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Abstract

Background

Injection drug use is steadily rising in Kenya. We assessed the prevalence of both human

immunodeficiency virus type 1 (HIV-1) and hepatitis C virus (HCV) infections among inject-

ing heroin users (IHUs) at the Kenyan Coast.

Methods

A total of 186 IHUs (mean age, 33 years) from the Omari rehabilitation center program in

Malindi were consented and screened for HIV-1 and HCV by serology and PCR and their

CD4 T-cells enumerated by FACS.

Results

Prevalence of HIV-1 was 87.5%, that of HCV was 16.4%, co-infection was 17.9% and 18/

152 (11.8%) were uninfected. Only 5.26% of the HIV-1 negative injectors were HCV posi-

tive. Co-infection was higher among injectors aged 30 to 40 years (20.7%) and among

males (22.1%) than comparable groups. About 35% of the injectors were receiving antire-

troviral treatment (ART). Co-infection was highest among injectors receiving D4T (75%)

compared to those receiving AZT (21.6%) or TDF (10.5%) or those not on ART (10.5%).

Mean CD4 T-cells were 404 (95% CI, 365 - 443) cells/mm3 overall, significantly lower for

co-infected (mean, 146; 95% CI 114 – 179 cells/mm3) than HIV mono infected (mean, 437,

95% CI 386 – 487 cells/mm3, p<0.001) or uninfected (mean, 618, 95% CI 549 – 687 cells/

mm3, p<0.001) injectors and lower for HIV mono-infected than uninfected injectors

(p=0.002). By treatment arm, CD4 T-cells were lower for injectors receiving D4T (mean, 78;
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95% CI, 0.4 – 156 cells/mm3) than TDF (mean 607, 95% CI, 196 – 1018 cells/mm3,

p=0.005) or AZT (mean 474, 95% CI -377 – 571 cells/mm3, p=0.004).

Conclusion

Mono and dual infections with HIV-1 and HCV is high among IHUs in Malindi, but ART cov-

erage is low. The co-infected IHUs have elevated risk of immunodeficiency due to signifi-

cantly depressed CD4 T-cell numbers. Coinfection screening, treatment-as-prevention for

both HIV and HCV and harm reduction should be scaled up to alleviate infection burden.

Introduction
The risks and incidents of HIV infection remain high among certain demographics globally,
including injection drug users (IDUs), commercial sex workers (CSW) and men who have sex
with other men (MSM) [1–4]. Sub-Saharan Africa is home to highest proportions of these
infections, but data among substance users in these settings is limited and incomprehensive [5,
6]. Eastern Africa leads in opiate use in Africa, with Kenya among the top two heroin using
countries according to the 2011 World Drug Report [7]. Conservative statistics suggest that
substance use continues to rise in Kenya particularly in the cosmopolitan coastal districts
including Malindi, mostly influenced by tourism boom, illicit drug trafficking and escalated by
cultural attributes [8–10]. In a recent national survey of about 11,000 people, 0.1% of people
surveyed injected drugs, with a HIV prevalence of 6.3% [11], at least 2% higher than the general
population [12]. Majority of the substance users inject heroin [9], but the numbers are often
biased by underreporting [13]. Non-disclosure and stigma have also been partly responsible
for the slow uptake of preventive measures to control infection among IDUs [14, 15]. Up to
50% of all Kenyan injectors share equipment and engage in multiple unprotected sex [16],
behaviors that increase risk of infection and virus transmission [17]. The incidents of HIV
among IDUs was estimated at an average of 3.8% in 2009, with Nairobi and Coastal regions
accounting for majority of the epidemic at 5.8 and 6.1% respectively [18]. Other studies sug-
gested that controlling HIV infection and transmission among IDUs could reduce HIV preva-
lence nationally by up to 30% over a 5-year period ending 2015 [19]. However, 4 years into
those projections, the National AIDS and STIs Control Program showed HIV prevalence
among IDUs in Nairobi and Mombasa to remain alarmingly high at 18%, which represented a
300% rise in prevalence from the earlier estimates and standing at about 3-times the national
HIV prevalence [20]. Another independent review of literature showed that up to 36% of all
IDUs in Kenya were positive [21]. These statistics, though discordant, point to an underlying
increase in the incidents and risk of infections among the local IDU population [22–24]. HIV-
1 infection in the United States and Europe is highest among same sex partners and in IDUs
[25], and in countries like Brazil, higher risk for HCV infection was associated with injecting or
smoking drug use [26]. There is also evidence that the prevalence of HCV might be a useful
indicator for the risk of HIV infection of IDUs [27].

With an estimated 15% of the global HIV-1 infection occurring in people also living with
chronic HCV infection, and poor treatment coverage among Kenyan IDUs [28, 29], we specu-
lated that infection burden with both viruses could be much higher among this high risk popu-
lation. This study aimed to understand the burden of HIV and HCV infections among heroin
injectors undergoing voluntary rehabilitation care at the Omari facility in Malindi, Kenya. We
show that co-infection was high and CD4 T-cells depressed among infected injectors.
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Materials and Methods

Study site and subjects
This study was conducted at the Omari rehabilitation center (ORC) in Malindi, which is
located at the Kenyan Coast in Kilifi County. This County of over 1.1 million inhabitants bor-
ders Mombasa and Kwale to the south and is dominated by the Swahili and Mijikenda tribes,
but also has significant presence of Arabs, Indian and European settlers. Other major Kenyan
communities are also represented substantially in the County population. Tourism is a key eco-
nomic activity at the Kenyan Coast, with Malindi being one of the top destinations. ORC
enrolls subjects from the general coastal communities as well as individuals actively or previ-
ously under lawful incarceration. Subjects are identified and enrolled voluntarily to the pro-
gram through peer counselors, who are current or previous IDUs. The Omari Project has 3
components; (i) residential, (ii) outpatient, and (iii) outreach services covering the entire
coastal region. All components offer drug and HIV/AIDS testing and education including pre-
vention methods, risk awareness and withdrawal management. National guidelines are applica-
ble for the management of HIV, HCV and other infections [20, 30]. The residential program
provides comprehensive clinical care (CCC) management, socio-supportive care including reli-
gious and professional counseling and peer-group enrichment. The outreach component also
facilitates transport to CCC for clinical management and monitoring, home detoxification,
individualized counseling and Narcotics anonymous programs for lawfully free or confined
users. The project offers regular and relevant training, and retains staff either internally or
through partnerships with regional partner facilities. Enrollment in any of the programs is
open to any voluntary participants resident within the coastal region. Thus, the study subjects
represented a fair mix of local and national demographics as would be found in major cosmo-
politan cities in the country. Substance use status disclosure and individual consent were the
main inclusion/exclusion criteria. Other than infection, treatment data and CD4 T-cell data,
no other clinical data on the IHUs was available from facility to the investigators. Secondary to
disclosure extracted from facility records and for purposes of this study, structured question-
naires on substance use were administered to all participants following written informed con-
sent. All participants were determined to be exclusive active or former heroin users undergoing
withdrawal management.

Sample collection and preparation
All consenting subjects were requested to donate a maximum of 5 milliliters of venous blood
into EDTA vacutainer tubes. The blood was fractionated to separate plasma and frozen until
needed. HCV screening was done twice using freshly drawn blood plasma at the field-site and
repeated using frozen plasma during secondary processing at the Kenya Medical Research
Institute laboratory in Nairobi. In brief, 2μL of the plasma was used for both HIV-1 and HCV
detection using vironostika (biomerieux, South Africa) and diaspot (Bresta Perkasa, Indonesia)
rapid serology kits respectively. The HIV-1 kits rely on the detection of anti-HIV-1 antibodies
in plasma, using immobilized HIV-1 gp120, gp41 and HIV-2gp-36 antigens. The HCV kit con-
sists of recombinant HCV antigen-coated strips that react with anti-HCV antibodies in the test
plasma.

Enumeration of CD4 T-cells
Specimens that were HIV-1 positive by these tests were subsequently enumerated for CD4 T-
cell counts and the rest processed and stored for downstream applications. Enumerations were
with the Alere Pima CD4 Analyser (Alere, Waltham, MA).

HIV and HCV Co-Infection of Injecting Drug Users in Malindi

PLOS ONE | DOI:10.1371/journal.pone.0132287 July 24, 2015 3 / 13



Confirmation of HIV-1 infection by PCR
All HIV-1 antibody positive samples were confirmed by PCR. Plasma RNA was extracted
using Qiagen viral RNA mini kit and reverse transcribed with respective HIV-1 primers using
Qiagen One-step RT PCR kit. The PCR targeted the 546 base-pair envelope C2V3 region and
was conducted exactly as we have reported elsewhere for non-injecting patients [31].

Confirmation of HCV by PCR
The HCV PCR targeted a 365 base pair NS5B region of the virus and was done similarly as we
reported recently [32], but for the following exceptions. For the One-step protocol, forward
and reverse primer pairs used were NS5BF1-TGATACCCGCTGYTTTGACTC, (positions
7999–8020) and NS5BR1-ACCTGGTCATAGCCTCCGTGA (positions 8805–8825), with an
annealing temperature of 58°C for 30 seconds and 45 PCR cycles. The inner primer pairs were
NS5BF2-ATACCCGCTGYTTTGACTCAN (positions 8159–8181) and NS5BR2- GTACCTC
ATAGCCTCCGTG (positions 8611–8630) with annealing at 55°C for 30 seconds and 45 PCR
cycles.

Data analysis
All data was appropriately coded and entered into the SPSS platform version 20 for analysis.
Age, sex, ART regimen, HIV status and HCV status were used as independent variables. The
ART regimen group was divided into AZT, D4T, TDF and non-ART arms (or levels). The
Infection categories were HIV/HCV dual infected, HIV mono infected, HCV mono infected
and uninfected groups. The age groups were< = 30 years, 31–40 years and> 40 years. CD4
counts were used as outcome variables, and were compared between levels of independent vari-
able. Descriptive statistics were generated using cross-tabulations and association done with
Chi square test. Univariate analysis of variance (UNINOVA) and post-hoc tests were used to
compare mean differences in between multiple levels age group, infection status and regimen.
For infection status, HCV mono-infected sub-category (level) was excluded due to insufficient
number of subjects and gender was not fitted into the model because there were less than 3 lev-
els within the group to fit in the model. Significance is reported at p-values less than 0.05.

Ethical approvals and consent
This study was approved by the Scientific and Ethical Review Unit C of the Kenya Medical
Research Institute under two cooperate protocols, ERC/SSC #2477 and ERC/SSC #101264. Par-
ticipants were adequately informed and their voluntary consent obtained in writing. Patient data
were treated with strict confidence, including code labeling of questionnaires and specimen.

Results

Antiretroviral treatment, Substance use and clinical characteristics
A total of 186 (median and mean age 32 and 33 years respectively) injecting heroin users
(IHUs) were recruited from the Omari rehabilitation Centre (Table 1). All these subjects were
exclusive heroin users by self-admission. Majority of the 186 IHUs were aged below 40 years
(83.3%), with more males (62.4%) than females (37.6%). About 35% of the IHUs were actively
enrolled in antiretroviral treatment (ART) program. Another 65% were either not on ART or
their ART status not declared in medical records. Forty-three of the 186 IHUs (23.1%) were
either on maintenance cotrimoxazole (Septrin) or on cotrimoxazole preventive (prophylaxis)
therapy (CPT). IHUs receiving cotrimoxazole had been diagnosed with Pneumocystis jirovecii,
also known as Pneumocystis carinii (PCP) and were not on ART at the time of the report. Two
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other IHUs were taking the anti-malarial medication lumefantrin, plus single dose nevirapine
or efavirenz. These HIV positive subjects were grouped under suboptimal ART arm for along-
side those defaulting ART, and none was determined to be HCV positive. ART use within gen-
der was comparable for both male (n = 41/116, 35.3%) and female (n = 26/70, 37.1%) injectors.
ART subjects received various combinations of zidovudine (AZT), tenofovir (TDF), stavudine
(D4T), lamivudine (3TC), nevirapine (NVP) and efavirenz (EFV). None of the injectors were
reported to be on opioid substitution therapy and none was on HCV treatment as HCV screen-
ing was not part of routine tests conducted at local facilities.

Co-prevalence of HIV-1 and HCV among heroin injectors
Of the 186 IHUs, 159 (85.5%) were positive for HIV by serology (Table 1). HCV screening was
completed for 152 of the total 186 IHUs. Of the subjects screened for HCV, 133/152 (87.5%)
were HIV positive, 25 (16.4%) were positive for HCV and 18 (11.8%) were negative for both
HIV and HCV and were considered uninfected (Table 2). Of the 25 HCV infections, 24
occurred among the 133 HIV infected injectors, representing 18% co-prevalence of HCV
within the HIV positive sample population. Only one of the 25 HCV positive subjects was neg-
ative for HIV. Respectively by age, HCV and HIV prevalence were 15% (9/60) and 88.3% for
those aged< = 30 years, 19.4% (n = 13/67) and 86.6% for those aged 31–40 years and 12%
(n = 3/25) and 88% for those aged>40 years. By genders, 18/95 (18.9%) and 77/95 (81.1%)
males and 7/57 (12.3%) and 98.2% females were HCV and HIV positive respectively. Nine of
53 HIV positive injectors aged 30 years and below were also positive for HCV, constituting
17% prevalence of dual infection in this age group. Dual infection was 20.7% for injectors aged
31–40 years, 13.6% for injectors above 40 years old, 22.1% among males and 14.3% among
females. Assessed differently, HIV infection was 96% among the 25 HCV positive injectors and

Table 1. Baseline demographic and infection characteristics of subjects.

Number, N; %N Number, N; %N

HCV+ HCV- N, %T HIV+ HIV- N, %T

Age

< = 30 years 9; 15 51; 85 60; 39.5 64; 84.2 12; 15.8 76; 40.9

31–40 years 13; 19.4 54; 80.6 67; 44.1 68; 86.1 11; 13.9 79; 42.5

>40 years 3; 12 22; 88 25; 16.4 27; 87.1 4; 12.9 31; 16.7

Treatment arm

AZT+3TC+NVP/EFV 11; 21.6 40; 78.4 51; 33.6 52; 100 0; 0 52; 28

D4T+3TC+NVP/EFV 3; 75 1; 25 4; 2.6 7; 100 0; 0 7; 3.8

TDF+3TC+NVP/EFV 0; 0 4; 100 4; 2.6 6; 100 0; 0 6; 3.2

Cotrimoxazole 4; 15.4 22; 84.6 26; 17.1 44; 100 0; 0 44; 23.7

No ART 1; 5.3 18; 94.7 19; 12.5 0; 0 27; 100 27; 14.5

ART unknown 6; 14.3 36; 85.7 42; 27.6 43; 100 0; 0 43; 23.1

Sub-optimal ART 0; 0 6; 100 6; 3.9 7; 100 0; 0 7; 3.8

Gender

Male 18; 18.9 77; 81.1 95; 62.5 90; 77.6 26; 22.4 116; 62.4

Female 7; 12.3 50; 87.7 57; 37.5 69; 98.6 1; 1.4 70; 37.6

Total, T 25; 16.4 127; 83.6 152; 100 159; 85.5 27; 14.5 186; 100

Antiretroviral treatment arms: AZT, Zidovudine; D4T, Stavudine; TDF, Tenofovir; 3TC, Lamivudine; NVP, nevirapine; EFV, efavirenz. IHUs in the sub-

optimal ART arm were actively taking one or both NVP or EFV instead of the standard 3-drug ART regimen.

doi:10.1371/journal.pone.0132287.t001
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85.8% (109/127) for HCV negative injectors. When the 152 injectors screened for HCV were
grouped by ART regimen arm, 11 of 51 (21.6%) receiving AZT, 3 of 4 (75%) receiving D4T,
none (0/4) receiving TDF and 10/93 (10.5%) with no or unknown ART statuses were co-
infected by both HIV and HCV. Taken together, majority of IHUs in the Omari cohort were
HIV positive. The prevalence of HCV infection was comparable across all age groups, but
slightly high among those older than 30 years who were also HIV positive and higher among
male than female injectors. A Chi square analysis was modeled to assess associations between
infection status and either age or gender. Using this approach, the proportion of males that
were HIV/HCV dual infected, HIV mono-infected and uninfected was 18.1%, 63.8% and
18.1% respectively. That of female IHUs was 12.3%, 86% and 1.8% respectively. Pearson’s χ2

revealed a significant association between infection status and gender (p = 0.004), suggesting
that the IHUs have an increased likelihood (risk) of being infected by either viruses than not
being infected. This analysis yielded no significant association comparing infection status with
age group (data not shown). A χ2 test comparing treatment arms with infection status was not
meaningful since IHUs in the ‘No ART’ arm were also all ‘Not infected’.

Table 2. Prevalence of HIV-1 and HCVmono and dual infections among heroin injectors.

HIV-1 status: N, %

Positive (+) Negative (-) Total, %
Category HCV status

< = 30 years + 9, 17 0, 0 9, 15

- 44, 83 7, 100 51, 85

31–40 years + 12, 20.7 1, 11.1 13, 19.4

- 46, 79.3 8, 88.9 54, 80.6

>40 years + 3, 13.6 0, 0 3, 12

- 19, 86.4 3, 100 22, 88

Mean age, years 33.17 32.95 33.14

Males + 17, 22.1 1, 5.6 18, 18.9

- 60, 77.9 17, 94.4 77, 81.1

Females + 7, 12.5 0, 0 7, 12.3

- 49, 87.5 1, 100 50, 87.3

Receiving ART* + 14, 23.3 0, 0 14, 23.3

- 45, 76.3 0, 0 45, 76.3

Cotrimoxazole + 4, 15.4 0, 0 4, 15.4

- 22, 84.6 0, 0 22, 84.6

No ART + 0, 0 1, 5.3 1, 5.3

- 0, 0 18, 94.7 18, 94.7

ART unknown + 6, 14.3 0, 0 6, 14.3

- 36, 85.7 0, 0 36, 85.7

Sub-optimal ART + 0, 0 0, 0 0, 0

- 6, 100 0, 0 6, 100

Overall + 24, 18 1, 5.3 25, 16.4

- 109, 82 18, 94.7 127, 83.5

Total, N, % 133, 100 19, 100 152, 100

Mean age, years 33.17 32.95 33.14

*ART recipients had initiated first-line AZT, D4T or TDF triple regimen arms that included 3TC and either NVP or EFV.

doi:10.1371/journal.pone.0132287.t002
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CD4 T-cell levels among heroin injectors
CD4 T-cell measurements were conducted in 172 of the total 186 IHUs, with mean counts of
404 (95% CI, 364.5–442.5) cells/mm3. Of the 172 injectors, 152 were infected with either or
both HIV and HCV. One of the 152 was mono-infected infected with HCV, with CD4 counts
of 287 cells/mm3. This subject did not qualify in our statistical analysis model when infection
status was a variable. Table 3 shows the CD4 T-cell counts of injectors who were screened for
HCV and were dual, HIV-mono or not infected. Specifically, mean CD4 counts for the D4T
regimen arm was 78 (95% CI, 0.4–156) cells/mm3 compared to 607 (95% CI, 196–1018,
p = 0.005) cells/mm3 for the TDF arm or 474 (95% CI, 377–571, p = 0.004) cells/mm3 for the
AZT regimen arm. All injectors in the no-ART arm were uninfected, which explains the high
CD4 counts in this category.

By an analysis of variance (ANOVA) method, CD4 T-cells differed significantly between
the ART regimen arms (p = 0.006) and infection statuses (p<0.001) but not between age
groups or gender. Specific comparisons were done using post-hoc test within a Univariate
ANOVA model to compare differences between multiple levels of the independent variables.
By this approach, IHUs receiving D4T as part of 3-drug ART regimen had significantly
depressed CD4 T-cell levels than IHUs in the other treatment arms (Fig 1A). Injectors who
were dual infected with both viruses had significantly less CD4 T-cell counts (mean 146, 95%
CI, 114–179 cells/mm3) than HIV mono-infected (mean 437, 95% CI 386–487 cells/mm3,
p<0.001) or uninfected (mean 618, 95% CI 549–687 cells/mm3, p<0.001, Table 3) injectors.
The difference was also significant comparing CD4 T-cells of HIV mono-infected and

Table 3. CD4 T-cell counts compared by various categories of heroin injectors who were screened for both HIV and HCV.

Infection Status:- Mean counts; number N, 95% CI of mean

HIV/HCV dual HIV mono Not infected Total

Age in yr

< = 30 100; 9, 48–153 479; 44, 387–570 622; 7, 542–703 439; 60, 361–516

31–40 172; 12, 127–216 396; 46, 327–465 572; 8, 426–718 376; 66, 319–434

>40 181; 3, -23–386 439; 19, 319–559 732; 3, 560–904 443; 25, 337–550

Gender

Males 140; 17, 104–176 454; 60, 374–534 619; 17, 545–692 427; 94, 366–487

Females 160; 7, 72–249 416; 49, 359–473 610; 1b 388; 57, 333–443

ART arm

AZT 205; 11, 166–243 548; 40, 435–661 0a, b 474; 51, 377–570

D4T 54; 3, 28–80 150; 1 b 0a, b 78; 4, 0.4–156

TDF 0a 607; 4, 196–1018 0a, b 607; 4, 196–1018

Cotrimoxazole 156; 4, 102–209 367; 22, 293–441 0a, b 334; 26, 265–404

No ART 0a, b 0a, b 618; 18, 549–687 618; 18, 549–687

ARTunknown 79; 6, 34–123 369; 36, 323–415 0a, b 328; 42, 277–379

suboptimalART 0a, b 293; 6, 74–512 0a, b 293; 6, 74–512

Total 146; 24, 114–179 437; 109, 386–487 618; 18, 549–687 412; 151, 370–455

p-value† <0.001

Legend of table:
† P-value is significant at level shown comparing mean CD4 between infection statuses or between treatment arms.
a No qualifying subjects.
b Confidence Interval (CI) is not applicable. ART, antiretroviral treatment. Only one subject (aged 31-40yrs, CD4 T-cells of 287 counts/mm3) was HCV

mono-infected, and is excluded from this table. Sub-optimal ART cases are IHUs with unexplained use of single-drug ART regimen.

doi:10.1371/journal.pone.0132287.t003
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uninfected injectors (p = 0.002) (Fig 1B). There were no significant differences among age
groups (Fig 1C) or genders (Fig 1D), although dual-infected injectors still maintained signifi-
cantly low CD4 counts in any category.

Discussion
Injection drug use (IDU) is associated with many adverse health outcomes; particularly infec-
tions with HIV-1 and HCV that continue to weigh heavily in many developing nations. In the
present study, nearly twice as many males attending the Malindi rehabilitation program
injected heroin as females, with all injectors using heroin. HIV-1 and HCV mono infection
rates were as high as 88% and 16.4% respectively, with dual infection rate of 18%. More than
twice the number of male injectors was infected with HCV as compared to their female coun-
terparts, with CD4 T-cell counts of co-infected injectors being significantly lower than mono-
infected injectors.

Fig 1. CD4 Counts across various categories of heroin injectors.CD4 T-cells are compared between
treatment arms of injectors (A). ¶ Counts are significantly lower for the D4T- arm than for the AZT arm
(p = 0.004), TDF (p = 0.005) or the ART- (p<0.001) arm and lower for the sub-optimal ART than ART-
(p = 0.023) arm. All subjects in the ‘ART-’ arm were not infected (NI) by either virus. Mean CD4 counts are
compared between infection statuses (B). These are significantly lower for co-infected than HIV-1 mono
infected injectors as shown. §Shows significantly lower CD4 counts for HIV mono-infected than NI injectors
(p = 0.002). CD4 data is compared between age groups of the different infection statuses (C). No significant
(NS) difference was observed. *Co-infected injectors had much lower CD4 levels compared to other infection
categories in any age group. Only one injector was HCVmono-infected (horizontal bar in the >30–40 years
category). CD4 Counts were not significantly different between genders of injectors (D). ART, antiretroviral
treatment; CTX, cotrimoxazole (septrin); ART-, No ART; Uk, unknown ART status; Sub, sub optimal ART.

doi:10.1371/journal.pone.0132287.g001
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IDU is still a largely covert practice in Kenya, but it is increasingly recognized as one of
the major drivers of the HIV epidemics in the country [17, 21]. Majority of Kenyan IDUs use
heroin, which is the most widely available and accessible substance locally [9]. A recent sur-
veillance of ‘most-at-risk population (MARPS) identified illicit substance use as a key behav-
ior risks, with initiation to injecting drug use occurring as early as 11 years of age [33]. But
the MARPs surveillance did not cover HCV (co)-infection, which significantly affects out-
comes of HIV infection [34]. A situation analysis of HIV prevalence by key risk groups earlier
revealed prevalence of HIV among IDU to be about 18% [35], while a separate study of IDU
population in Western Kenya also put HIV prevalence in this demographic at comparable
levels of 19% [17]. Although these prevalence data represented a significant rise of least 450%
from low rates of 4% recorded years earlier [20], they are much lower than our reported HIV
prevalence of 88% among the heroin injectors in Malindi. HCV is rarely included in most
national surveillance studies, but independent report showed that 22% of IDUs in a cohort of
about 300 injectors were HCV seropositive [36]. Other studies have reported much lower
prevalence of HIV and HCV infections among injectors than we report in this paper [19, 37,
38]. Our study population may be highly biased towards HIV infection, particularly since the
Omari rehabilitation facility is the only one known to offer both antiretroviral treatment and
withdrawal management in Kenya. The facility may thus inherently attract more HIV
infected injectors seeking multiple anonymous interventions and who are ready for behavior
change. This may explain the high prevalence of HIV in this facility, which cannot be readily
extrapolated to the general IDU community. Moreover, a number of IHUs had a past or
active history of lawful confinement in facilities that lacked requisite sanitary and supportive
systems to control transmission within those concentration settings. Together with general-
ized stigma associated with illicit drug use in Kenya, injectors tend to recede into closely neat
communities of users, which we think promotes behavior patterns that facilitate sustained
HIV transmission. The HIV prevalence data should therefore be treated contextually and
with caution, as it may not reflect the general IHU/IDU population outside of rehabilitation
settings. Consequently, the most important and informative infection data from our present
cohort is that relating to HCV co-infection of the HIV infected heroin users.

Despite the paucity of evidence on co-infection rates, limited available data from IDU
studies in Kenya show much higher infection rates than the general national population [39].
We show in this study that 18% of the HIV infected heroin injectors were co-infected with
HCV and that 96% of all HCV cases were HIV-1 positive. This prevalence was within the
range of the reported prevalence of 22% among a cohort of IDUs in Kenya [36]. By compari-
son, HCV infection was at least 3-fold less among HIV-1 negative injectors, with prevalence
rates of 5.3%. These prevalence rates were higher for younger (40 years and below) and male
than to older or female injectors. These subjects had no record of prior or current HCV-spe-
cific treatment. The existing national guideline for the management of infections among
IDUs relies heavily on HIV treatment to mitigate infection burden [20]. Weaknesses exist in
such protocol, in that HCV (and HBV)-mono infected individuals will not readily access
treatment and care unless when screened for HIV, while co-infected IDUs do not receive
optimal therapy for dual infection. A study of Canadian youths-at-risk found differences in
gender-related risk factors that influenced initiation of IDU [40]. Although there were
slightly more male than female IDUs in our study, the proportion of males that were mono
or dual infected with HIV and HCV were higher than that of females. These differences
could also likely be influenced by gender variability in healthcare-seeking behavior among
Kenyans [41]. Importantly, the covertness of injection practice in Kenya, the stigma associ-
ated with HIV infection and the poor treatment coverage for both IDUs and HIV infected
people are likely working in synergy to contribute to higher risk of infections in this group.
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For IDUs, this risk is exacerbated by poor and harmful injection practices such as sharing
equipment [17]. This study did not look at hepatitis B virus (HBV) co-infection of either
HIV or HCV, nor was similar data available for referencing from routine clinical procedures.
Future investigations should benefit the field by generating such data.

HIV infection leads to adverse immunologic events due to CD4 T-cell depletion [42]. In
people infected with HCV, co-infection with HIV compromises anti-HCV specific immunity
while the dual infection environment induces adverse cellular and immune pathology [34, 43,
44]. Because of an increased risk of infection by these viruses among IDUs, we assessed the
level of CD4 T-cells in blood and compared these between IDUs receiving anti-HIV medica-
tions and those naïve to ART, as well as between genders and infection status. Our data shows
that IDUs receiving TDF or AZT regimens had significantly better CD4 T-cell levels than injec-
tors receiving D4T while those receiving TDF also had better CD4 T-cell numbers than AZT
recipients. We recently reported poorer virologic outcome in the D4T arm of a larger popula-
tion of non-IDU patients on antiretroviral therapy [45]. The current data reinforce these earlier
observations that D4T phase-out should be fast tracked at all levels of ART sequencing in to
improve treatment outcome. Despite majority of the injectors being HIV mono-infected, dual
infected IHUs had significantly depressed CD4 T-cell numbers than HIV mono-infected or
uninfected injectors. HIV mono and HCV mono-infected injectors still had much lower CD4
T-cell counts than uninfected injectors. In deed, a Chi square model showed that IDUs had a
significantly raised chance of being either dual or mono-infected with HIV/HCV. Our data is
significant, as it demonstrates an increased risk of developing immune deficiency among IDUs
who are behaviorally prone to multiple infections, particularly to HIV and HCV that share
similar immune target cells. We did not prospectively follow up CD4 T-cell counts, but there is
a wealth of data supporting their rapid decline among HIV-1 positive subjects, either among
ART naïve individuals, or compared between injectors and non-injectors [42, 46, 47]. Our
study offers useful information on the burden of mono and dual infections with the two viruses
in IDU-concentration settings, and should be of significance in interpreting infection risks and
designing mitigation strategies, while also alleviating adverse disease or treatment outcomes
associated with multiple virus infections.

This study was limited to the extent that non-injectors were not included for comparison
and ART status of some IDUs could not be verified. Nor could we ascertain how long the IDUs
had been injecting heroin. These limitations are not unique to this study, as non-disclosure
remains a pervasive cultural attribute in Kenya with reversal effect on treatment outcomes [48].
Finally, Malindi and Mombasa are contiguous coastal regions with immense international tour-
ist activities. This, together with regional economic disparity, may contribute to bias in risk
behaviors that could limit extrapolation of the findings to the general national population.
Overall our data should be understood in the context of complexity of identifying populations
that inject drugs in various settings, with majority of the available data lacking national demo-
graphic representation. Future studies should be designed whenever possible, with large nation-
ally representative populations of both IDUs and non-injectors to improve data sensitivity.

Conclusions
We have observed HIV-1 and HCV mono and dual infections among Kenyan IDUs fromMal-
indi that was higher than demonstrated by any nationally available data. These infections were
associated poor CD4 T-cell outcomes. To alleviate the increasing burden of infection in this
group, we suggest fast-tracking integrated public health intervention approaches including (i)
pre-exposure prophylaxis, (ii) harm-reduction including supply of individualized needles and
syringes at care centers, (iii) substance replacement therapy, (iv) transitional aid from injecting
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to non-injecting use and (iv) infection screening and targeted test-and-treat ART for both HIV
and HCV. Peer counseling should be considered to improve disclosure of drug use and uptake
of preventive or therapeutic interventions.

Acknowledgments
This study was conducted under collaboration between the Kenya medical Research Institute
(KEMRI) and the Centre for Research in Therapeutic Sciences (CREATES, Strathmore Univer-
sity). We thank the laboratory staff in Malindi who facilitated sample collection, particularly
Mr. Zawadi Baya and all those who helped with sample processing at KEMRI and CREATES.

Author Contributions
Conceived and designed the experiments: WO RML BRO RA FAO GOK. Performed the
experiments: RSM RCK SO. Analyzed the data: WO RSM. Contributed reagents/materials/
analysis tools: WO RML FAO BRO RA SO LNWGOK. Wrote the paper: WO RSM SO RCK
RML RA BRO FAO LNWGOK. Enrolled and recruited participants: RML RSM SO. Coordi-
nated Field and Research activities: WO RML FAO LNW.

References
1. Sanders EJ, Graham SM, Okuku HS, van der Elst EM, Muhaari A, Davies A, et al. HIV-1 infection in

high risk men who have sex with men in Mombasa, Kenya. AIDS. 2007; 21(18):2513–20. PMID:
18025888

2. Prejean J, Song R, Hernandez A, Ziebell R, Green T, Walker F, et al. Estimated HIV incidence in the
United States, 2006–2009. PLoS One. 2011; 6(8):e17502. doi: 10.1371/journal.pone.0017502 PMID:
21826193

3. Hall HI, Song R, Rhodes P, Prejean J, An Q, Lee LM, et al. Estimation of HIV incidence in the United
States. JAMA. 2008; 300(5):520–9. doi: 10.1001/jama.300.5.520 PMID: 18677024

4. UNAIDS. Global report: UNAIDS report on the global AIDS epidemic 2010. Available: http://www.
unaids.org/globalreport/documents/20101123_GlobalReport_full_en.pdf. UNAIDS Geneva.

5. Reid SR. Injection drug use, unsafe medical injections, and HIV in Africa: a systematic review. Harm
Reduct J. 2009; 6:24. doi: 10.1186/1477-7517-6-24 PMID: 19715601

6. Needle RH, Burrows D, Friedman SR, Dorabjee J, Touzé G, Badrieva L, et al. Effectiveness of commu-
nity-based outreach in preventing HIV/AIDS among injecting drug users. International Journal of Drug
Policy. 2005; 16:45–57.

7. UNDOC.World Drug Report 2011. Available: http://www.unodc.org/documents/data-and-analysis/
WDR2011/World_Drug_Report_2011_ebook.pdf.

8. Beckerleg S, Telfer M, Hundt GL. The rise of injecting drug use in East Africa: a case study from Kenya.
Harm Reduct J. 2005; 2:12. 1477-7517-2-12 [pii]doi: 10.1186/1477-7517-2-12 PMID: 16122382

9. Deveau C, Levine B, Beckerleg S. Heroin use in Kenya and findings from a community based outreach
programme to reduce the spread of HIV/AIDS. African Journal of Drug & Alcohol Studies. 2006; 5
(2):95–107.

10. Beckerleg S. How'cool'is heroin injection at the Kenya coast. Drugs: Education, Prevention, and Policy.
2004; 11(1):67–77.

11. Githuka G, Hladik W, Mwalili S, Cherutich P, Muthui M, Gitonga J, et al. Populations at increased risk
for HIV infection in Kenya: results from a national population-based household survey, 2012. J Acquir
Immune Defic Syndr. 2014; 66:S46–S56. doi: 10.1097/QAI.0000000000000137 PMID: 24732821

12. Ng'ang'a A, Waruiru W, Ngare C, Ssempijja V, Gachuki T, Njoroge I, et al. The status of HIV testing and
counseling in Kenya: results from a nationally representative population-based survey. J Acquir
Immune Defic Syndr. 2014; 66 Suppl 1:S27–36. doi: 10.1097/QAI.0000000000000102 PMID:
24732818

13. Beckerleg S, Telfer M, Sadiq A. A rapid assessment of heroin use in Mombasa, Kenya. Subst Use Mis-
use. 2006; 41(6–7):1029–44. PMID: 16809185

14. Mishra RK, Ganju D, Ramesh S, Lalmuanpuii M, Biangtung L, Humtsoe C, et al. HIV risk behaviors of
male injecting drug users and associated non-condom use with regular female sexual partners in north-
east India. Harm Reduct J. 2014; 11(1):5. 1477-7517-11-5 [pii] doi: 10.1186/1477-7517-11-5

HIV and HCV Co-Infection of Injecting Drug Users in Malindi

PLOS ONE | DOI:10.1371/journal.pone.0132287 July 24, 2015 11 / 13

http://www.ncbi.nlm.nih.gov/pubmed/18025888
http://dx.doi.org/10.1371/journal.pone.0017502
http://www.ncbi.nlm.nih.gov/pubmed/21826193
http://dx.doi.org/10.1001/jama.300.5.520
http://www.ncbi.nlm.nih.gov/pubmed/18677024
http://www.unaids.org/globalreport/documents/20101123_GlobalReport_full_en.pdf
http://www.unaids.org/globalreport/documents/20101123_GlobalReport_full_en.pdf
http://dx.doi.org/10.1186/1477-7517-6-24
http://www.ncbi.nlm.nih.gov/pubmed/19715601
http://www.unodc.org/documents/data-and-analysis/WDR2011/World_Drug_Report_2011_ebook.pdf
http://www.unodc.org/documents/data-and-analysis/WDR2011/World_Drug_Report_2011_ebook.pdf
http://dx.doi.org/10.1186/1477-7517-2-12
http://www.ncbi.nlm.nih.gov/pubmed/16122382
http://dx.doi.org/10.1097/QAI.0000000000000137
http://www.ncbi.nlm.nih.gov/pubmed/24732821
http://dx.doi.org/10.1097/QAI.0000000000000102
http://www.ncbi.nlm.nih.gov/pubmed/24732818
http://www.ncbi.nlm.nih.gov/pubmed/16809185
http://dx.doi.org/10.1186/1477-7517-11-5


15. Heffron R, Ngure K, Mugo N, Celum C, Kurth A, Curran K, et al. Willingness of Kenyan HIV-1 serodis-
cordant couples to use antiretroviral-based HIV-1 prevention strategies. J Acquir Immune Defic Syndr.
2012; 61(1):116–9. doi: 10.1097/QAI.0b013e31825da73f PMID: 22595872

16. Brodish P, Singh K, Rinyuri A, Njeru C, Kingola N, Mureithi P, et al. Evidence of high-risk sexual behav-
iors among injection drug users in the Kenya PLACE study. Drug and alcohol dependence. 2011; 119
(1–2):138–41. doi: 10.1016/j.drugalcdep.2011.05.030 PMID: 21700402

17. Syvertsen JL, Agot K, Ohaga S, Strathdee SA, Camlin CS, Omanga E, et al. Evidence of injection drug
use in Kisumu, Kenya: Implications for HIV prevention. Drug and alcohol dependence. 2015; 151:262–
6. doi: 10.1016/j.drugalcdep.2015.02.037 PMID: 25861945

18. National AIDS Control Council. Kenya HIV Prevention Response and Modes of Transmission Analysis.
Final Report. 2009. Available: http://www.nacc.or.ke/images/stories/Documents/
KenyaMOT22March09Final.pdf.

19. Strathdee SA, Hallett TB, Bobrova N, Rhodes T, Booth R, Abdool R, et al. HIV and risk environment for
injecting drug users: the past, present, and future. Lancet. 2010; 376(9737):268–84. doi: 10.1016/
S0140-6736(10)60743-X PMID: 20650523

20. National AIDS and STI Control Programme (NASCOP). Kenya National Guidelines for the Comprehen-
sive Management of the Health Risks and Consequences of Drug Use. 2013. Available: http://nascop.
or.ke/library/Marps/Final-MOH-Comprehensive Management of the Health Risks&Consequences of
Drug Use.pdf.

21. Petersen Z, Myers B, van Hout MC, Pluddemann A, Parry C. Availability of HIV prevention and treat-
ment services for people who inject drugs: findings from 21 countries. Harm Reduct J. 2013; 10:13. doi:
10.1186/1477-7517-10-13 PMID: 23957896

22. Cho KT, Richardson MM, Kirkbride KP, McNevin D, Nelson M, Pianca D, et al. Recovery and identifica-
tion of bacterial DNA from illicit drugs. Forensic Sci Int. 2014; 235:78–85. doi: 10.1016/j.forsciint.2013.
12.006 PMID: 24447454

23. Gyarmathy VA, Caplinskiene I, Caplinskas S, Latkin CA. Social Network Structure and HIV Infection
Among Injecting Drug Users in Lithuania: Gatekeepers as Bridges of Infection. AIDS and behavior.
2014. doi: 10.1007/s10461-014-0702-6

24. Chami G, Werb D, Feng C, DeBeck K, Kerr T, Wood E. Neighborhood of residence and risk of initiation
into injection drug use among street-involved youth in a Canadian setting. Drug and alcohol depen-
dence. 2013; 132(3):486–90. doi: 10.1016/j.drugalcdep.2013.03.011 PMID: 23587537

25. Smith DB, Simmonds P, Bell JE. Brain viral burden, neuroinflammation and neurodegeneration in
HAART-treated HIV positive injecting drug users. J Neurovirol. 2014. doi: 10.1007/s13365-013-0225-3

26. Simon D, Michita RT, Beria JU, Tietzmann DC, Stein AT, Lunge VR. Alcohol misuse and illicit drug use
are associated with HCV/HIV co-infection. Epidemiol Infect. 2014:1–8. S0950268814000041 [pii]doi:
10.1017/S0950268814000041

27. de Vos AS, van der Helm JJ, Prins M, Kretzschmar ME. Determinants of persistent spread of HIV in
HCV-infected populations of injecting drug users. Epidemics. 2012; 4(2):57–67. doi: 10.1016/j.epidem.
2012.01.001 PMID: 22664064

28. Mathers BM, Degenhardt L, Ali H, Wiessing L, Hickman M, Mattick RP, et al. HIV prevention, treatment,
and care services for people who inject drugs: a systematic review of global, regional, and national cov-
erage. Lancet. 2010; 375(9719):1014–28. doi: 10.1016/S0140-6736(10)60232-2 PMID: 20189638

29. Barreiro P, Fernandez-Montero JV, de Mendoza C, Labarga P, Soriano V. Towards hepatitis C eradica-
tion from the HIV-infected population. Antiviral research. 2014. S0166-3542(14)00038-2 [pii]doi: 10.
1016/j.antiviral.2014.02.004

30. National AIDS and STI Control Programme (NASCOP). Guidelines for antiretroviral therapy in Kenya,
4th edition. 2011. Available: http://healthservices.uonbi.ac.ke/sites/default/files/centraladmin/
healthservices/Kenya Treatment Guidelines 2011.pdf.

31. Kitawi RC, Nzomo T, Mwatelah RS, Aman R, Kimulwo MJ, Masankwa G, et al. HIV-1 subtype diversity
based on envelope C2V3 sequences from Kenyan patients on highly active antiretroviral therapy. AIDS
research and human retroviruses. 2015; 31(4):452–5. doi: 10.1089/AID.2014.0306 PMID: 25423998

32. Nzomo TJ, Kitawi RC, Mwatelah RS, Aman R, Kimulwo MJ, Masankwa G, et al. Genotypic Variability of
HIV-1 Reverse Transcriptase Gene from Long-Term Antiretroviral-Experienced Patients in Kenya.
AIDS research and human retroviruses. 2015; 31(5):550–3. doi: 10.1089/AID.2015.0031 PMID:
25748548

33. National AIDS and STI Control Programme (NASCOP). Most-At-Risk Populations- Unveiling new evi-
dence for accelerated programming. MARPs Surveillance Report 2012. Available: http://
healthpromotionkenya.org/LIBRARYOF DATA/HIV/Project Reports/MARPs BOOKREPORT.pdf.

HIV and HCV Co-Infection of Injecting Drug Users in Malindi

PLOS ONE | DOI:10.1371/journal.pone.0132287 July 24, 2015 12 / 13

http://dx.doi.org/10.1097/QAI.0b013e31825da73f
http://www.ncbi.nlm.nih.gov/pubmed/22595872
http://dx.doi.org/10.1016/j.drugalcdep.2011.05.030
http://www.ncbi.nlm.nih.gov/pubmed/21700402
http://dx.doi.org/10.1016/j.drugalcdep.2015.02.037
http://www.ncbi.nlm.nih.gov/pubmed/25861945
http://www.nacc.or.ke/images/stories/Documents/KenyaMOT22March09Final.pdf
http://www.nacc.or.ke/images/stories/Documents/KenyaMOT22March09Final.pdf
http://dx.doi.org/10.1016/S0140-6736(10)60743-X
http://dx.doi.org/10.1016/S0140-6736(10)60743-X
http://www.ncbi.nlm.nih.gov/pubmed/20650523
http://nascop.or.ke/library/Marps/Final-MOH-Comprehensive Management of the Health Risks&Consequences of Drug Use.pdf
http://nascop.or.ke/library/Marps/Final-MOH-Comprehensive Management of the Health Risks&Consequences of Drug Use.pdf
http://nascop.or.ke/library/Marps/Final-MOH-Comprehensive Management of the Health Risks&Consequences of Drug Use.pdf
http://dx.doi.org/10.1186/1477-7517-10-13
http://www.ncbi.nlm.nih.gov/pubmed/23957896
http://dx.doi.org/10.1016/j.forsciint.2013.12.006
http://dx.doi.org/10.1016/j.forsciint.2013.12.006
http://www.ncbi.nlm.nih.gov/pubmed/24447454
http://dx.doi.org/10.1007/s10461-014-0702-6
http://dx.doi.org/10.1016/j.drugalcdep.2013.03.011
http://www.ncbi.nlm.nih.gov/pubmed/23587537
http://dx.doi.org/10.1007/s13365-013-0225-3
http://dx.doi.org/10.1017/S0950268814000041
http://dx.doi.org/10.1016/j.epidem.2012.01.001
http://dx.doi.org/10.1016/j.epidem.2012.01.001
http://www.ncbi.nlm.nih.gov/pubmed/22664064
http://dx.doi.org/10.1016/S0140-6736(10)60232-2
http://www.ncbi.nlm.nih.gov/pubmed/20189638
http://dx.doi.org/10.1016/j.antiviral.2014.02.004
http://dx.doi.org/10.1016/j.antiviral.2014.02.004
http://healthservices.uonbi.ac.ke/sites/default/files/centraladmin/healthservices/Kenya Treatment Guidelines 2011.pdf
http://healthservices.uonbi.ac.ke/sites/default/files/centraladmin/healthservices/Kenya Treatment Guidelines 2011.pdf
http://dx.doi.org/10.1089/AID.2014.0306
http://www.ncbi.nlm.nih.gov/pubmed/25423998
http://dx.doi.org/10.1089/AID.2015.0031
http://www.ncbi.nlm.nih.gov/pubmed/25748548
http://healthpromotionkenya.org/LIBRARY OF DATA/HIV/Project Reports/MARPs BOOK REPORT.pdf
http://healthpromotionkenya.org/LIBRARY OF DATA/HIV/Project Reports/MARPs BOOK REPORT.pdf


34. Rogalska-Plonska M, Lapinski TW, Grzeszczuk A, Parfieniuk-Kowerda A, Flisiak R. Influence of HCV
and HIV on Development of Cryoglobulinemia. Viral immunology. 2015. doi: 10.1089/vim.2014.0114

35. National AIDS Control Council. Kenya AIDS Response Progress Report. Progress towards Zero.
March 2014. Available: http://www.unaids.org/sites/default/files/country/documents/KEN_narrative_
report_2014.pdf.

36. Muasya T, LoreW, Yano K, Yatsuhashi H, Owiti FR, Fukuda M, et al. Prevalence of hepatitis C virus
and its genotypes among a cohort of drug users in Kenya. East Afr Med J. 2008; 85(7):318–25. PMID:
19133420

37. Sypsa V, Paraskevis D, Malliori M, Nikolopoulos GK, Panopoulos A, Kantzanou M, et al. Homeless-
ness and Other Risk Factors for HIV Infection in the Current Outbreak Among Injection Drug Users in
Athens, Greece. American journal of public health. 2014. doi: 10.2105/AJPH.2013.301656

38. Liao M, Kang D, Tao X, Cox C, Qian Y, Wang G, et al. Syndemics of syphilis, HCV infection, and meth-
amphetamine use along the east coast of China. BMC public health. 2014; 14(1):172. 1471-2458-14-
172 [pii]doi: 10.1186/1471-2458-14-172

39. Waruiru W, Kim AA, Kimanga DO, Schwarcz S, Kimondo L, Umuro M, et al. The Kenya AIDS indicator
survey 2012: rationale, methods, description of participants, and response rates. J Acquir Immune
Defic Syndr. 2014; 66:S3–S12. doi: 10.1097/QAI.0000000000000114 PMID: 24732819

40. Ahamad K, Debeck K, Feng C, Sakakibara T, Kerr T, Wood E. Gender influences on initiation of inject-
ing drug use. Am J Drug Alcohol Abuse. 2014. doi: 10.3109/00952990.2013.860983

41. Njuki R, Kimani J, Obare F, Warren C. Using verbal and social autopsies to explore health-seeking
behaviour among HIV-positive women in Kenya: a retrospective study. BMCwomen's health. 2014;
14:77. doi: 10.1186/1472-6874-14-77 PMID: 24968717

42. OchiengW, Ogoyi D, Mulaa FJ, Ogola S, Musoke R, Otsyula MG. Viral load, CD4+ T-lymphocyte
counts and antibody titres in HIV-1 infected untreated children in Kenya; implication for immunodefi-
ciency and AIDS progression. African health sciences. 2006; 6(1):3–13. PMID: 16615820

43. Bailey JR, Dowd KA, Snider AE, OsburnWO, Mehta SH, Kirk GD, et al. CD4+ T cell-dependent reduc-
tion in hepatitis C virus-specific neutralizing antibody responses following coinfection with human
immunodeficiency virus. J infect dis. 2015. doi: 10.1093/infdis/jiv139

44. Barrett L, Gallant M, Howley C, Ian Bowmer M, Hirsch G, Peltekian K, et al. Stronger hepatitis C virus-
specific CD8+ T-cell responses in HIV coinfection. Journal of viral hepatitis. 2011; 18(3):170–80. doi:
10.1111/j.1365-2893.2010.01293.x PMID: 20497309

45. OchiengW, Kitawi RC, Nzomo TJ, Mwatelah RS, Kimulwo MJ, Ochieng DJ, et al. Implementation and
Operational Research: Correlates of Adherence and Treatment Failure Among Kenyan Patients on
Long-term Highly Active Antiretroviral Therapy. J Acquir Immune Defic Syndr. 2015; 69(2):e49–56. doi:
10.1097/QAI.0000000000000580 PMID: 26009836

46. Doitsh G, Galloway NL, Geng X, Yang Z, Monroe KM, Zepeda O, et al. Cell death by pyroptosis drives
CD4 T-cell depletion in HIV-1 infection. Nature. 2014; 505(7484):509–14. doi: 10.1038/nature12940
PMID: 24356306

47. Meijerink H, Wisaksana R, Iskandar S, den Heijer M, van der Ven AJ, Alisjahbana B, et al. Injecting
drug use is associated with a more rapid CD4 cell decline among treatment naive HIV-positive patients
in Indonesia. Journal of the International AIDS Society. 2014; 17:18844. doi: 10.7448/IAS.17.1.18844
PMID: 24388495

48. Datta D, Njuguna J. Food security in HIV/AIDS response: insights from Homa Bay, Kenya: original arti-
cle. Journal of Social Aspects of HIV/AIDS Research Alliance. 2009; 6(4):170–8. PMID: 20485856

HIV and HCV Co-Infection of Injecting Drug Users in Malindi

PLOS ONE | DOI:10.1371/journal.pone.0132287 July 24, 2015 13 / 13

http://dx.doi.org/10.1089/vim.2014.0114
http://www.unaids.org/sites/default/files/country/documents/KEN_narrative_report_2014.pdf
http://www.unaids.org/sites/default/files/country/documents/KEN_narrative_report_2014.pdf
http://www.ncbi.nlm.nih.gov/pubmed/19133420
http://dx.doi.org/10.2105/AJPH.2013.301656
http://dx.doi.org/10.1186/1471-2458-14-172
http://dx.doi.org/10.1097/QAI.0000000000000114
http://www.ncbi.nlm.nih.gov/pubmed/24732819
http://dx.doi.org/10.3109/00952990.2013.860983
http://dx.doi.org/10.1186/1472-6874-14-77
http://www.ncbi.nlm.nih.gov/pubmed/24968717
http://www.ncbi.nlm.nih.gov/pubmed/16615820
http://dx.doi.org/10.1093/infdis/jiv139
http://dx.doi.org/10.1111/j.1365-2893.2010.01293.x
http://www.ncbi.nlm.nih.gov/pubmed/20497309
http://dx.doi.org/10.1097/QAI.0000000000000580
http://www.ncbi.nlm.nih.gov/pubmed/26009836
http://dx.doi.org/10.1038/nature12940
http://www.ncbi.nlm.nih.gov/pubmed/24356306
http://dx.doi.org/10.7448/IAS.17.1.18844
http://www.ncbi.nlm.nih.gov/pubmed/24388495
http://www.ncbi.nlm.nih.gov/pubmed/20485856

