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Abstract

Background

The goal of antiretroviral therapy is to achieve sustained human immune deficiency virus

(HIV) viral suppression. However, research on factors associated with viral load suppres-

sion among adolescents in low and middle-income countries is limited. The objectives of

this study were to determine HIV viral suppression levels among adolescents in Kabale dis-

trict and the associated clinical, adherence and psychosocial factors.

Methods

Cross-sectional and retrospective cohort study designs were used. Two hundred and forty-

nine adolescents living with HIV that attended clinics between September and October 2019

at nine health facilities were interviewed and their medical records reviewed. A data abstrac-

tion tool was used to collect clinical data from adolescent’s clinical charts, face to face inter-

views were conducted using semi-structured questionnaire adopted from the HEADS tool

and in-depth interviews conducted with ten key informants. Qualitative data was analyzed

using thematic content analysis. Logistic regression was used to determine the magnitude

by which clinical and psychosocial factors influence viral load suppression. Odds Ratios

(ORs) were used for statistical associations at 95% confidence interval considering statisti-

cal significance for p-values less than 0.05. Qualitative data collected from Key informants

to support our quantitative findings was analyzed using thematic content analysis.

Results

HIV viral suppression among (n = 249) adolescents was at 81%. Having no severe opportu-

nistic infections was associated with viral load suppression among adolescent living with

HIV (OR = 1.09; 95%CI [1.753–4.589]; p<0.001) as well as having no treatment interrup-

tions (OR = 0.86; 95% CI [2.414–6.790]; p = 0.004). Belonging to a support group (OR =

1.01; 95% CI [1.53–4.88]; P = 0.020), having parents alive (OR = 2.04; 95% CI[1.02–4.12];

P = 0.047) and having meals in a day (OR = 5.68; C.I = 2.38–6.12, P = 0.010), were
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significantly associated to viral load suppression. The findings also indicated that long dis-

tances from health facilities, transport challenges and unprofessional conduct of health

workers that make adolescent unwelcome at health facilities negatively affected viral sup-

pression among adolescents.

Conclusion

The findings indicate that HIV viral suppression among adolescents on ART was at 81%.

Kabale district was likely not to achieve the third 90 of the UNAIDS 90-90-90 global target

for this population category. The findings further indicate that having no severe opportunistic

infection and no treatment interruptions, good nutrition status, peer support and support

from significant others, were highly associated with viral load suppression.

Background

Adolescents and young people represent a growing number of people living with HIV world-

wide [1]. The mortality of adolescents living with HIV due to acquired immune deficiency syn-

drome (AIDS)-related causes is higher than in adults [2]. Globally, up to 150 adolescents die

every day due to AIDS-related illnesses [3]. In 2016, 91% of adolescent deaths worldwide were

reported in sub-Saharan Africa, and the rate of AIDS-related deaths among this age group had

not reduced [1]. In addition, by 2018 children and adolescents from different parts of the

world had worse viral suppression outcomes than adults [4].

The goal of ART is to achieve a sustained suppression of HIV replication. World Health

Organization (WHO) recommends individual-level viral load as a measure of ART efficacy

and treatment adherence. According to [5], treatment success is defined as a viral load thresh-

old of<1000 copies/mL. Viral suppression is also one of the 10 global indicators in the 2015

WHO consolidated strategic information guidelines for HIV in the health sector [6]. Majority

of previous studies on adolescents have been carried out in the United States and it is possible

that these findings cannot be extrapolated to the African setting [7].

In 2014, the UNAIDS launched a global response toward achieving “the third 90” in the 90-

90-90 targets, an initiative to end the AIDS epidemic as a public health threat by 2030 [6]. The

UNAIDS’ 90-90-90 campaign aims to have 90% of people living with HIV to know their status,

have 90% of people living with HIV who know their status start or maintain their treatment,

and have 90% of people on ART to be virally suppressed by 2020. High rates of viral suppres-

sion are attainable at the community and country level and studies have identified numerous

individuals, interpersonal, and institutional factors that are associated with viral suppression

in general population samples [8, 9]. However, factors associated with viral suppression

among adolescents are not well document in lower- and middle-income countries.

Adolescents infected with HIV through high-risk behaviours have less optimal response to

ART with only 24% achieving and maintaining undetectable viral loads over 3 years [10].

Although large studies of efficacy of ART in HIV-infected adults [11] and children [12] have

been conducted, relatively less data has been collected describing the virologic outcomes

among adolescents on ART. According to the WHO, the number of adolescents on ART con-

tinues to increase, reflecting successful treatment of perinatal infected children, infections dur-

ing early adolescence, and expanding worldwide access to ART [5]. The unique behavioral

characteristics of adolescents may lead to worse adherence to ART [13], which would increase
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their risk of both morbidity and drug resistance. As a result, measurement of virologic out-

comes in this population is very critical.

Uganda ranked among the top 20 high burden countries contributing 5% of AIDS-related

deaths among adolescents in 2014. The deaths were attributed to the late diagnosis and poor

access to treatment with most perinatally infected children starting treatment later in life. Like

other countries, Uganda committed to achieve the 90-90-90 targets by 2020; however, the

country is still short on achieving the ambitious target with the third 90 scoring lowest along

the cascade. In 2017, about 73% of the people living with HIV knew their HIV status; 67%

were enrolled on ART; while almost 60% had achieved viral suppression. To identify people

living with HIV who are likely to fail on treatment (including adolescents) and monitor their

quality of life, the Uganda Ministry of Health recommended viral load testing for all people

who are receiving ART for at least 6 months or more. Children under 15 years continued to

have much lower rates of viral suppression compared to adults.

Although adherence to ART is important for viral suppression, some children and adoles-

cents are sufficiently adherent but their viral loads remain high, while others have suppressed

viral loads despite poor adherence. In Uganda, information on viral suppression among ado-

lescents aged 10–19 years is limited. This is because data for adolescent aged 10–15 years is

lamped up under the age desegregation of 0–14 years, while adolescents aged of 16–19 years

are considered under the age desegregation of adults. It is therefore difficult to ascertain out-

comes of adolescents on ART with the current data. This study aimed at assessing viral load

suppression associated factors among adolescents in Kabale District.

Methods

Study design, area and population

This was both a cross-sectional and retrospective cohort study with a mixed quantitative and

qualitative approaches. The study was conducted in Kabale district, Southwestern Uganda.

Kabale district borders with Rubanda district in the Southwest, republic of Rwanda in the

south, Rukiga district in the north and Kanungu district in the west. The district has a popula-

tion of 248,700 people as per district records of June 2020. The district has three health sub dis-

tricts with a total of 55 functional health facilities. The study was conducted at nine (9) public

and private not for profit health facilities providing comprehensive adolescent HIV care ser-

vices. The study sites were; Kabale Regional Referral Hospital, Rugarama and Rushoroza Hos-

pitals, Kamukira, Maziba and Rubaya HC IVs, Kamuganguzi HC III, Kigezi Health Care

Foundation (KIHEFO) and Buhara NGO HC III. The study was carried among HIV positive

adolescents that had been on ART for at least 6 months, adolescent peers and clinicians pro-

viding adolescent HIV services at the selected health care facilities.

Inclusion and exclusion criteria

This study included HIV positive adolescents (10–19 years) that had been on ART for more

than 6 months at each of the selected health facilities. Assent was sought from care takers for

adolescents aged 10–17 years and informed consent for the 18–19 year olds. Both adolescent

with suppressed and unsuppressed viral loads were interviewed. Additionally, key informant

interviews were conducted with adolescent peers and HIV clinicians following their informed

consent. This study excluded adolescents aged 10–17 years without a parent/guardian and the

18 years’ adolescents that did not consent or refused for any reason to participate in the study.

Adolescents that had been transferred-in from other health facilities were also excluded

because their complete clinical records could not be accessed. The study also excluded
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adolescent peers and HIV clinicians that did not consent and health workers that were not

actively providing adolescent HIV services.

Sample size and sampling procedure

The sample size was estimated using a standard formula by [14], with 5% marginal error and

95% confidence interval to arrive at a sample size of 239 participants. The sample size was then

adjusted for missing data, and non-response; adjusted sample size was computed as 252

respondents. Probability proportionate to size sampling was used in this study because of the

varying ART clinic sizes. This was aimed at ensuring that adolescents from larger ART clinics

had the same probability of being included in the sample as those in smaller. See Table 1.

Because of the limited proportionate numbers especially from the small ART clinics, conse-

cutive sampling technique was applied. All adolescents meeting the inclusion criteria were

selected as they came to the clinic, until all the required number of adolescents at each health

facility was achieved. Purposive sampling was used to select clinicians providing adolescent

HIV services to share their views based on HIV clinical expertise while adolescent peers shared

their experience of living with HIV.

Data collection

Two research assistants were recruited and trained on how to collect and fill out the data tools,

obtaining informed consent and assent, and observation of all the ethical considerations. The

research assistants conducted face to face interviews, extracted information from the patients’

clinical charts and also conducted the in-depth interviews with key informants. The research

assistants visited the health facilities on their respective adolescent day HIV clinics and clearly

explained the purpose of the study. They established rapport with the adolescents to make

them comfortable and share personal sensitive information. Informed consent was obtained

and interview were conducted in a private environment that ensured the adolescents’ confi-

dentiality. It took an average of 30 minutes to complete the questionnaire. Finally, all the com-

pleted questionnaires were collected and checked for completeness.

Ethics approval and consent

The study was approved by the Institutional Ethics Committee of Bishop Stuart University.

Both verbal and informed written consent was obtained from adolescents aged 18 years and

above while parents/legal guardians consented for the adolescents aged 10–17 years. The

Table 1. Proportionate sample allocation of respondents.

No. Name of Facility No. of active Adolescent in HIV care by end of March 2019 Proportionate Sample from each site. (x) = (a/363�252)

1 Kabale Regional Referral Hospital 187 130

2 Kamukira HC IV 46 32

3 Rugarama Hospital 41 28

4 KIHEFO 24 17

5 Kamuganguzi HC III 20 14

6 Maziba HC IV 12 8

7 Rubaya HC IV 12 8

8 Buhara NGO Health Centre III 11 8

9 Rushoroza Hospital 10 7

Total 363 252

https://doi.org/10.1371/journal.pone.0270855.t001
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adolescents were also informed that their individual medical records would be reviewed and

information extracted with outmost confidentiality.

Measures

Clinical factors. In this study, secondary data on adolescent’s current viral load and retro-

spective clinical-related factors such as duration of ART, side effects, nutritional status and

presence of comorbidities were extracted from adolescent’s clinical charts. The patient’s clini-

cal charts have client’s data on key parameters monitored by the ministry of health including;

ART regimens, viral load results, nutrition status of adolescents, ARV side effects, adherence

levels, Septrin and isoniazid prophylaxis among others. In case of missing data in the clinical

charts, the research assistant sought for support to triangulate data from primary tools and reg-

isters like the ART registers, dispensing logs, appointment books, viral load result forms and

laboratory CD4/viral load registers.

Psychosocial factors. To assess for psychosocial factors associated with viral suppression,

face-to-face interviews were conducted using semi-structured questionnaire that was adopted

from the HEADS tool. The HEADS tool is a validated interview tool that is recommended by

WHO and Ministry of Health for assessment, identification and management of adolescent

mental health issues, take a psychosocial history as well as find local help and resources. The

letters in HEADS stand for; Home, Education, Activities and peers, Drugs and Alcohol, Sui-

cide and depression. This tool assesses for enrollment in any support group, access to housing

and food, availability of parents, disclosure of HIV sero-status, substance abuse, employment,

structural barriers; clinic fees, transport costs, distance from clinic, clinic waiting time, attitude

of clinic staff and religious and cultural beliefs on HIV and ART. It also explores behavioral

issues, assesses for depression, presence of support systems including friends or partner.

A score of 0, 1, or 2 is assigned for each psychosocial variable and these scores are summed

to obtain a total score. A higher overall score on this screening tool translates into an indica-

tion of a greater need of immediate action. The HEADS tool was found to have a sensitivity of

82% and a specificity of 87% during a Rapid Mental Health Screening Tool for Pediatric

Patients in the Emergency Department [15].

Adherence factors. The information on adherence factors was collected through a face to

face interview questionnaire with the adolescents. The information collected included; if the

adolescents were taking the ARVs, person picking the ARV refills, ARV regimens, number of

pills taken per day and frequency, storage of ARVs and whether the adolescent was taking the

ARVs from school or home.

Qualitative data. For qualitative data, in depth interviews were conducted with 10 key infor-

mants. The key informants included; six health workers that were purposively sampled among

clinical officers and nursing officers that were active in provision of adolescent HIV services. Four

adolescent peers living with HIV and on ART were also interviewed. The health workers were

selected to provide and share their expert views and experience in providing HIV services for ado-

lescent living with HIV while adolescent peers were interviewed to share their life experience deal-

ing with HIV and taking lifelong ART. The interviews ended once saturation was achieved for

each category. The research assistant sought consent from the key informant to allow audio

recording during the discussion process. Recordings were then transferred and saved on a com-

puter for transcription and analysis. Table 2 provides the details for the key informants.

Data analysis

Quantitative analysis. The quantitative data was cleaned, edited, coded and entered into

the computer using Epi Data and then exported to STATA v14 for analysis. Continuous
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variables such as age were categorized accordingly [16] and proportions and percentages were

used for categorical variables. Analysis was conducted at three levels; univariate, bivariate and

multivariate levels. Bivariate analysis was conducted to determine association between viral

load suppression and independent variables. Odds Ratios (ORs) were used for statistical asso-

ciations at 95% confidence interval considering statistical significance for p-values less than

0.05.

Qualitative analysis. The audio recordings from key informants were listened to carefully

and transcribed, and to verify the quality of transcription, the tapes were double transcribed.

The data was analyzed by grouping related responses into themes and subthemes in accor-

dance with the study objectives. Key statements were quoted verbatim to give the exact mean-

ing using the narrative qualitative analysis approach [17].

Results

Participants demographic characteristics

Results indicate that overall, majority (67.5%) of the respondents were aged 15–19. There was

almost an equal proportional allocation for both male (124) and females (125). A large propor-

tion (98.8%) were found to have been single with only 1.2% combined proportion falling

within other marital status categories. Most (52.2%) respondents had attained at least primary

school level of education followed by secondary at 40.2% with the least proportion being ter-

tiary (3. 2%). Majority of the teenagers (95.2%) interviewed were unemployed. Table 3 shows

the respondent background characteristic for overall and when disaggregated by gender.

Proportion of adolescents who attained HIV viral load suppression

Overall, majority (81%) of the respondents had attained Viral Load Suppression

(< 1000copies/ml) at the time of the interview. Fig 1 shows the proportion of adolescents who

attained Viral Load suppression.

Clinical factors associated with HIV viral load suppression among

adolescents

Results in Table 4, indicate that majority (87.1%) of the respondents who had a viral load sup-

pression were taking ARVs for a period of five (5) years and above whereas for patients who

had been on ARVs for a period of six (6) months to one (1) year, all had a suppressed viral

Table 2. Participants for in-depth interviews.

Health Facility No. of Key Informants Cadre Sex Age in years

Kabale Regional Referral Hospital 4 Senior Clinical Officer Male 44

Clinical Officer Female 38

Adolescent Peer Male 15

Adolescent Peer Male 18

Rugarama Hospital 2 Nursing Officer Female 52

Adolescent Peer Female 17

Kamukira HC IV 2 Enrolled Nurse Female 38

Adolescent Peer Male 18

Rubaya HC IV 1 Counselor Female 26

Kamuganguzi HC III 1 Clinical Officer Female 34

Total 10

https://doi.org/10.1371/journal.pone.0270855.t002
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load. Results show that having no severe opportunistic infections was associated with viral

load suppression among adolescents (OR = 1.09; 95% CI [0.753–1.589]; p< 0.001). In addi-

tion, adolescents who were previously on second line ARV regimen were more likely to have

viral suppression (OR = 1.83; 95%CI [1.276–4.520]; p = 0.004). More so, not having been diag-

nosed with malnutrition was significantly associated with viral load suppression among

Table 3. Participants demographic characteristics segregated by gender (n = 249).

Socio-Demographic variables Overall Males Females

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

Age Category

10–14 81 (32.5) 41 (33.1) 40 (32.0)

15–19 168 (67.5) 83 (66.9) 85 (68.0)

Marital status

Single 246 (98.8) 124 (100.0) 122 (97.6)

Married 2 (0.8) 0 (0.0) 2 (1.6)

Divorced/Separated 1 (0.4) 0 (0.0) 1 (0.8)

Level of education

None 11 (4.4) 3 (2.4) 8 (6.4)

Primary 130 (52.2) 65 (54.0) 63 (50.4)

Secondary 100 (40.2) 50 (41.2) 49 (39.2)

Tertiary 8 (3.2) 3 (2.4) 5 (4.0)

Occupation

Unemployed 237 (95.2) 119 (96.0) 118 (94.4)

Peasant 11 (4.4) 5 (4.0) 6 (4.8)

Salary earner 1 (0.4) 0 (0.0) 1 (1.0)

https://doi.org/10.1371/journal.pone.0270855.t003

Fig 1. Proportion of adolescents who attained viral load suppression.

https://doi.org/10.1371/journal.pone.0270855.g001
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adolescents (OR = 0.88; 95%CI [2.574–9.335]; p = 0.037). Furthermore, adolescents who were

taking Septrin were significantly associated with viral load suppression (OR = 0.75; 95%CI

[2.466–8.211]; p = 0.007).

Psychosocial factors associated with HIV viral load suppression among

adolescents

Results on the psychosocial factors associated with viral load suppression among adolescents

found out that belonging to a support group (OR = 1.01; 95%CI [1.53–4.88]; P = 0.020), having

parents alive (OR = 2.04; 95%C.I [1.02–4.12; P = 0.047]) and having meals in a day (OR = 5.68;

95%C.I [2.38–6.12]; P = 0.010), were significantly associated with viral load suppression. Other

factors such as having other family members living with HIV, patient and/or caregiver dis-

closed about HIV status, attending school, having friends/Partner, being sexually active, use of

Table 4. The association between clinical factors and viral load suppression.

Variable Viral Load Suppression COR (95% C.I) P-value
Yes No

n(%) n(%)

Patient period on ARVs

6 months to 1yr 7(3.4) 0(0.0) 1.7 (0.99–2.92) 0.447

Greater than 1 to less than 3 yrs. 8(4.0) 3(6.3)

Three yrs. to less than five yrs. 11(5.5) 4(8.3)

Five years and above 175(87.1) 41(85.4)

Severe opportunistic infection

Yes 8(4.0) 10(20.4) 1.09 (1.753–5.589) 0.000

No 194(96.0) 39(79.6)

Current ARV regimen

1st line 179(89.1) 42(85.7) 1.90 (0.574–6.286) 0.480

2nd line 22(10.9) 8(14.3)

Previous ARV regimen

1st line 44(21.8) 20(40.8) 1.83 (1.276–4.520) 0.004

2nd line 158(78.2) 29(59.2)

Experience of side effects

Yes 8(4.0) 5(10.4) 2.01 (1.391–2.915) 0.072

No 193(96.0) 43(89.6)

Ever had treatment interruption

Yes 7(3.5) 13(26.5) 0.86 (2.414–3.790) 0.000

No 195(96.5) 35(73.5)

Diagnosed with malnutrition

Yes 0(0.0) 3(6.1) 0.88 (2.574–9.335) 0.037

No 202(100.0) 46(93.9)

Adolescent taking Septrin/Cotrimoxazole

Yes 150(74.3) 44(89.8) 0.75 (2.466–8.211) 0.007

No 52(25.7) 4(10.2)

Other medications including local herbs

Yes 1(0.5) 0(0.0) 1.48 (0.667–3.264) 0.624

No 200(99.5) 48(100.0)

Correlation is significant at, �p <0 .05

COR is crude odds ratio

https://doi.org/10.1371/journal.pone.0270855.t004
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drugs, payment of any fee for receiving health services, distance for this facility to your home,

missing attending the clinic due to lack of transport and health workers handling attitude were

all insignificantly associated with viral load suppression. Details on this refer to Table 5.

Qualitative findings

Qualitative data gathered through interviews was thematically analyzed using thematic content

analysis. See Table 6.

Findings on the psychosocial factors associated with HIV viral load suppression among

adolescents found out that support from significant others like family and peers, availability of

care and mental health are among the psychosocial factors that determine viral suppression

among adolescents.

Theme I: Support from significant others

We found out that support from significant others like family members and peers has a signifi-

cant impact on viral load suppression. This was categorized in form of family support and peer

support as presented herein;

Family support. The study found out that a family offers accompaniment to the clinic

and reminder to take medicine which is important in enhancing adherence to ART among

adolescents.

Accompaniment to clinic. Accompaniment to clinic was found to be important in viral load

suppression since it contributes much to drug adherence among adolescents on ART. This is

supported by the views from one of the clinical officers who had this to say;

“A child who has someone to accompany him or her on clinic days, stands higher chances of
adhering to drugs. This is important on viral load suppression as such a child is less likely to
have problems with adherence and the possibility of skipping the days are very minimal.” (A

38-year-old female clinical officer).

Reminder to take the medicine. Due to pill burden, most adolescents find themselves with a

challenge of skipping the medicine on some days. Getting constant reminders from family

members enhances adherence leading to viral load suppression. This is in line with interview

finding in which one of the participants was quoted saying;

“Taking medicine every other evening is a burden, at times you forget and recall in the morn-
ing. If you have someone to remind you, it becomes easier. But this is difficult at school, since
we don’t want other kids to learn about it.” (A 15-year-old male adolescent peer)

Support from peers. From the interviews, we found out that support from peers espe-

cially receiving unconditional love and belonging to a support group are important in viral

load suppression.

Showing unconditional love. We found out that getting unconditional love from peers and friends

is very important for adolescents on ART. It keeps them psychologically positive which enables

them to adhere to drugs. This is supported by one of the adolescent peers who had this to say;

“When you have a challenge like the one we are going through and you get someone to share it
with, you feel relieved. I have two friends whom always share about the future and I feel loved.

I don’t take anything for granted.” (An 18-year-old male adolescent peer)
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Table 5. Psychosocial factors associated with viral load suppression among adolescents.

Variable Viral Load Suppression

Yes No COR (95% C.I) P-Value
n(%) n(%)

Belong to any support group 1

Yes 181(90.0) 41(85.4) 1.01(1.53–4.88) 0.020

No 20(10.0) 7(14.6)

Your parents alive 1

Yes 90(44.8) 20(41.7) 2.04(1.02–4.12) 0.047

No 111(55.2) 28(58.3)

Other family members living with HIV 1

Yes 160(79.6) 33(68.8) 1.84(0.99–3.43) 0.106

No 41(20.4) 15(31.2)

Patient and/or caregiver disclosed about HIV status 1

Yes 198(98.5) 48(100.0) 0.97(0.38–6.12) 0.615

No 3(1.5) 0(0.0)

Meals had in a day 1

Misses all meals in some days 6(3.0) 1(2.0) 5.68(2.38–6.12) 0.010

One 11(5.4) 7(14.6)

Two 129(64.2) 31(64.6)

More than two 55(27.4) 9(18.8)

Attend School 1

Yes 180(90.0) 45(93.8) 0.78(0.36–8.21) 0.280

No 21(10.0) 3(6.2)

Have friends/Partner 1

Yes 39(19.4) 13(27.0) 1.38(1.09–6.82) 0.240

No 162(80.6) 35(73.0)

Sexually active 1

Yes 36(17.9) 13(27.1) 2.06(0.87–7.81) 0.151

No 165(82.1) 35(72.9)

Use drugs/smokes/alcohol 1

Yes 9(4.5) 7(14.3) 6.58(0.09–6.82) 0.070

No 192(95.5) 41(85.7)

Pay any fee for receiving health services 1 0.067

Yes 0(0.0) 2(4.1) 8.44(0.87–8.81)

No 202(100.0) 47(95.9)

Distance for this facility to your home 1 0.859

0–14 108(53.7) 26(54.2) 0.40(0.17–4.45)

15–29 69(34.3) 16(33.3)

30–44 22(11.0) 5(10.4)

45–59 0(0.0) 0(0.0)

60+ 2(1.0) 1(2.1)

Sometimes miss attending the clinic due to lack of transport 0.067

Yes 105(52.2) 18(37.5) 3.37(0.87–7.81)

No 96(47.8) 30(62.5) 1

Health workers treat/handle you well 0.185

Yes 196(97.5) 45(93.7) 1.1 (0.6–2.2)

No 5(2.5) 3(6.3) 1

https://doi.org/10.1371/journal.pone.0270855.t005
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Belonging to a support group. It was further found out that belonging to a peer support

group also has advantage towards viral load suppression. This is supported by views from one

of the participants who had this to say; “We make sure that there are adolescent peers so that
those with psychosocial support issues can be linked to the peers for treatment support. We are
introducing psychosocial aerial club activities so that they get involved in them whenever they
come for their drug refills. This will help us to improve adherence, retention and viral load sup-
pression.” (A 44-year old Male Clinical Officer).

Theme II: Care availability

Availability to care was found to be another factor affecting viral load suppression among ado-

lescents. This was categorized into access to health facility and nutritional care main factors

related to viral load suppression.

Access to health facility. From our interviews, we found out that access to health facility

has a lot impact on viral load suppression among adolescents. This was categorized into walk-

ing long distances, lack of transport and treatment from health workers.

Walking distances. This view is elaborated by the views from one of the participants who

had this to say;

“We have a challenge of school going adolescents who are fond of skipping appoints even to
the extent of defaulting treatment. When we share with most of them we realize that the chal-
lenge of walking long distances has a hand in it. Eventually this compromises viral load sup-
pression.” (A 52-year females Nursing Officer).

Lack of transport. We found out that lack of transport to health facilities contributes to chal-

lenges in care and eventually viral load suppression. This is confirmed by the views from one

of the participants who had this to say;

The distance to home to the health facility is far and you to have transport money all the time.
Besides, I don’t normally stay from one place, I keep moving from one place to another. This
makes me skip my appointment days even when it is not intended.” (A 17-year-old female

adolescent peer)

Negative treatment from health workers. Results further show that adolescents felt unwel-

come at the health facilities because some of the health workers made adolescents

Table 6. Qualitative results on psychosocial factors associated with viral load suppression among adolescents.

Themes Sub themes Categories

Support from significant others Family support • Accompaniment to clinic

• Reminder to take medicine

Support from peers • Showing unconditional love

• Belonging to support group

Care availability Access to health facility • Walking long distance

• Lack of transport

• Negative treatment from health workers

Nutritional care • Lack of access to food and poor feeding

Mental health Depression • Feeling depressed

• Burden of taking daily pills

Disclosure • Fear for disclosure

https://doi.org/10.1371/journal.pone.0270855.t006
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uncomfortable in getting care and treatment. This is supported by the views from one of the

nursing officers who had this to say; “Some of us health workers, behave unprofessionally. This
scares away some of these adolescents and they field unwelcome at the health facility. They there-
fore begin the behaviors of defaulting treatment which compromises viral load suppression.” (A

38-year-old female nursing officer).

Nutritional care. Nutrition is important in the life of people living with HIV/AIDS, in an

event of poor nutrition, this can compromise their care and treatment. We found out that lack

access to food and poor feeding is one of the issues compromising viral load suppression

among adolescents.

Lack access to food and poor feeding. Lack of access to food and poor feeding was found out

in this study among the factors compromising viral load suppression among adolescents. This

is expressed by one of the participants who had this to say;

“. . . this medicine that we swallow, one of the [things] you are instructed [is] that you must
eat thirty minutes before you take that drug. But then you find in that time, most times, there
is nothing to eat, and so what do you do before you start, before you swallow medicine, and
yet your time has approached? That also is a challenge we face as youth.” (An 18-year-old

male peer)

Theme III: Mental health

We found out that mental health status of adolescents has a strong influence on viral load sup-

pression. This was categorized into depression and disclosure on the side of these adolescents.

Depression. From the interviews, we found out that feelings of depression have an influ-

ence on adherence to drugs and eventually viral load suppression. This was categorized into

feeling depressed and the burden of taking daily pills.

Feeling depressed. Results show that feeling depressed affects adolescents’ adherence levels

and this greatly compromises their capacity to suppress the viral load. This is supplemented by

views from one of the nursing officers who had this to say;

“By default, patients on ART should be mentally positive, anything that disorganizes them
mentally, compromises adherence and viral load suppression. We have a challenge where by
most adolescents present with high levels of depressive symptoms.” (A 44-year-old Male Clini-

cal Officer)

Burden of taking daily pills. It was found out that taking drugs on a daily basis is a burden to

most of these adolescents and they end up not swallowing them on time. This is confirmed by

one of the participants who had this to say; “You know, it is not easy packing drugs all the time, you
find yourself where you have gone somewhere and time has caught you there. If there was any chance
of having a drug you can swallow at least once in a week. . ..” (An 18-year-old adolescent peer).

Disclosure. From the study, we found out that disclosure is another challenge affecting

viral suppression among adolescents. While hiding to taking the drugs and trying to conceal

their condition, they end up defaulting treatment.

Fear for disclosure. We found out that most adolescents have a tendency of concealing their

status against their peers and significant people in their lives. This greatly affects their adher-

ence and eventually viral load suppression. This is confirmed by the views from the partici-

pants herein;

“If you swallow these drugs where there are people; like me, there is a lady who went on telling
everyone that am positive, I don’t know how she got to know but finally the people around me
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started isolating me that I will infect them. So, the people around us make us isolate our-
selves.” (An 18-year-old male peer)

Discussion

Proportion of adolescents on ART achieving virologic suppression

This study found that 81% of the HIV positive adolescents had achieved viral suppression.

This is in line with a study conducted in South Africa which found an 81% viral load suppres-

sion among adolescents [18]. Furthermore, [19] found an 83% viral load suppression among

adolescents in India. The viral suppression rate in this study is higher than that of a study done

in Kenya which reported a 59% viral suppression among HIV positive adolescents [20]. In

addition, a study done in South Africa found a viral suppression rate of 65.1% among adoles-

cents [21]. Similarly, a 62.5% proportion of adolescents were virally suppressed in a study con-

ducted in Tanzania [12]. Also, [22] revealed a 73.61% viral load suppression among HIV

adolescents in Ethiopia. More so, a study by [23] found that 65.5% proportion of adolescents

had achieved viral load suppression.

Similarly, [4] found a 76.8% proportion of adolescents who had achieved viral load suppres-

sion. This is in line with a study conducted in South Africa which found out that 76% of the

adolescents had achieved viral suppression [7]. Systematic review on viral non-suppression rate

in low or middle-income countries of the pooled estimate had 16% [24]. A lower viral load sup-

pression of 23% was found among HIV positive adolescents in a study conducted in Uganda

[25]. The overall viral suppression rate reported in this study is higher than the global viral sup-

pression rate of 35% [20] and slightly lower than the 90% UNAIDS target. Similarly, a study by

[26] found a 27.3% viral load suppression among adolescents in South Africa. In addition, 49%

of the HIV positive adolescents in Brazil had achieved viral load suppression [12]. The dispari-

ties in viral suppression rates noted could be as a result of differences in systems for the manage-

ment of HIV patients, including access to treatment, monitoring of adherence, and coverage, as

well as disease surveillance in different regions [27]. The overall proportion of viral load sup-

pression in the study conducted in Uganda was 73% among older adolescents [8].

The results though still below the recommended 90% by UNAIDS, there is noted progress

towards achieving this target among adolescents in Kabale district. This improvement in viral

suppression may be attributed better ART adherence preparation and follow by the counselors

that have been deployed to support health facilities with the support of implementing partners

like USAID RHITES-SW, engagement of adolescent peers in adolescent HIV services delivery,

holiday comprehensive clinical and psychosocial clinics and ‘‘Ariel clubs”. The health workers

have also been trained in provision of adolescent friendly HIV services and separate HIV clin-

ics for adolescent established which have reduced stigma and encouraged peer-to-peer sup-

port. The ministry of health has also provided standard service packages with standard

operating procedures and guidelines developed to guide quality services delivery.

Clinical factors associated with viral load suppression among adolescents

In contrast to the findings of this study, shorter duration on ART is associated with viral non-

suppression, which is expected given the destruction of CD4 cells resulting from high viral rep-

lication. Although the relationship between viral non-suppression, immunological responses,

and duration on ART is not always consistent [28]. The findings could be attributed to better

ARV regimens with high treatment efficacy and tolerability, fixed drug combination with

majority of the adolescent initiating on ART taking a single pill a day which improves

adherence.
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The findings are also in contrast to a South African study, which reported that adolescents

who had been on ART between six and 12 months were more likely to have viral non-suppres-

sion (viral load> 400 RNA copies/mL) compared with those who had been on treatment lon-

ger [29]. Exposure to ART for a shorter duration was a common characteristic among

adolescents who failed to achieve viral suppression. This finding is consistent with that

reported in studies conducted in Northwest Ethiopia [30] and Swaziland [9].

The results of this study show that adolescents who were on second line ART were more

than one times more likely to have their viral load suppressed. This study’s findings agree with

those of a study conducted in Zimbabwe which found that those who are on second line treat-

ment achieved viral suppression unlike those on first line treatment [19]. Studies have demon-

strated that being on second line ART is an important predictor of viral suppression among

adolescents [31]. Barriers to adherence should be addressed in patients with suboptimal adher-

ence before switching to second line therapy to improve their outcome. This study did not

evaluate timeliness in switching to effective ART regimens after failure though the timeliness

in switching to effective ART regimens after failure may affect viral suppression. Adolescents

with delayed switching from a failing ART regimen to an effective one, experience virological

failure and are at an increased risk of accumulating drug resistance and mutations [32].

Furthermore, the results indicate that odds of having suppressed viral load are almost five

times higher among respondents who took their ARVs compared to those who did not take

their ARVs. Similarly, [33] found that good adherence to ART was positively associated with

viral suppression among adolescents. More so, adolescents with good adherence were signifi-

cantly more likely to exhibit virologic suppression [34]. Good adherence to the ART is crucial

for successful viral suppression, as incomplete adherence leads to an increase in HIV viremia,

risk of treatment failure, and accumulating resistance mutations [35]. The findings were simi-

lar to other studies that demonstrated that suboptimal adherence to ART is associated with

virological failure among adolescents [23].

Similarly, [8] demonstrated that poor adherence to ART was associated with low viral sup-

pression. In a one to one unmatched case control study conducted in Zimbabwe, poor adher-

ence among others was an independent risk factor for virological failure [19]. Non-adherence

to medications was associated with high viral load of>1000 copies/mL in an Ethiopian study

[36]. Similarly, in a study describing predictors of antiretroviral treatment adherence among a

diverse cohort of adolescents’ non-adherence by self-report was associated with higher viral

load [37].

In addition to these studies, findings from the interviews revealed that perceived stigma,

unintended disclosure and discrimination deterred the adolescents from obtaining, taking,

and keeping their medications. The key informants described how the adolescents avoid going

to the clinic to obtain their ART because they do not want to be seen by their peers at the clinic

collecting ART medication and in so doing link them to HIV diagnosis. They further described

how adolescents avoid taking pills in front of others for fear of stigma, rejection, and gossip by

their peers most especially those in school. The school setting presents a unique barrier to

adherence to medication for the adolescents since it not easy to leave school to keep clinic

appointments for ART refill, particularly because they did not tell their teachers about their

HIV status.

Psychosocial factors associated with viral load suppression among the

adolescents

In this study, it was found that a substantial proportion (81.5%) who had suppressed viral

loads belonged to a support group. The findings of this study concur with those of a study
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done in Tanzania which revealed that adolescents who belonged to peer support groups had

better viral suppression outcomes [7]. More so, [38] also found that belonging to a support

group was associated with viral suppression. This is because peer support groups have been

identified as a successful method for improving the uptake of health services by adolescents

thus facilitating ART adherence. Adolescents can be kept in care by using peer supporters and

social workers who provide psychosocial support to improve ART adherence that results into

viral suppression.

Surprisingly, a considerable proportion of the adolescents in this study reported being total

orphans, though there was no statistical significance with viral load suppression. On the con-

trary, other studies found out that being single or double orphan was associated with virologi-

cal failure [11, 39, 40]. This was similar to what some of the respondents reported in this study

that the vulnerability of the adolescents as a result of the death of a biological parent or the lack

of support from parents or guardians puts them at risk of having non-viral suppression.

In this study, although a significant number of the HIV positive adolescents had members

in their family living with a positive HIV status, there was no significant relationship with viral

suppression. However, some studies indicate that adolescents have been reported to have bet-

ter viral outcomes when they had a person living with HIV in the same household [19, 41].

Furthermore, other studies conducted in Zimbabwe [42], Tanzania [28], and Ethiopia [23],

found out that family support improves viral outcomes. Having HIV positive caregivers has

been described as a facilitator for optimal adherence that leads to viral suppression [10]. Con-

trary to these studies, some health care workers reported that adolescents who live with people

who are not HIV positive are likely to have poor viral outcomes.

In this study being aware of one’s HIV status (disclosure) was not significantly associated

with viral load suppression although most of the adolescents reported having been disclosed

to. There was a very small proportion of adolescents recorded to be unaware of their own HIV

status and this may have affected the findings. However, a study done in South Africa found a

statistically significant association between disclosure and viral suppression among HIV posi-

tive adolescents [43]. Additionally, in Zimbabwe, disclosure increased the odds of viral sup-

pression [19], and in Nigeria disclosure of HIV status predicted a better viral suppression as a

result of good adherence [44].

Disclosed adolescents have better access to social support and tend to be less depressed over

the long-term, thereby adhering to their medication well hence achieving viral suppression

[42]. In addition, adolescents who have been disclosed to about their own HIV-positive status

may be in a better position to access antiretroviral therapy (ART) from health facilities and

psychosocial support from peer support groups which in turn translates to viral suppression

[40]. However, according to a study conducted in Uganda [25], it revealed delay in disclosing

HIV status to adolescents was common among the care givers and this led to non-adherence

which in turn resulted into virologic failure.

Furthermore, this study showed that a significant percentage (82.4%) of the respondents

that had suppressed their viral loads (< 1000copies/ml) reported not to have used drugs/

smoked/ drunk alcohol. Similarly, [19] found no difference in virological suppression and use

of drugs/smoke/alcohol among HIV positive adolescents. However, a study done in low mid-

dle-income countries identified that alcohol consumption and recreational drug use contrib-

utes to virological non-suppression among adolescents as a result of poor ART adherence [24].

This was also mentioned by one of the peer adolescents that some of the adolescents who

indulge in alcohol intake, have their viral loads unsuppressed.

More so, it should be noted that the independent association of alcohol consumption and

virological failure is not surprising since alcohol use among adolescents has been associated

with lower treatment adherence, disease progression and failed viral suppression. One study
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by [45] examined the association of alcohol with viral suppression and found that those who

consumed alcohol were more likely to develop virological failure compared to those who did

not. In another study by [19], alcohol use was associated with poor adherence which directly

translates into virological failure. The contradiction between this study and other studies could

be explained by the levels of drinking alcohol among adolescents in the study, which had no

effect on their drug adherence levels.

Study limitations

This study has a number of limitations, which should be considered while interpreting the

above findings. First, due to the sampling strategy, the study only included adolescents who

were currently on treatment. Adolescents who were lost to follow-up were not included, which

could have resulted in overestimating the rate of viral suppression. Longitudinal follow up

with multiple assessments of viral load trends may provide a better picture of virological

response compared to the single latest viral load measurement used in this study. Second, the

study relied on self-reported data, which may be affected by recall and social desirability bias.

Third, adolescents who accessed care from low volume sites providing care to less than 10 ado-

lescents were excluded, which may bias the results given that volume of patients is a key deter-

minant of provider competency and patient outcomes. Finally, due to a lack of genotype data

for the sample, exploration of virological failure was not possible.

Conclusions

This study finding indicate that HIV viral suppression among HIV positive adolescents on

ART in Kabale district has significantly improved to 81%. However, this is still below the

UNAIDS target of 90% of people on ART to be virally suppressed. The findings also indicated

that severe opportunistic infection, and treatment interruptions were the major clinical factors

associated with viral load non-suppression. The study also found out that support from signifi-

cant others, having access to care and mental health status are highly associated with viral load

suppression among the adolescents. Therefore, programs providing care to adolescents should

focus on providing routine and intensive adherence counselling to prevent treatment interrup-

tions and occurrence severe opportunistic, support disclosure and formation of adolescent

peer support groups to improve viral load suppression among adolescents living with HIV.

Recommendations

The study recommends that ministries of health and education should prioritize formal

recruitment of counselors into their formal staffing structures. This will ensure sustained pro-

vision of psychosocial support to adolescent living with HIV. The study also recommends inte-

gration of HIV care services and interventions into school programs through capacity building

of matrons, senior women and school nurses to provide appropriate care and support services

for school going HIV positive adolescents.

There should be streamlined implementation adolescent friendly services; capacity building

of health workers, opening HIV clinics over the weekends and provision of multi-month ARV

refills that are re-aligned with holidays to address the needs of in-school adolescents, and inte-

grating adolescent peers in services provision. Intensive adherence counseling should be prior-

itized for adolescents with non-suppressed viral loads.

Further studies also need to be carried out in the whole country with a focus on lower facili-

ties with limited technical capacity to further answer the discrepancies in viral load suppres-

sion across health facilities and districts.

PLOS ONE HIV viral suppression among adolescents in Kabale district

PLOS ONE | https://doi.org/10.1371/journal.pone.0270855 August 18, 2022 16 / 20

https://doi.org/10.1371/journal.pone.0270855


Supporting information

S1 Dataset.

(XLSX)

Acknowledgments

The authors thank the adolescents, and healthcare facility staff who participated in the study.

We also thank the District Health Officer that granted permission to conduct the research at

the health facilities. Special thanks go to the research assistants that were pivot in interviewing

and collecting the data.

Author Contributions

Conceptualization: Tugume Peterson Gordon.

Data curation: Muhwezi Talbert.

Formal analysis: Tugume Peterson Gordon.

Investigation: Tugume Peterson Gordon, Muhwezi Talbert.

Methodology: Tugume Peterson Gordon, Muhwezi Talbert.

Resources: Tugume Peterson Gordon.

Software: Tugume Peterson Gordon.

Supervision: Maud Kamatenesi Mugisha, Ainamani Elvis Herbert.

Writing – original draft: Tugume Peterson Gordon, Muhwezi Talbert.

Writing – review & editing: Tugume Peterson Gordon, Muhwezi Talbert, Maud Kamatenesi

Mugisha, Ainamani Elvis Herbert.

References
1. Casale M, Carlqvist A, Cluver L. Recent Interventions to Improve Retention in HIV Care and Adherence

to Antiretroviral Treatment Among Adolescents and Youth: A Systematic Review. AIDS Patient Care

STDS. 2019 Jun; 33(6):237–252. https://doi.org/10.1089/apc.2018.0320 PMID: 31166783; PMCID:

PMC6588099.

2. UNICEF. (2020). HIV and AIDS in adolescents. Retrieved from https://data.unicef.org/topic/

adolescents/hiv-aids/

3. Pantelic M, Casale M, Cluver L, Toska E, Moshabela M. Multiple forms of discrimination and internal-

ized stigma compromise retention in HIV care among adolescents: findings from a South African cohort.

J Int AIDS Soc. 2020; 23(5):e25488. https://doi.org/10.1002/jia2.25488 PMID: 32438498

4. Chhim K., Mburu G., Tuot S., Sopha R., Khol V., Chhoun P.,. . . therapy. (2018). Factors associated

with viral non-suppression among adolescents living with HIV in Cambodia: a cross-sectional study. 15

(1), 20.

5. WHO. (2016). World Health Organization, Consolidated guidelines on the use of antiretroviral drugs for

treating and preventing HIV infection. Retrieved from https://apps.who.int/iris/handle/10665/208825

6. UNAIDS. (2014). 90-90-90 An ambitious treatment target to help end the AIDS epidemic. Retrieved

from https://www.unaids.org/sites/default/files/media_asset/90-90-90_en.pdf

7. Evans D, Menezes C, Mahomed K, Macdonald P, Untiedt S, Levin L, et al. Treatment Outcomes of

HIV-Infected Adolescents Attending Public-Sector HIV Clinics Across Gauteng and Mpumalanga,

South Africa. AIDS Research and Human Retroviruses. 2013 Jun; 29(6):892–900. https://doi.org/10.

1089/AID.2012.0215 PMID: 23373540

8. Bulage L, Ssewanyana I, Nankabirwa V, Nsubuga F, Kihembo C, Pande G, et al. Factors Associated

with Virological Non-suppression among HIV-Positive Patients on Antiretroviral Therapy in Uganda,

PLOS ONE HIV viral suppression among adolescents in Kabale district

PLOS ONE | https://doi.org/10.1371/journal.pone.0270855 August 18, 2022 17 / 20

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0270855.s001
https://doi.org/10.1089/apc.2018.0320
http://www.ncbi.nlm.nih.gov/pubmed/31166783
https://data.unicef.org/topic/adolescents/hiv-aids/
https://data.unicef.org/topic/adolescents/hiv-aids/
https://doi.org/10.1002/jia2.25488
http://www.ncbi.nlm.nih.gov/pubmed/32438498
https://apps.who.int/iris/handle/10665/208825
https://www.unaids.org/sites/default/files/media_asset/90-90-90_en.pdf
https://doi.org/10.1089/AID.2012.0215
https://doi.org/10.1089/AID.2012.0215
http://www.ncbi.nlm.nih.gov/pubmed/23373540
https://doi.org/10.1371/journal.pone.0270855


August 2014–July 2015. BMC Infect Dis. 2017 Dec; 17(1): 326. https://doi.org/10.1186/s12879-017-

2428-3 PMID: 28468608

9. Jobanputra K, Parker LA, Azih C, Okello V, Maphalala G, Kershberger B, et al. Factors Associated with

Virological Failure and Suppression after Enhanced Adherence Counselling, in Children, Adolescents

and Adults on Antiretroviral Therapy for HIV in Swaziland. PLoS ONE. 2015 Feb 19; 10(2):e0116144.

https://doi.org/10.1371/journal.pone.0116144 PMID: 25695494

10. Haberer JE, Kiwanuka J, Nansera D, Ragland K, Mellins C, Bangsberg DR. Multiple Measures Reveal

Antiretroviral Adherence Successes and Challenges in HIV-Infected Ugandan Children. PLoS ONE.

2012 May 9; 7(5):e36737. https://doi.org/10.1371/journal.pone.0036737 PMID: 22590600

11. Vreeman RC, Ayaya SO, Musick BS, Yiannoutsos CT, Cohen CR, Nash D, et al. Adherence to antire-

troviral therapy in a clinical cohort of HIV-infected children in East Africa. PLoS ONE. 2018 Feb 21; 13

(2):e0191848. https://doi.org/10.1371/journal.pone.0191848 PMID: 29466385

12. Cruz ML, Cardoso CA, Darmont MQ, et al. Viral suppression and adherence among HIV-infected chil-

dren and adolescents on antiretroviral therapy: results of a multicenter study. J Pediatr (Rio J). 2014; 90

(6):563–571. https://doi.org/10.1016/j.jped.2014.04.007 PMID: 24953723

13. Zgambo M, Kalembo FW, Mbakaya BC. Risky behaviours and their correlates among adolescents liv-

ing with HIV in sub-Saharan Africa: a systematic review. Reprod Health. 2018 Dec; 15(1): 180. https://

doi.org/10.1186/s12978-018-0614-4 PMID: 30355344

14. Kish, & Leslie. (1965). Survey Sampling. By Leslie Kish. New York: John Wiley & Sons, 1965. 643 pp.

Tables and figures. Social Forces, 45(1), 132–133. https://doi.org/10.1093/sf/45.1.132-a

15. Cappelli M, Gray C, Zemek R, Cloutier P, Kennedy A, Glennie E, et al. The HEADS-ED: a rapid mental

health screening tool for pediatric patients in the emergency department. Pediatrics. 2012 Aug; 130(2):

e321–7. https://doi.org/10.1542/peds.2011-3798 Epub 2012 Jul 23. PMID: 22826567.

16. Uganda Bureau of Statistcs (UBOS) and ICF. 2017. Uganda Demographic and Health Survey 2016:

Key Indicators Report. Kampala, Uganda: UBOS, and Rockville, Maryland, USA: UBOS and ICF

17. Anderson C. Presenting and Evaluating Qualitative Research. AJPE. 2010 Oct; 74(8):141. https://doi.

org/10.5688/aj7408141 PMID: 21179252

18. Zanoni BC, Sibaya T, Cairns C, Lammert S, Haberer JE. Higher retention and viral suppression with

adolescent-focused HIV clinic in South Africa. PLoS ONE. 2017 Dec 29; 12(12):e0190260. https://doi.

org/10.1371/journal.pone.0190260 PMID: 29287088

19. Sithole Z, Mbizvo E, Chonzi P, Mungati M, Juru TP, Shambira G, et al. Virological failure among adoles-

cents on ART, Harare City, 2017- a case-control study. BMC Infect Dis. 2018 Dec; 18(1): 469. https://

doi.org/10.1186/s12879-018-3372-6 PMID: 30227831

20. UNAIDS. (2019). The overall viral suppression rate Report. Retrieved from https://www.unaids.org/

sites/default/files/media_asset/2019-UNAIDS-data_en.pdf

21. Crowley T, van der Merwe A, Kidd M, Skinner D. Adolescent human immunodeficiency virus self-man-

agement: Associations with treatment adherence, viral suppression, sexual risk behaviours and health-

related quality of life. Southern African Journal of HIV Medicine. 2020 Apr 29; 21(1): 1054. https://doi.

org/10.4102/sajhivmed.v21i1.1054 PMID: 32391177

22. Desta AA, Woldearegay TW, Futwi N, Gebrehiwot GT, Gebru GG, Berhe AA, et al. HIV virological non-

suppression and factors associated with non-suppression among adolescents and adults on antiretrovi-

ral therapy in northern Ethiopia: a retrospective study. BMC Infect Dis. 2020 Dec; 20(1): 4. https://doi.

org/10.1186/s12879-019-4732-6 PMID: 31898535

23. Muri L, Gamell A, Ntamatungiro AJ, Glass TR, Luwanda LB, Battegay M, et al. Development of HIV

drug resistance and therapeutic failure in children and adolescents in rural Tanzania. AIDS. 2017 Jan 2;

31(1):61–70. https://doi.org/10.1097/QAD.0000000000001273 PMID: 27677163

24. Peltzer K, Pengpid S. Socioeconomic Factors in Adherence to HIV Therapy in Low- and Middle-income

Countries. J Health Popul Nutr. 2013 Sep 9; 31(2):150–70. https://doi.org/10.3329/jhpn.v31i2.16379

PMID: 23930333

25. Nasuuna E., Kigozi J., Babirye L. et al. Low HIV viral suppression rates following the intensive adher-

ence counseling (IAC) program for children and adolescents with viral failure in public health facilities in

Uganda. BMC Public Health 18, 1048 (2018). https://doi.org/10.1186/s12889-018-5964-x PMID:

30134880

26. Nglazi MD, Kranzer K, Holele P, Kaplan R, Mark D, Jaspan H, et al. Treatment outcomes in HIV-

infected adolescents attending a community-based antiretroviral therapy clinic in South Africa. BMC

Infect Dis. 2012 Dec; 12(1): 21. https://doi.org/10.1186/1471-2334-12-21 PMID: 22273267

27. Maina E, Mureithi H, Adan A, Muriuki J, Lwembe R, Bukusi E. Incidences and factors associated with

viral suppression or rebound among HIV patients on combination antiretroviral therapy from three

PLOS ONE HIV viral suppression among adolescents in Kabale district

PLOS ONE | https://doi.org/10.1371/journal.pone.0270855 August 18, 2022 18 / 20

https://doi.org/10.1186/s12879-017-2428-3
https://doi.org/10.1186/s12879-017-2428-3
http://www.ncbi.nlm.nih.gov/pubmed/28468608
https://doi.org/10.1371/journal.pone.0116144
http://www.ncbi.nlm.nih.gov/pubmed/25695494
https://doi.org/10.1371/journal.pone.0036737
http://www.ncbi.nlm.nih.gov/pubmed/22590600
https://doi.org/10.1371/journal.pone.0191848
http://www.ncbi.nlm.nih.gov/pubmed/29466385
https://doi.org/10.1016/j.jped.2014.04.007
http://www.ncbi.nlm.nih.gov/pubmed/24953723
https://doi.org/10.1186/s12978-018-0614-4
https://doi.org/10.1186/s12978-018-0614-4
http://www.ncbi.nlm.nih.gov/pubmed/30355344
https://doi.org/10.1093/sf/45.1.132-a
https://doi.org/10.1542/peds.2011-3798
http://www.ncbi.nlm.nih.gov/pubmed/22826567
https://doi.org/10.5688/aj7408141
https://doi.org/10.5688/aj7408141
http://www.ncbi.nlm.nih.gov/pubmed/21179252
https://doi.org/10.1371/journal.pone.0190260
https://doi.org/10.1371/journal.pone.0190260
http://www.ncbi.nlm.nih.gov/pubmed/29287088
https://doi.org/10.1186/s12879-018-3372-6
https://doi.org/10.1186/s12879-018-3372-6
http://www.ncbi.nlm.nih.gov/pubmed/30227831
https://www.unaids.org/sites/default/files/media_asset/2019-UNAIDS-data_en.pdf
https://www.unaids.org/sites/default/files/media_asset/2019-UNAIDS-data_en.pdf
https://doi.org/10.4102/sajhivmed.v21i1.1054
https://doi.org/10.4102/sajhivmed.v21i1.1054
http://www.ncbi.nlm.nih.gov/pubmed/32391177
https://doi.org/10.1186/s12879-019-4732-6
https://doi.org/10.1186/s12879-019-4732-6
http://www.ncbi.nlm.nih.gov/pubmed/31898535
https://doi.org/10.1097/QAD.0000000000001273
http://www.ncbi.nlm.nih.gov/pubmed/27677163
https://doi.org/10.3329/jhpn.v31i2.16379
http://www.ncbi.nlm.nih.gov/pubmed/23930333
https://doi.org/10.1186/s12889-018-5964-x
http://www.ncbi.nlm.nih.gov/pubmed/30134880
https://doi.org/10.1186/1471-2334-12-21
http://www.ncbi.nlm.nih.gov/pubmed/22273267
https://doi.org/10.1371/journal.pone.0270855


counties in Kenya. International Journal of Infectious Diseases. 2020 Aug; 97:151–8. https://doi.org/10.

1016/j.ijid.2020.05.097 PMID: 32497804

28. Fokam J, Billong SC, Jogue F, Moyo Tetang Ndiang S, Nga Motaze AC, Paul KN, et al. Immuno-virolog-

ical response and associated factors amongst HIV-1 vertically infected adolescents in Yaoundé-Camer-
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