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Modelling the impact of HIV and hepatitis C virus
prevention and treatment interventions among people

who inject drugs in Kenya

Jack Stonea, Hannah Frasera, Josephine G. Walkera,

Nyashadzaishe Mafirakurevab, Bernard Mundiac, Charles Clelandd,

Kigen Bartilole, Helgar Musyokie, Wanjiru Waruiruf, Allan Ragic,

Parinita Bhattacharjeeg, Nok Chhunh, John Lizcanoh,

Matthew J. Akiyamai, Peter Cherutiche, Ernst Wissej, Ann Kurthh,

Niklas Luhmannk and Peter Vickermana,l

Objectives: People who inject drugs (PWID) in Kenya have high HIV (range across
settings: 14–26%) and hepatitis C virus (HCV; 11–36%) prevalence. We evaluated the
impact of existing and scaled-up interventions on HIV and HCV incidence among
PWID in Kenya.

Design: HIV and HCV transmission model among PWID, calibrated to Nairobi and
Kenya’s Coastal region.

Methods: For each setting, we projected the impact (percent of HIV/HCV infections
averted in 2020) of existing coverages of antiretroviral therapy (ART; 63–79%), opioid
agonist therapy (OAT; 8–13%) and needle and syringe programmes (NSP; 45–61%).We
thenprojected the impact (reduction inHIV/HCV incidenceover 2021–2030), of scaling-
up harm reduction [Full harm reduction (‘Full HR’): 50% OAT, 75% NSP] and/or HIV
(UNAIDS 90–90–90) and HCV treatment (1000 PWID over 2021–2025) and reducing
sexual risk (by 25/50/75%). We estimated HCV treatment levels needed to reduce HCV
incidence by 90% by 2030.

Results: In2020,OATandNSPaverted46.0–50.8% (rangeofmedians) ofHIV infections
and 50.0–66.1% of HCV infections, mostly because of NSP. ART only averted 12.9–
39.8% of HIV infections because of suboptimal viral suppression (28–48%). Full HR and
ART could reduce HIV incidence by 51.5–64% and HCV incidence by 84.6–86.6% by
2030.Alsohalving sexual risk could reduceHIV incidenceby68.0–74.1%.Alongside full
HR, treating 2244PWIDover 2021–2025 could reduceHCV incidenceby 90%by2030.

Conclusion: Existing interventions are having substantial impact on HIV and HCV
transmission in Kenya. However, to eliminate HIV and HCV, further scale-up is needed
with reductions in sexual risk and HCV treatment.
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Introduction

Kenya has high HIV prevalence (4.9% in 2018) among
adults [1]. However, HIV prevalence (14–20%) among
people who inject drugs (PWID) far exceeds this [2,3],
particularly among female individuals (29–61%). In
contrast, hepatitis C virus (HCV) prevalence among
PWID in Kenya is relatively low (11–36% [4]) compared
with other global settings [5], likely reflecting the recency
of injecting drug use (IDU) in sub-Saharan Africa (SSA)
[6] and a substantial sexual component to HIV
transmission among PWID in Kenya. Indeed, condom
use is low-to-moderate among PWID in Kenya [2,7] and
over one-third (39%) of female PWID engage in
transactional/commercial sex [7].

Opioid agonist therapy (OAT) and needle and syringe
programmes (NSP) are effective at reducingHIVandHCV
acquisition risk [8–10] but coverage typically remains low
in SSA [11]. Kenya initiated NSP in 2013, with
approximately half of PWID accessing NSP in 2017.
OAT initiated in 2014, with coverage remaining low
(<5%) by 2017 [11]. Both OAT and NSP have scaled-up
further since 2017,with this not being adversely affected by
the COVID-19 pandemic. Antiretroviral therapy (ART)
for people with HIV (PWH) effectively reduces HIV
transmission [12–14]. ART has scaled-up in Kenya, with
86% of PWH on ART in 2020 [15] and 64–68% among
PWID in 2015 [4]. Although access to HCV diagnosis and
treatment has been negligible in Kenya, recent pilot
programmes among PWID have demonstrated the
feasibility of such strategies [16]. The Kenyan government
has recently secured direct-acting antiviral (DAA) treat-
ments for 1000 people,with their nationalHCVguidelines
recognizing PWID as a priority population [17].

The WHO and UNAIDS have set goals for eliminating
HCVand HIV by 2030 [18,19]. Although modelling can
help guide intervention planning for reaching these goals,
through evaluating the long-term impact of implementing
different strategies, onlyour study inDar es Salaam [20] has
considered the IDU-related epidemics in SSA. To aid
policymaking in Kenya and SSA, we used modelling to
evaluate the impact of existing and scaled-up prevention
and treatment interventions onHIVandHCVtransmission
among PWID in Kenya and considered what is needed to
reach elimination.

Methods

Model description
We developed a dynamic HIV and HCV transmission
model amongst PWID for two sites in Kenya: Nairobi

and Coastal region (specifically Mombasa, Kilifi and
Kwale). These sites are where IDU is concentrated in
Kenya [21] and have best available data. The modelled
population is stratified by gender, HIV infection and
treatment status, HCV infection, OAT and NSP status
(Fig. 1). Model equations are in the Supplemental
Appendix, http://links.lww.com/QAD/C640.

Individuals enter the model through initiating IDU,
susceptible to HCV, and not accessing OAT/NSP. Some
enter HIV-infected, with some on ART. Entry balances
cessation of IDU and non-HIV related death.

Susceptible PWID become HIV and HCV infected
through injecting-related transmission, with HIV also
being sexually transmitted. We assume that injecting-
related transmission does not differ by gender because
male and female PWID have similar injecting behaviour
and HCV prevalence (Appendix Table 1, http://links.
lww.com/QAD/C640). For sexual HIV transmission,
we just model heterosexual transmission because few
male PWID report sex with men (<2.2% last month)
[2]. Differences in HIV prevalence and sexual risk
behaviours (Table 1 and Appendix, http://links.lww.
com/QAD/C640) suggest female PWID have higher
sexual HIV transmission risk than male PWIDs, which
we incorporate. We assume PWID have sexual partners
with other PWID and the general population. We do
not explicitly model the general population; instead,
transmission from the general population occurs as a
function of their HIV prevalence (by gender) and ART
coverage.

HIV transmission risk is dependent upon the HIV
prevalence and ART coverage [12] in their sexual and
injecting partners. Injecting HIV transmission risk is
decreased forPWIDonOATand/orNSP [8,9].Weassume
that a proportion of PWID’s sexual partners also inject,
whichdiffers bygender.Due to limiteddata,weassumethat
PWID mix randomly to form potential transmission
contacts (sexual or injecting) with other PWID.

FollowingHIV infection, individuals progress through the
acute, chronic, pre-AIDS and AIDS phases of infection.
Individuals in the acute and pre-AIDS phases of infection
have heightened infectivity [22]. Individuals with AIDS
experience HIV-related mortality and only engage in risk
behaviours if on ART. PLHIV (except acute) can be
enrolledontoART,which reducesHIVdisease progression
and infectivity (depends on levels of viral suppression [12]).
PWID receiving ART can be lost to care (LTC) and then
re-enrolled at the same rate as ART-naive PWID. Being on
OAT improves ART outcomes (initiation, retention and
viral suppression) [23].
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(a)

(b)

(c)

Fig. 1. Model schematic of (a) harm reduction interventions; (b) HIV transmission and treatment; (c) hepatitis C virus
transmission and treatment. HCV, hepatitis C virus; NSP, needle and syringe programme; OAT, opioid agonist therapy.



The risk of HCV transmission is dependent on the
chronic HCV prevalence among PWID. HCV transmis-
sion risk is decreased for PWID on OAT and/or NSP
[10]. Following HCV infection, some PWID spontane-
ously clear infection (differs by HIV infection), with the
remainder progressing to chronic infection. Chronically
infected PWID can receive HCV treatment, with most
(90.1% [16]) achieving a sustained virologic response
(SVR). Those not achieving SVR return to the
chronically infected compartment and are eligible for
re-treatment. HIV–HCV co-infected PWID are more
infectious than HCV mono-infected PWID [24].

Model parameterization and calibration
The model was calibrated using data from the 2012 Kenya
AIDS indicator survey (KAIS) [25], 2015 and 2016 national
polling booth surveys among PWID [7], 2011 integrated
bio-behavioural assessment among PWID in Nairobi [3],
OAT and NSP programme data, a 2015 HCV prevalence
study of PWID in Coastal region [26], and the Testing and
Linkage to Care study among PWID (TLC-IDU;
NCT01557998) [2,4]. Most data came from TLC-IDU,
whichconsistedof six rounds (2012–2015)of cross-sectional
surveys of PWID in Nairobi and Coastal Kenya (total
n¼ 4871). Participants were tested for HIV infection and
viral load at each round and for HCVantibody in round 6.

We assume that IDU initiated between 1997 and 2001
[6], sampling the year of initiation uniformly from this
range. OAT, NSP and ARTwere scaled-up in line with
available data (Fig. 2) using different recruitment rates
over specific time periods wherever necessary (Appendix
Tables 2, http://links.lww.com/QAD/C640 and 3,
http://links.lww.com/QAD/C640), and assuming con-
stant recruitment rates after the last available estimate.
Programmatic data shows that OAT, NSP and ART
coverages were not affected by the COVID-19 pandemic
(https://www.unaids.org/en/resources/presscentre/fea-
turestories/2020/october/20201016_covid-impact-on-
hiv-treatment-less-severe-than-feared).

For each site, the model was calibrated using an
approximate Bayesian computation methods (ABC)
[27] to data on: PWID population size in 2011, the
proportion of PWID that are female over 2011–2015,
HIV prevalence amongst male and female PWID over
2011–2015, HCV seroprevalence amongst all PWID in
2015, ART coverage amongst HIV positive PWID over
2012–2015, the number of PWID currently and ever
enrolled onto OATover 2015–2021, and the number of
PWID currently in contact with NSP over 2014–2021.
Table 1 summarizes prior ranges for key parameters and
calibration data, with full details in Appendix Tables 2–5,
http://links.lww.com/QAD/C640.
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Table 1. Summary of main prior parameter ranges and calibration data (most recent estimates) used for Nairobi and Coastal region.

Nairobi Coastal region Data source

Demographics
PWID population sizeM 9750–17150 5700–13100 [44]
Proportion of PWID that are femaleM 13.1–16.4% 9.2–11.9% TLC-IDU [4]
Average duration of injecting (years) 1.75–7.0 2.05–8.2 TLC-IDU [4]

HIV/HCV prevalence
HIV prevalence amongst male PWID (2015)M 8.2–11% 10.3–17.4% TLC-IDU [4]
HIV prevalence amongst female PWID (2015)M 19.8–38.4% 31.2–65% TLC-IDU [4]
HIV prevalence amongst new male PWID in 2012 3.4–6.4% 3.1–5.4% TLC-IDU [4]
HIV prevalence amongst male adults in 2012 2.4–5.2% 1.1–4% KAIS 2012 [24]
HIV prevalence amongst new female PWID in 2012 12.2–26.1% 27.9–50.1% TLC-IDU [4]
HIV prevalence amongst female adults in 2012 4.2–8% 4.1–8.1% KAIS 2012 [25]
HCV antibody prevalence amongst PWID (2015)M 8.4–13.3% 19.5–40.7% TLC-IDU [4] and [26]

ART coverage/viral suppression
ART coverage amongst HIV-positive PWID (2015)M 60.3–71% 50.1–78.4% TLC-IDU [4]
Proportion of PWID on ART that are virally supressed 28–40% 35–48% TLC-IDU [4]
Mean log HIV viral load if on ART and virally suppressed 2.70–2.74 2.66–2.70 TLC-IDU [4]
Mean log HIV viral load if on ART and not virally suppressed 3.71–4.00 3.81–4.05 TLC-IDU [4]
Mean log HIV viral load if not on ART 4.22–4.42 4.09–4.32 TLC-IDU [4]
Efficacy of ART for reducing HIV transmission 25.9–68.9% 21.7–64.8% Based on above parameters – see

Appendix, http://links.lww.com/
QAD/C640 for details

Harm reduction
Number of PWID on NSP (2020)M 8537 9191 Programme data
Number of PWID ever enrolled onto OAT (2021)M 2245 3411 Programme data
Number currently enrolled on OAT (2021)M 1137 2651 Programme data

Sexual risk
Average years of sexual risk before males start injecting 14.3–15.3 15.3–16.0 TLC-IDU [4]
Average years of sexual risk before females start injecting 12.8–14.7 11.0–13.9 TLC-IDU [4]
Proportion of male PWID’s sexual partners that are PWID 0.11–0.17 0.12–0.19 TLC-IDU [4]
Proportion of female PWID’s sexual partners that are PWID 0.34–0.50 0.24–0.38 TLC-IDU [4]

Calibration data are marked by an asterisk; all other entries are model parameters. Full parameter tables and calibration data are in the Appendix,
http://links.lww.com/QAD/C640.PWID, people who inject drugs.
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Fig. 2. Model projections of: HIV prevalence among PWID in Nairobi and Coastal region (a and b); HCV antibody prevalence
among PWID in Nairobi and Coastal region (c and d); ART coverage among HIV-positive PWID in Nairobi and Coastal region
(e and f); number of PWID currently on NSP in Nairobi and Coastal region (g and h); number of PWID currently on OAT in
Nairobi and Coastal region (i and j). Black lines show the median model projections whilst the shaded area shows the 95% CrI for
the baseline projections. Data points with their 95%CI (wherever appropriate) are shown for comparison. Green dotted lines show
the calibration range used for HCV prevalence in Coastal region. CrI, credibility interval; NSP, needle and syringe programme;
OAT, opioid agonist therapy; PWID, people who inject drugs.



TLC-IDU data was analysed to estimate the HIV
prevalence in 2013 among male PWID when they
initiate injecting. This was sampled in the ABC and
estimated over time by assuming the same ratio between
the HIV prevalence among new male PWID and male
general population over time. The sampled HIV
prevalence among new male PWID in 2013 was also
used to estimate a range for the average level of sexual
HIV transmission risk experienced by male individuals
over the duration of sexual risk before initiating IDU.
The same level of sexual HIV transmission risk was
assumed after initiating IDU, with this range being
calibrated in the ABC. The same method was used for
female individuals.

We performed multiple iterations of the ABC, each
consisting of 5000 parameter sets, until the main results
from the combined parameter sets converged (Appendix
Figures 1, http://links.lww.com/QAD/C640 and 2,
http://links.lww.com/QAD/C640). These combined
parameter sets were sampled, weighted by their likelihood,
to give a final group of model fits consisting of 10% of the
combined parameter sets (4000 for Nairobi and 3000 for
Coastal region); these were used in subsequent analysis.

Model analyses
We projected the baseline HIV and HCV epidemics
among PWID until 2021 and estimated the percentage of
new HIV infections in 2020 that were acquired sexually.
We then projected the proportion of infections prevented
by OAT, NSP and/or ART in 2020.

We then projected the impact, in terms of reduction in
HIV/HCV incidence (over 2021–2030), of scaling-up
harm reduction interventions and/or HIV and HCV
treatment from 2021 (modelled as an increase in
treatment recruitment rates). Specifically, we modelled
the following scenarios:

(1) Full harm reduction (HR): scale-up OAT and NSP to

50 and 75% coverage, respectively (modelled as an

increase in OAT/NSP recruitment rates). These

coverages represent what some high-income countries

have achieved [28,29] and align with WHO and

UNAIDS targets

(2) Full ART: scale-up ART to meet UNAIDS 90–90–90

targets among PWID, that is, 81% ART coverage and

90% viral suppression

(3) Full HRþFull ART

(4) Treat HCV: treat 1000 HCV-positive PWID over next

5 years, based on the Kenyan government having

secured 1000 DAAs for use over 5 years

(5) Full HRþTreat HCV

We also estimated the additional impact of reducing HIV
sexual transmission risk by 25, 50 or 75% alongside Full
HRþFull ART from 2021. These reductions in sexual

risk are in line with what has been achieved through
sexual risk reduction interventions among people who
use drugs [30] and other male or high-risk populations
[31,32]. Lastly, we estimated the HCV treatments needed
to decrease HCV incidence by 90% over 2021–2030
(WHO elimination target).

To determine which parameter uncertainties are impor-
tant for contributing to the variability in our model
projections, a linear regression analysis of covariance was
performed on the relative reduction in HIV and HCV
incidence achieved over 2021–2030 from Full
HRþFull ART.

Results

Baseline model projections
The calibrated model fit the data well (Fig. 2), suggesting
a slowly decreasing HIVepidemic among PWID in both
settings, a decreasing HCV epidemic in Nairobi and a
stable HCVepidemic in Coastal region. HIV prevalence
is projected to be 2.8 times [95% credibility interval (CrI):
2.6–3.0] and 4.2 times (95% CrI: 3.5–4.8) higher among
female PWID than male PWID in Nairobi and Coastal
region, respectively.

The model projects HIVand HCV incidences of 1.0 (95%
CrI: 0.9–1.2) and 3.4 (95% CrI: 2.3–4.9) per 100 person-
years (py) in 2021 in Nairobi, respectively, and 1.8 (95%
CrI: 1.3–2.3) and 13.3 (95% CrI: 7.3–23.1) per 100 py in
Coastal region. Despite similar injecting risks, a much
higher HCV incidence is projected in Coastal region
because of a longer duration of injecting (posterior:
4.7 years, 95%CrI 3.0–6.7) than inNairobi (3.4 years; 95%
CrI: 3.0–3.8), which results in a greater HCV prevalence
and so incidence (Fig. 2). In both settings, sexual HIV
transmission contributesmajorly toHIV transmission,with
25.6% (95% CrI: 21.3–30.1) and 52.1% (95% CrI: 46.0–
57.9)ofnewHIVinfections amongmale and femalePWID
being sexually transmitted in Nairobi (30.4% (95% CrI:
25.6–35.5) among all PWID), respectively, comparedwith
15.4% (95% CrI: 9.9–22.0) and 63.6% (95% CrI: 54.0–
70.5) in Coastal region [22.7% (95% CrI: 16.3–30.3]
among all PWID). Overall, HIV incidence among female
PWID is greater than among male PWID in both Nairobi
(IRR: 1.6, 95%]: 1.4–1.7) and Coastal region (IRR: 2.3,
95%CrI: 1.9–2.7), with the incidence of sexually acquired
HIV infection being three times higher among female
PWID than male PWID in Nairobi (IRR: 3.2, 95% CrI:
2.8–3.5) and 10 times higher in Coastal region (IRR: 9.7,
95% CrI; 7.5–12.7).

Impact of existing interventions
In 2021, for Nairobi and Coastal region, the model
projects NSP coverages of 60.8% (95% CrI: 52.5–67.4)
and 45.2% (95% CrI: 32.1–4.7), OAT coverages of 7.8%

2196 AIDS 2022, Vol 36 No 15



(95% CrI: 7.2–8.4) and 13.4% (95% CrI: 8.8–16.6), and
ART coverages of 78.7% (95% CrI: 74.0–82.2) and
63.2% (95% CrI: 59.9–67.4), respectively. In general,
these interventions have had greatest impact in Nairobi
and more impact on HCV (Fig. 3 and Appendix Figure 3,
http://links.lww.com/QAD/C640). For instance, in
2020 existing harm reduction interventions averted
50.8% (95% CrI: 43.5–56.5) and 66.1% (95% CrI:
58.7–71.6) of new HIV and HCV infections in Nairobi
and 46.0% (95% CrI: 32.6–54.8) and 50.0% (95% CrI:
29.5–64.2) in Coastal region. The impact of NSP and
OAT on HIV is less than for HCV because of the high
levels of sexual HIV transmission among PWID, while
NSP had more (3–10-times) impact than OAT (Fig. 3)
because of its much higher coverage.

ART (among PWID) has had greater impact in Nairobi
than Coastal region, averting 39.8% (95% CrI: 34.8–
44.2) and 12.9% (95% CrI: 6.8–19.8) of HIV infections
in 2020, respectively. Impact is lower in Coastal region
because they have lower ART coverage than in
Nairobi and smaller reductions in viral load when on

ART (Table 1; likely because of differences in adherence
to ART) reducing its prevention efficacy.

Without existing interventions, HIV and HCV preva-
lence would have been much higher in both settings
(Appendix Figure 3, http://links.lww.com/QAD/
C640). HIV prevalence still declines without these
interventions because of ongoing reductions in HIV
prevalence among the general population.

Impact of scaling-up interventions
Without intervention scale-up, HIV incidence is
projected to decrease by 16.0% (95% CrI: 12.9–19.2)
in Nairobi and 9.1% (95% CrI: 6.7–15.6) in Coastal
region over 2021–2030. Scaling-up harm reduction
interventions and ART could reduce HIV incidence by
51.5% (95% CrI: 45.4–57.7) in Nairobi and 64% (95%
CrI: 54.4–75.6) in Coastal region over 2021–2030
(Fig. 4; Appendix Figure 4, http://links.lww.com/QAD/
C640). Just scaling-up ART or harm reduction has less
impact; in Nairobi, for example, HIV incidence reduces
by 45.1% (95%CrI: 38.5–51.8) through just scaling-up of

Intervention impacts for PWID in Kenya Stone et al. 2197

Fig. 3. Proportion of new HIV and hepatitis C virus infections averted among PWID in Nairobi and Coastal region by existing
interventions in 2020 Boxes indicate the interquartile range, with the lines inside indicating the median impact, with whiskers
representing 95% credibility intervals for the simulations. NSP, needle and syringe programme; OAT, opioid agonist therapy;
PWID, people who inject drugs.



harm reduction (Full HR) or 26.6% (95% CrI: 23.4–
30.3) through just scaling-up ART (Full ART). In
Nairobi, 69.1% (95% CrI: 61.0–79.7) of the impact of
scaling-up harm reduction is achieved through scaling-up
OAT, whereas 48.6% (95% CrI: 31.3–62.6) is achieved if
only NSP is scaled up. In contrast, scaling-up OAT and
NSP individually have similar impact in Coastal region
(Appendix Figure 5, http://links.lww.com/QAD/
C640). In both settings, improving levels of viral
suppression achieves much of the impact of scaling-up
ART (92.2%; 95% CrI: 67.1–100.0 in Nairobi and
49.6%; 95% CrI: 38.3–61.6 in Coastal region).

Further reductions in HIV incidence can be achieved in
both settings through reducing sexual risk (Fig. 4).
Halving sexual risk alongside scaling-up harm reduction
interventions and ART (Full HRþFull ART) reduces
HIV incidence by 68.0% (95% CrI: 63.9–72.1) in
Nairobi and 74.1% (95% CrI: 64.1–81.8) in Coastal
region. For Nairobi, this changes to HIV incidence
decreasing by 60.3% (95% CrI: 55.5–65.3) or 74.6%
(95% CrI: 71.2–77.8) if sexual risk is reduced by 25 or
75%, while in Coastal region the decrease in HIV

incidence becomes 69.1% (95% CrI: 59.4–78.8) or
78.6% (95% CrI: 68.4–84.8) (Appendix Figure 6, http://
links.lww.com/QAD/C640).

Without intervention scale-up, HCV incidence is
projected to decrease by 55.8% (95% CrI: 35.9–70.2)
in Nairobi over 2021–2030, and by 14.2% (95% CrI:
�23.1 to 45.7) in Coastal region; both with considerable
uncertainty. Scaling-up OAT and NSP (Full HR) could
reduce HCV incidence by 86.6% (95% CrI: 80.0–90.9)
in Nairobi and 84.6% (95% CrI: 71.1–91.4) in Coastal
region (Fig. 4). Conversely, treating 1000 PWID in each
setting over the next 5 years could reduce HCV incidence
by 92.0% (95% CrI: 72.1–98.3) in Nairobi but only
24.3% (95% CrI: �15.6 to 60.2) in Coastal region, while
combining this with Full HR could nearly eliminate
HCV. Treating 1000 PWID has much greater impact in
Nairobi than Coastal region because there are substan-
tially fewer chronically infected PWID in Nairobi (1242
in 2021; 95% CrI: 904–1713) than in Coastal region
(4952; 95% CrI: 2777–9521). A 90% reduction in HCV
incidence is achieved by 2030 if alongside scaling-up
harm reduction, 301 (95% CrI: 0–716) PWID are treated

2198 AIDS 2022, Vol 36 No 15

Fig. 4. Relative reduction in HIV and hepatitis C virus incidence over 2021–2030 among people who inject drugs in Nairobi and
Coastal region for different intervention scale-up scenarios Boxes indicate the interquartile range, with the lines inside indicating
the median impact, with whiskers representing 95% credibility intervals for the simulations.



by 2026 in Nairobi and 1943 (95% CrI: 0–5998) are
treated in Coastal region, with this increasing to 948
(550–1524) and 6,190 (2609–16 738) without Full HR.

Uncertainty analysis
Uncertainty in the levels of sexual transmission (37.5 and
51.3% of uncertainty in Nairobi and Coastal region,
respectively) and NSP coverage (Nairobi: 31.6%, Coastal
region: 11.8%) contributed most to the variability in the
impact of scaling-up harm reduction interventions and
ARTon HIV incidence (Appendix Table 6, http://links.
lww.com/QAD/C640). Conversely, uncertainty in the
duration of injecting (Nairobi: 51.6%, Coastal region:
38.1%), NSP coverage (Nairobi: 14.6%, Coastal region:
5.2%) and NSP effectiveness (Nairobi: 14.6%, Coastal
region: 29.0%) contributed most to the variability in the
impact on HCV incidence (Appendix Table 7, http://
links.lww.com/QAD/C640).

Discussion

Main findings
Our projections show that NSP has resulted in substantial
impact, because of its rapid expansion to 45–61%
coverage, preventing 40–46% of HIV infections and 46–
63% of HCV infections in 2020. In contrast, OAT has
averted less than 10% of HIV/HCV infections because of
low coverage levels. The impact of ART (13–40%
infections averted) has been limited by sub-optimal viral
suppression. To increase impact, harm reduction inter-
ventions (particularly OAT in Nairobi) and ART
(particularly viral suppression) need to be scaled-up
and optimized, with HIV incidence decreasing by 51–
66% and HCV incidence by about 85% if NSP is
increased to 75% coverage, OAT to 50% coverage and the
90/90/90 targets for ART are reached. HIV incidence
can be reduced further through implementing interven-
tions that reduce sexual risk, whereas HCV incidence can
be reduced by more than 90% through scaling-up HCV
treatment alongside harm reduction.

Strengths and limitations
Strengths of our analyses include the use of detailed
epidemiological, behavioural and programmatic data
from multiple sources to calibrate our model within a
Bayesian framework; increasing the rigour of our analyses.
We also modelled the two settings where IDU is
concentrated in Kenya [21] and where data enabled
detailed modelling. Although, data is limited for other
regions, initial data suggests Western Kenya may be at an
earlier stage of their HCVand IDU epidemics [4], and so
our findings may not be fully generalizable across all
regions. Whilst we had detailed data on trends in HIV
prevalence among PWID, HCV prevalence data were
limited, as for much of SSA [33], with no HIV/HCV
prevalence estimates being available after 2016. Better

data on HCV prevalence trends among PWID will
improve the accuracy of our impact projections. The last
decade has seen significant improvements in the
availability of HIV and HCV prevalence estimates for
PWID in SSA [5]; the move to increase HCV testing and
treatment in low-income and middle-income countries
should also produce better data for HCV in SSA.We used
global systematic reviews to parameterize the effective-
ness of OAT and NSP in reducing HIV and HCV
transmission risk [10]. However, these reviews are largely
based on studies from Europe, Australia and North
America and so it is uncertain whether these interven-
tions would have similar effectiveness in SSA. As harm
reduction interventions are scaled-up, it is important to
investigate whether these interventions have a similar
effectiveness in SSA. When modelling the sexual
transmission of HIV among PWID, we were limited by
available sexual behaviour data. Consequently, we
modelled the level of sexual risk indirectly and, although
sexual and injecting networks may overlap, the model
assumed that PWID mix randomly to form potential
sexual and injecting transmission contacts with other
PWID. Despite these limitations, the calibrated models
accurately captured observed differences in HIV preva-
lence between male and female PWID, which is largely
thought to be because of differences in sexual risk. This
results in a high proportion of new HIV infections being
acquired sexually, particularly among female PWID,
similar to those previously estimated for Tanzania [20].

Comparisons with existing studies
To our knowledge, this study, along with an accompa-
nying study in Dar es Salaam [20], Tanzania, represents
the first dynamic modelling of ongoing HIV and HCV
epidemics among PWID in SSA. Previous modelling for
Nairobi suggested that scaling-up of OAT to 40%
coverage in Kenya could reduce HIV incidence by a fifth
over 10 years [34]. Adding to this, we show that OAT has
had limited impact so far because coverage remains low,
although large impact could be achieved if scaled-up.
Other modelling for Kenya [35] and other settings [36]
have shown that a combined approach of scaling-up harm
reduction interventions alongside ART is needed to
substantially reduce HIV transmission. Although our
modelling agrees with this, through capturing sexual HIV
transmission, we also show the importance of sexual risk
reduction interventions for achieving substantial reduc-
tions in HIV incidence in Kenya. This will be relevant to
other SSA settings. As for Tanzania [20,37] and other
more established HCVepidemics [38], our modelling also
suggests that scaling-up harm reduction alone cannot
achieve HCV elimination, but that HCV treatment is
also needed.

Implications
To achieve HIV and HCV elimination targets among
PWID, OAT, HCV treatment and ART (to a lesser
extent) urgently need scaling-up among PWID in Kenya.
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Mobile outreach models for OATare being implemented
to improve access [39] with similar models for ART being
considered (P Bhattacharjee, Personal Communication, 1
February 2022). However, efforts are also required to
improve and ensure treatment outcomes, including the
integration and differentiation of OATand HIV care that
links community outreach and clinical efforts [40,41]. In
addition, HCV testing needs expanding to allow HCV
treatment scale-up; only 22% of PWID in 2015 reported
being tested for HCV in last 3months compared with
74% for HIV [7]. This testing could occur when HIV
testing occurs through NSP or OAT clinics as
demonstrated by two pilot HCV screening and treatment
interventions in Kenya [16,42].

Interventions to reduce sexual risk among PWID,
particularly female individuals, are also needed to reduce
HIV transmission. This should firstly focus on promoting
condom use, which could be achieved through individ-
ual-level counselling strategies based on the information–
motivation–behavioural skills model [31]. HIV pre-
exposure prophylaxis (PrEP) could also be introduced,
which could be particularly important for the large
portion of female PWID engaged in transactional/
commercial sex [7]. However, knowledge of PrEP among
female PWID needs improving [43] while PrEP
interventions need to specifically target this group.
Due to the high HIV prevalence among newly initiating
PWID, harm reduction interventions should target all
people who use drugs, not just PWID, and should focus
on reducing both their injecting and sexual transmission
risk.
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