPS) intervention 

___ Consent patient for aPS intervention (consent form 3: Assisted Partner 
Notification)  

• Did patient enrol in enhanced aPS intervention?                                                 

          
                                  Yes          No 

___ If no, counsel patient to inform his/her sexual partners that they should test for 
HIV 
 

KEMRI Research counsellor/clinician Initials ______  Date: ___/____/____ 
 

ART Cohort Linkage 

____ Accompany patient to KEMRI Mtwapa clinic for same-day ART cohort enrolment  

____ If same-day visit not possible, confirm patient contacts and provide KEMRI 
Mtwapa Clinic appointment card for the next business day. Offer to escort the 
patient if desired.  

       ____ KEMRI appointment provided, date: ___ / ___ / ____ 

• Did patient enrol in KEMRI clinic follow-up?                                            
            Yes          No 

____ If patient refuses KEMRI Mtwapa Clinic follow-up, refer patient to care centre of 

choice (care centre__________________) 

_____ Issue appointment card for 6-week visit (Date of 6-week visit ___/____/____, 

time__________ place of 6-week visit ______________________________________) 

 

KEMRI Research counsellor/clinician Initials ______  Date: ___/____/____ 
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ABSTRACT

Background: In sub-Saharan Africa, adult outpatients with symptoms of acute infectious 
illness are not routinely tested for prevalent or acute HIV infection (AHI) when seeking 
healthcare. 

Methods:  Adult symptomatic outpatients aged 18-39 years were evaluated by a consensus 
AHI risk score. Patients with a risk score ≥2 and no previous HIV diagnosis were enrolled 
in a stepped-wedge trial of opt-out delivery of point-of-care (POC) HIV-1 nucleic acid 
testing (NAAT), compared to standard provider-initiated HIV testing using rapid tests 
in the observation period. The primary outcome was the number of new diagnoses in 
each study period. Generalized estimating equations with a log-binomial link and robust 
variance estimates were used to account for clustering by health facility. The trial is 
registered with ClinicalTrials.gov NCT03508908.

Results: Between 2017-2020, 13 (0.9%) of 1374 participants in the observation period 
and 37 (2.5%) of 1500 participants in the intervention period were diagnosed with HIV 
infection. Of the 37 newly diagnosed cases in the intervention period, 2 (5.4%) had AHI. 
Participants in the opt-out intervention had a 2-fold greater odds of being diagnosed 
with HIV (odds ratio: 2.2, 95% confidence interval: 1.39–3.51) after adjustment for factors 
imbalanced across study periods. 

Conclusions: Among symptomatic adults aged 18-39 years targeted by our POC NAAT 
intervention, we identified one chronic HIV infection for every forty patients and one 
AHI patient for every 750 patients tested. While AHI yield was low in this population, 
routinely offered opt-out testing could diagnose twice as many patients as an approach 
relying on provider discretion.

Key words: HIV infection, diagnostic tests, serology, viral load, point of care, partner 
notification, acute HIV infection
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INTRODUCTION 

Kenya has the fifth largest HIV epidemic in the world, with an estimated adult population 
prevalence of 4.9% and 1.3 million adults living with HIV in 2018 [1]. While 80% of people 
living with HIV (PLWH) know their status, one in five PLWH remain undiagnosed [1]. 
HIV testing is the essential first step for the UNAIDS 95-95-95 goals to be reached, and 
strategies to improve HIV case finding should be optimized [2]. 

Finding undiagnosed PLWH in a declining HIV epidemic is challenging [1, 3]. While 
conventional facility-based HIV testing and counselling (HTC) has not achieved high 
testing coverage in sub-Saharan Africa [4], facility-based HIV testing presents several 
unique opportunities to identify PLWH, offer HIV care and treatment to people newly 
diagnosed, and ensure that prevention options are extended to partners of PLWH. First, 
symptomatic people seeking healthcare are concerned about their health and entitled to 
a diagnosis or the exclusion thereof. Second, providers need to know the HIV status of 
their patients in order to make appropriate diagnosis, treatment, and management plans. 
Third, communities in the catchment areas of health facilities are entitled that all is done 
to mitigate ongoing transmission of a preventable illness, and lastly, healthcare policy 
makers should expect returns on HIV testing policies targeting the population at large.

In sub-Saharan Africa, provider initiated testing and counselling (PITC) is offered to 
only approximately one in five adult patients seeking healthcare [4]. Challenges impacting 
uptake of PITC include logistics, data systems, and human resources and management 
– reflecting the weaknesses of health systems in the region [5]. Most patients are willing 
to be tested [6, 7], but the yield of PITC even in highly endemic areas has been recently 
estimated at around 1% [3]. Therefore, HIV testing of patients seeking healthcare should be 
strategic and targeted to increase both the yield and number of newly diagnosed patients. 

One weakness, however, of routine rapid tests for HIV diagnosis is that they do not 
identify patients with acute HIV infection (AHI) [8, 9]. AHI is typically defined as the first 
weeks after HIV acquisition, during which HIV antibodies are undetectable [10]. While 
some AHI patients remain asymptomatic, most experience an acute illness approximately 
2 weeks following infection, and the majority of these patients seek healthcare [11-15]. 
Common symptoms of AHI include fever, joint and muscle pains, headache, and fatigue 
[16]. Diagnosing AHI is important, as patients with AHI have very high viral loads in the 
few weeks following acquisition, and their sexual behaviour is unlikely to change until 
they are diagnosed, linked to HIV care and initiated on antiretroviral therapy (ART) [17, 
18]. AHI is not easily diagnosed using point-of-care (POC) antigen-antibody assays such 
as the Determine HIV 1/2 Ab/Ag Combo Rapid Test (Alere), which unfortunately has 
had inconsistent results and low sensitivity in sub-Saharan Africa [19, 20], but  can be 
diagnosed using nucleic acid amplification testing (NAAT) or p24-antigen testing [21]. 
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Previously, we showed that among adults at high risk for HIV-1 acquisition followed in 
a research cohort, 69% of those who seroconverted sought healthcare at the research 
clinic or elsewhere due to AHI symptoms [15]. While not all patients with AHI develop 
symptoms compatible with an acute retroviral syndrome [22], AHI symptoms are more 
common among patients infected with subtype A than subtype C or D, and most HIV 
infections in Kenya are subtype A [23]. Undiagnosed AHI is associated with substantial 
risk of onward HIV transmission and a common occurrence overlooked [24]. In two 
pilot studies conducted by our group in coastal Kenya in 2013 and 2016, we showed that 
AHI could be detected in approximately 1% of symptomatic adults who had negative or 
discordant HIV rapid test results [25, 26]. For the present study, we used a consensus AHI 
risk score derived from pooled data from Kenya, Malawi, and South Africa [16].  With the 
recent availability of POC HIV-1 NAAT platforms in sub-Saharan Africa, real-time AHI 
testing before the patient leaves the clinic has become feasible [27], and could be used to 
supplement opt-out testing approaches in health facilities. 

In the present proof-of-concept study, we evaluated the yield of a targeted HIV-1 testing 
intervention offered to adults aged 18-39 years who were seeking healthcare at 4 public 
and 2 private health facilities in coastal Kenya, before and after intervention delivery, 
using a modified stepped-wedge trial design. The HIV-1 testing intervention consisted 
of opt-out POC HIV-1 NAAT followed by standard rapid antibody tests to distinguish 
AHI from chronic HIV among all adult outpatients presenting for healthcare who met 
our AHI risk score and agreed to enroll [16]. HIV-1 testing in the observation period 
consisted of PITC using standard rapid tests without additional support to facility staff 
for implementation. The primary outcome was new HIV diagnoses in each study period. 
Secondary outcomes included linkage to HIV care and ART initiation among newly 
diagnosed index participants, and the yield of HIV partner notification (HPN) using the 
HIV-1 testing intervention, when offered to their partners [28]. Our objective with the 
present analysis was to compare primary and secondary outcomes across study periods 
(pre- and post-intervention).

METHODS 

Study setting.
We conducted our study at 4 public and 2 private health facilities in a peri-urban area 
(population >100,000) in Kilifi and Mombasa County, coastal Kenya (Figure 1). HIV 
prevalence estimates in Kilifi and Mombasa counties in 2018 were 2.3% and 5.6%, 
respectively) [1]. This area has been the site of a KEMRI HIV/Sexually Transmitted 
Infection (STI) Research Clinic since 2005. We identified the participating health facilities 
(3 in Kilifi county; 3 in Mombasa county) due to their size, location (within 20 kilometers 
of our KEMRI Research Clinic), patient volume (>500 patients 18-39 years of age seen over 
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3 months) and willingness to collaborate with the research team. All clinics served general 
population patients; the four public facilities included offered limited programming for 
key populations.

Study design.
We used a modified stepped-wedge design to evaluate the yield of the HIV-1 NAAT 
intervention, before (1,375 patients) and after (1,500 patients) intervention delivery [28]. 
We chose a modified stepped-wedge trial design as the intervention would do more 
good than harm and it was not practical to deliver the intervention simultaneously to all 
participants, due to resource constraints. Each phase lasted 6 months per site, with the 
exception of the first site having only 3 months of observation [28]. The primary outcome 
was a new HIV diagnosis, combining chronic HIV and AHI diagnoses.

Study population.
Eligibility criteria for participation included: age from 18-39 years; not previously 
diagnosed with HIV infection; and a score ≥2 on our published AHI risk score algorithm 
[16], with scoring as follows: age 18-29 years (1), fever (1), fatigue (1), body pains (1), 
diarrhea (1), sore throat (1), and genital ulcer disease (GUD) (3). Patients who agreed to 
screening and were eligible were offered enrolment after consenting by the research team.

Figure 1: Map of Tambua Mapema Plus study sites
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Observation Period.
In the observation period, HIV testing was only done if ordered by the primary care 
clinician and was carried out using HIV rapid testing per Kenyan Ministry of Health 
guidelines [29]. Up to 20 participants were targeted for enrolment each week (maximum 
of 4 per day). Following the clinical consultation and prior to HIV testing (if ordered), 
research procedures in the observation period consisted of a computer-assisted self-
interview (CASI)/computer-assisted personal interview (CAPI) to assess sociodemographic 
characteristics, HIV testing history and sexual risk behaviour. Participants found to be 
HIV negative and those not tested ended their participation at the baseline visit. Those 
newly diagnosed with HIV had a follow-up home visit at 6 weeks, which included a second 
CASI/CAPI assessing linkage to HIV care and treatment, as well as partner outcomes. 
Those who had not yet notified partners at this time point were offered standard HPN 
services [30]. 

Intervention Period.
Screening and enrolment procedures were similar as in the observation period. However, 
all enrolled participants were routinely offered the POC HIV-1 NAAT, followed by two 
rapid HIV tests when the X-pert was positive (details below). Test results were provided 
to participants in real-time, with post-test counselling by research staff. Newly diagnosed 
intervention period study participants were offered enrolment in a HIV care cohort at the 
nearby KEMRI Research Clinic and encouraged to start Government-provided ART upon 
linkage (the same day as diagnosis or as soon as possible). These index patients were asked 
about sexual partners in the past year (chronic HIV infection) or past 3 months (AHI) 
and offered enhanced HPN, in which the HIV-1 NAAT intervention was used to test all 
partners successfully reached. Index participants judged to be at moderate or high risk of 
intimate partner violence were excluded from enhanced HPN. Partners who tested positive 
were offered enrolment in the KEMRI ART cohort, while those who tested negative and 
were in an ongoing relationship with the index participant were offered enrolment into a 
PrEP cohort. Follow-up in the ART and PrEP cohorts was for 12 months.

Laboratory testing. 
A 4-mL blood sample was obtained and tested using the Xpert® HIV Qual assay (GeneXpert® 
HIV-1 Qual Cepheid, Sunnyvale, California, USA) on-site at the health facility where 
the participant was recruited and enrolled. This assay has been found to be easy to use 
and feasible in a community-based facility with limited or no laboratory infrastructure 
[24]. For participants in whom HIV-1 nucleic acid was detected, a laboratory technician 
conducted rapid antibody testing (currently Determine®, Abbott Laboratories, Abbott 
Park, Illinois, USA; and First Response®, Premier Medical Corporation, Kachigam, Nani 
Daman, India) in accordance with Kenyan HIV testing guidelines [29], to distinguish 
acute (nucleic acid positive, antibody negative or indeterminate) from chronic (antibody 
positive) HIV infection. This algorithm obviated the need to conduct both rapid antibody 
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tests and Xpert HIV-1 Qual test on the vast majority of samples, reducing overall test 
costs. 

Statistical analysis.
We compared the number and reasons of individuals who accepted vs. refused screening 
in the observation versus intervention phase, the number and reasons for screening out 
participants in each phase, and among those eligible, the number and reasons for refusing 
study participation in each phase, using Chi-square or Fisher exact tests for categorical 
variables as appropriate. We compared the proportion of patients with the following 
outcomes in the observation and intervention periods: (1) tested for HIV infection; 
(2) newly diagnosed with chronic HIV infection (i.e., HIV seropositive); and (3) newly 
diagnosed with AHI. 

We conducted analyses on the individual-level data, using generalized estimating 
equations (GEE) models to account for clustering by health facility, with a log link, 
binomial distribution, and robust variance estimates [29]. Using GEE, we first compared 
the primary outcome (i.e., new HIV diagnoses) across arms for an unadjusted estimate. 
We next compared baseline characteristics between individuals in the observation and 
intervention groups to identify imbalances across study periods. Where imbalances 
(i.e., differences significant at p<0.20) were identified, we controlled for these potential 
confounders in secondary analyses using GEE models of the primary outcome as above. 
We compared the age of newly diagnosed cases by Wilcoxson rank-sum test in the 
intervention and observation period.

ETHICAL CONSIDERATIONS

The study received ethical approval by the KEMRI Scientific and Ethical Review Unit 
(KEMRI/SERU/CGMRC-C/051/3280), the Human Subjects Division at the University of 
Washington (STUDY00001808), and the Oxford Tropical Research Ethics Committee 
(OxTREC) at the University of Oxford (Reference: 46-16). The protocol was approved 
by the Division of AIDS (DAIDS), National Institute of Allergy and Infectious Diseases 
(NIAID), National Institutes of Health (NIH) (DAIDS-ES 38181).

RESULTS 

A total of 19,464 patients aged 18-39 years sought healthcare at one of the six study health 
facilities during the period December 2017-March 2020: 9,062 patients in the observation 
period and 10,402 in the intervention period (Figure 2). Slightly more patients refused 
study screening in the observation period (0.4%) compared to the intervention period 
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(0.1%, p=0.008). Most patients (59.9%) who were ineligible had a risk score <2, while 
being outside the age range, prior HIV diagnosis, and previous participation in the study 
were less common reasons for ineligibility. More eligible patients refused enrolment in 
the intervention period (318/1,818 or 17.5%), than in the observation period (121/1,495 
or 8.1%, p<0.001), with notable increases in refusal due to HIV testing (29.3% of eligible 
intervention period patients vs. no eligible observation period patients).  

Figure 2: Consort diagram: Tambua Mapema Plus Trial profile
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In total, 3,374 participants enrolled: 1,374 in the observation period and 1,500 in the 
intervention period (Table 1). Overall, 61.7% of participants were female, 40.6% were 
employed, and the median age was 25 years (IQR, 23–30 years). The frequency of reported 
symptoms was as follows: fever (48.1%), diarrhoea (15.2%), fatigue (72.1%), body pains 
(66.1%), sore throat (28.7%), and genital ulcers (7.1%). Among those who were sexually 
active in the last 6 weeks (69.9%), 27.5% participants reported unprotected sex with a 
partner of unknown HIV status and 7.8% reported multiple partners. Among men, 0.2% 
reported same-sex behaviour.  

Table 1. Characteristics of enrolled participants, Tambua Mapema Plus Trial, coastal Kenya, 
2017-2020

Total
N=2874

Observation 
Phase, 

N=13741

Intervention 
Phase, 

N=1500
P-Value

Sex
Male
Female

1101 (38.3)
1773 (61.7)

488 (35.5)
886 (64.5)

613 (40.9)
887 (59.1)

0.088

Age (median, IQR) 25 (23,30) 25 (23,29) 26 (23,30) 0.143
Education level1

Primary or below
Secondary
Tertiary

1102 (38.4)
1068 (37.2)
699 (24.4)

513 (37.4)
542 (39.6)
315 (23.0)

589 (39.3)
526 (35.1)
384 (25.6)

0.611

Marital status1

Single
Married
Separated/divorced/ Widowed

1302 (45.4)
1394 (48.6)

173 (6.0)

649 (47.4)
635 (46.3)

86 (6.3)

653 (43.6)
759 (50.6)

87 (5.8)
0.402

Religion1

Christians
Muslim
None

2216 (77.6)
608 (21.2)

45 (1.6)

1053 (76.9)
295 (21.5)

22 (1.6)

1163 (77.6)
313 (20.9)

23 (1.5)
0.484

Source of income1

Employed
Self-employed (casual)
Unemployed

1164 (40.6)
768 (26.8)
937 (32.7)

529 (38.6)
364 (26.6)
477 (34.8)

635 (42.4)
404 (26.9)
460 (30.7)

0.046

Symptoms reported
Fever 1383 (48.1) 663 (48.3) 720 (48.0) 0.955
Diarrhoea 437 (15.2) 195 (14.2) 242 (16.1) 0.261
Fatigue 2072 (72.1) 904 (65.8) 1168 (77.9) <0.001
Body aches 1899 (66.1) 886 (64.5) 1013 (67.5) 0.185
Sore throat 824 (28.7) 376 (27.4) 448 (29.9) 0.401
Genital ulcer 204 (7.1) 91 (6.6) 113 (7.5) 0.653

Sexual risk behaviour
Risk group1

Heterosexuals
Key populations
Populations not sexually active in past 6 weeks

1948 (67.9)
61 (2.1)

860 (30.0)

897 (65.5)
19 (1.4)

454 (33.1)

1051 (70.1)
42 (2.8)

406 (27.1)
0.842

Unprotected sex with partner of unknown HIV 
status2 788 (27.5) 277 (20.2) 511 (34.1) <0.001
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Total
N=2874

Observation 
Phase, 

N=13741

Intervention 
Phase, 

N=1500
P-Value

Unprotected sex with partner of known HIV-
positive status2 26 (0.9) 5 (0.4) 21 (1.4) 0.001
Multiple sex partners2 223 (7.8) 76 (5.5) 147 (9.8) <0.001
Transactional sex2 52 (1.8) 15 (1.1) 37 (2.5) <0.001
Male same-sex behaviour2 7 (0.2) 3 (0.2) 4 (0.3) 0.833
People who inject drugs2 3 (0.1) 1 (0.1) 2 (0.1) 0.543
HIV testing history

Never tested for HIV 300 (10.4) 147 (10.7) 153 (10.2) 0.820
Tested for HIV in last year 1062 (37.0) 499 (36.3) 563 (37.5) 0.649
Tested for HIV in last 3 months 404 (14.1) 234 (17.0) 170 (11.3) 0.018

1 One participant who enrolled twice excluded after closure of the observation phase
2Missing in 5 participants (4 Observation, 1 Intervention)

In the observation phase, 352 (25.6%) participants were tested for HIV based on orders 
from a primary care clinician, of whom 13 (3.7%, or 0.9% of all observation study 
participants) were newly diagnosed with chronic HIV infection. In the intervention 
phase, all participants were tested for HIV, of whom 37 (2.5%) participants were newly 
diagnosed with HIV, including 35 (2.3%) with chronic HIV infection and 2 (0.1%) with 
AHI (Figure 2). The yield of observational testing (3.7%) was not statistically significantly 
different from the yield of intervention testing (2.5%, p=0.2). The unadjusted odds of an 
HIV diagnosis in the intervention period were 2.71 (95% confidence interval (CI): 1.66–
4.33, p<0.001). 

Characteristics that differed in the observation and intervention periods at p<0.10 
included sex, source of income, reported fatigue, sexual risk behaviour and history of HIV 
testing. Compared to the observational period, fewer participants in the HIV-1 testing 
intervention period were female (59.1% vs. 64.5%); more were employed (42.4% vs. 38.6%) 
and more reported fatigue (77.9% vs. 65.8%). In addition, more intervention participants 
reported sex with a partner of unknown status (34.1% vs. 20.2%), sex with a known-
positive partner (1.4% vs. 0.4%), multiple partners (9.8% vs. 5.5%), and transactional sex 
(2.5% vs. 1.1%). 

After adjustment for factors that were imbalanced across study periods, the odds of an 
HIV diagnosis in the intervention period were 2.21 (95% CI: 1.39–3.51, p=0.001). Of note, 
the female to male ratio of newly diagnosed index participants in the observation and 
intervention periods was similar (6/7 vs. 20/17, p=0.98). The median age of newly diagnosed 
women in the observation vs. the intervention period was statistically significantly 
different (33.5 vs. 26.2, p=0.03); the median age for newly diagnosed men across the two 
periods was not different (32.1 vs. 33.6, p=0.39). 
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At the visit 6 weeks after diagnosis, 33 (89.2%) of 37 intervention index participants vs. 9 
(69.2%, p=0.05, one-sided) of 13 observation index participants were successfully linked 
to HIV care and had initiated ART. Of the 30 intervention index participants (81.1% of 
total) who enrolled for HIV care at the KEMRI HIV/STI Research Clinic, 16 (53.3%) 
agreed to enhanced HPN. 

Ten partners (27.0%) of 37 index participants were tested in the intervention period, 
compared to three partners (23.1%, p=0.78) of 13 index participants in the observation 
period. Of these, two intervention period partners (2/10, or 20.0%) and two observation 
period partners (2/3, or 66.7%, P=0.12) were newly diagnosed with chronic HIV infection. 
No intervention period partners were diagnosed with AHI. Details of the newly diagnosed 
cases in the intervention period, their viral load at diagnosis, and their linkage and 
partner notification outcomes are presented in Table 2; detailed data were not available for 
observation period cases, as they were referred to the clinic at which they were diagnosed. 
Four regular male partners of index participants started PrEP in the intervention period 
research cohort. No partner started PrEP in the observational period, when clinics 
delivered standard care.

Table 2: Characteristics of Intervention period index participants and partner testing outcomes, 
Tambua Mapema Plus Trial, coastal Kenya, 2017-2020

No. Sex Age Chronic or
acute HIV 
infection

Linkage
outcome

Log10 
Viral 
load

Regular 
partners 
reported

Casual 
partners 
reported

Consented 
to HPN

Positive 
tests / 

Number 
tested

Partner HIV status and 
linkage outcome

1 Female 19 Acute Enrolled ND1 1 0 Yes 0/1 Spouse confirmed 
negative and initiated 
on PrEP. 

2 Female 23 Chronic Enrolled 4.74 2 1 Yes 0/1 Spouse confirmed 
negative and initiated 
on PrEP; other regular 
partner status unknown; 
casual partner status 
unknown.

3 Female 23 Chronic Other2 N/A 1 0 N/A Status unknown.

4 Female 24 Chronic Enrolled 2.96 1 0 Yes 0/1 Spouse confirmed 
negative and initiated 
on PrEP.

5 Female 24 Chronic Enrolled ND3 1 0 No Status unknown.

6 Female 25 Chronic Not 
enrolled

Not 
done

Not 
assessed

Not 
assessed

N/A N/A

7 Female 26 Chronic Enrolled 5.13 1 0 Yes Status unknown.

8 Female 26 Chronic Enrolled 5.01 2 0 Yes 0/1 Regular partner 
confirmed negative 
initiated on PrEP; spouse 
status unknown. 

9 Female 26 Chronic Enrolled 6.06 1 0 Yes Status unknown.
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10 Female 26 Acute Enrolled 6.91 1 0 No Regular partner tested 
positive first, linked at 
testing facility. Index case 
referred to study team 
with AHI symptoms.

11 Female 26 Chronic Enrolled 6.17 1 5 Yes 0/2 Spouse status unknown; 
2 casual partners 
confirmed negative 
(not in an ongoing 
relationship); 3 other 
casual partners status 
unknown.  

12 Female 27 Chronic Enrolled 4.22 1 0 Yes 0/1 Regular partner 
confirmed negative, 
not in an ongoing 
relationship.

13 Female 27 Chronic Enrolled 4.81 1 0 No Status unknown.

14 Female 28 Chronic Enrolled 6.42 1 0 No Spouse reported to be 
known positive and on 
treatment.

15 Female 28 Chronic Enrolled 4.69 0 0 No Regular partner 
deceased.

16 Female 31 Chronic Enrolled 4.73 1 1 Yes Regular partner and 
casual partner status 
unknown. 

17 Female 31 Chronic Enrolled 3.60 1 5 Passive 
referral

0/1 Spouse confirmed 
negative initiated on 
PEP6; casual partners’ 
status unknown.

18 Female 32 Chronic Enrolled 4.23 1 0 Passive 
referral

1/1 Regular partner newly 
diagnosed with chronic 
HIV.

19 Female 34 Chronic Enrolled 4.71 1 0 No Status unknown.

20 Female 39 Chronic Enrolled 5.05 1 0 Yes Spouse reported to have 
tested elsewhere (self-
reported negative).

21 Male 20 Chronic Enrolled 4.85 1 0 No Status unknown.

22 Male 24 Chronic Enrolled 4.76 1 0 Yes Spouse reported to be 
known positive and on 
treatment. 

23 Male 24 Chronic Enrolled 4.50 2 2 Yes Spouse tested elsewhere 
(self-reported negative); 
other regular partner 
status unknown; 
casual partners’ status 
unknown.

24 Male 25 Chronic LTFU 6.16 1 0 No Status unknown.

25 Male 29 Chronic Enrolled 3.72 1 8 Yes Regular partner 
status unknown; 
casual partners’ status 
unknown.

26 Male 30 Chronic Enrolled 4.90 1 0 No Regular partner reported 
to be known positive and 
on treatment.

27 Male 31 Chronic Not 
enrolled

Not 
done

2 0 N/A Spouse reported to be 
known positive and on 
treatment; other regular 
partner status unknown.
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28 Male 31 Chronic Enrolled 6.58 1 1 No Spouse and casual 
partner status unknown.

29 Male 34 Chronic Not 
enrolled

Not 
done

Not 
assessed

Not 
assessed

N/A N/A

30 Male 36 Chronic Enrolled 3.20 2 2 Yes Spouse tested elsewhere 
(self-reported negative); 
other regular partner’ 
status unknown; 
casual partners’ status 
unknown.

31 Male 36 Chronic Enrolled 5.73 0 0 No N/A

32 Male 36 Chronic Enrolled 4.21 2 0 Yes Spouse tested elsewhere 
(self-reported negative);
Other regular partner 
known positive and on 
treatment.

33 Male 36 Chronic Enrolled 4.01 1 0 No N/A

34 Male 38 Chronic Other4 N/A 2 0 Passive 
referral

One spouse reported 
to be a known positive. 
Second spouse newly 
diagnosed with chronic 
HIV and linked at facility 
of index enrolment.

35 Male 39 Chronic Other4,5 N/A Not 
assessed

Not 
assessed

N/A N/A

36 Male 39 Chronic Enrolled 5.47 0 1 No Casual partner status 
unknown.

37 Male 39 Chronic Enrolled 4.14 2 0 Yes 1/1 Regular partner newly 
diagnosed with chronic 
HIV and initiated on 
ART; spouse status 
unknown. 

Abbreviations: HPN = HIV partner notification, LTFU = lost to follow-up, ND = not detected
1 Elite controller
2 Relocated outside of study area
3 Participant denied prior HIV testing or use of ART (CD4 count at diagnosis was 168 cells/ml)
4 Linked to care at testing facility 
5 Participant linked to care at testing facility but died before week 6 visit
6 Participant initiated on post exposure prophylaxis (PEP) with HIV exposure <72 hours; no PrEP continuation 
because of COVID-19 lock down.

DISCUSSION 

This study evaluated a targeted HIV-1 NAAT intervention to detect acute and chronic HIV 
infection that was systematically offered to adult outpatients aged 18-39 years seeking healthcare 
for symptoms compatible with AHI. Implementation of this intervention resulted in a 2.2-fold 
higher odds of new HIV diagnosis among participants in the intervention period compared to the 
observation period, in which standard PITC was conducted, with testing ordered by the primary 
care clinician. In addition, intensive efforts to link patients to HIV care and expedite ART initiation, 
test partners, and link partners to treatment or prevention as indicated were successful and may 
have improved clinical outcomes by decreasing time to viral suppression among participants living 
with HIV and protecting their HIV-negative partners in ongoing relationships via PrEP initiation. 
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Our study aimed to increase the number of new HIV diagnoses by consistently implementing 
a targeted opt-out HIV testing approach using the GeneXpert® HIV-1 Qual assay as a POC 
test. All patients willing to enroll in the intervention period were tested by a team whose 
procedures were incorporated into the patient flow. This intervention took the burden off 
the provider to recommend testing and ensured that all participants who were willing to be 
tested would leave the facility knowing their status. PITC is infrequently offered in African 
health facilities for various logistical reasons, including high patient load, time-constraints, 
staff shortages, and fluctuations in test kit supplies [31]. While our intervention required 
additional resources, our study provides proof-of-concept that most Kenyan patients are 
willing to be tested and can be linked to HIV care and partner notification within facilities, 
provided a system is set up to ensure HIV testing. Offering oral HIV self-testing to patients 
presenting with symptoms of acute infectious illness would be one approach to increase 
feasibility; this strategy has proven effective in settings similar to ours [6, 32].  While oral 
HIV self-testing would not identify AHI, if applied in our study, it would have identified one 
chronic HIV infection for every 40 participants tested in the intervention period. 

In the present study, we found only 2 AHI cases, suggesting that AHI is uncommon in the 
population studied. In an earlier study conducted in a different town in coastal Kenya in 
2016, targeted opt-out HIV-1 NAAT supported by rapid antibody testing led to detection 
of 24 (3.4%) chronic HIV-1 infections and 6 (0.9%) acute HIV infections among 706 care-
seeking participants aged 18-35 years who were identified using the same AHI risk score 
algorithm as in the present study, for a 25% increase in new HIV diagnoses [26]. The 0.9% 
AHI prevalence in our pilot study was close to the 1% AHI prevalence among sexually 
transmitted diseases patients reported by Rutstein et al in Malawi [33], using a risk score 
algorithm that combined sexual risk behavior (i.e., more than one partner in the previous 2 
months), symptoms including GUD, and discordant rapid test results [34]. However, in  the 
present study, AHI prevalence was much lower, at only 0.1% and HIV-1 NAAT increased the 
number of new HIV diagnoses by only 6% (from 35 to 37 cases). Of interest, our engagement 
with providers in the community led to referral of a symptomatic woman whose male 
partner had just been diagnosed with chronic HIV for AHI screening, demonstrating that 
knowledge of AHI and available HIV-1 NAAT could be helpful in the right clinical situation. 
As the availability of Xpert machines increases for other clinical uses (e.g., HIV viral load 
monitoring, TB diagnosis), use of the Xpert HIV-1 Qual or Quant assays for the purpose of 
AHI diagnosis may become more common [35]. 

Although the yield of PITC among those tested in the observation phase (3.7%) was not 
significantly different from the yield of HIV testing (2.5%) among all participants in the 
intervention phase, it suggests that healthcare providers target patients who are more likely 
to have HIV. In an analysis of who was offered PITC in the observation period, healthcare 
providers more often offered PITC to older participants, men, those who had tested >1 year ago 
or never tested, and participants with certain symptoms (i.e., sore throat or ulcer disease) [7]. 
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Because providers tested only about one in four patients seeking healthcare in the observation 
period, they likely missed a substantial number of cases, especially among younger women, 
who made up a greater proportion of the cases diagnosed in the intervention period. 

While screening acceptability was similar among both arms, more eligible patients (17.5% 
vs. 8.1%, p<0.001) refused enrolment in the intervention period, and 29.2% of intervention 
period refusals were due to the HIV testing offered. Refusals in the observation period 
more often occurred because patients were not interested in research participation or felt 
too ill. Of interest, the intervention period population included more participants who 
reported risky sexual behaviour (e.g., unprotected sex with a partner of unknown status, 
or multiple sex partners) than participants in the observation period, suggesting that 
patients with a higher risk perception may have been more likely to enroll when testing 
was presented as a standard component of the study. 

In this trial of an HIV-1 NAAT intervention, we identified one AHI case for 750 
participants meeting our age and symptom criteria algorithm. Planned modeling and 
cost-effectiveness work will help elucidate the potential impact of opt-out AHI detection 
as done in this study, versus opt-out HIV testing using standard rapid tests, on the Kenyan 
HIV epidemic and the situations in which such testing would be cost-effective. We note that 
our testing intervention and intensive linkage to HIV care with HPN were conducted by 
a team of researchers fully committed to this work, representing a substantial investment 
of personnel and other resources. In reality, HIV is only one of the many problems that 
patients may present with, patient numbers at many public and private health facilities 
are large, and healthcare providers may prefer testing options that take less time or are 
conducted by patients themselves using approaches such as HIV oral self-testing [32]. 

Our study had several limitations. First, our offer of HIV testing to all intervention 
participants as part of study procedures led to differences in the study population enrolled 
in each period. Second, we did not obtain a blood sample from all observation period 
participants, and were therefore unable to assess the number of acute and chronic HIV 
infections missed by standard care. Third, we did not collect data on the reasons providers 
offered PITC to specific patients. Fourth, our study sample had only a small proportion 
(<3%) of individuals from key populations at higher risk for HIV infection such as men 
who have sex with men, male and female sex workers, and persons who inject drugs. Fifth, 
our study will have missed patients with no or few symptoms who actually had AHI, as 
they would not have met our eligibility criteria. Lastly, we did not exclude participants 
who were not sexually active in the 6 weeks prior to study screening (one third of the study 
population), who would therefore not have been at risk for AHI.  

Despite these limitations, our study is the first study in Africa to have tested the effect of 
an opt-out HIV-1 NAAT intervention to diagnose both acute and chronic HIV infections 
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among care-seeking outpatients. We have shown that while AHI was very uncommon, 
this intervention was very acceptable to patients and increased the odds of a new HIV 
diagnosis by over 2-fold. Linkage to immediate treatment and HPN, with PrEP provision 
to uninfected partners was also acceptable and efficient when done by the same team. 
Planned modeling and cost-effectiveness evaluations will help evaluate the potential 
impact of such an approach. Regardless, health facilities are a promising and important 
site for identification patients with undiagnosed HIV infection.
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Chapter 7

GENERAL DISCUSSION

UNAIDS in 2014 set an ambitious target aimed at ending the AIDS epidemic by 2020: that 
90% of all people living with HIV would know their HIV status, 90% of all people with 
diagnosed HIV infection would receive sustained antiretroviral therapy and 90% of all 
people receiving antiretroviral therapy would have viral suppression. Modelling studies 
suggested that achieving these “90-90-90” targets by 2020 would result in an end to the 
AIDS epidemic by 2030 [1]. Since then, new fast-track targets were set, increasing from 
“90-90-90” to “95-95-95” by 2030 through accelerated HIV testing and delivery of high-
impact HIV prevention and treatment services, with the hope that this acceleration would 
result in reductions in new HIV infections among the populations most affected [2]. 

HIV testing is the gateway to all prevention, care, and treatment interventions. Up to 
22% of new infections thought to be during acute and recent HIV infection and up to 
70% arising from undiagnosed people [3]. Knowledge of one’s HIV status is key to a 
successful HIV response [4]. Globally, there have been significant gains across the HIV 
testing and treatment cascades. By 2019, 81% of people living with HIV knew their HIV 
status, with more than two thirds of them (25.4 million) on antiretroviral therapy [5]. 
However, despite a rapid increase in the numbers of tests performed with the availability 
of rapid diagnostic tests (RDTs),  and increasing HIV testing coverage, HTS is often not 
targeted at those at highest risk [4].  HIV testing gaps remain in Eastern and Southern 
Africa, with disparities in access and uptake of HIV testing services among KPs, partners 
of PLWH, men and young people [6, 7]. Kenya has an estimated 1.3 million PLWH, with 
a national HIV prevalence of 4.9% and a prevalence of 6.6% vs 3.1% among women and 
men respectively in 2018 [8].  In the same year, 36,000 new HIV infections were reported 
[8]. In 2019, Kenya attained the UNAIDS first 90 goal, with 90% of PLWH being aware 
of their status [9]. In addition, 74% of PLWH were on treatment, and 68% of adults on 
ART had achieved viral suppression in 2019 [9]. There is however regional variation in the 
achievement of the first 90 [10]. Less than 10/47 counties had achieved the 90% target by 
2020. Strategies to improve early diagnosis need to be tailored to address these regional 
variations [10]. 

The ongoing COVID-19 pandemic poses challenges in the HIV care continuum and 
sustaining the momentum towards achieving  the UNAIDS goal to diagnose 95% of all 
PLWH by 2030 [2, 11, 12].  Globally, the implementation of isolation and quarantine, social 
distancing and other community containment measures have reduced access to routine 
HIV testing. Timely linkage to care has been hampered due to overwhelmed health systems 
and diverted resources  within  health facilities to care for patients with COVID-19. Public 
health programmes globally have focused their efforts on containing the pandemic with 
reduced resources for HIV programming. [11, 12]. In Kenya, testing volumes fell by 32.9% 
between March and April 2020. There was also a reduction in facility-based testing by 
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28% and community-based testing by 71% following travel and meeting restrictions [10]. 
Maintaining  continuity of HIV services therefore remains a priority to reduce the impact 
of the pandemic.

This thesis aimed to describe the progress of Kenya towards attaining the first 95 by 
2030, through an assessment of factors associated with the uptake and scale up of HIV 
testing services. I did this by analysing data routinely collected in HIV testing services 
and primary care settings in coastal Kenya, and by evaluating the impact of a targeted 
HIV-1 POC RNA testing intervention (Cepheid GeneXpert® HIV-1 Qual) to detect acute 
and prevalent HIV in adults 18-39 years seeking primary care for symptoms of an acute 
infectious illness (Tambua Mapema Study, TMP) [13]. The implications of our results on 
current HIV testing policy are discussed in this final chapter. Table 1 provides a summary 
of the recommendations discussed to scale up facility-based HIV testing. 

TARGETED HIV TESTING APPROACHES 

As countries move towards epidemic control and increase coverage of HTS and ART, 
fewer people remain undiagnosed and HIV positivity (also referred to as yield i.e. the 
proportion of individuals tested who are newly diagnosed with HIV) is declining [4]. Those 
undiagnosed with HIV will be harder to find, with potentially larger numbers needed 
to be tested to increase the proportion of PLWH aware of their status [14]. The WHO 
emphasizes the need for continuous assessment of country epidemic and epidemiologic 
trends based on available programming data, including surveillance or survey data. These 
data can provide a disaggregated picture of HIV prevalence and HTS positivity by sex, 
age, population type and geography and can help optimise HTS approaches including 
who to test, where to focus testing as well as the frequency of testing [4]. 

With declining funding for HIV programming, there has been a call for more efficient 
HIV testing strategies aimed at identifying those most at risk of HIV and in need of HTS 
[9, 15]. Donor funding for HIV programming in low- and middle-income countries has 
plateaued over the last decade, despite an increase in PLWH. Between 2018 and 2019, 
funding was estimated to have declined by 200 million US dollars [16]. With the ongoing 
global COVID-19 pandemic and its impact on the global economy, the future of HIV 
funding remains uncertain [16].PEPFAR, which provides guidance on reaching the 
UNAIDS targets to its supported countries, has called for elimination of PEPFAR funding 
for testing of low-risk individuals and populations, with an emphasis on maximizing 
the value of testing and case-finding efforts [17]. With growing awareness of HIV status 
across PEPFAR supported countries, PEPFAR advocates for monitoring of high yield 
testing modalities, and the development and utilization of validated risk screening tools 
to ensure case-finding efforts are identifying and testing individuals and populations that 
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are at high risk of HIV infection [17]. Routine programme data obtained between October 
2018 to September 2019 across 20 PEPFAR supported high HIV burden SSA countries 
including Kenya, reported a 5% yield from over 60 million tests conducted [18]. While 
PITC identified over two thirds of all new cases, index testing was found to have the 
highest percentage positivity in all the countries [18].  

With the current resource constraints, and declining HIV yield despite increased testing 
efforts, HIV programmes are increasingly using screening tools to inform who to target 
for HIV testing based on symptoms, testing history, risk behaviours or demographic 
characteristics [19].  There has been a progressive decline in HIV positivity in PITC data, 
which contributes the majority of tests performed in Kenya. Of 13 million tests performed 
in 2017-2018 (77% of which were PITC tests) yield was at 1.4% [20]. In 2019, of 6.1million 
outpatients tested for HIV, accounting for 60% of all HIV tests conducted, a yield of only 
1.1% was reported [21]. The country has also seen a drastic decline in donor funding for 
HIV programming with a shift to high yield prevention and treatment activities [17, 22]. 
Limitations of using yield alone for targeting testing have been highlighted in literature, 
with concerns raised that it misses opportunities offered with HIV testing to link to HIV 
prevention methods including PrEP, and negates the importance of retesting among 
individuals who test negative [14]. As Kenya explores the use of screening tools and 
targeted testing approaches, data highlighting gaps in testing coverage and populations 
most at risk of HIV is crucial to advise HTS efforts and minimise missed diagnoses.  

A WHO review on symptom- and risk-based screening to optimize HIV testing services 
found that targeted screening tools were beneficial in increasing HTS coverage and 
identifying PLWH in low-prevalence settings where testing is not routinely offered and 
among specific populations, such as children or adolescents, where coverage may be low 
[19]. In contrast, Palmer and Dijkstra showed that targeted AHI screening among MSM 
increases yield substantially [23].  There was, however, limited evidence for the use of 
screening tools among adults in high-prevalence ( >5% national HIV prevalence) settings 
[19]. Although targeted screening tools reduce the total numbers tested and resources 
needed while increasing yield, the risk of missing individuals with undiagnosed HIV 
is increased in high-prevalence settings [19]. Notably, a number of the screening tools 
included in the WHO review had not been validated for their accuracy in identifying 
people at high risk of acquiring HIV [19]. In a  study conducted among outpatient 
populations in high prevalence settings in western Kenya (prevalence 16% -21%) found 
that although targeted HIV testing using their three highest risk-score categories reduced 
the numbers of patients tested by 75%, the approach would have missed 50% of HIV-
infected individuals [21]. Programme data from Nigeria showed a 77% reduction in HIV 
testing with the use of screening tools with 5.6% positivity among those tested and at 8.7% 
inclusive of individuals screened out [19]. Similar findings of missed HIV diagnosis have 
been reported by WHO from programme data from Tanzania and Eswatini [19].  These 
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data point towards a cautionary approach in the use of screening tools in high prevalence 
HIV settings. Indeed, proponents of UTT argue against targeted testing approaches 
including limiting HIV testing exclusively to high risk groups in generalised epidemics 
due to the potential risk of missing the majority of individuals with unknown HIV status. 
In addition, they argue that compared to universal testing, targeted testing is neither the 
fastest nor most effective strategy based on models for HIV epidemic control [24]. UTT 
approaches may still be beneficial for identifying undiagnosed PLWH in high prevalence 
areas.  

In our own proof of concept study, TMP, we evaluated the yield of a targeted HIV-1 POC 
RNA testing intervention (Cepheid GeneXpert® HIV-1 Qual) to detect acute and prevalent 
HIV across 6 primary care facilities in Mombasa and Kilifi counties in coastal Kenya 
(estimated prevalence in 2018, 5.6% and 2.3%, respectively) [25] (chapter 6). An HIV test 
was offered to all enrolled adult outpatients (n=1500) in the testing intervention period 
who had no history of HIV and sought care for symptoms of an acute infectious illness. 
To be eligible, patients had to have a symptom risk score of  ≥2 on an AHI risk score 
algorithm with scoring as follows; age 18-29 years (1), fever (1), fatigue (1), body pains 
(1), diarrhoea (1), sore throat (1), and genital ulcer disease (GUD) (3). The intervention 
resulted in a 2.2-fold higher odds of a new HIV diagnosis among participants enrolled 
in the intervention phase of the study compared to the observation phase of the study, 
in which HIV testing was conducted as per MoH PITC guidelines. In addition, we were 
able to detect two cases of AHI, with immediate linkage to HIV care and treatment for 
both participants. However, the yield of HIV testing i.e. new HIV diagnosis, following 
this testing intervention was lower: 2.5% vs 3.7% in the standard of care arm, despite low 
coverage of PITC (352/1374, 25.6%) (chapter 4 and 6) [26]. Despite the low test coverage 
in the observation phase, providers seemed to identify more PLWH than identified by 
the algorithm. This likely could be due to persisting DTC practices with providers testing 
patients with more obvious signs and symptoms of HIV not captured by our algorithm. 
However, continued practice of DTC will likely result in missed diagnosis of acute or early 
HIV presentations.  

The screening algorithm identified two cases of AHI with immediate linkage to care for 
their sexual partners, reducing onward HIV transmission. We identified more prevalent 
cases compared to AHI (35 (2.3%) vs 2 (0.1%)). This reflects cases of undiagnosed and 
untreated chronic HIV in our setting with patients presenting to care with advanced 
disease, posing a risk of HIV transmission to their partners.  Our results point towards 
the benefits of assessing patients presenting to care with an acute and chronic febrile 
illness for HIV.  Provider training on differential diagnoses of febrile illnesses is needed 
to improve HIV case finding at care seeking. Although our findings demonstrate the 
importance of early diagnosis and linkage to care and treatment, we did not collect 
samples from all participants enrolled in the observation phase for HIV testing to assess 
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HIV diagnoses that may have been missed by current DTC practices or from those not 
eligible for HIV testing by our AHI risk score algorithm. The findings of our study thus 
do not favor a targeted testing approach based on our risk score algorithm alone in our 
setting. The non-significant difference in yield from testing as per standard of care vs the 
interventional HIV testing highlights that we are yet to find an optimal tool based on 
clinical symptomatology to identify those most at risk of HIV. Addressing the barriers to 
routine PITC scale-up as discussed below, may improve HIV case-finding in this setting.   
More research is needed to identify the optimal tool (whether based on symptoms, risk 
behavior, sociodemographic characteristics or a blend of all) that identifies individuals 
with undiagnosed HIV that can be validated against current standard of care. With HIV 
programmes already implementing screening tools, validation of existing tools is needed. 

In Kenya, a rapid assessment screening tool (RAST) administered before or during 
HIV testing has been in use in OPD settings for the identification of sexually active 
HIV-negative individuals at substantial risk of acquiring HIV infection who might be 
eligible for PrEP [27-29]. The RAST includes 10 questions assessing history of multiple 
sexual partners, knowledge of own and partner’s HIV status, and any history in the last 3 
months of condomless sex, injection drug use, transactional sex, forced sex/gender based 
violence (GBV), recurrent use of Post-Exposure Prophylaxis (PEP) and previous history of 
treatment for STIs as well as individuals perceived risk of acquiring HIV [27]. The tool has 
equally not been validated for its accuracy in identifying people at high risk of acquiring 
HIV. Studies assessing the yield of the tools, the proportion of missed HIV diagnosis 
as well as the characteristics of individuals or populations missed are needed to better 
formulate the tools. 

Differences in regional HIV prevalence need to be considered when deciding whether to 
use screening tools. In Kenya, the epidemic is geographically diverse with prevalence as 
high as 19.6% in counties in western Kenya, and as low as <0.1% in north eastern Kenya 
[25]. The second KASF II 2020/21 – 2024/25 has prioritised 13 counties in Kenya including 
Mombasa county in coastal Kenya, for intensified focus to curb new HIV infections 
based on prevalence, incidence, incidence to prevalence ratio (IPR), average annual 
rate of change in HIV incidence and contribution to total new infections, with planned 
subcounty analysis of new infections to inform targeting efforts [9]. In these counties 
(prevalence ranging between 1.0%-20.2%) [9],  a UTT approach may likely be required 
with optimisation of community and facility-based testing approaches including PITC 
and VCT to increase efficiency and yield [30].  While it may not be programmatically 
practical to have screening tools in some regions and not in others, universally rolling 
out of screening tools may have deleterious consequences on high prevalence settings in 
Kenya. Guidance can be provided on at risk populations to target for HIV testing, however 
this should not take away from routinely offered testing in these settings. Where facility-
based targeted strategies will be used in  high prevalence settings, consideration needs 
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to be given on how to reach undiagnosed PLWH who may be missed at health facilities, 
including scaling up of existing strategies such as index case testing, HIVST, workplace 
testing, peer distribution models, mobile and venue-based testing in the community 
among others [30].

IMPLEMENTATION AND SCALE-UP OF PITC  

The WHO in 2007, recommended an “opt-out” testing approach known as PITC, in which 
an HIV test is offered to all patients attending health facilities in countries with generalised 
epidemics such as Kenya, as a standard part of medical care [31]. Health facilities offer an 
opportunity to identify undiagnosed HIV infection among individuals seeking care and 
link patients to HIV prevention, treatment, care and support services [31]. However, the 
implementation of PITC in SSA has not achieved high testing coverage, with only 1 in 5 
patients offered HIV testing at care seeking [32]. This could be due to the fact that PITC 
guidelines were  issued at a time of low test coverage and uptake of HTS coupled with low 
levels of knowledge of one’s HIV status despite increasing access to ART [31].

Globally, an estimated 80% of PLWH were aware of their status worldwide, and 85% in 
eastern and southern Africa by 2019 [15]. In east and southern Africa between 2010 and 
2018, the number of individuals unaware of their status decreased from 6.1 million to 
2.8 million [15]. National HTS positivity across a number of high HIV burden countries 
in these settings is now below 5% [15]. Individuals aware of their status are increasingly 
accessing treatment and care, particularly with the advent of immediate treatment 
recommendations [15]. Although the WHO hasn’t updated the PITC recommendations, 
in its 2019 policy brief, there was a call for optimisation of HTS in countries where national 
HTS positivity is lower than the treatment adjusted prevalence [15]. The WHO highlighted 
the need to focus HTS for those in need of HIV testing, prevention and treatment services 
[15]. Indeed, Kenya is one of the countries with a national HTS positivity lower than the 
treatment-adjusted prevalence [15] with declining positivity as previously highlighted. 
Focused HTS including through facility-based approaches to reach geographic regions or 
populations most at risk of HIV is needed [4]. 

Our research  reported similar findings of low PITC coverage (chapter 4 and 6), 25.6%, 
in six primary care facilities in coastal Kenya (TMP), despite high acceptability for HIV 
testing among symptomatic adult patients 18-39 years offered HIV testing (93.1%), and a 
high positivity rate among those tested (3.7%, 13/352) [26]. An analysis of routine facility 
HTS data collected during the study period similarly demonstrated low coverage of 
PITC (13.7%, 1,600/11,637) among all adult patients (inclusive of research participants) 
18-39 years seeking OPD services with a low positivity rate of 1.9% (30/1600) (chapter 
4). Providers sighted several barriers to implementing routine HTS within OPD in our 
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setting including shortages of personnel such as lay counsellors alongside other providers 
with a high patient load, shortages of testing commodities and lack of infrastructure 
and space for counseling and testing thus compromising patient confidentiality. Similar 
challenges have been documented in other settings in SSA [33-38]. Providers reported 
targeting patients for HIV testing who presented clinically with advanced HIV disease 
including WHO stage 3 or 4 AIDS-defining illnesses as well as those presenting with STIs 
or recurrent illnesses with no resolution of symptoms reflecting previous DTC practices. 

From our analysis of factors associated with PITC, providers were more likely to test 
participants reporting fever or genital ulcer disease, those who had tested >1 year ago or 
those had never before tested for HIV. Qualitative data further highlighted that providers 
tested individuals with STI symptoms or with suspected untreated or advanced HIV 
(chapter 4) [26]. Indeed, on analysis of factors associated with a new HIV diagnosis in 
this population stratified by sex (613 men, 887 women), we found that newly diagnosed 
men were less likely to be symptomatic for ≤14 days, and women were more likely to 
report fever (chapter 5). While Kenya HTS guidelines recommend offering an HIV test 
to all patients attending health facilities[39], knowledge of PITC guidance was low in our 
setting (chapter 4). This was in part attributed to lack of opportunities to attend training, 
which also resulted in mixed recommendations to patients on retesting for HIV. DTC 
has been in practice in Kenya since 2004 [40] and may explain the tendency for providers 
to follow these recommendations and identify individuals most at risk evidenced by the 
high positivity (3.7%) among the few participants tested as per standard of care. We found 
that providers were more likely to test patients presenting with an acute febrile illness 
for malaria compared to HIV (48.6% vs 25.6%) in this setting. Following “test and treat” 
malaria guidelines by WHO, providers in coastal Kenya were trained to test all febrile 
patients for malaria, a disease which has been endemic in coastal Kenya [41]. While testing 
rates were sub-optimal in our setting, as has been documented in coastal Kenya [41], 
these findings underscore the importance of reinforcement of guidelines in clinical case 
management. HCW training and awareness is needed on acute HIV presentation not only 
in the context of PrEP provision [42]. Integrated POC testing of HIV, syphilis, malaria 
and anaemia was demonstrated to increase testing and number of cases detected for the 
respective illness at ANC visits in western Kenya [43]. Providers in our setting can test 
febrile patients for both HIV and malaria with available RDTs which can improve case 
detection of both illnesses. 

Providers in our setting offered HIV testing based on testing history to those who had 
tested >1 year ago or those had never before tested for HIV. This is in alignment with 
national HTS and WHO guidelines that recommend annual testing in GP [39, 44]. Of 
the 1,374 participants enrolled during the observation phase of TMP (chapter 4),  494 
(36.0%) last tested for HIV >1 year ago and 147 (10.7%) had never tested for HIV; of these 
133 (26.9%) and 59 (40.1%), respectively, had an HIV test requested by the provider. While 
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providers recognised the importance of testing history, this was not systematically offered 
despite over a third of the population retesting late and 1 in 10 never having tested for 
HIV. We conducted an analysis of factors associated with testing history and new HIV 
diagnoses among 1500 participants enrolled in the intervention phase of TMP (chapter 
5).  In this population, of the 37 new HIV diagnoses made, over 60% were among late 
retesters, and those who had never tested for HIV. 

Providers should routinely evaluate testing history among patients presenting to care and 
offer testing to late retesters and those who have never tested for HIV before. PITC has 
been found to identify more FTT compared to client-initiated testing in high prevalence 
settings in Kenya [45] and therefore remains an important strategy for reaching these 
individuals. Testing history can easily be integrated into other clinical processes at the 
health facility e.g. while taking vitals. A checklist of key areas to be assessed during clinical 
consultation such as the presence of an acute or chronic febrile illness, time since last HIV 
test, sexual risk factors could be incorporated into standard MoH consultation forms. A 
study in a high prevalence setting in western Kenya demonstrated that decreasing the 
retesting interval for HIV to less than 12 months could avert missed opportunities for HIV 
diagnosis in health facilities [46].  In this study, over 60% of newly diagnosed individuals 
reported testing in the previous 12 months [46].  Collecting and analysing data on the 
time since last HIV test or having ever tested for HIV as part of routine HTS data in 
testing registries stratified by sex, age, risk group etc and by HIV diagnosis at a county/
subcounty and national level, can inform the optimal interval for retesting. Meanwhile, 
optimising retesting by current guidelines can find up to 60% of new HIV diagnosis as 
demonstrated in our study. 

Addressing structural, health system and provider barriers to PITC implementation may 
help identifying the remaining undiagnosed individuals presenting to care. Recent studies 
have shown that initiating HIV testing before or during consultation may improve PITC 
coverage in OPD settings in SSA [47, 48]. Providers highlighted challenges of personnel 
shortages coupled with a high patient load hampering their ability to offer routine HIV 
testing (chapter 4). The integration of HIVST may offer an efficient alternative approach 
to HTS within facilities that decreases patient waiting time and may lessens the burden 
of HIV testing on health care providers and health services [49, 50]. Similarly, HIVST led 
to an increase in PITC coverage in an OPD in Malawi [49]. Innovative strategies such as 
testing booths at health facilities combined with HIVST have been shown to be feasible 
and can increase test uptake in our setting as well as address challenges of space and 
confidentiality [50]. 

Scaling up of facility-based HIVST to address challenges of PITC implementation as 
highlighted above, will require increased distribution of these kits outside of ANC and 
KP programmes in Kenya [51, 52]. The cost of these tests, currently purchased by MoH 
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at a subsidized cost of USD 2.75 per kit remains a barrier to their scale-up to government 
facilities [53]. In comparison, rapid antibody test kits currently in use are purchased at a 
unit price of USD 0.89 and USD 0.83 for Determine (screening test) and First Response 
(confirmatory test) respectively [53]. The low pricing of these RDTs drives their continued 
use for PITC. The purchase of testing commodities in Kenya is heavily donor funded 
through PEPFAR and other partners [53, 54]. To achieve large scale distribution of HIVST 
kits, the government will need to make good on increasing its domestic financing towards 
HIV programming as outlined in the KASF II [9, 53].  As more HIVST kits are prequalified 
by WHO [55-58] and availability increases, market competition may lower prices. 
Negotiation for lower prices with manufactures by global funders and implementing 
partners will still be needed for high burden countries such as Kenya, to make HIVST 
more affordable and allow for their scale up [54].  

TEST UPTAKE AND POPULATIONS AT RISK OF HIV 

To diagnose 95% of PLWH by 2030, sustained resources and effort are needed to find 
hard-to-reach and vulnerable populations contributing to new HIV infections, who may 
not have previously tested [45, 59].  In Kenya, adolescent girls and young women (AGYW) 
aged 15-24 years are estimated to have contributed to a third of new HIV infections in the 
country in 2020; boys and young men aged 15-34 years contributed to 53% of an estimated 
13,320 new infections among males in 2019  [9]. Young people (aged 15-24 years) form 
about 20% of Kenya’s population posing a challenge on how to best target HIV testing and 
prevention methods [60]. Knowledge of HIV prevention in Kenya is low among young 
people at 56.6% vs 63.7% for women and men respectively as at 2014 [6]. In 2020, only 
64% of young people living with HIV were aware of their status [10]. KPs including MSM, 
FSWs, PWID and transgender people are disproportionately affected by HIV contributing 
to an estimated 30% of new HIV infections [9, 61]. Despite the contributions of these 
populations to the HIV epidemic in Kenya, data on their test coverage and retesting 
uptake are sparse. National level data from the Kenya Demographic and Health Survey in 
2014, estimated test coverage of individuals who had ever tested for HIV at 85% vs 72% for 
women and men respectively, of which, 53% vs 46% had tested in the past 12 months [62]. 
A national KP survey in over 7,000 MSM, FSW and PWID conducted in 2017 found that 
96% vs 91% of FSWs and MSM respectively, reported ever being tested for HIV, and 85% 
vs 74% reported testing for HIV in the preceding three months. Of note,  26% vs 17% of 
FSW and MSM were living with HIV respectively, 73% vs 63%, were on ART suggesting 
ongoing HIV transmission in this population [63]. Granulating test coverage and uptake 
by population may help focus testing for those most in need.  

In our own analysis of 12-year routinely collected HTS data across 3 VCTs in Kilifi county, 
coastal Kenya, we assessed trends and predictors of FTT, late retesting (previous test more 
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than one year ago for GP or three months for KP), and test positivity (chapter 3) [64].  We 
found a high proportion of FTT among MSM at 42% (compared to 15% among GP and 9% 
in FSW) in 2017, reflecting gaps in engagement and uptake of HTS in this population. In 
addition, we documented over 80% (81% vs 85% among MSM and FSW respectively) late 
retesting (last HIV test more than 3 months ago) encounters among KPs. HIV positivity was 
also high in this population at 7.8% among KPs (6.0% MSM, 10.7% FSWs) compared to 2.3% 
among GP (1.1% men, 3.9% women) and 2.8% for encounters with women aged 18-24 years 
in 2017. Thus, targeted testing in KP with linkage to immediate HIV care and prevention 
services would be an important strategy to decrease ongoing transmission in this population.

Low test uptake among KPs has been attributed to stigmatizing attitudes of healthcare 
workers, discrimination, and concerns about confidentiality; factors that have been shown 
to decrease access to health services [65-67]. Individual level barriers to accessing HTS 
such as fear of positive results and stigma, high mobility coupled with inflexible clinic 
hours have also hindered access to services [68]. Requests by HCWs to bring in sexual 
partners for testing was found to deter sex workers from accessing testing in Uganda 
[68]. In our own TMP study (chapter 6), only 0.2% of men reported same-sex behavior, 
suggesting that these populations may be accessing healthcare or HIV testing services 
away from health facilities, or are not disclosing their risk behavior. Strategies to increase 
test uptake and linkage to care among KPs are needed. HCW training and awareness 
on the health needs of KP, and how to ask sensitive questions on sexual risk behavior 
is needed. While national HCW curricula for addressing KP stigma and discrimination 
exist [61], from our experience, these are not well cascaded down from regional HIV/STI 
coordinators to facility HCWs.  Such training should be incorporated early on in training 
including in medical school and internship training curricula to better equip all clinicians 
to offer holistic management to KPs. Existing initiatives such as the online National HIV 
Integrated Training Curriculum could provide a platform for training HCWs on managing 
the unique needs of KP if incorporated and disseminated widely [69]. HCW training when 
implemented has been found to decrease homophobic attitudes in coastal Kenya [70, 71].  

In a similar setting in East Africa, belonging to social networks was found to positively 
influence engagement in care among SWs [68]. While we have a number of community 
based organizations for KPs in coastal Kenya promoting wellness and addressing the social 
cultural deterrents to access to HIV care and prevention services [72], our experience has 
shown poor membership of these groups due to stigma and fear of revelation of one’s 
sexual orientation. The national HIV programme and HCWs should promote strong 
positive support networks among KPs to increase psychosocial support and access and 
linkage to HIV prevention and care services. Increasing awareness of these CBOs among 
HCWs and among KP themselves may help improve test coverage and clinical outcomes. 
Other innovative strategies such as peer distribution of HIVST kits and HIV partner 
notification services were found to increase test uptake in these populations [73-76].
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We found that test encounters with a positive result were more likely among clients with 
low education attainment, FTT, late re-testers, MSM and FSW and clients with current 
STI symptoms (chapter 3). FTT encounters in our setting were more common among men 
(both GP men and MSM), among younger (18–24 years) or single persons, and among 
persons with lower educational attainment. In a similar analysis of factors associated 
with testing history and new HIV diagnoses in the TMP study (chapter 5), we found that 
newly-diagnosed men were more likely to have lower education level and no religious 
affiliation and less likely be, young, single, and have no children. Among men, never 
having tested before was associated with 5-fold increased odds (95% confidence interval 
1.4-20.9) of a new HIV diagnosis relative to on-time testers in adjusted analyses. These 
findings highlight the need to focus testing on men  and individuals with low educational 
attainment, as well as first-time and late retesters who were more likely to have a new HIV 
diagnosis compared to on-time testers. 

Indeed in Kenya as in other settings in SSA, there is lower test coverage and awareness 
of HIV status among men compared to women, with men often presenting to care with 
advanced disease at diagnosis [7, 77-83].  In high burden settings in East and Southern 
Africa, despite achieving over 90% awareness of HIV status among women, men continue 
to lag behind [84]. In SSA, 73% of men compared to 83% of women 15 years and older know 
their HIV status [84]. Data from the last population-based survey in Kenya, KENPHIA 
2018, showed 72.6% of men vs 82.7% of women knew their HIV status [8]. Health facilities 
remain a focal point for offering HTS to men [84]. Our study showed high acceptability 
for facility-based HIV testing among men (93.0%) (chapter 4). However, we found that 
symptomatic men were diagnosed late in our setting (chapter 5).  Strategies that decrease 
missed opportunities for men at care seeking are needed [84]. 

Globally, two innovative targeted testing approaches proposed to meet the first “95” target 
include (1) index case testing and HIV partner notification services, and (2) HIVST among 
those unreached by existing HTS including young people, men and KPs [19]. Facility-
based HIVST has been shown to reach a large proportion of men and FTT among men 
and young people 16-24 years [85]. OST kits can be provided to men in OPD as they await 
other clinical services. Guidance for this is already included in Kenyan HTS guidelines 
[39] and only requires implementation. The introduction of HIVST in ANC programs 
in Kenya has seen a rise in the uptake of partner testing [51, 52]. Expanding the scope 
of HIVST within health facilities to OPD may help identify undiagnosed HIV in men 
presenting to care.  HIV partner notification services offers another strategy for reaching 
undiagnosed men living with HIV.  A large trial, set in 18 HTS clinics across central and 
western Kenya reached 69% of reported sexual partners and demonstrated that partners 
receiving immediate HPN were more than 15 times likely to be testing for HIV for the 
first time and 5 times likely to be newly diagnosed with HIV compared to the delayed 
intervention group [86].  Increased rates of HIV testing were reported when HPN was 
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offered to female index participants underscoring the importance of HPN in reaching 
hard-to-reach populations such as men [87]. In our own facility-based implementation 
of HPN in the TMP study (chapter 6), 10 (27.0%)  partners of 37 index participants in 
the intervention period were tested for HIV with 2 newly diagnosed with prevalent HIV 
infection (1 male, 1 female). While we only tested a few partners due to the resource 
intensive nature of partner tracing, addressing these challenges and scaling up of HPN 
may help identify individuals at high risk of HIV and partners with undiagnosed HIV in 
need of immediate treatment.   

Addressing the structural barriers deterring facility-based testing among men including 
long wait times and inconvenient clinic hours incompatible with work schedules [80, 
88, 89] may improve facility-based HTS [84]. At the community level, understanding 
community perceptions and addressing fears surrounding HIV testing among men is 
needed. Conducting HIV awareness campaigns ranging from health talks to posters on 
the benefits of early diagnosis, immediate treatment and reduced risk of transmission 
to sexual partners may reduce stigmatizing attitudes and improve HIV knowledge and 
test coverage among men across all socioeconomic strata. These can be conducted at 
workplaces (both formal and informal settings) or social venues with distribution of 
HIVST [84].  

In our analysis of VCT data, we found that young people (18- 24 years) were more likely to 
be FTT (41% of all testing encounters) (chapter 3). They formed about a third of the study 
population seeking HTS at VCTs. Similarly, among adults 18-39 years seeking care for an 
acute illness in the TMP study, young people (45% of the study population) were more 
likely to have never tested for HIV compared to individuals aged 30-39 years (chapter 
5). Among young people in SSA barriers to HIV testing are lack of awareness about 
available services, low risk perception, fear of a positive test result, stigma, concerns about 
confidentiality and the financial burden of testing, and lack of HIV/AIDS knowledge[90]. 
Uncertainties surrounding the mode of transmission, whether sexually or perinatally, and 
the impact on family and sexual partner relationships, further deters testing [91]. Our 
data point towards the need to increase opportunities and access to HIV testing among 
young people. We show that young people are accessing health facilities for care and these 
can form useful points for HIV testing. Scaling up facility-based HIV testing with an HIV 
test offered to all young people who have never tested for HIV and based on sexual risk 
for HIV acquisition may help improve test coverage and early identification of those living 
with HIV. Addressing the challenges associated with facility-based testing among the 
youth including judgmental HCW attitudes and respecting autonomy and control over 
results disclosure may improve test uptake [91].  

Lack of comprehensive and correct information due to societal norms, cultural or religious 
beliefs surrounding sexual matters preventing open discussions on sexuality, further 
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contributes to low test uptake and uptake of HIV prevention services [92].  Within health 
facilities, providing a separate safe space for young people where correct information on 
HIV and sexuality can be provided may circumvent this. Existing youth friendly facilities in 
the country can provide these safe spaces as well as incorporate HIV prevention services if 
revamped and scaled up.  Facility-based HIVST may also address concerns on privacy and 
confidentiality as well as HCW biases and attitudes towards sexually active youth. There 
is need to create and sustain demand for HIV testing through social media campaigns 
that have a wide reach among youth such as the successful “Chukua Selfie” campaign for 
promoting HIVST [93]. These need to be consistently implemented. From a community 
perspective, the distribution of HIVST through community health workers will reach 
young people not accessing health facilities, and those in rural areas. Such community-
based approaches were found to increase test uptake particularly among AGYW in Kenya 
[94], as well as among young adults, FTT and men. [80, 82]. Mobile HIV testing as part of 
a multi-disease campaign, have been shown to reduce the stigma associated with facility 
based testing and decreased concerns of being perceived as sexually active or at increased 
risk of HIV [95]. 

POINT-OF-CARE HIV-1 RNA TESTING 

Laboratory capacity for HIV testing forms a crucial component towards achieving the 
UNAIDS 95 by 2030. There have been several advancements in HIV diagnostic technology 
which have made it possible to diagnosis HIV early in the disease [96]. The availability 
and widespread use of rapid antibody diagnostic tests expanded POC HIV testing. The 
availability of fourth generation HIV antibody/antigen tests and immunoassays (IAs) have 
also made it possible to detect AHI before antibody formation [96]. Similarly, nucleic acid 
testing technologies (NAT) detecting the first markers of HIV infection are increasingly 
available and have become more simplified [96].  Nucleic acid POC testing in clinical 
settings, offer fast turnaround times addressing the challenges of centralized lab testing 
[97]. POC testing, defined as near-patient testing, offers the advantage of a rapid answer 
minimizing patient loss to follow up [97]. With the scale-up of ART, comes about challenges 
in early diagnosis, timely ART initiation, longitudinal disease monitoring and mother-
to-child-transmission prevention in resource-constrained settings, where laboratory 
infrastructure and skilled staff are limited [98]. Rapid POC testing can contribute to 
timely HIV detection, timely initiation of ART and close monitoring of treatment efficacy 
subsequently resulting in improved clinical outcomes and reduced transmission to others 
[98]. A WHO review on country adherence to WHO recommendations to improve the 
quality of HIV diagnosis found that among 91 countries contributing to 89% of new 
HIV infections globally, an estimated 70% of these countries reported using RDTs and 
IAs. Only 13% recommended NAT as a second assay in the HIV testing algorithm, with 
majority being high and middle-income countries [96]. 
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We systematically reviewed evidence on the availability and clinical utility of point of 
care HIV-1 RNA testing for HIV diagnosis and care (chapter 2) [99]. While we found a 
wide range of POC tests available with comparable accuracy and precision compared to 
standard laboratory-based HIV-1 RNA assays, there was limited clinical utility. Majority 
were used for VL monitoring and EID, with only 2 studies at the time (from studies 
published up to July 2018), reporting on the use of POC HIV-1 RNA tests for the detection 
of AHI. We found that POC tests were easy to use by non-specialized personnel, had 
rapid turnaround times and reduced the turnaround time for EID and VL testing to a 
day, resulting in rapid ART initiation and reduction in patient loss to follow-up. Of note, a 
study in Zimbabwe used the GeneXpert platform for the integration of HIV VL, EID and 
MTB/RIF testing, allowing for multiple disease testing.  This is of importance to meet the 
demands of high volume HIV clinics as well as the diagnosis of common HIV associated 
co-infections. More recently the Cepheid Xpert platform received FDA Emergency Use 
Authorization for the qualitative detection of SARS-CoV-2, the virus causing COVID-19 
[100]. With the ongoing global COVID-19 pandemic, and decreased access to HIV care 
and prevention services, having a platform that can tackle early HIV diagnosis, treatment 
monitoring and detection of the coronavirus is advantageous and may allow for HIV care 
to return to some semblance of normalcy while addressing the public health concerns. 

In the TMP study, we assessed the impact of POC HIV-1 RNA testing with Cepheid 
GeneXpert® HIV-1 Qual for detection of prevalent and acute HIV infections using among 
adult patients seeking care for symptoms compatible with AHI (chapter 6). Of 1500 
participants tested for HIV with POC RNA testing, 37 (2.5%) were newly diagnosed with 
HIV; 35 (2.3%) with prevalent HIV infection (both Xpert RNA and rapid antibody tests 
were positive) and 2 (0.1%) with acute HIV (Xpert RNA positive and rapid antibody tests 
negative or discordant). The first AHI case who tested positive on Xpert RNA Qual and 
had discrepant rapid antibody tests, interestingly, had undetectable viraemia at baseline. 
The participant however denied previously taking ART. She was initiated on immediate 
ART and her sexual partner who tested negative, linked to PrEP.  The second AHI case 
was a female sexual partner identified through referral from a primary care facility 
following a positive test in the index client. She presented with markedly high viraemia 
at baseline ( 8,060, 000 copies/ml) and was immediately linked to ART. The results of our 
study underscore the role of POC HIV RNA testing in early detection of HIV. Ongoing 
modelling analysis will provide information on the impact of AHI detection using scaled-
up POC RNA testing on achieving the UNAIDS first 95. 

The cost of POC HIV-RNA testing needs to be considered when scaling-up POC RNA 
testing. In our review (chapter 2) we found that these assays were expensive.  A study 
conducted in Kenya estimating the costs of decentralised POC VL compared to centralised 
lab testing found that the cost of testing decreased with higher testing volumes [101]. 
They also found cost sharing where Xpert POC tests were used for TB diagnostics also 
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decreased VL test costs [101].  This is finding is important in scaling up POC RNA testing 
in a country like Kenya with HIV and primary care clinics with varying capacities. POC 
tests can be implemented in medium to large volume facilities with consideration given 
to multi-disease testing [101]. There were 10 POC VL/EID regional test labs in Kenya in 
2018 [102]. With the ongoing COVID-19 pandemic, scaling up similar platforms to large 
volume facilities may improve coverage of HIV testing and monitoring as well as aid in the 
diagnosis of COVID-19. Exploring pooled mechanisms of procurement for POC test kits 
through PEPFAR or Global fund may help drive the costs down (chapter 2). 
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Chapter 8

ENGLISH SUMMARY

In chapter 1, we emphasized that HIV testing is the access point to HIV prevention, care and 
treatment services. Despite gains in test coverage globally and in Kenya, more resources 
and innovative strategies will be needed to reach the few who remain undiagnosed to 
achieve the set UNAIDS first 95 by 2030. In this thesis, we explored various strategies 
employed in Kenya to improve HIV coverage and test uptake among outpatients seeking 
health care and discussed barriers to their implementation and scale-up. 

In chapter 2, we synthesized evidence on the performance and clinical utility of point-of 
care (POC) HIV-1 RNA testing assays compared to laboratory-based assays for diagnosis 
and care and identified barriers and facilitators to their scale up in resource-limited 
settings.  We found that POC HIV-1 RNA tests had comparable accuracy and precision to 
current reference technologies and were readily available, however their use was largely 
limited to treatment monitoring and early infant diagnosis.  The cost of these platforms 
and test kits poses a barrier to their scale up. These platforms can be used in high volume 
facilities for confirmatory HIV testing in patients with discordant rapid antibody results, 
or those with suspected acute HIV infection (AHI). Additional studies on implementation 
in limited-resources settings are needed.

In Chapter 3 we assessed trends and predictors of first-time testing (FTT), late retesting, 
and test positivity from routinely collected HIV testing services (HTS) data. Based on 
24,728 test encounters (32% FTT), we observed declines in HIV positivity (proportion 
of encounters where the result was positive). We found that FTT encounters were more 
common among men (both general population men and men who have sex with men 
(MSM)), among younger (18–24 years) or single persons, and among persons with lower 
educational attainment. HIV positivity at testing encounters was more likely among 
clients with less than higher education, FTT and late re-testers, MSM and female sex 
workers (FSW), and clients with current STI symptoms.  Our findings suggest that targeted 
testing based on testing history, populations with low test uptake and at risk of a new HIV 
diagnosis can help identify subpopulations in need of HIV prevention and care services. 
Efforts are needed to increase retesting among the most at-risk populations.  

In chapter 4 we described test coverage and identified predictors of provider-initiated 
testing and counselling (PITC), and barriers to PITC implementation across six primary 
care facilities in coastal Kenya. We found that the PITC was poorly implemented with 
low coverage (less than 1 in 3 patients were offered an HIV test at care seeking), despite 
high test acceptability among patients. This was due to several challenges including lack 
of resources, infrastructure and training. Our results showed provider selection for HIV 
testing based on age, gender, socio-economic status, clinical symptomatology and testing 
history.  
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In chapter 5 we evaluated HIV testing history and new HIV diagnoses among adult 
outpatients in Kenya aged 18-39 years seeking care for symptoms of infectious illness. We 
found that women and men were equally likely to be late retesters, but men were 3 times 
more likely to have never tested for HIV compared to women. New diagnoses were made 
in 37 (2.5%) participants of which 60% were among late retesters, and those who had never 
tested for HIV. Among men, a new diagnosis was more likely in those with symptoms 
for >14 days, lower education level and no religious affiliation; newly-diagnosed women 
were more likely to report fever. These findings highlight the opportunity for providers to 
integrate documentation of testing history as part of routine clinical practices. An “opt-
out” HIV testing approach targeting never testers and late retesters could decrease time to 
HIV diagnosis among symptomatic adults in coastal Kenya.

In chapter 6, we demonstrated that POC HIV-1 RNA tests have an important role in acute 
and early HIV diagnosis, decreasing the risk of onward HIV transmission. We found 
that systematic implementation of our AHI risk score algorithm resulted in more HIV 
diagnosis compared to standard of care facility-based testing practices. The high numbers 
of prevalent cases identified in our study pointed to late HIV diagnosis. Providers missed 
opportunities for early diagnosis.  Our findings highlighted opportunities to train HCWs 
in identification of acute or early HIV symptoms. Routinely offered opt-out RNA testing 
could diagnose twice as many patients as an approach relying on provider discretion.

In chapter 7, we discuss the implications of our findings on current HIV testing policies. 
While symptom screening has a role in HIV diagnosis among patients presenting to 
care, screening tools already in use in HIV programming require validation. Targeted 
screening tools bear the risk of missing HIV diagnosis in high prevalence settings. In 
Kenya, targeted testing can be implemented in counties with low HIV burden (less than 
5% HIV prevalence). Targeted testing based on testing history (FTT and late retesters), 
populations with low test uptake and at risk of a new HIV diagnosis (men, KPs, young 
people (18-24 years), individuals with low educational attainment and ongoing STI 
symptoms), as well as in patients presenting with an acute or chronic febrile illness can be 
implemented in primary care settings. This can be achieved through the modification of 
existing screening tools such as the risk assessment screening tool (RAST) by the national 
AIDS control programme to be implemented at OPD by clinicians or by HTS providers 
(such as lay counsellors). In high prevalence settings, while testing should include the 
above risk groups, routine PITC should be scaled up. Implementation research assessing 
the feasibility and yield of targeted HIV testing combined with HIV self-testing compared 
to standard of care testing is needed.
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SAMENVATTING (DUTCH SUMMARY)

In hoofdstuk 1 benadrukten we dat hiv-testen de toegangspoort vormen tot hiv-
preventie, zorg en behandeling. Ondanks de toename in testdekking wereldwijd en in 
Kenia, zullen meer middelen en innovatieve strategieën nodig zijn om de weinigen die 
ongediagnosticeerd blijven te bereiken om de gestelde ‘UNAIDS first 95’ in 2030 te halen. 
In deze dissertatie hebben we verschillende strategieën onderzocht die in Kenia worden 
gebruikt om de dekking van hiv-tests en de testopname onder poliklinische patiënten 
die gezondheidszorg zoeken te verbeteren en hebben we de belemmeringen voor de 
implementatie en opschaling van deze strategieën besproken. 

In hoofdstuk 2 hebben we een samenvatting gemaakt van het bewijsmateriaal over 
de prestaties en klinische bruikbaarheid van point-of care (POC) HIV-1 RNA testen 
in vergelijking met laboratorium-gebaseerde testen voor diagnose en zorg en hebben 
we barrières en facilitatoren geïdentificeerd voor het opschalen van deze testen in een 
omgeving met beperkte middelen.  We ontdekten dat POC HIV-1 RNA-tests een 
vergelijkbare nauwkeurigheid en precisie hadden als de huidige referentietechnologieën 
en gemakkelijk verkrijgbaar waren, maar dat hun gebruik grotendeels beperkt bleef 
tot behandelingsmonitoring en vroege diagnose bij zuigelingen.  De kosten van deze 
platforms en testkits vormen een belemmering voor hun schaalvergroting. Deze platforms 
kunnen in grote instellingen worden gebruikt voor bevestigende hiv-tests bij patiënten 
met discrepante sneltestuitslagen of patiënten met een vermoeden van acute hiv-infectie 
(AHI). Bijkomende studies over de implementatie in instellingen met beperkte middelen 
zijn nodig.

In Hoofdstuk 3 hebben we trends en voorspellers van eerste testen (FTT), late hertesten, 
en test positiviteit beoordeeld op basis van routinematig verzamelde HIV test services 
(HTS) data. Gebaseerd op 24728 test ontmoetingen (32% FTT), observeerden we dalingen 
in HIV-positiviteit (proportie van ontmoetingen waar het resultaat positief was). We 
ontdekten dat FTT-ontmoetingen vaker voorkwamen bij mannen (zowel mannen uit de 
algemene bevolking als mannen die seks hebben met mannen (MSM)), bij jongere (18-24 
jaar) of alleenstaande personen, en bij personen met een lager opleidingsniveau. Positieve 
hiv-testen kwamen vaker voor bij klanten met een lagere dan een hogere opleiding, 
FTT- en late hertesters, MSM en vrouwelijke sekswerkers (FSW), en klanten met huidige 
soa-symptomen.  Onze bevindingen suggereren dat gericht testen op basis van de 
testgeschiedenis, populaties met een lage testopname en met een risico op een nieuwe 
hiv-diagnose kan helpen bij het identificeren van subpopulaties die behoefte hebben aan 
hiv-preventie en zorgdiensten. Inspanningen zijn nodig om het aantal hertesten onder de 
meest risicovolle populaties te verhogen.  
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In hoofdstuk 4 beschreven we de testdekking en identificeerden we voorspellers van door 
de zorgverlener geïnitieerd testen en counselen (PITC), en barrières voor de implementatie 
van PITC in zes eerstelijns zorginstellingen langs de kust van Kenia. We ontdekten dat de 
PITC slecht geïmplementeerd was met een lage dekking (minder dan 1 op de 3 patiënten 
kreeg een HIV-test aangeboden bij het zoeken naar zorg), ondanks een hoge acceptatie 
van de test door de patiënten. Dit was te wijten aan verschillende problemen, waaronder 
een gebrek aan middelen, infrastructuur en training. Onze resultaten toonden aan dat 
de selectie van HIV-tests gebaseerd was op leeftijd, geslacht, socio-economische status, 
klinische symptomatologie en testgeschiedenis.  

In hoofdstuk 5 evalueerden we de HIV-test geschiedenis en nieuwe HIV-diagnoses onder 
volwassen poliklinische patiënten in Kenia in de leeftijd van 18-39 jaar die zorg zochten 
voor symptomen van infectieziekten. We vonden dat vrouwen en mannen evenveel kans 
hadden om laat te hertesten, maar mannen hadden 3 keer meer kans om nooit op HIV 
getest te zijn dan vrouwen. Nieuwe diagnoses werden gesteld bij 37 (2,5%) deelnemers, 
waarvan 60% late hertesters waren en degenen die nog nooit op HIV getest hadden. Bij 
mannen was de kans op een nieuwe diagnose groter bij degenen met symptomen die 
langer dan 14 dagen bestonden, met een lager opleidingsniveau en zonder religieuze 
overtuiging; vrouwen bij wie de nieuwe diagnose was gesteld, hadden vaker koorts. Deze 
bevindingen benadrukken de mogelijkheid voor zorgverleners om documentatie van de 
testgeschiedenis op te nemen als onderdeel van de dagelijkse klinische praktijk. Een “opt-
out” aanpak voor HIV-testen gericht op mensen die nooit getest hebben en late hertesters 
zou de tijd tot de HIV-diagnose bij symptomatische volwassenen langs de kust van Kenia 
kunnen verkorten.

In hoofdstuk 6 hebben we aangetoond dat POC HIV-1 RNA testen een belangrijke 
rol spelen in acute en vroege HIV-diagnostiek, waardoor het risico op verdere HIV-
overdracht afneemt. We ontdekten dat systematische implementatie van ons AHI-
risicoscore algoritme resulteerde in meer HIV-diagnoses in vergelijking met de standaard 
testpraktijken in de zorginstellingen. Het hoge aantal prevalente gevallen in onze studie 
wees op een late HIV-diagnose. Aanbieders misten kansen voor vroege diagnose.  Onze 
bevindingen wijzen op mogelijkheden om HIV-medewerkers te trainen in het herkennen 
van acute of vroege HIV-symptomen. Routinematig aangeboden opt-out RNA-testen 
zouden twee keer zoveel patiënten kunnen diagnosticeren als een aanpak die afhangt van 
de discretie van de zorgverlener.

In hoofdstuk 7 bespreken we de implicaties van onze bevindingen voor het huidige HIV-
testbeleid. Hoewel het screenen op symptomen een rol kan spelen bij de diagnose van 
HIV onder patiënten die zich in de zorg melden, moeten de screeningsinstrumenten 
die al in gebruik zijn in de HIV-programmering gevalideerd worden. Gerichte 
screeninginstrumenten hebben het risico dat er hiv-diagnoses gemist worden in settings 
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met een hoge prevalentie. In Kenia kunnen gerichte tests worden uitgevoerd in districten 
met een lage hiv-belasting (minder dan 5% hiv-prevalentie). Gerichte tests op basis van 
de testgeschiedenis (FTT en late hertesters), populaties met een lage testopname en 
een risico op een nieuwe hiv-diagnose (mannen, KP’s, jongeren (18-24 jaar), personen 
met een laag opleidingsniveau en aanhoudende soa-symptomen), alsook bij patiënten 
die zich met een acute of chronische koortsachtige ziekte presenteren, kunnen in de 
eerstelijnsgezondheidszorg worden uitgevoerd. Dit kan worden bereikt door de aanpassing 
van bestaande screeninginstrumenten zoals het risicobeoordelingsscreeningsinstrument 
(RAST) van het nationale aidsbestrijdingsprogramma, zodat deze door clinici of 
hulpverleners (zoals lekenconsulenten) in de eerste lijn kunnen worden gebruikt. 
In settings met een hoge prevalentie moet het testen weliswaar de bovengenoemde 
risicogroepen omvatten, maar moet de routinematige PITC worden opgeschaald. 
Implementatieonderzoek ter beoordeling van de haalbaarheid en het rendement van 
gerichte hiv-tests in combinatie met hiv-zelftests in vergelijking met standaardzorgtests 
is nodig.
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2018 14/0.5

Predictors of provider-initiated testing and counseling (PITC) 
and malaria testing in patients seeking primary care in coastal 
Kenya. SANTHE 3rd Annual Consortium Meeting, Kigali, 
Rwanda

2018 14/0.5

Coverage and predictors of provider-initiated HIV testing in 
coastal Kenya. Annual Mombasa HIV Research Collaborative 
Meeting, Mombasa, Kenya  

2018 14/0.5

Addressing the 90-90-90 Goals: Improving facility-based HIV 
testing and understanding barriers to its implementation and 
scale-up in Kenya. Pre-registration presentation, KWTRP, 
Kilifi, Kenya

2018 14/0.5

Poster presentation 

Mitigating missed opportunities of provider-initiated HIV 
testing among adults seeking primary care in coastal Kenya 
PEC0365. 23rd International AIDS Conference (AIDS 2020: 
Virtual)
http://programme.aids2020.org/Abstract/Abstract/8590
http://programme.aids2020.org/Programme/PosterDetail/586

2020 14/0.5

Pilot study to assess feasibility and acceptability of a risk 
assessment screening tool (RAST) for HIV testing and linkage 
to prevention and care in Kenya: the RAST study. SANTHE 4th 
Annual Consortium Meeting. 

2019 14/0.5

Systematic review of the performance and clinical utility of 
point-of-care HIV-1 RNA tests for diagnosis and care. HIV 
Research for Prevention (HIVR4P) 2018, Madrid, Spain. 

2018 14/0.5

Systematic review of the performance and clinical utility 
of point-of-care HIV-1 RNA tests for diagnosis and care. 
Celebrating a Decade of Capacity Building and IDeAL Midterm 
Conference, Nairobi, Kenya 

2018 14/0.5

http://programme.aids2020.org/Abstract/Abstract/8590
http://programme.aids2020.org/Programme/PosterDetail/586
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Systematic review of the performance and clinical utility 
of point-of-care HIV-1 RNA tests for diagnosis and care. 
SANTHE 1st Annual Consortium Meeting, Nairobi, Kenya.  

2017 14/0.5

Speaking invitation

HIV testing courage among adult outpatients in coastal Kenya. 
Coast Region Pre- Exposure Prophylaxis (PrEP) &HIV Testing 
services (HTS) Learning Summit, Mombasa, Kenya

2019 2/0.1

Radio show , Sauti Ya Pwani FM, Mombasa, Kenya – Provided 
an overview of clinical and vaccine trials in light of ongoing 
COVID-19 pandemic. 

2020 2/0.1

Radio show, Baraka FM, Mombasa Kenya – Overview of the 
Tambua Mapema Study and HIV testing.   

2018 2/0.1

Other

Supporting the Ministry of Health, NASCOP HTS/PrEP 
Technical Working Group (TWG) developing national HIV 
screening tools. 

2021- 
Current 

8/0.2

2. Teaching

Year Workload 
(Hours/
ECTS)

Other:  Capacity Building

Oxford Tropical Network (OTN) Conference- participated 
and facilitated  a breakout session on Risk Based Monitoring 
as part of the KWTRP Clinical Trials Facility team. 

2019 4/0.1

University of Washington, Department of Global Health, 
Site Facilitator- leading in-person and online local group 
discussions for several web- based courses from the on 
Clinical management of HIV and STIs, Research Methods 
and Leadership & Management among others.

2018-2020 16/0.6

Member of the Pwani (“Coast”) Regional HIV TWG - Aims 
to expand clinical capacity in advanced HIV management 
through review of the regions complicated cases (treatment 
failure, second line failure etc), HIV training and mentorship.

2018 8/0.2
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WHO Special Programme for Research and Training in 
Tropical Diseases (WHO TDR) Clinical Research and 
Development Fellowship (CRDF) Ambassador-Support and 
encourage potential female applicants 

2018 to date 16/0.6

WHO TDR CRDF Steering Committee- Aimed to expand 
women’s participation in the WHO TDR Clinical Research 
and Development Fellowship. 

2018 4/0.1

Trainer of trainer for national ART and PrEP Guidelines 2017 4/0.1

3. Parameters of Esteem

Year

Grants

WHO/TDR Re-integration grant (USD 25,000)- Capacity strengthening 
for the TAMBUA MAPEMA PLUS study, KEMRI Wellcome Trust, 
Kilifi, Kenya

2017 to date

IAVI Investigator Initiated Award Grant code NO: K F 101, $8,164. 
Capacity building for early scientists. 

2015

Awards and Prizes

SANTHE PhD fellowship (GBP 47,000), hosted at KEMRI Wellcome 
Trust Research Programme Kilifi, Kenya

2017-2021

WHO TDR Clinical Research Development Fellowship. One year 
placement at GlaxoSmithKline (GSK) Biologicals, Wavre, Belgium, in 
the Malaria RTS,S Vaccine Programme. 
http://www.who.int/tdr/news/2015/edctp-tdrfellowships-awarded/en 

2016

http://www.who.int/tdr/news/2015/edctp-tdrfellowships-awarded/en
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4. Publications

Year

Peer reviewed (included in this thesis) 

Sanders, E.J., Agutu, C., van der Elst, E., Hassan, A., Gichuru, E., Mugo, 
P., Farquhar, C., Babigumira, J.B., Goodreau, S.M., Hamilton, D.T. and 
Ndung’u, T., 2021. Effect of an opt‐out point‐of‐care HIV‐1 nucleic 
acid testing intervention to detect acute and prevalent HIV infection 
in symptomatic adult outpatients and reduce HIV transmission in 
Kenya: a randomized controlled trial. HIV Med.2021; 00: 1– 13. https://
doi.org/10.1111/hiv.13157 

2021

Mugo PM, Agutu CA, Wahome E, Juma M, Nzioka J, Mohamed K, 
Mumba T, Shally M, Fauz I, Omar A, Rinke de Wit TF, van der Elst EM, 
Graham SM, Sanders EJ. Trends and predictors of HIV positivity and 
time since last test at voluntary counselling and testing encounters 
among adults in Kilifi, Kenya, 2006-2017. Wellcome Open Res. 2021 
Jun 4;4:127. doi: 10.12688/wellcomeopenres.15401.3. PMID: 33884308; 
PMCID: PMC8042516.

2021 (Revised 
publication)

Agutu CA, Oduor TH, Kombo BK, Mugo PM, Chira SM, Ogada FW, 
Rinke de Wit TF, Chege W, van der Elst EM, Graham SM, Sanders EJ. 
High patient acceptability but low coverage of provider-initiated HIV 
testing among adult outpatients with symptoms of acute infectious 
illness in coastal Kenya. PLoS One. 2021 Feb 5;16(2):e0246444. doi: 
10.1371/journal.pone.0246444. PMID: 33544736; PMCID: PMC7864413.

2021

Agutu CA, Ngetsa CJ, Price MA, Rinke de Wit TF, Omosa-Manyonyi 
G, Sanders EJ, Graham SM. Systematic review of the performance 
and clinical utility of point of care HIV-1 RNA testing for diagnosis 
and care. PLoS One. 2019 Jun 27;14(6):e0218369. doi: 10.1371/journal.
pone.0218369. PMID: 31246963; PMCID: PMC6597060.

2019

Other peer reviewed 

Sanders EJ, Agutu CA, Graham SM. Multiple HIV testing strategies are 
necessary to end AIDS. AIDS. 2021 Oct 1;35(12):2039-2041. doi: 10.1097/
QAD.0000000000003027. PMID: 34471072; PMCID: PMC8462447.

2021

https://doi.org/10.1111/hiv.13157
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Graham SM, Agutu C, van der Elst E, Hassan AS, Gichuru E, Mugo 
PM, Farquhar C, Babigumira JB, Goodreau SM, Hamilton DT, Ndung’u 
T, Sirengo M, Chege W, Sanders EJ. A Novel HIV-1 RNA Testing 
Intervention to Detect Acute and Prevalent HIV Infection in Young 
Adults and Reduce HIV Transmission in Kenya: Protocol for a 
Randomized Controlled Trial. JMIR Res Protoc. 2020 Aug 7;9(8):e16198. 
doi: 10.2196/16198. PMID: 32763882; PMCID: PMC7442943.

2020

Asante KP, Ansong D, Kaali S, Adjei S, Lievens M, Nana Badu L, 
Agyapong Darko P, Boakye Yiadom Buabeng P, Boahen O, Maria Rettig 
T, Agutu C, Benard Ekow Harrison S, Ntiamoah Y, Adomako Anim 
J, Adeniji E, Agordo Dornudo A, Gvozdenovic E, Dosoo D, Sambian 
D, Owusu-Boateng H, Ato Wilson E, Prempeh F, Vandoolaeghe P, 
Schuerman L, Owusu-Agyei S, Agbenyega T, Ofori-Anyinam O. 
Immunogenicity and safety of the RTS,S/AS01 malaria vaccine 
co-administered with measles, rubella and yellow fever vaccines 
in Ghanaian children: A phase IIIb, multi-center, non-inferiority, 
randomized, open, controlled trial. Vaccine. 2020 Apr 16;38(18):3411-
3421. doi: 10.1016/j.vaccine.2020.03.014. Epub 2020 Mar 17. PMID: 
32192811.

2020

Hassan AS, Bibby DF, Mwaringa SM, Agutu CA, Ndirangu KK, Sanders 
EJ, Cane PA, Mbisa JL, Berkley JA. Presence, persistence and effects 
of pre-treatment HIV-1 drug resistance variants detected using next 
generation sequencing: A Retrospective longitudinal study from rural 
coastal Kenya. PLoS One. 2019 Feb 13;14(2):e0210559. doi: 10.1371/
journal.pone.0210559. PMID: 30759103; PMCID: PMC6373901.

2019

Post FA, Szubert AJ, Prendergast AJ, Johnston V, Lyall H, Fitzgerald F, 
Musiime V, Musoro G, Chepkorir P, Agutu C, Mallewa J, Rajapakse 
C, Wilkes H, Hakim J, Mugyenyi P, Walker AS, Gibb DM, Pett SL; 
Reduction of EArly mortaLITY in HIV-infected adults and children 
starting antiretroviral therapy (REALITY) Trial Team. Causes and 
Timing of Mortality and Morbidity Among Late Presenters Starting 
Antiretroviral Therapy in the REALITY Trial. Clin Infect Dis. 2018 
Mar 4;66(suppl_2):S132-S139. doi: 10.1093/cid/cix1141. PMID: 29514234; 
PMCID: PMC5850430.

2018
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Mallewa J, Szubert AJ, Mugyenyi P, Chidziva E, Thomason MJ, 
Chepkorir P, Abongomera G, Baleeta K, Etyang A, Warambwa C, Melly 
B, Mudzingwa S, Kelly C, Agutu C, Wilkes H, Nkomani S, Musiime V, 
Lugemwa A, Pett SL, Bwakura-Dangarembizi M, Prendergast AJ, Gibb 
DM, Walker AS, Berkley JA; REALITY trial team. Effect of ready-to-use 
supplementary food on mortality in severely immunocompromised 
HIV-infected individuals in Africa initiating antiretroviral therapy 
(REALITY): an open-label, parallel-group, randomised controlled 
trial. Lancet HIV. 2018 May;5(5):e231-e240. doi: 10.1016/S2352-
3018(18)30038-9. Epub 2018 Apr 10. Erratum in: Lancet HIV. 2018 
Jul;5(7):e340. PMID: 29653915; PMCID: PMC5932190.

2018

Hakim J, Musiime V, Szubert AJ, Mallewa J, Siika A, Agutu C, Walker 
S, Pett SL, Bwakura-Dangarembizi M, Lugemwa A, Kaunda S, Karoney 
M, Musoro G, Kabahenda S, Nathoo K, Maitland K, Griffiths A, 
Thomason MJ, Kityo C, Mugyenyi P, Prendergast AJ, Walker AS, Gibb 
DM; REALITY Trial Team. Enhanced Prophylaxis plus Antiretroviral 
Therapy for Advanced HIV Infection in Africa. N Engl J Med. 2017 
Jul 20;377(3):233-245. doi: 10.1056/NEJMoa1615822. PMID: 28723333; 
PMCID: PMC5603269.

2017
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CURRICULUM VITAE

Education 

2017-Current: University of Amsterdam
PhD Fellow, SANTHE, hosted at KEMRI Wellcome Trust Research 
Programme, Kilifi, Kenya

2013-2018: London School of Hygiene and Tropical Medicine
Msc Infectious Diseases (Distance Learning Programme)  

2011-2012:  University of Nottingham, United Kingdom
Master of Public Health (MPH)

2004-2009:       University of Nairobi, School of Medicine, Nairobi, Kenya
Bachelor of Medicine and Surgery (MBChB) 

Work experience

Study Coordinator | Clinical Oversight

January 2017 to 
Current 

Co-Investigator/Project Manager, Tambua Mapema Plus Study 
(ClinicalTrials.gov Identifier: NCT03508908)
KEMRI Wellcome Trust Research Programme, Kilifi

April 2020 to 
February 2021 

Co-Investigator/ Study coordinator, CopCov trial (ClinicalTrials.gov 
Identifier: NCT04303507)
KEMRI Wellcome Trust Research Programme, Kilifi

March 2018 to 
February 2021

Co-Investigator/Trial Physician and study coordinator, HIV CORE 
006 (PACTR202006495409011)
KEMRI Wellcome Trust Research Programme, Kilifi

February 2013 
to December 
2015

Trial Physician and study coordinator, REALITY (http://www.
controlledtrials.com/ISRCTN43622374 ) 
KEMRI Wellcome Trust Research Programme, Kilifi

https://controlledtrials.com/ISRCTN43622374
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Vaccines research and development

January 2016 to 
December 2016

WHO/TDR Clinical Research Development Fellow, Malaria 
RTS,S Programme  
GSK Biologicals, Wavre, Belgium 

Clinical service 

October 2012 to 
January 2013

Medical Administrator, Clinix Healthcare Limited, Nairobi 

July 2011 to 
September 2011

Senior House Officer, The Aga Khan University Hospital, 
Nairobi 

April 2011 to July 2011 Medical Officer, Clinix Healthcare, Daystar University, Athi 
River 

February 2010 to 
March 2011

Medical Officer-Intern, Kenyatta National Referral Hospital, 
Nairobi 

Stakeholder engagement 
2013- 2020
Participated and coordinated engagement meetings with various stakeholders on proposed 
and ongoing research studies, as well as results dissemination including Community 
Advisory Boards (CABs), religious leaders, Key Populations, ministry of health and 
subcounty officials, regional HIV/STI coordinators, among others. I have collaborated 
with leadership from the National AIDS and STI Control Programme (NASCOP) on 
research projects and training activities. I have participated on radio shows in local media 
to provide information on research studies and topics of public health interest including 
HIV testing and the COVID-19 pandemic. 

	14 July 2020: Sauti Ya Pwani- Clinical and vaccine trials and COVID-19
	29 November 2018: Baraka FM- “Tambua Mapema Study” 

Capacity building and training  
Site facilitator leading weekly/biweekly group discussions for several web-based clinical, 
research methods and leadership courses. 
April to June 2020 Leadership and Management in Health: University of 

Washington (Online, web based e-learning) 
KEMRI Wellcome Trust, Kilifi site facilitator and participant 
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April to June 2020 Fundamentals of Global Health Research: University of 
Washington (Online, web based e-learning) 
KEMRI Wellcome Trust, Kilifi site facilitator and participant

March to June 2019 
March to June 2018
March to June 2015

Clinical management of HIV: University of Washington- 
(Online, web based e-learning)
KEMRI Mtwapa Research Clinic clinical site facilitator and 
participant

March 2017 NASCOP ART guidelines dissemination training
Appointed a Trainer of Trainers (TOT) for the national ART 
and PrEP guidelines  

March 2015 Junior Faculty, National Advanced HIV Clinical Care 
Course, Nairobi, Kenya 
(NASCOP/PACE Project/University of Nairobi/University of 
Maryland)
Selected as one of the previous course top participants to join as 
junior faculty. This involved preparing case discussions for the 
participants as well as facilitating case discussions during the 
training. 

September to 
December 2014
September to 
December 2013

Principles of STD/HIV Research: University of Washington-
(Online, web based e-learning)
KEMRI Wellcome Trust Kilifi site facilitator and participant

Other certifications 
26-30 August 2019 Fundamentals of Implementation Science in Global Health, 

University of Washington, Seattle, USA

18-22 March 2019 Qualitative Data Analysis and Interpretation using Nvivo 
software, Indepth Research Services Training Centre, Nairobi, 
Kenya

25 &28-30  
September 2018

Introduction to biostatistical methods and “R” with applications 
to HIV and TB- Kigali, Rwanda (SANTHE)

03-14 September 2018 Advanced course in epidemiological analysis (STATA), London 
School of Hygiene and Tropical Medicine (LSHTM), London

24-27 July 2018  Primer in Systematic Reviews and Research Synthesis 
workshop, KEMRI-Wellcome Trust, Kilifi
(Cochrane Africa)

22-26 May 2017 NASCOP HIV Testing Services algorithm training, Mtwapa, 
Kenya (Ministry of Health)
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20-24 Feb 2017 ITAPS/IAVI Manuscript Writing Course, Nairobi, Kenya 

24 March - 04 April 
2014 

National Advanced HIV Clinical Course, Nairobi, Kenya 
(NASCOP/PACE Project/University of Maryland) 

March 2014 National Institute of Health (NIH) “Protecting Human 
Research Participants” (Online, web based e-learning)

February 2013 Introduction to Research Methods- KEMRI-Wellcome Trust, 
Kilifi

February 2013, April 
2013, May 2017,
April 2020

Good Clinical Practice

Grants and awards 

January 2017- Ongoing SANTHE PhD studentship award 
Hosted at KEMRI Wellcome Trust Research Programme, 
Kilifi
Total award GBP 47,000 over 45 months. 

March 2017- Ongoing WHO/TDR Re-integration grant
$25,000
Capacity strengthening for the TAMBUA MAPEMA PLUS 
study, KEMRI Wellcome Trust, Kilifi, Kenya

January to December 
2016

WHO/TDR Clinical R&D Career Development Fellowship
http://www.who.int/tdr/news/2015/edctp-tdr-fellowships-
awarded/en/

2015 IAVI Investigator initiated award 
grant code NO: K F 101, $8,164

Technical Working Groups/ Committees
	Supporting the National AIDS and STI Control Programme (NASCOP) HIV testing 

services and PrEP TWG developing HIV testing screening tools 
	WHO TDR CRDF Ambassador
	Pwani HIV TWG

Memberships and affiliations 
	Kenya Medical Association (KMA)
	Kenya Medical Women’s Association (KEMWA)

http://www.who.int/tdr/news/2015/edctp-tdr-fellowships-
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As the African proverb goes “it takes a village to raise a child” …. It has taken a village to 
reach this remarkable milestone in my academic research and career. I will not be able to 
do justice and mention everyone that has contributed to this journey. 

First, I would like to extend my heartfelt gratitude to my supervisors Professor Eduard 
Sanders and Susan Graham. I have admired Eduard’s passion and continued dedication 
to HIV research and capacity building in the programme. This was quite evident during 
our early interactions at the Comprehensive Care and Research Centre (CCRC) in Kilifi. 
He supported training activities for the clinical management of HIV and STI research 
courses. It was during these interactions that we first discussed an elective period to 
further examine the immune responses to Gonococcal infection and where I got insights 
into the IAVI research group activities.  Over the years I have appreciated your patience 
and guidance as I grew in my knowledge of HIV and STI epidemiology, your forthright 
manner and most of all, your faith in me to lead the project clinical activities and interact 
with stakeholders and policy makers in the HIV space. To Susan, thank you for your 
supervision and guidance. I admire and appreciate your ability to see the “big picture”, 
your insightful comments, meticulous and thorough reviews, and feedback. I thank you 
both for your consistent availability and timely responses, and for continually pushing me 
to exert myself, read widely and expand my critical thinking. To my promoter Prof Tobias 
Rinke de Wit, thank you for all the lively interactions and for always encouraging me to 
think outside the box! Your feedback has been invaluable in shaping my thinking on long 
term policy implications of this work. To Dr Elise van der Elst, I thank you for all your 
support and in-put on the qualitative aspects of my work. Thanks to Dr Anthony Etyang, 
my third party monitor, colleague and friend for his advice, moral and academic support 
throughout my professional career at KWTRP as well as during my PhD. 

I would like to acknowledge the study participants, the healthcare providers in participating 
study sites and the entire Tambua Mapema study team for their dedication to the research 
participants and general conduct of the study. The team went above and beyond to ensuring 
timely and complete data collection. Particularly I would like to thank Salome Chira and 
Fred Ogada for their leadership and supervision of the field team. Special thanks to the 
research counsellors, Joyce Shikuku, Elizabeth Njogu, Elizabeth Auma, Aisha Galole, 
Nancy Adhiambo, Isaac Menza and Bevan Wynes, Beatrice Wavinya in the Pharmacy, 
and the lab team in the field, Margaret Nunah and Chadrick Omondi.  To all other 
departments that tirelessly supported the study activities including regulatory and quality 
control: Jennifer Kanungi and Esther Ndiang’ui, administration: Lucie Ikumi, laboratory: 
Kelly Ramko, John Mwambi and Clara Karani, clinical: Alex Thiong’o, data team: Esther 
Yaa and Fanis Kiteki, community: Evans Gichuru, counsellors: Khamisi Mohammed, 
Joseph Nzioka, Teresia Mumba and all other IAVI research group members that I have 
not mentioned by name. This was a truly dedicated team committed to delivering quality 
research and HIV services to research participants and the community. Many thanks 
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to Tony Oduor and Elizabeth Wahome for supporting statistical analysis across various 
pieces of work that have contributed to this thesis, and to Bernadette Kombo for all her 
qualitative data collection and input in the analysis and writing. To Drs Peter Mugo and 
Amin Hassan, thank you for you continued support, encouragement, and mentorship 
throughout the period. To all other friends and colleagues across the programme who 
have provided their moral and technical support over the years, Marianne Munene, Dr 
Mainga Hamaluba, Dr Eunice Nduati, Caroline Ngetsa, Dr Evelyn Gitau, Dr Caroline 
Ogwang, Dr Patricia Njuguna and many others. My special appreciation to the training 
department at KWTRP, IDEAL, Dr Sam Kinyanjui and Liz Murabu as well as to the 
SANTHE team, Denis Chopera, Kim Waddilove, Sipho Khumalo and others, for their 
mentorship, technical and administrative support throughout this PhD journey. Special 
thanks to the International AIDS Vaccine (IAVI) for funding support and for various 
capacity building activities during my thesis. To the Kilifi and Mombasa County Ministry 
of Health teams, particularly Ibrahim Fauz, Nassim Chege and Dr Shem Patta. I appreciate 
the support accorded for all our research activities. To the team at the National AIDS and 
STI Control Programme (NASCOP) and HIV implementing partners, I am indebted to 
you for all the time you dedicated to discussing HIV programming and policy in Kenya. 
Special thanks to Dr Irene Mukui, Mary Mugambi, John Mungai, Dr Barbara Mambo 
among others for their continued support.  

To my family, words cannot express the immense gratitude to you for all your love, 
encouragement, and support. To my parents, Rosemary and Charles Agutu, thank you for 
always being the champions of my education. You have always believed in me, my dreams 
and saw my potential when it was not always apparent to me. You have sacrificed above 
and beyond to provide me with the best education. We have shared in the tears, joys and 
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