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Abstract 

Background  Street-connected individuals (SCI) in Kenya experience barriers to accessing HIV care. This pilot study 
provides proof-of-concept for Enabling Adherence to Treatment (EAT), a combination intervention providing modi-
fied directly observed therapy (mDOT), daily meals, and peer navigation services to SCI living with HIV or requiring 
therapy for other conditions (e.g. tuberculosis). The goal of the EAT intervention was to improve engagement in HIV 
care and viral suppression among SCI living with HIV in an urban setting in Kenya.

Methods  This pilot study used a single group, pre/post-test design, and enrolled a convenience sample of self-
identified SCI of any age. Participants were able to access free hot meals, peer navigation services, and mDOT 6 days 
per week. We carried out descriptive statistics to characterize participants’ engagement in EAT and HIV treatment 
outcomes. We used McNemar’s chi-square test to calculate unadjusted differences in HIV outcomes pre- and post-
intervention among participants enrolled in HIV care prior to EAT. We compared unadjusted time to initiation 
of antiretroviral therapy (ART) and first episode of viral load (VL) suppression among participants enrolled in HIV care 
prior to EAT vs. concurrently with EAT using the Wilcoxon rank sum test. Statistical significance was defined as p < 0.05. 
We calculated total, fixed, and variable costs of the intervention.

Results  Between July 2018 and February 2020, EAT enrolled 87 participants: 46 (53%) female and 75 (86%) living 
with HIV. At baseline, 60 out of 75 participants living with HIV (80%) had previously enrolled in HIV care. Out of 60, 
56 (93%) had initiated ART, 44 (73%) were active in care, and 25 (42%) were virally suppressed (VL < 1000 copies/mL) 
at their last VL measure in the 19 months before EAT. After 19 months of follow-up, all 75 participants living with HIV 
had enrolled in HIV care and initiated ART, 65 (87%) were active in care, and 44 (59%) were virally suppressed at their 
last VL measure. Among the participants who were enrolled in HIV care before EAT, there was a significant increase 
in the proportion who were active in HIV care and virally suppressed at their last VL measure during EAT enrollment 
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compared to before EAT enrollment. Participants who enrolled in HIV care concurrently with EAT had a significantly 
shorter time to initiation of ART and first episode of viral suppression compared to participants who enrolled in HIV 
care prior to EAT. The total cost of the intervention over 19 months was USD $57,448.64. Fixed costs were USD 
$3623.04 and variable costs were USD $63.75/month/participant.

Conclusions  This pilot study provided proof of concept that EAT, a combination intervention providing mDOT, food, 
and peer navigation services, was feasible to implement and may support engagement in HIV care and achievement 
of viral suppression among SCI living with HIV in an urban setting in Kenya. Future work should focus on controlled tri-
als of EAT, assessments of feasibility in other contexts, and cost-effectiveness studies.
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Background
The United Nations Human Rights Council identifies 
homelessness as a “global human rights crisis,” driven 
by inequalities in wealth and land access [1]. Although 
definitions vary, international bodies recognize that 
homelessness extends beyond not having a house [1–4]. 
Homelessness may be included within the broader expe-
rience of being street-connected, where as a result of 
insecure or inadequate housing, the street plays a central 
role in an individual’s everyday life or identity [1, 5, 6]. 
Street-connected individuals (SCI) include adults, chil-
dren, and adolescents who may be unsheltered or inad-
equately sheltered (sleeping in a temporary or unsafe 
location), and may be part of a street-based community 
or economy, for example, for drug use or sex work.

Across varied global contexts, SCI experience profound 
violations of their right to health and right to life, with 
high burdens of morbidity and mortality from infectious 
and chronic disease, mental illness, substance use, and 
violence [4, 7–10]. For example, research in high-, mid-
dle-, and low-income settings shows high rates of HIV 
among street-connected adults [4, 8, 11] and youth [7, 
12–14]., In low- and middle-income settings, includ-
ing sub-Saharan African nations with highly generalized 
HIV epidemics, drivers of HIV risk among SCI include 
age, gender, employment, substance use, sexual and gen-
der-based violence, and survival sex (sex in exchange for 
food, shelter, or other material necessities) [7, 11, 12]. 
The scope of the challenge to address HIV risks among 
SCI is enormous: up to 238 million people in sub-Saha-
ran Africa are homeless or inadequately housed, includ-
ing a large number of children and youth [15].

SCI in sub-Saharan Africa experience social and struc-
tural barriers to accessing HIV treatment, including dis-
crimination, stigmatization, criminalization, and poverty 
[1, 16–19]. SCI are also likely to experience food inse-
curity and to lack a safe place to take medications [20–
22]. Thus, it is not surprising that the limited available 
research suggests that SCI in sub-Saharan Africa have 
poor HIV treatment outcomes [23]. For example, a 2019 
intervention in urban western Kenya that connected SCI 

under 30 years of age to HIV testing and treatment found 
that less than one-third of participants achieved viral 
suppression over two years of follow up [23]. This sug-
gests that even in the context of an intervention to sup-
port treatment, the rate of viral suppression among SCI 
is less than half the rate of viral suppression among the 
local general population [24]. Given the multiple inequi-
ties that limit SCI’s access to healthcare and HIV treat-
ment, SCI are likely to benefit from interventions that 
combine behavioral and biomedical supports and address 
structural barriers to HIV treatment [25]. However, the 
majority of research on improving HIV treatment out-
comes among SCI is based in high-income settings [26, 
27]. There is an urgent need for evidence to guide the 
design and implementation of interventions that improve 
HIV treatment outcomes among SCI in sub-Saharan 
Africa.

One potential strategy for supporting HIV treatment 
among SCI in sub-Saharan Africa involves modified 
Directly Observed Therapy (mDOT). mDOT is an inter-
vention originally developed to promote adherence to 
tuberculosis treatment, where all or some doses of medi-
cation are taken under direct supervision by a health-
care professional [28]. mDOT interventions have been 
adapted to support adherence to antiretroviral therapy 
(ART) for HIV, and have been shown to be particularly 
effective in populations with high rates of non-adherence 
[28, 29]. In addition to supervised dosing, mDOT may 
address other barriers to ART adherence by providing 
SCI with a safe care environment, a secure place to store 
medications, and facilitating regular contact with health-
care providers. mDOT has also been combined with 
other evidence-based strategies to support adherence 
to treatment in resource-constrained settings, includ-
ing peer support and food [29].  An mDOT intervention 
has not yet been piloted with SCI in an urban setting in 
Kenya.

This pilot study describes the design, implementation, 
costs, and HIV outcomes of the Enabling Adherence to 
Treatment (EAT) intervention, a combination inter-
vention providing mDOT and a daily meal alongside 
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pre-existing peer navigation services, to SCI in an urban 
setting in western Kenya. The goal of this pilot study is 
to provide proof of concept for the use of the EAT inter-
vention to support engagement in HIV care and improve 
rates of viral suppression among SCI in urban settings in 
western Kenya.

Methods
Study aim and design
This pilot study used a single group, pre/post-test design 
to provide proof of concept for EAT, a novel combina-
tion intervention among SCI in an urban setting in Kenya 
[30]. Proof of concept (also called proof of implemen-
tation) research is a form of Implementation Science 
research often conducted via pilot studies, which focuses 
on (1) generating evidence that a proposed interven-
tion is feasible, i.e. can actually work in a real-life setting 
and (2) identifying factors to guide implementation of 
controlled trials [30–32]. EAT combined the following 
interventions:

–	 Biomedical: accessible ART and pre- and post-expo-
sure prophylaxis for HIV

–	 Behavioral: modified directly observed treatment 
with doses observed by a pharmacy technologist, and 
peer navigation services to encourage engagement in 
care including follow-up for missed visits

–	 Structural: daily meals for participants

Setting
The pilot study of the EAT intervention took place at the 
Rafiki Centre for Excellence in Adolescent Health at the 
Moi Teaching and Referral Hospital (MTRH) in Eldoret, 
Kenya. Eldoret has a population of 475,716 and is located 
in Uasin Gishu county [33]. Eldoret is home to the Moi 
University College of Health Sciences, MTRH, and is the 
headquarters of the Academic Model Providing Access 
to Healthcare (AMPATH) program.  In partnership, 
AMPATH,  the Kenyan Ministry of Health, Moi Univer-
sity, and MTRH provide HIV care for over 150,000 peo-
ple across nearly 500 facilities and provide HIV testing, 
care and ART free of charge across western Kenya [34].

A 2016 count found that the population of SCI in 
Eldoret was approximately 1,900 individuals [12]. 
Although HIV prevalence in the general population of 
SCI is unknown, the 2016 HIV prevalence among SCI 
under 30  years  of age was 2.7% among males and 8.9% 
among females, roughly consistent with the national 
HIV prevalence of 4% among males and 6.7% among 
females [12].

Study population
SCI are defined as people who spend the majority of their 
time living and/or working on the streets, or for whom 
the streets play a central role in their everyday lives and 
social identities [5, 6]. SCI may include adults, youth, and 
children. They may be unsheltered or inadequately shel-
tered, and may be part of a street-based community or 
economy, for example, for drug use or sex work.

Originally, we planned to pilot the EAT interven-
tion among street-connected children and youth only 
(because this pilot study was a sub-study of a larger 
project to engage street-connected youth in HIV care, 
see below). However, due to the ethical and practical 
challenges involved in providing food to some street-
connected people living with HIV and not others, we 
expanded the study population to include individuals of 
any age who identified as street-connected.

The Engaging Street Youth in HIV Interventions (ESYHI) 
study
This pilot study of the EAT intervention is a sub-study 
of the Engaging Street Youth in HIV Interventions Study 
(ESYHI). The goal of ESYHI is to identify, adapt, and 
pilot interventions to engage street-connected youth in 
Eldoret in the HIV prevention-care continuum. ESYHI 
study procedures are described in detail elsewhere [35]. 
In brief, the research team conducted a scoping litera-
ture review to identify HIV prevention and treatment 
interventions implemented successfully among popula-
tions at high risk of HIV in resource-constrained settings. 
The research team then conducted consensus-building 
activities, including “mabaraza” (traditional group dis-
cussions) with knowledge users including current and 
former street-connected youth, and volunteers and 
community members involved with street-connected 
youth. The research team and knowledge users identified 
mDOT with free daily meals as a potentially successful 
intervention to support HIV treatment among street-
connected youth.

Eligibility criteria
Individuals were eligible for inclusion if they: (1) self-
identified as spending at least three-quarters of their time 
(including days and nights) on the street (defined as an 
area that is absolutely unsheltered or in an inadequate 
shelter like a “barracks,” an outdoor area with rudimen-
tary covering) for at least the past three months, and (2) 
were receiving treatment for HIV or another condition 
requiring medication adherence, including tuberculosis, 
bacterial infections, pre-exposure prophylaxis (PrEP) or 
post-exposure prophylaxis (PEP) for HIV. Although we 
were primarily interested in ART for HIV, we chose not 
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to limit eligibility to only individuals living with HIV in 
order to avoid de facto disclosure of HIV status, and to 
reduce the stigma associated with participating in EAT.

Human subjects’ protections
This pilot study of the EAT intervention was reviewed 
and approved by the Moi University College of Health 
Sciences and MTRH Institutional Research Ethics Com-
mittee and the University of Toronto Research Ethics 
Board. Individuals aged 18  years or older who wished 
to participate provided written informed consent. Indi-
viduals under the age of 18 provided written informed 
assent themselves, and we sought guardian written 
informed consent. For participants under the age of 18 
with no guardian, the Moi University College of Health 
Sciences and Moi Teaching and Referral Hospital Insti-
tutional Research Ethics Committee and the University 
of Toronto Research Ethics Board provided a waiver of 
guardian informed consent, and we obtained written 
informed consent from the senior social worker and writ-
ten informed assent from the participants themselves. 
The Moi University College of Health Sciences and Moi 
Teaching and Referral Hospital Institutional Research 
Ethics Committee and the University of Toronto 
Research Ethics Board waived the need for informed 
consent for participants under the age of 18. Informed 
consent was obtained from all participants or their legal 
guardians, or a waiver of informed consent was obtained 
from the ethics committees described above and the 
participants provided written informed assent them-
selves. All methods were carried out in accordance with 
relevant guidelines and regulations from all institutions 
and research ethics boards, and are consistent with previ-
ously published work [12, 23]. Our treatment of partici-
pants according to age is consistent with the legal age of 
consent in Kenya, which is 18. We used the CONSORT 
extension for Pilot and Feasibility trials checklist down-
loaded from www.​conso​rt-​state​ment.​org to guide report-
ing, [36] see checklist in Supplementary File 1. We are 
aware that SCI constitute a uniquely vulnerable group. 
Our research group has a long history of work with SCI 
in Eldoret, and all aspects of this study were designed and 
carried out in accordance with recommendations from 
the Research Ethics Boards at all involved institutions, 
published guidelines, and our experiences from prior 
research [23, 37].

Participant recruitment
Participants were recruited through ongoing conveni-
ence sampling of SCI from July 2018 to February 2020 
by peer navigators (PN), who shared information about 
the opportunity to participate in the study with their con-
tacts in the street community. PN, defined as persons less 

than 30  years of age with greater than 1  year of recent 
experience being street-connected, are members of the 
research team who have extensive experience working 
with the street-connected community [23]. Healthcare 
providers could also refer participants to the study.

Study procedures
The pilot study of the EAT intervention ran from July 23, 
2018 to February 28, 2020. Participants were eligible to 
receive one free hot meal per day when they presented 
to the study site to take their dose(s) of medication at 
any time between 9am and 5 pm. A pharmacy technolo-
gist distributed medications and observed doses 6  days 
per week, and participants on daily medications were 
given the 7th day dose(s) to take independently. ART for 
HIV was available free of charge through AMPATH, and 
MTRH provided a waiver for all costs associated with 
non-HIV medications.

EAT participants could be on a variety of different 
medications with different dosing schedules, and the fre-
quency and duration of their visits to the EAT site could 
vary. For example, participants could enrol in EAT to 
complete a week-long course of antibiotics or a 28-day 
course of PEP. Participants could also choose to visit the 
EAT site on a non-daily schedule, for example once per 
week, and be dispensed doses of medication to take inde-
pendently until their next visit. Participants on medica-
tion dosed more than once per day took one observed 
dose during their EAT visit and were given the subse-
quent doses to take independently. Not all participants 
visited daily, and we found that supplying 25 food serv-
ings per day was adequate and minimized food waste. 
We offered a meal to children accompanying their par-
ents to prevent the participant from giving food to the 
child instead of eating it themselves. We did not provide 
participants with any food to take away. We also did not 
provide participants with money for transportation to or 
from the clinic. The pilot study start and end dates were 
defined based on funding and team member availability. 
PN followed-up (in person or over the phone) with par-
ticipants who missed clinic or mDOT visits and accom-
panied participants to health care visits if requested.

Data collection & analysis
At enrolment, the pharmacy technologist administered a 
questionnaire that recorded sociodemographic informa-
tion and medication prescriptions. The pharmacy tech-
nologist scanned the participants’ right thumbs with a 
biometric fingerprint sensor in order to generate a unique 
identification code to track medication dispensation and 
attendance (for more detail on the use of biometric fin-
ger scanners, see Braitstein et al. 2019) [12]. Participant 
attendance data were collected daily, checked for errors, 
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and de-identified. Data were inputted into a REDCap 
database, a secure research-dedicated database devel-
oped by collaborators at Vanderbilt University. REDCap 
data were exported into electronic spreadsheets to carry 
out descriptive statistics (percentage, mean, median, con-
fidence intervals (CI), standard deviation, and interquar-
tile range (IQR)).

Data on date of enrolment in HIV care at AMPATH, 
status in HIV care at AMPATH, and viral load (VL) 
measurements at AMPATH prior to and during the 
EAT intervention were linked to participant identifica-
tion codes, exported from AMPATH medical records, 
and de-identified. Status in HIV care at AMPATH was 
categorized as active in care (defined as: attended a 
clinic visit at an AMPATH clinic within 90  days of the 
expected follow-up date) or lost to follow up (LTFU) 
(defined as: no visit at an AMPATH clinic within 90 days 
of the expected follow-up date). Status in EAT was cat-
egorized as active in EAT or LTFU in EAT (defined as: 
2  weeks of non-attendance at EAT and unsuccessful 
attempts to follow up by PN, with no return to EAT by 
the end of the study period). Mortality was ascertained 
through AMPATH clinical records and outreach by PN. 
Anonymized participant HIV care data were imported 
into electronic spreadsheets then imported into SAS 9.3. 
For readers interested in youth, we present outcomes 
among participants aged 15–24 years in the Supplemen-
tary File 2. As this was a pilot study assessing proof of 
concept, it was not powered to detect changes in HIV 
treatment outcomes. To better characterize our findings, 
we used McNemar’s chi-square test to calculate the dif-
ference in proportion of participants who were active in 
care at AMPATH, initiated ART, had a viral load meas-
ure, and were virally suppressed at their last viral load 
measure in the 19  months before the EAT intervention 
vs. the 19 months of EAT follow up. We considered the 
test as significant at p < 0.05. We limited this analysis to 
the participants who were enrolled in AMPATH before 
EAT so we had a paired sample of participants with data 
pre- and post-intervention. Using the Wilcoxon rank sum 
test, we compared time to initiation of ART and time to 
first episode of viral suppression among participants who 
were enrolled in AMPATH prior to EAT vs. enrolled in 
AMPATH concurrently with EAT. We considered the test 
as significant at p < 0.05.

We conducted a cost-outcome description as described 
by Drummond and Sculpher et  al. 2015 [38]. We 
described total costs for 19 months of the EAT interven-
tion as a sum of fixed and variable costs [38–41]. Fixed 
costs were defined as costs that  do  not vary with the 
length of program operation over the short term, for 
example, costs associated with setting up the EAT office. 
Variable costs defined as costs that vary with the length 

of program operation and number of participants, for 
example, food costs and staff salaries. We present vari-
able costs per month per participant, calculated by divid-
ing monthly costs (which were stable per month) by 
the median number of unique participants who visited 
the EAT site at least once per month. This analysis only 
included costs from the perspective of the intervention 
implementers (e.g. office costs, staff salaries, program 
supplies) and participants (e.g. travel costs). We present 
fixed costs and variable costs separately from transport 
costs because transport costs were borne by participants 
while other costs were paid by the study. We do not con-
sider overhead costs or drug costs associated with EAT 
because these were funded by separate programs and 
cost estimation is beyond the scope of this pilot study. 
We also do not estimate costs or savings associated with 
downstream healthcare impacts or productivity impacts 
of EAT as these are beyond the scope of this pilot study. 
All calculations are presented in the Supplementary File 
3. Costs were originally recorded in Kenyan Shillings 
(KSH) and converted to United States dollars (USD) 
using the average USD to KSH exchange rate between 
July 23 2018 and February 28 2020 based on the daily 
indicative exchange rates provided by the Central Bank of 
Kenya [42].

Results
Participant sociodemographic data
EAT enrolled 87 participants, 41 (47%) men and boys 
and 46 (53%) women and girls. Of the 87 participants, 
41 (47%) were more than 30 years of age, 33 (38%) were 
between 20 and 29 years of age, 10 (12%) were between 
10 and 19  years of age, and 3 (3%) were younger than 
10 years of age. The mean age was 28.4 (IQR 23–34). At 
baseline, 47 (54%) of participants slept in a house, 20 
(23%) slept on the street, 14 (16%) slept in the bases/bar-
racks (outdoor places of congregation), and 6 (7%) stayed 
in a shared shelter with other SCI. Overnight, 34 (39%) 
participants stayed with friends, 27 (31%) stayed with a 
spouse/boyfriend/ girlfriend, 8 (9%) stayed alone, and 6 
(7%) stayed with parents. Almost one fifth (17%) of par-
ticipants were accompanied by children on their first visit 
to the clinic (Table 1).

Participant scheduled mDOT regimens
Of the 87 participants, 75 (86%) were living with HIV and 
received ART as part of their mDOT regimen. Two (2%) 
participants living with HIV also received tuberculosis 
treatment, and 58 (67%) received a course of antibiotics 
at some point during the EAT follow up period. Of the 12 
participants not living with HIV, 3 (3%) received tuber-
culosis treatment, 6 (7%) received PrEP, 1 received PEP, 
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1 received antibiotics, and 1 received psychiatric medica-
tion (Table 2).

Approximately half of the enrolled participants 
were scheduled for daily EAT visits (56%), with the 
rest scheduled for weekly visits (40%) or other sched-
ules (3%) according to their medication prescription and 
preferences.

Participant activity and attendance at EAT
From July 23 2018 to February 28 2020, EAT recorded 
5761  visits. Most participants did not adhere to the 
visit schedules assigned at the first visit and attendance 
was irregular. The median number of visits per indi-
vidual participant over the study period was 57 (IQR 
20–132). The median number of unique participants 
who visited the study site at least once per month from 
August 2018 to February 2020 was 42 (IQR 39–50). The 
median number of visits to the study site per month in 
the same period was 316 (IQR 249–374). At the first 
visit, the most common barrier to attendance was hav-
ing money for transportation to the clinic where EAT 

was located. Other barriers to attendance are listed in 
Table 2.

Engagement in HIV care and treatment prior to enrolment 
in EAT
Prior to enrolment in EAT, 60 (80%, 95% CI 71–89%) 
out of 75 participants living with HIV had been enrolled 
in HIV care at AMPATH. Of the 60 participants pre-
viously enrolled in HIV care, at enrolment in EAT 56 
(93%, 95% CI 87–100%) had initiated ART and 44 (73%, 
95% CI 62–85%) were active in care at AMPATH, 40 
(67%, 95% CI 55–79%) had ever had a viral load meas-
ure, 33 (55%, 95% CI 42–68%) had a viral load meas-
ure in the 19 months prior to enrolment in EAT, and 25 
(42% 95% CI 29–54%) were virally suppressed at their 
last viral load measure in the 19 months prior to enrol-
ment in EAT. (VL < 1000 copies/mL) (Fig. 1).

Engagement in HIV care and treatment at end of follow‑up
At the end of follow-up, 75 (100%) participants liv-
ing with HIV were enrolled in HIV care at AMPATH, 
all had initiated ART, and 65 (87%, 95% CI 79–94%) 
were active in care at AMPATH. Fifty-eight (77%, 
95% CI 68–87%) participants had a viral load measure 
after starting EAT, of whom 44 (59%, 95% CI 48–70%) 
met the AMPATH definition of virally suppressed 
(VL < 1000 copies/mL) at their last viral load measure 
during the study period (Fig. 1). Among the 60 partici-
pants who were enrolled in AMPATH before EAT, at 
the end of follow up compared to baseline, there was 
a 15% increase in proportion of participants active in 
care at AMPATH (p = 0.039) and a 28% increase in the 
proportion of participants who had a viral load measure 
(p = 0.001). There was a 21% increase in the proportion 
of participants suppressed at their last viral load meas-
ure within the 19 months of EAT follow up compared 
to the 19  months before EAT enrollment (p = 0.012) 
(Table 3).

Time to ART initiation and first episode of viral suppression 
among participants who initiated ART prior to enrolment 
in EAT vs. after enrolment in EAT
Table 4 presents HIV treatment outcomes at end of fol-
low up stratified by whether participants enrolled in 
HIV care before EAT or concurrently with enrolment 
in EAT. Median time to ART initiation from enrol-
ment in AMPATH was 6  months among participants 
who enrolled in care pre-EAT vs. 0 months among par-
ticipants who enrolled in care concurrently with EAT 
(p < 0.001). Median time to first episode of viral sup-
pression from initiation of ART was 11 months among 
participants who enrolled in care pre-EAT vs. 6 months 

Table 1  Participant sociodemographic data at initial EAT visit

Total Male Female

N = 87 N = 41 N = 46

n (%) n (%) n (%)

Age
  < 5 years 3 (3) 1 (2) 2 (4)

  5 to 9 years 0 0 0

  10 to 14 years 4 (5) 2 (5) 2 (4)

  15 to 19 years 6 (7) 3 (7) 3 (7)

  20 to 24 years 18 (21) 10 (24) 8 (17)

  25 to 29 years 15 (17) 4 (10) 11 (24)

  > 30 years 41 (47) 21 (51) 20 (43)

Sleeping at night
  In a shared shelter 6 (7) 6 (15) 0 (0)

  On the street 20 (23) 10 (24) 10 (22)

  Barracks/Base 14 (16) 7 (17) 7 (15)

  In a house 47 (54) 18 (44) 29 (63)

Stay with at night
  Parent(s) 6 (7) 3 (7) 3 (7)

  Other Family Member 2 (2) 1 (2) 1 (2)

  Sibling 2 (2) 0 2 (4)

  Friends 34 (39) 21 (51) 13 (28)

  Spouse, boyfriend, girlfriend 27 (31) 10 (24) 17 (37)

  Alone 8 (9) 4 (10) 4 (9)

  Other 8 (9) 2 (5) 6 (13)

Children accompanying to clinic
  Yes 15 (17) 3 (7) 12 (26)

  No 72 (83) 38 (93) 34 (74)
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among participants who enrolled in care concurrently 
with EAT (p = 0.003).

Costs
The total cost of the EAT intervention over the 19-month 
period, including all fixed costs and variable costs, was 
$57,448.64. The fixed costs were $3623.04. The total 

cost of setting up the EAT office was $2902.72 and con-
tributed the largest proportion (80%) to the fixed costs. 
For a detailed breakdown of fixed costs, see Table 5. The 
variable costs per month excluding travel were $2677.62. 
Each month, a median of 42 unique participants visited 
the EAT site at least once, giving an estimated variable 
cost per participant per month of $63.75. The estimated 

Table 2  Participant activity in the EAT program

PrEP pre-exposure prophylaxis

PEP post-exposure prophylaxis
a Other medications included olanzapine, insulin, and paracetamol
b Schedule of EAT visits is how often SCI were supposed to attend EAT to receive medications. The schedule was determined by the pharmacy technologist and the 
participant in accordance with the participant’s medication regimen and the participant’s ability to attend EAT, e.g. some participants said they would come daily to 
collect medications, whereas some said they would prefer to come weekly and collect the entire weeks’ dose of pills
c Other law enforcement include county officials, Askari
d Other barriers to attendance included not feeling well, disruptions related to substance use (e.g. had used alcohol and were unable to come), and familial 
responsibilities (e.g. taking care of a young child)
e Lost to follow up from EAT defined as: 2 weeks of non-attendance at EAT and unsuccessful attempts to follow up by PN, with no return to EAT by the end of the study 
period
f Lost to follow up from AMPATH defined as: no visit at an AMPATH clinic within 90 days of the expected follow-up date

Total Males Females

N = 87 N = 41 N = 46

n (%) n (%) n (%)

Drug regimen at baseline
  ART for HIV treatment 15 (17) 5 (12) 10 (22)

  ART for HIV treatment + TB Treatment 2 (2) 2 (5) 0

  ART for HIV treatment + antibiotic(s) 58 (67) 22 (54) 36 (78)

  PrEP with or without antibiotic(s) or other medication 6 (7) 6 (15) 0

  PEP with or without antibiotic(s) or other medicationa 1 (1) 1 (2) 0

  TB Treatment with or without antibiotic(s) or other medicationa 3 (3) 3 (7) 0

  Antibiotic(s) with or without other medication 1 (1) 1 (2) 0

  Other medication onlya 1 (1) 1 (2) 0

Schedule of EAT visitsb

  Daily 49 (56) 27 (66) 22 (48)

  Weekly 35 (40) 13 (32) 22 (48)

  Inconsistent 3 (3) 1 (2) 2 (4)

Barriers to attendance at first visit
  No transport fare 80 (92) 35 (85) 45 (98)

  Police and other law enforcementc 2 (2) 2 (5) 0

  Otherd 5 (6) 4 (10) 1 (2)

Total number of visits 5761 2712 3049

Median # of visits (IQR) 57 (20–132) 59 (21–131) 55 (20–133)

Participant status at end of pilot
  Active in EAT 58 (67) 29 (71) 29 (63)

  Not active in EAT 29 (33) 12 (29) 17 (37)

Reasons for not active in EAT
  Lost to follow-up from EATe 10 (11) 3 (7) 7 (15)

  Lost to follow-up from AMPATHf 2 (2) 0 2 (4)

  Deceased 2 (2) 0 2 (4)

  Relocated 10 (11) 4 (10) 6 (13)

  In prison 5 (6) 5 (12) 0
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Fig. 1  Viral suppression is defined as VL<1000 (as per Kenya Ministry of Health and AMPATH Guidelines).  ART: Antiretroviral therapy; VL: Viral load 
measure

Table 3  Outcomes at baseline vs. end of follow up among participants who enrolled in AMPATH prior to EAT (a pre/post comparison)

a Within the 19 months before EAT, for equivalence with duration of EAT follow-up

P-value associated with McNemar’s Chi-square test statistic

Bold values indicate statistical significance

At EAT baseline N = 60 n (%, 95% CI) At end of EAT follow up N = 60 n (%, 95% 
CI)

P-Valuea

Active in care at AMPATH 44 (73, 62–85) 53 (88, 80–96) 0.039
Initiated ART​ 56 (93, 87–100) 60 (100) 1.000

Had a viral load measurea 33 (55, 42–68) 50 (83, 74–93)  < 0.001
Virally suppressed at most recent viral load 
measurea

25 (42, 29–54) 38 (63, 51–76) 0.012
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travel costs for participants were $0.49 per return fare 
on local transport, which gives an estimated $155.31 in 
travel costs per month based on a median of 316 visits 
per month. For a detailed breakdown of costs, see Table 5 
and Supplementary File 3.

Discussion
Our pilot study provides proof of concept that EAT, a 
combination intervention providing mDOT, food, and 
peer navigation services, was feasible to implement 
among SCI in an urban setting in Kenya and can support 
SCI’s engagement in HIV care and achievement of viral 
suppression. We also identified factors to guide imple-
mentation of trials of EAT at a larger scale or in different 
contexts. The estimated cost for 19  months of the EAT 
intervention was $57,448.64 USD.

Our study demonstrates that EAT can feasibly be 
implemented with this unique population and within the 
existing HIV care infrastructure, and provides prelimi-
nary evidence that EAT can support SCI’s engagement 
in HIV care and achievement of viral suppression. This 
pilot study was not designed to detect significant changes 
in HIV treatment outcomes. However, we observed that 
by the end of follow up all participants had initiated 
ART; the proportion of participants active in HIV care 
increased from 59% to 87%; and the proportion of par-
ticipants who met the AMPATH definition of virally sup-
pressed increased compared to the 19 months before the 
EAT intervention, from 33% to 59%. Among participants 
who were enrolled in care prior to EAT baseline, there 
were statistically significant increases in the proportion 
who were active in care at AMPATH and who had a viral 

Table 4  End of follow up HIV treatment outcomes and last known viral load, participants stratified by sex and enrolment pre-EAT or 
concurrently with EAT

a Numbers in the three rows below total to the value denoted by “n”, the number of participants who had a viral load measure during the study period
b Comparison of median time using the Wilcoxon rank sum test

Bold values indicate statistical significance

SCI living with 
HIV

Enrolled in HIV Care Pre-EAT Enrolled in HIV Care Concurrently with 
Enrolment in EAT

P-value

Totala N = 75 Malesa N = 21 Femalesa N = 39 Totala N = 60 Malesa N = 8 Femalesa N = 7 Totala N = 15

ART Regimen
  First line 66 17 34 51 8 7 15

  Second line 9 4 5 9 0 0 0

Viral load measure ever?
  Yes 64 19 37 56 4 4 8

  No 11 2 2 4 4 3 7

Viral load measure during EAT?
  Yes 58 16 34 50 4 4 8

  No 17 5 5 10 4 3 7

Viral load at final 
measure during 
the study perioda

n = 58 n = 16 n = 34 n = 50 n = 4 n = 4 n = 8

  < 200 copies 
/ ml

40 10 24 34 4 2 6

  < 1000 copies 
/ ml

4 1 3 4 0 0 0

  > 1000 copies 
/ ml

14 5 7 12 0 2 2

Median time 
(months) to ART 
initiation from 
enrolment in care 
(IQR)

3 (0–34) 6(0–39) 6(0–35) 6(0–38) 0 0 0  < 0.001

Median time 
(months) to first 
episode of viral 
suppression from 
ART initiation 
(IQR)b

9(6–25) 7(4–54) 11(8–30) 11(7–38) 6(6–6) 5(5–6) 6(5–6) 0.003
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load measure at end of follow up compared to baseline. 
There was also a statistically significant increase in the 
proportion of participants who were virally suppressed 
at their last viral load measure within the 19 months of 
EAT follow up compared to within the 19 months before 
EAT enrollment. The proportions of participants who 
were active in care and initiated ART are comparable to 
results of other interventions among populations at high 
risk of HIV in Kenya, for example, a program for female 
sex workers living with HIV where by end of follow up, 
79% of participants were engaged in care and 73% were 
on ART [43]. Although our sample size is small, the pro-
portion of participants virally suppressed at their last 
viral load test is comparable to published rates of viral 
suppression among adults and children in various set-
tings across Kenya (ranging from 39.7% among a rural 
residents of another western county, to 51% and 60% 
respectively among children and adults in Uasin Gishu) 
[24, 44–46]. The proportion of participants virally sup-
pressed after EAT is also similar to other interventions 
trialed among other sub-Saharan African populations 
at high risk of HIV, including female sex workers, [47] 
and adolescents [48, 49]. Although our findings suggest 

that participants who enrolled in HIV care concurrently 
with EAT had a statistically significantly shorter time to 
initiation of ART and to the first episode of viral sup-
pression compared to participants who enrolled in HIV 
care before EAT, we cannot attribute this change to 
EAT alone, because guidelines for initiating ART have 
changed over time and we did not control for heterogene-
ity between the two groups. Additionally, EAT’s prelimi-
nary successes may be partly attributable to its unique 
context, embedded in AMPATH and linked to an estab-
lished peer navigator program and adolescent health cen-
tre [23, 50]. However, based on our evidence that EAT 
can feasibly be implemented in this unique population 
and shows promise in improving HIV outcomes, future 
research should include controlled trials powered to eval-
uate whether EAT can improve adherence to ART and 
viral suppression and how EAT performs relative to other 
interventions.

One major goal of this proof of concept study was to 
identify implementation challenges or unexpected fac-
tors that could guide implementation of future trials. 
First, we found that although most participants were 
on drug regimens requiring at least daily dosing, most 

Table 5  Costs

a Program supplies include pill boxes, a water filter, microwave, and drinking cups
b Other operating costs included office supplies, phone, and internet
c For a fixed purchase of 25 servings of food per day, 6 days per week, 4 weeks per month
d Calculated by dividing total monthly costs by the median number of unique participants who visited the EAT site at least once per month
e Calculated based on the median number of visits to the EAT site per month (316) assuming each of those trips cost $0.49 USD (the actual cost of a return fare on local 
transport in USD, converted from KSH using the methods described above in this manuscript)
f Total costs calculated for 19 months of the EAT intervention

Fixed Costs Costs (USD) Costs 
as % of 
Total

Staff training (7 days) $209.18 6%

Community mobilization activities $294.89 8%

Office equipment $2902.72 80%

Program suppliesa $216.25 6%

Total fixed costs $3623.04 100%
Variable Costs (per month)
  Social worker, full time $412.85 15%

  Pharmaceutical technologist, full time $766.72 29%

  1 Pharmaceutical technologist on attachment, full time $294.89 11%

  1 Project coordinator, 0.5 full time equivalent $393.19 15%

  2 Peer Navigators, 0.2 full time equivalent each $58.98 2%

  Other operating costsb (excluding food) $161.21 6%

  Food costsc $589.78 22%

Total variable cost (per month) $2677.62 100%
Monthly variable cost per participantd $63.75
Total transportation costs per monthe $155.31
Total costs for EAT intervention, including all fixed and variable costs and transport 
costsf

$57,448.64
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participants did not adhere to the dosing schedules 
assigned at their first visit. Irregular visit timing may be 
related to competing demands on SCI’s time, includ-
ing work, [51] or barriers like costs of transportation. 
Some SCI may not need or want daily meals or treatment 
observation. Improvements in rates of viral suppres-
sion during EAT even though many participants did not 
attend daily may reflect success of the other components 
of EAT that supported adherence, like follow up from PN 
after a missed medication refill. These findings are in line 
with evidence that interventions using non-daily visits 
to encourage adherence and interventions using PN can 
improve HIV treatment outcomes [29, 52]. Future stud-
ies could focus on exploring how different combinations 
of elements in the EAT intervention function to meet 
participants’ needs. We also recommend that future tri-
als of EAT explore whether (or for whom) a daily, weekly, 
or drop-in mDOT schedule would be most effective, and 
fund participants’ transport to reduce barriers to attend-
ance. Finally, although EAT was originally conceived as 
an intervention for street-connected youth and eligibil-
ity was extended to adults for ethical and practical rea-
sons, over half of the participants living with HIV in this 
pilot study were above the age of 30. Previous studies in 
our setting have focused on street-connected youth, [12, 
53, 54] and the high number of adults who enrolled was 
unexpected, indicating a need for more research on HIV 
among adults who self-identify as street-connected in 
Eldoret.

The total cost of EAT over 19 months was $57,448.64. 
Fixed costs were $3623.04 USD. Variable costs were 
$2677.62 per month and $63.75 per participant per 
month, estimated using the median number of partici-
pants who visited at least once per month. Published cost 
estimates for non-food interventions that support ART 
adherence in low-resource settings range widely, from 
$33.00 USD for a 6-week mDOT intervention to $14.75 
USD per visit for a peer-based intervention [52]. Cost 
estimates for nutrition interventions also vary widely, 
from $15-$50 per participant per month for monthly 
ration baskets or food dispersion [55–58]. Costs in our 
study may be comparatively high because EAT com-
bined behavioral, biomedical, and structural adherence 
supports. Our operating costs also include some food 
waste, because food orders were fixed at 25 servings 
per day, while the number of attendees was sometimes 
below 25. Operating costs could be reduced by reduc-
ing food waste, achieving economies of scale, or outside 
of a research context where some staffing costs would be 
eliminated. New literature suggests that nutrition supple-
mentation or DOT may only be cost-effective in unique 
populations at high risk of severe malnutrition or nonad-
herence to ART [59–61], which may support the use of 

EAT among SCI. Future trials of EAT powered to detect 
statistically significant changes in HIV outcomes should 
be paired with cost-effectiveness evaluations that account 
for a more complete scope of costs (including overhead 
costs, drug costs, and downstream healthcare costs and 
savings) and compare the costs of EAT to other interven-
tions or treatment as usual for SCI.

This pilot study of the EAT intervention has a num-
ber of limitations. First, this pilot study was not powered 
to detect significant differences in outcomes pre- and 
post- intervention, and not designed assess the effec-
tiveness of EAT compared to a control group. We did 
not include a direct measure of ART adherence and 
regular viral load measures were not required. SCI are 
highly transient, so our ability to follow up with partici-
pants and maintain consistent attendance was limited, 
although improved by the use of PN. Participants also 
self-identified as street-connected, so it is possible some 
participants did not genuinely meet our eligibility crite-
ria for duration of street-involvement, however, ethically 
and practically we were limited in our ability to verify 
the exact duration of street involvement, and this limi-
tation was mitigated by use of PN who know the street 
community well. Interpretation of our inferential statis-
tical analyses are limited because we did not adjust for 
confounding, and furthermore, interpretation of differ-
ences in median time to initiation ART and to the first 
episode of viral suppression are limited by the fact that 
guidelines around initiating ART have changed over 
the years. Monthly operating cost estimation per par-
ticipant may underestimate the true cost per participant 
because the actual number of participants who attended 
EAT every day is lower than the median number with at 
least one visit per month. Furthermore, we do not com-
pare the costs of EAT to costs of any other intervention, 
so this study in isolation cannot guide decision making 
around EAT’s relative cost-effectiveness. The pilot study 
also has a number of strengths. Investigators were able 
to draw on long-standing relationships with the com-
munity of SCI in Eldoret, which likely supported engage-
ment. It showed that the EAT intervention was feasible 
within the existing infrastructure, which suggests pos-
sibilities for further study and scale. Potential sources of 
funding for future trials of EAT might include NGOs, 
local governments and healthcare agencies, and research 
funding bodies. EAT also offers opportunities for novel 
partnerships, for example, between healthcare and local 
food or agricultural businesses who could supply meals. 
Anecdotally, when the pilot ended, the restaurant which 
operated beside the Rafiki Center voluntarily contin-
ued to provide free meals to SCI attending the clinic for 
ART because they observed how much it helped to sta-
bilize and support the participating SCI. (Unfortunately, 
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about one month later, in March 2020, the restaurant 
closed because of the COVID-19 pandemic.) Ultimately, 
EAT, if scaled, may help support SCI’s human right to an 
adequate standard of living, including adequate food and 
medical care, as set out by the Universal Declaration of 
Human Rights [62].

Conclusion
Our pilot study provided proof of concept that EAT, a 
combination intervention providing mDOT, food, and 
peer navigation services, was feasible to implement and 
may support engagement in HIV care and achievement 
of viral suppression among SCI living with HIV in an 
urban setting in Kenya. Future EAT trials should consider 
a adopting a non-daily schedule for mDOT and fund-
ing participants’ travel to reduce barriers to attendance. 
Future research should include controlled trials pow-
ered to assess whether EAT can improve adherence to 
ART and viral suppression, how EAT performs relative 
to other interventions, and whether EAT can be feasibly 
implemented with SCI in other settings.
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