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Introduction: Regular viral load (VL) testing for people living with HIV (PLWH)
is key to attaining the Joint United Nations Program on HIV/AIDS (UNAIDS)
Fast-Track 95-95-95 target to end the HIV epidemic by 2030. However, VL
testing remains sporadic in routine HIV care in the majority of resource-limited
settings, including Ghana, except when provided through research initiatives.
In this study, we measured VL among PLWH in Ghana at regular intervals and
investigated factors affecting viral suppression (VS) and rebound.

Methods: We analyzed data from a hospital-based cohort enrolled in our HIV
cure research. Participants were recruited from three hospitals in the Greater
Accra region of Ghana. Demographic characteristics were obtained from
participants’ folders, while CD4* T cell counts and VLs were measured from
blood samples collected at baseline, 6 months, and 18 months.

Results: The study participants were predominantly women (68%) with a median
age of 45 years (IQR: 21-76 years). A total of 52% of participants had been on
antiretroviral therapy (ART) for more than 6 years, and 74% were following
dolutegravir-based regimens. At baseline, 74% of participants had a VL of <50
copies/mL, which increased to 88% at 18 months, with 80% having a CD4* T
cell count of >350 cells/pl. Age group [<40 vs. > 40 years] (OR 2.35, 95% ClI;
1.21-4.58, p = 0.012), CD4* T cell count [>350 vs. < 350 cells/ul] (OR 4.35, 95%
Cl; 2.32-8.18, p < 0.001), and ART regimen [NVP based vs. DTG based] (OR 7.00,
95% Cl; 1.15-42.57, p = 0.034) were associated with VS of <50 copies/mL. The
overall viral rebound rate was estimated at 13.61 per 1,000 person-months (95%
C110.52-17.74), with decreasing rates over time. Lower educational levels (up to
Junior High School) were significantly associated with viral rebound (p = 0.011).

Conclusion: A key feature of our study was measuring VL at three time points
over 2 years, which may explain the high VS levels observed. Viral rebound was
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linked to low education levels, highlighting the need for targeted education for
PLWH with junior high school (JHS) education or less. Regular VL monitoring and
the implementation of measures to prevent viral rebound, particularly among
PLWH with lower education levels, will help Ghana move closer to attaining the
third "95" of the UNAIDS 95-95-95 target by 2030.
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Introduction

Human immunodeficiency virus (HIV) infection continues to
be a global pandemic, with over 38 million people living with the
virus; the majority of the infected people are in sub-Saharan Africa
(SSA) (1). The widespread use of antiretroviral therapy (ART), which
can suppress the virus to undetectable levels, has transformed HIV
infection into a manageable chronic disease requiring daily
medication (2-4).

The Joint United Nations Program on HIV/AIDS (UNAIDS) has
set ambitious targets to control the HIV epidemic by 2030, aiming for
95% of people living with HIV (PLWH) to know their status, 95% of
those diagnosed to be on ART (antiretroviral therapy), and 95% of
those on ART to achieve viral suppression (VS). Achieving VS is key
to reducing transmission and disease progression, making it a critical
goal for everyone receiving treatment (5-11).

The factors likely to affect VS include the type of antiretroviral
(ARV) regimen, patient adherence, and the frequency of VL
measurements to facilitate timely regimen adjustments (12). The
sporadic nature of viral load testing in SSA and other resource-limited
settings (RLS), coupled with less potent first-generation ARV that
have burdensome side effects hindering adherence, promotes drug
resistance and viral non-suppression. Therefore, the World Health
Organization (WHO) recommended dolutegravir (DTG), a second-
generation integrase strand transfer inhibitor (INSTI), in 2018 to
be used in combination with two NRTTs as a first-line regimen for SSA
and other RLS to improve VS. Following this recommendation, Ghana
transitioned from a first-line regimen based on non-nucleotide reverse
transcriptase inhibitors (NNRTIs) such as Nevirapine (NVP) or
Efavirenz (EFV),
transcriptase inhibitors (NRTIs) including Lamivudine (3TC),

combined with two nucleos(t)ide reverse

Zidovudine (AZT), or Tenofovir disoproxil fumarate (TDF), to a
DTG-based regimen (13-15). This switch aimed to improve
adherence, reduce drug resistance, and improve VS rates in SSA
(16, 17).

Therefore, measuring VS is imperative to ascertain the
effectiveness of the new drug regimens and determine the factors that
affect it.

Measuring VL is the primary method for assessing the
effectiveness of ART, as it provides critical insights into VS (18, 19).
However, achieving VS in PLWH is not a stable or permanent
condition. Some individuals may lose their VS status over time and
experience viral rebounds (20). Viral rebound is known to
be associated with active tuberculosis, ART adherence, duration of
prior suppression, education levels, and the type of ARVs used (12, 20,
21). Additionally, socioeconomic factors such as disparities in
education and income—manifesting as health literacy and financial
barriers—may improve non-ART adherence, potentially impacting VS

Frontiers in Public Health

and rebound rates. Viral rebounds can undermine the gains made by
ART by increasing treatment failure and ART resistance, thus
facilitating HIV transmission (21). The WHO recommends initiating
treatment and monitoring response by performing the first VL
measurement 6 months after treatment initiation, followed by yearly
intervals if suppression is achieved (22). However, these guidelines are
not consistently followed in SSA, hindering the early detection of
virologic failure. Previous studies have shown an increase in HIV drug
resistance in Africa due to irregular monitoring of VL and the lack of
drug resistance testing before changing drug regimens (23, 24).

According to the Ghana AIDS Commission, Ghana’s VS rate is
68%, which is significantly below UNAIDS target of 95%. To assess
progress toward the third “95” of the UNAIDS 95-95-95 target and
identify necessary interventions to maintain VS, it is crucial to
evaluate trends in VS, instances of viral rebound, and the factors
influencing these two outcomes.

In this study, we report the levels of VS, viral rebound rates, and
factors associated with VS and rebound among PLWH over
18 months.

Materials and methods
Study design

This is a secondary data analysis using data from a hospital-based
cohort study aimed at identifying virologically suppressed individuals
for HIV cure research. The cohort study was conducted at three
hospitals in the Greater Accra region of Ghana: Korle-Bu Teaching
Hospital, LEKMA Hospital, Teshie, and University of Ghana Hospital,
Legon. Demographic characteristics were obtained from participants’
records, and blood samples were collected from patients to measure
CD4" T cell counts and VLs at baseline, 6 months, and 18 months.

Study population and sampling

Between 2019 and 2021, the parent study enrolled 390 PLWH on
ART from three hospitals in the Greater Accra region of Ghana. A
total of 250 participants were recruited from Korle-Bu Teaching
Hospital (KBTH), and 70 each were recruited from LEKMA Hospital
and the University of Ghana Hospital, Legon. Details of the study
hospitals have been previously published (25). Participants were
enrolled at baseline and followed up at 6 and 18 months over a
2-year period.

At each sampling time point, 10 mL of venous blood was collected
into EDTA tubes from participants and transported in cool boxes to
the Noguchi Memorial Institute for Medical Research (NMIMR).
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Aliquots of the whole blood were used to estimate CD4" T cell count,
while the remaining blood was processed into plasma and peripheral
blood mononuclear cells (PBMCs) using the sucrose-gradient
centrifugation method. Plasma was stored at -20°C and PBMCs at
—80°C in a freezing medium (FBS with 10% DMSO) until further
laboratory analysis. The participants’ demographics and treatment
history, including age, sex, educational status, income level, ART
regimen, and occupation, were obtained from hospital records.

Inclusion/exclusion criteria

All consenting ART-experienced PLWH aged 18 years and older
were included in the parent study. All PLWH under 18 years of age
and ART naive were excluded. For this study, PLWH from the parent
study with VL results at all three follow-up points were analyzed to
identify factors associated with VS and rebound.

Viral load determination

VL was measured from the plasma using the COBAS® AmpliPrep/
COBAS® TagMan® following the manufacturer’s instructions (Roche
Diagnostic Systems, Branchburg, NJ, United States). For quality
control, a negative control, HIV-1 Low Positive Control, and HIV-1
High Positive Control were included in each test batch. This assay can
quantify HIV-1 RNA with a lower detection limit of 20 copies/mL and
an upper limit of 10,000,000 copies/mL. One copy of HIV-1 RNA is
equivalent to 1.7 £ 0.1 International Units (IU) based on the WHO 1st
International Standard for HIV-1 RNA for Nucleic Acid-Based
Techniques (NAT; NIBSC 97/656).

CD4* T and CD8* T cell measurement

Whole blood samples were analyzed for CD4* T and CD8 *T cell
counts using the FACS Count system (Becton Dickinson Biosciences,
United States), according to the manufacturer’s instructions. Briefly,
50 pL of blood was added to CD4 and CD8 reagent tubes and
incubated for 1 h at room temperature in the dark, in accordance with
the manufacturer’s protocol. A fixative solution (50 pL) was added and
analyzed on the FACS Count machine to enumerate the absolute CD4
“and CD8" T cells per microliter of blood. The equipment was also
calibrated to validate the results, and reagent controls were run
alongside each batch of samples.

Statistical analysis

Participants’ characteristics were analyzed descriptively using
frequency distribution tables and graphical presentations. Data
capture, cleaning, coding, and analysis were conducted using.

Microsoft Excel spreadsheets (Excel 2016) and STATA 16. VS was
defined as the proportion of individuals with HIV VL <50 copies/mL
and [<1,000 copies/mL for the WHO criteria for resource-limited
settings (RLS)]. Frequencies and percentages were used to describe
categorical outcomes, while medians and interquartile ranges were
used to summarize continuous variables. Odds ratios in the
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multivariable model were calculated to examine factors associated
with VS using a generalized estimating equation with a binomial
distribution and logit link function to account for within-subject
correlation. The HIV rebound rate was defined as the number of
participants who were unsuppressed following VS with results <50
copies/mL over the study period from enrollment to the second
follow-up. The viral rebound was calculated as a rate per 1,000 person-
months using survival analysis. Confidence intervals were reported,
and p-values of <0.05 were considered statistically significant.

Results
Participants’ characteristics

A total of 390 PLWH in Ghana were recruited from three hospitals
in Accra for this study. In total, 265, representing 68% of the
participants, were women, while the remaining 32% were men
(Table 1). The median age of the participants was 45 years (IQR
21-76). The majority had only a minimum level of formal education;
only 29% of them had completed high school or pursued further
education. Participants had a low economic status, with 71% earning
less than $100 USD per month. The median duration since the HIV
diagnosis was 7 years (IQR 0-30), and 59% of participants had been
on antiretroviral treatment for more than 6 years (Table 1). The
estimated CD4" T cell counts for 80% of the participants were > 350
cells/pL. Of the 390 participants, VL results were available for 361 at
baseline, 325 at 6 months, and 321 at 18 months (Table 1).

VS per sampling time points

At recruitment, 268 out of 390 participants, representing 74%, had
VLs less than 50 copies/mL, and 91% had VLs less than 1,000 copies/
mL. At 6 months, out of 325 participants, 73% of the participants had
VL less than 50 copies/mL, and 91% of the participants had VL less
than 1,000 copies/mL. At 18 months, 88% of 321 participants had VLs
less than 50 copies/mL, and 96% of the participants had VLs less than
1,000 copies/mL (Figure 1).

VS trends of compliant participants

In total, 275 participants had their VLs measured at all three time
points in the study.

Among these, VS <50 copies/mL was observed in 74, 73, and 88%
at baseline, 6 months, and 18 months (Figure 2). At all three time
points, VS levels exceeded 90% when using the WHO threshold of
<1,000 copies/mL (Figure 2).

Factors associated with VS

We examined the factors associated with VLS at the thresholds
<50 copies/mL and from 51 to 1,000 copies/mL. Age group (OR 2.35,
95% CI; 1.21-4.58, p-value = 0.012), CD4" T cell count (OR 4.35, 95%
CI; 2.32-8.18, p-value<0.001), and ART regimen [NVP based vs. DTG
based] (OR 7.0, 95% CI; 1.15-42.57, p-value = 0.034) were associated
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TABLE 1 Demographic and infection history of study participants.

Variables Number (N) Percentage
Age group (years) N = 390
20-40 111 28.46
41-50 165 4231
>50 114 29.23
Median (IQR) 45 (21-76)
Sex N =390
Female 265 67.95
Male 125 32.05
Education level N = 387
<Primary 119 30.75
JHS/Middle School 154 39.79
>Secondary School 114 29.46
Monthly income (GHC) N = 383
<200 147 38.38
201-500 131 34.20
>500 105 27.42
Years diagnosed N = 380
<5 128 33.68
5-9 115 30.26
>10 137 36.05
Median (IQR) 7 (0-30) years
Treatment duration N = 382
<6 183 4791
>6 199 52.09
CD4 Count N = 390
<350 78 20.00
>350 312 80.00
Median (IQR) 594 (2-2053)
ART regimen N = 324
DTG-based 241 74.38
EFV-based 67 20.68
NVP-based 16 4.94
Number of participants with VL results per timepoint
Baseline 361/390 92.56
6 months 325/390 83.33
18 months 321/390 82.31

with VLS with threshold of <50 copies/mL, while CD4" T cell count
(OR 5.39, 95% CI; 1.73-16.73, p-value<0.001) was associated an VL
of of 51 to 1,000 copies/mL (Figure 3).

Viral rebound rates
We followed 275 participants with VL results across the

follow-up points, totaling 4,120 person-months (Table 2). During the
follow-up period, 56 participants experienced HIV rebound. At 6,

Frontiers in Public Health

10.3389/fpubh.2025.1508793

12, and 18 months, 43, 11, and 2 participants, respectively,
experienced viral rebound (Figure 4). The overall viral rebound rate
was estimated at 13.61 per 1,000 person-months (95% CI 10.52-
17.74; Table 2).

Factors associated with viral rebound

The HIV rebound rate was significantly higher among participants
with educational levels up to junior high school (16.55 per 1,000
person-months) compared to those with educational levels from
senior secondary school and above (6.33 per 1,000 person-months),
p=0.011. However, the years on ART and monthly income were
marginally significant (Table 2).

Discussion

In this study, we determined VS/rebound in participants on ART
in Ghana who enrolled in our HIV cure studies and received regular
VL measurements over a 2-year period. Prior to our study, regular VL
measurements were not routinely conducted for participants.

Women constituted 68% of our study population. This aligns with
national HIV statistics in Ghana, where women account for two-thirds
of PLWH (26). The age group of 41 to 50 years represented 42% of the
study population, indicating that Ghana has an aging HIV population
that requires targeted management to ensure they remain healthy and
can contribute to national development. Over 62% had been
diagnosed with HIV at least 5 years before sampling, and 27% of them
had been aware of their status for more than 10 years before the study.
In total, 59% had been on ART for over 6 years before sampling. Some
participants did not start ART at the time of diagnosis, probably due
to their CD4" T cell counts and the policy of initiating ART at a
specified CD4" T cell threshold.

Achieving VS is the optimal goal of antiretroviral therapy, with VL
measurements being the best tool for assessment (27). Various factors
determine whether patients on therapy will attain VS, including the
time from infection to initiation of ART, the type of antiretrovirals
prescribed, the duration of treatment, adherence to the treatment
regimen, and the patients’ age and sex. While a longer duration of
treatment is generally a positive indicator for achieving VS, remaining
on an ineffective regimen for too long could negate the benefits of
ART. This study considers educational level and income as key
determinants of VS, given their critical role in an individuals ability
to access healthcare and adhere to prescribed treatment.

Higher levels of education enhance individuals’ ability to make
informed healthcare decisions and understand medical instructions.
Similarly, income levels can directly impact one’s ability to afford
healthcare services and transportation to medical facilities.

In resource-limited settings such as Ghana, VL measurements are
not routinely conducted for people on ART. However, the treatment
guidelines recommend VL measurements at 6-month intervals until
suppression and once per year thereafter (28). This is due to limited
resources such as equipment, ineffective sample transport systems, a
lack of skilled personnel at the peripheral laboratories to analyze the
samples, and non-adherence to ART guidelines by healthcare workers.

In this study, we measured the VLs for all participants sampled at
the three-time points.
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Viral suppression among patients whose viral loads were successfully measured at all the three sampling timepoints (N = 275). The graph shows the
trend in the proportion of virally suppressed individuals and their confidence interval in percentages over three-time points; baseline, 6 and 18 months

N=275

Month 18

The unavailability of VL results for some participants (Table 1)
was due to either invalid test results or participant loss to follow-up.

We found that 74% of participants in our cohort had a VL of
<50 copies/mL, which is similar to the 76% VS observed by Opoku
et al. in a study conducted at Komfo Anokye Teaching Hospital in
Kumasi, Ghana (20). This presents a positive outlook for Ghana’s
ART program and may suggest that the drugs are generally
effective. Among participants with VL > 50 copies/mL, 62 (17%)
had VL of less than 1,000 copies/mL; thus, a total of 91% of
participants met the World Health Organization’s criteria for VS in
RLS. Antiretrovirals used in Ghana were mostly first-generation
ARV until the introduction of DTG into the first-line regimen in
2019 (29). The treatment regimens in Ghana primarily consisted of
reverse transcriptase inhibitors, with protease inhibitors introduced
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during the second-line regimen when the first-line regimen failed
(30). The level of VS found in our study corroborates findings from
previous studies by Ali et al., who reported 72% VS (<1,000 copies/
mL) from Ethiopia; Wakooko et al., with 87.5% VS (<1,000 copies/
mL) from Eastern Uganda; Mogosetsi et al., who reported 91% VS
(<1,000 copies/mL) in South Africa; Abdullahi et al., who reported
91% VS (<1,000 copies/mL) from northwestern Nigeria; and
Djiyou et al., reporting 88.2% VS (<1,000 copies/mL) from
Cameroon (27, 31-34). Other African countries have reported
lower levels: 59% in Kenya (12) and 56.2% among pregnant women
in South Africa (35).

VS levels at the three sampling time points showed an increasing
trend, which could be attributed to the introduction of DTG
(Figure 1). The slight dip observed in Follow-up 1 (2020) could be due
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FIGURE 3
Factors associated with viral suppression for thresholds (A) <50 copies/ml and (B) from 51 to 1,000 copies/ml. The forest plot shows the factors
associated with HIV suppression (<50 copies/ml, N = 275: 51-1,000 copies/ml, N = 179). The dashed lines represent the reference point = 1, the black
dot represents the point odds ratio estimate, and the whiskers represents the confidence intervals. p-values <0.05 are considered significant. VS, viral
suppression.

to the impact of the COVID-19 pandemic, which drastically reduced
access to healthcare (36). Overall, the high levels of suppression in our
participants over the study period could be due to the availability of
VL testing for each participant in our cohort, which guided
monitoring for improved virologic outcomes.

Age, ART regimen, and CD4"* T cell count were associated with
VS (VL < 50 copies/mL), while only CD4" T cell count was associated
with VLs between 51 and 1,000 copies/mL. Participants older than
40 years were more likely to be virally suppressed compared to those
younger than 40 years. This contrasts with findings from a study in
Canada, where adults under 29 years experienced a lower prevalence
of VS (37). This may indicate that Ghana’s older population is more
receptive to and compliant with their treatment than other
populations. A nevirapine-based regimen was more likely to
be associated with VS than dolutegravir. This observation could
be attributed to factors such as adherence differences, sampling time,
and, more importantly, our cohort composition bias. Dolutegravir
(DTG) was introduced just before the study, and at baseline, a higher
proportion of ART-experienced participants who were doing well
were on nevirapine-based regimens, leaving only the newly initiated
patients or those with prior virologic failure and higher VLs on
DTG-based regimens. However, at month 18, a larger proportion of
participants were on a DTG-based regimen and had their VLs below
50 copies/mL, demonstrating the superior efficacy of DTG, which
aligns with global evidence.

Achieving VS has many benefits for PLWH because it drastically
reduces HIV transmission risk (undetectable equals untransmissible).
This is particularly beneficial to discordant couples and babies born to
women with HIV (38, 39).

Viral rebounds pose a significant risk to HIV morbidity and
mortality. In our study, viral rebound occurred in 20.4% of individuals,
with the rebound rate estimated at 13.61 per 1,000 person-years (95%
CI 10.52-17.74). This is comparable to the findings by Opoku et al.,
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who reported a 21% viral rebound rate among PLWH in Ghana (20).
This finding in our cohort confirms that viral rebounds occur
frequently among individuals with VS. This has ramifications for HIV
management in Ghana, as previously suppressed individuals may
potentially become infectious during the period of viral rebounds.
Incidence of viral rebound decreased over time, with 43, 11, and 2
participants showing corresponding falls over 6, 12, and 18 months.
As stated by Campos et al., the switch to a newer ARV like DTG in our
cohort is the likely cause of the gradual decrease in viral rebounds (40).
An analysis of factors linked to viral rebounds revealed a strong
correlation between lower educational attachment (up to Junior High
School) and higher rebound rates. This result is consistent with that of
Min et al, who found that participants with education levels
equivalent to high school had a higher rebound rate than those with
higher education levels (41). Our findings also show the importance
of some socioeconomic determinants in HIV outcomes. Participants
earning less than 500 GHS/month exhibited a marginally higher viral
rebound rate than those earning >500 GHS/month. This trend
mirrors the findings of Leddy et al.,, who found that low-income
individuals experience worse HIV treatment outcomes (42). In this
study, 70% of the participants earned less than 500 GHS/month.
These economic hardships may pose a barrier to consistent
healthcare access, as limited financial resources can lead to difficulties
in affording transportation to clinics or even purchasing the nutritious
food necessary for optimal ART efficacy. These financial constraints
could contribute to inconsistent ART adherence, thereby affecting
their viral rebound rates. The predominance of female participants
(68%) reflects Ghana’s HIV epidemiology, where women represent
approximately two-thirds of PLWH. However, viral rebound rates did
not significantly vary by gender. While our study did not explore the
reasons behind this lack of disparity, other studies have found higher
rebound rates in males compared to women, which is attributed to
frequent ART treatment interruptions among males (43-46). Further
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TABLE 2 Showing the distribution of rebound rates by covariates.

10.3389/fpubh.2025.1508793

Characteristic Events Number Time at risk Crude IR p-value
(Person months) (95%Cl)

Overall 56 275 4120 13.59 (10.46-17.66)

Sex 0.926
Male 20 99 1490 13.42 (8.66-20.80)
Female 36 176 2629 13.69 (9.88-18.98)

Age (years) 0.904
<40 14 70 1034 13.54 (8.02-22.86)
>40 42 205 3086 13.61 (10.06-18.42)

Educational level 0.011
Up to Junior High School 47 190 2839 16.55 (12.44-22.03)
Senior Secondary and above 8 83 1263 6.33 (3.17-12.66)

Years diagnosed with HIV 0.123
<10 30 796 2617 11.46 (8.01-16.39)
>10 24 92 1397 17.18 (11.51-25.63)

Years on ART 0.077
<5 15 107 1586 9.46 (5.7-15.69)
>5 40 163 2470 16.19 (11.9-22.08)

Monthly income (GHS) 0.064
<500 45 192 2820 15.96 (11.91-21.37)
>500 11 80 1254 8.77 (4.86-15.84)

ART Regimen 0.851
DTG based 34 178 2668 12.74 (9.1-17.83)
EFV based 7 42 647 10.81 (5.16-22.69)
NVP based 2 10 152 13.14 (3.29-52.56)

CD4, (Copies/mL) 0.373
<350 5 37 263 19.0 (7.91-45.67)
>350 36 211 1315 27.37 (19.74-37.94)

research is required to examine this phenomenon within the
Ghanaian population.

Our study reports high levels of VS over an 18-month period;
however, 12% of our cohort could not achieve VS. Among the
unsuppressed participants, 67% of them had low-level viremia (VL
50-999 copies/ml) and were deemed suppressed according to the WHO
guidelines, often receiving little attention. However, low-level viremia is
known to promote viral replication, leading to virologic failure, the
emergence of drug resistance, and increased HIV transmission (47-50).
It is critical to pay some attention to the unsuppressed group, including
those with low-level viremia, to further reduce their VL to below-
detectable levels. Regular VL testing for monitoring ART is a more
sensitive, timely, and reliable method for identifying treatment failure
than the clinical use of CD4* T cell counts and clinical symptoms (51).
Therefore, it is recommended that HIV control programs in resource-
limited settings invest in infrastructure and logistics to implement
regular VL measurements for all PLWH on ART.

Our data were obtained from patients enrolled in our HIV cure
study, with their VLs measured regularly. In contrast, the general HIV
population in Ghana does not have access to routine VL testing and
is not consistently monitored for treatment failure until clinical
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deterioration occurs. We recommend implementing regular VL
measurements as part of HIV care in Ghana to ensure effective ART
outcomes. Our findings confirm viral rebound among previously
suppressed participants, which could impede global efforts to end the
AIDS epidemic by 2030. In our situation, this emphasizes the need to
target and educate PLWH, particularly those with education up to
Junior High School, about the importance of VS in controlling
HIV transmission.

A major challenge in achieving sustained VS in Ghana is the
sporadic nature of viral load monitoring. Strengthening routine VL
testing requires addressing costs, feasibility, and potential partnerships
with government and non-governmental organizations. Expanding
decentralized VL testing to peripheral health centers, reducing test costs
through public-private partnerships, and integrating VL monitoring
into routine ART services could improve accessibility and sustainability.
Furthermore, policies that promote awareness campaigns emphasizing
the role of VL monitoring in HIV would support these efforts.

Our study has some limitations. First, the participants did not have
regular VL measurements from the start of therapy until sampling,
making it difficult to determine when they achieved VS and for how
long they maintained it. Additionally, we did not assess adherence to
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FIGURE 4

Kaplan Meier curve showing the distribution of rebound cases over the follow-up period.

ART in our study population. Therefore, we cannot reliably associate
the observed suppression and rebound rates with adherence.

Future research should incorporate adherence assessments such
as pill counts, self-reports, or biomarker tracking to better understand
the impact of adherence. While sufficient for initial analysis, the
sample size may limit statistical power in detecting smaller effect sizes.
Future studies should consider a larger cohort to enhance the
robustness of the findings. Additionally, some participants were lost
to follow-up, leading to potential missing data that may introduce bias
in the results. The study was conducted in three hospitals in the
Greater Accra region, which may not be generalizable to PLWH in
other regions of Ghana with different healthcare access. Finally,
we acknowledge the possibility of recall bias arising from participants
self-reporting certain variables such as age. This was mitigated by
cross-verifying hospital records. However, socioeconomic variables
like income could not be verified due to thelack of documented records.

Conclusion

Despite the limitations of the study, we found high levels of VS
among patients enrolled in our HIV cure study, where regular VL
measurements were conducted. However, the general HIV
population in Ghana lacks access to routine VL testing, which may
result in different suppression levels compared to those observed
in our study.

We recommend that the national HIV control program
prioritize investments in infrastructure and logistics to implement
regular VL measurements for all PLWH on ART. This will
significantly improve ART outcomes and VS rates across Ghana’s
broader HIV population. Additionally, further education on the
importance of VS for PLWH with up to JHS-level education is

Frontiers in Public Health

essential to maintaining VS and achieving the third “95” of the
UNAIDS 95-95-95 target by 2030.

Data availability statement

The original contributions presented in this study are included in
the article and supplementary materials, further inquiries can
be directed to the corresponding authors.

Ethics statement

The studies involving humans were approved by Institutional
Review Board, Noguchi Memorial Institute for Medical Research,
University of Ghana (NMIMR-IRB CPN002/18-19), Institutional
Review Board, Korle-Bu Teaching Hospital (KBTH-
IRB/00075/2019) and Ethics Review Committee of the Ghana
Health Service (GHS-ERC:013/09/19). The studies were conducted
in accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study.

Author contributions

AB: Data curation, Formal analysis, Investigation, Methodology,
Validation, Writing — original draft, Writing — review & editing. JA:
Data curation, Formal analysis, Investigation, Methodology,
Supervision, Validation, Writing - review & editing. HL:
Conceptualization, Data curation, Formal analysis, Investigation,
Methodology, Supervision, Validation, Writing - review & editing.

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1508793
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Boateng et al.

CA: Data curation, Formal analysis, Investigation, Methodology,
Writing - review & editing. AA-M: Data curation, Formal analysis,
Investigation, Methodology, Writing - review & editing. DQ: Data
curation, Formal analysis, Investigation, Methodology, Writing -
review & editing. SA: Data curation, Formal analysis, Investigation,
Methodology, Supervision, Writing - review & editing. YA-L: Data
curation, Formal analysis, Investigation, Methodology, Supervision,
Validation, Writing - review & editing. GA: Conceptualization, Data
curation, Investigation, Methodology, Writing — review & editing.
JO-C: Data curation, Formal analysis, Investigation, Methodology,
Project administration, Writing - review & editing. VG: Data curation,
Investigation, Project administration, Supervision, Writing — review
& editing. GK: Conceptualization, Data curation, Formal analysis,
Methodology,
administration, Supervision, Writing - review & editing. PP: Data

Funding acquisition, Investigation, Project

curation, Investigation, Methodology, Writing - review & editing. EB:
Conceptualization, Data curation, Formal analysis, Investigation,
Methodology, Project administration, Supervision, Validation,
Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This project is part of the
EDCTP2 program, which is supported by the European Union (grant
number TMA2017SF-1955, H-CRIS) for GBK. The funder had no role
in the design, analysis, or publication of the study.

References

1. Global Statistics. (2025). HIV.gov. Available at: https://www.hiv.gov/hiv-basics/
overview/data-and-trends/global-statistics (Accessed on 2021 Mar 24)

2. Giinthard HFE, Saag MS, Benson CA, Del Rio C, Eron JJ, Gallant JE, et al.
Antiretroviral drugs for treatment and prevention of HIV infection in adults: 2016
recommendations of the international antiviral society-USA panel. JAMA ] Am Med
Assoc. (2016) 316:191-210. doi: 10.1001/jama.2016.8900

3. Abana CZ, Sagoe KWC, Bonney EY, Maina EK, Aziati ID, Agbosu E, et al. Drug
resistance mutations and viral load in human immunodeficiency virus type 2 and dual
HIV-1/HIV-2 infected patients in Ghana. Med (United States). (2019) 98:e14313. doi:
10.1097/MD.0000000000014313

4. Collaboration TATC. Life expectancy of individuals on combination antiretroviral
therapy in high-income countries: a collaborative analysis of 14 cohort studies. Lancet.
(2008) 372:293-9. doi: 10.1016/S0140-6736(08)61113-7

5. Reynolds SJ, Makumbi E, Nakigozi G, Kagaayi J, Gray RH, Wawer M, et al. HIV-1
transmission among HIV-1 discordant couples before and after the introduction of
antiretroviral therapy. AIDS. (2011) 25:473-7. doi: 10.1097/QAD.0b013e3283437c2b

6. Donnell D, Baeten JM, Kiarie ], Thomas KK, Stevens W, Cohen CR, et al.
Heterosexual HIV-1 transmission after initiation of antiretroviral therapy: a prospective
cohort analysis. Lancet. (2010) 375:2092-8. doi: 10.1016/S0140-6736(10)60705-2

7. Del Romero J, Castilla ], Hernando V, Rodriguez C, Garéa S. Combined
antiretroviral treatment and heterosexual transmission of HIV-1: cross sectional and
prospective cohort study. BMJ. (2010) 340:¢2205. doi: 10.1136/bmj.c2205

8. Apondi R, Bunnell R, Ekwaru JP, Moore D, Bechange S, Khana K, et al. Sexual
behavior and HIV transmission risk of Ugandan adults taking antiretroviral therapy: 3
year followup. AIDS. (2011) 25:1317-27. doi: 10.1097/QAD.0b013e328347f775

9. Cohen MS, Hosseinipour MC, Kumarasamy N, Hakim JG, Mehendale S,
Chariyalertsak S, et al. Prevention of HIV-1 infection with early antiretroviral therapy.
N Engl ] Med. (2011) 365:493-505. doi: 10.1056/NEJMoal105243

10. Frescura L, Godfrey-Faussett P, Ali Feizzadeh A, El-Sadr W, Syarif O, Ghys PD,
et al. Achieving the 95 95 95 targets for all: a pathway to ending AIDS. PLoS One. (2022)
17:€0272405. doi: 10.1371/journal.pone.0272405

11. Heath K, Levi J, Hill A. The joint United Nations Programme on HIV/AIDS
95-95-95 targets: worldwide clinical and cost benefits of generic manufacture. AIDS.
(2021) 35:5197-203. doi: 10.1097/QAD.0000000000002983

Frontiers in Public Health

10.3389/fpubh.2025.1508793

Acknowledgments

We thank our study participants and our collaborating partners
from the hospitals, especially Adjoa Obo-Akwa, Esther Davis Yeboah,
Linda Sackey, Rosalyn Baah-Danquah, and all other members of the
H-CRIS team.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Gen Al was used in the creation of
this manuscript.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

12. Maina EK, Mureithi H, Adan AA, Muriuki J, Lwembe RM, Bukusi EA. Incidences
and factors associated with viral suppression or rebound among HIV patients on
combination antiretroviral therapy from three counties in Kenya. Int ] Infect Dis. (2020)
97:151-8. doi: 10.1016/}.ijid.2020.05.097

13. Taiwo B, Gallien S, Aga E, Ribaudo H. Antiretroviral drug resistance in HIV-1 -
infected patients experiencing persistent low-level viremia during first-line. Therapy.
(2011) 204:515-20. doi: 10.1093/infdis/jir353

14. Gregson J, Tang M, Ndembi N, Hamers RL, Marconi VC, Brooks K, et al. Global
epidemiology of drug resistance after failure of WHO recommended first-line regimens
for adult HIV-1 infection: a multicentre retrospective cohort study. Lancet Infect Dis.
(2016) 16:565-75. doi: 10.1016/S1473-3099(17)30723-5

15. Kouamou V, Varyani B, Shamu T, Mapangisana T. Drug resistance among
adolescents and young adults and response to second-line treatment. AIDS Res. Hum.
Retrovir. (2020) 36:566-73. doi: 10.1089/AID.2019.0232

16. Dorward J, Hamers RL. Dolutegravir in sub-Saharan Africa: context is crucial.
Lancet HIV. (2019) 6:72-3. doi: 10.1016/52352-3018(18)30331-X

17.WHO. WHO recommends dolutegravir as preferred HIV treatment option in
all populations. (2019). Available at: https://www.who.int/news/item/22-07-2019-
who-recommends-dolutegravir-as-preferred-hiv-treatment-option-in-all-
populations (Accessed on 2021 Mar 26)

18.El-sadr WM, Rabkin M, Nkengasong J, Birx DL. Realizing the potential of
routine viral load testing in sub-Saharan Africa J Int AIDS Soc. (2017) 20:1-3. doi:
10.1002/jia2.25010

19. WHO. Whats new in treatment monitoring: Viral load and CD4 testing. HIV Treat
care. (2017); Available at: https://www.who.int/publications-detail-redirect/ WHO-
HIV-2017.22 (Accessed March 26, 2021).

20. Opoku S, Sakyi SA, Ayisi-Boateng NK, Enimil AK, Senu E, Ansah RO, et al.
Factors associated with viral suppression and rebound among adult HIV patients on
treatment: a retrospective study in Ghana. AIDS Res Ther BioMed Central. (2022)
19:1-10. doi: 10.1186/s12981-022-00447-2

21. Liu T, Chambers LC, Hansen B, Bazerman LB, Cachay ER, Christopoulos K, et al. Risk
of HIV viral rebound in the era of universal treatment in a multi-center sample of persons
with HIV in primary care. Open Forum Infect Dis. (2023) 10:1-11. doi: 10.1093/ofid/ofad257

22. WHO. Consolidated guidelines on HIV prevention, diagnosis, treatment and care
for key populations. (2016). Available at: https://www.who.int/hiv/pub/guidelines/
keypopulations-2016/en/ (Accessed on 2020 Aug 24)

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1508793
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.hiv.gov/hiv-basics/overview/data-and-trends/global-statistics
https://www.hiv.gov/hiv-basics/overview/data-and-trends/global-statistics
https://doi.org/10.1001/jama.2016.8900
https://doi.org/10.1097/MD.0000000000014313
https://doi.org/10.1016/S0140-6736(08)61113-7
https://doi.org/10.1097/QAD.0b013e3283437c2b
https://doi.org/10.1016/S0140-6736(10)60705-2
https://doi.org/10.1136/bmj.c2205
https://doi.org/10.1097/QAD.0b013e328347f775
https://doi.org/10.1056/NEJMoa1105243
https://doi.org/10.1371/journal.pone.0272405
https://doi.org/10.1097/QAD.0000000000002983
https://doi.org/10.1016/j.ijid.2020.05.097
https://doi.org/10.1093/infdis/jir353
https://doi.org/10.1016/S1473-3099(17)30723-5
https://doi.org/10.1089/AID.2019.0232
https://doi.org/10.1016/S2352-3018(18)30331-X
https://www.who.int/news/item/22-07-2019-who-recommends-dolutegravir-as-preferred-hiv-treatment-option-in-all-populations
https://www.who.int/news/item/22-07-2019-who-recommends-dolutegravir-as-preferred-hiv-treatment-option-in-all-populations
https://www.who.int/news/item/22-07-2019-who-recommends-dolutegravir-as-preferred-hiv-treatment-option-in-all-populations
https://doi.org/10.1002/jia2.25010
https://www.who.int/publications-detail-redirect/WHO-HIV-2017.22
https://www.who.int/publications-detail-redirect/WHO-HIV-2017.22
https://doi.org/10.1186/s12981-022-00447-2
https://doi.org/10.1093/ofid/ofad257
https://www.who.int/hiv/pub/guidelines/keypopulations-2016/en/
https://www.who.int/hiv/pub/guidelines/keypopulations-2016/en/

Boateng et al.

23. Ekong E, Ndembi N, Okonkwo P, Dakum P, Idoko J, Banigbe B, et al. Epidemiologic
and viral predictors of antiretroviral drug resistance among persons living with HIV in
a large treatment program in Nigeria. AIDS Res Ther BioMed Central. (2020) 17:7-8. doi:
10.1186/512981-020-0261-z

24. Rossouw TM, Feucht UD, Melikian G, Van Dyk G, Thomas W, Du Plessis NM,
et al. Factors associated with the development of drug resistance mutations in HIV-1
infected children failing protease inhibitor-based antiretroviral therapy in South Africa.
PLoS One. (2015) 10:1-16. doi: 10.1371/journal.pone.0133452

25. Bonney EY, Lamptey H, Aboagye JO, Zaab-Yen Abana C, Boateng AT, Quansah
DNK, et al. Unwillingness of patients in Ghana to interrupt antiretroviral therapy for
HIV cure research. J Virus Erad. (2021) 7:100027. doi: 10.1016/j.jve.2020.100027

26. Ghana AIDS Commission. Ghana’s HIV fact sheet 2019. (2020). Available at:
https://www.ghanaids.gov.gh/mcadmin/Uploads/2019/FACT/SHEET/22/06/2020/
revised(1).pdf (Accessed on 2023 Mar 21)

27. Ali JH, Yirtaw TG. Time to viral load suppression and its associated factors in
cohort of patients taking antiretroviral treatment in east Shewa zone, Oromiya, Ethiopia,
2018. BMC Infect Dis. (2019) 19:1-6. doi: 10.1186/512879-019-4702-z

28. Ghana National AIDS Control Programme. Guidelines for antiretroviral therapy
in Ghana. (2017). Available at: https://www.ccmghana.net/index.php/policies-
guidelines?download=199:art-guidelinesrevised-2017 (Accessed on 2023 Mar 21)

29. Alhassan RK, Ketor CE, Ashinyo A, Ashinyo ME, Nutor JJ, Adjadeh C, et al.
Quality of antiretroviral therapy services in Ghana: implications for the HIV response
in resourceconstrained settings. SAGE Open Med. (2021) 9:205031212110361. doi:
10.1177/20503121211036142

30. Ghana AIDS Commission. National HIV and AIDS policy: Universal access to
HIV prevention, treatment and care services towards ending AIDS as a public health
threat. Office of the President. (2019). Available from: https://www.ghanaids.gov.gh
(Accessed March 21, 2021).

31. Wakooko P, Gavamukulya Y, Wandabwa JN. Viral load suppression and associated
factors among HIV patients on antiretroviral treatment in Bulambuli District, eastern
Uganda: a retrospective cohort study. Infect Dis Res Treat. (2020) 13:117863372097063.
doi: 10.1177/1178633720970632

32.Mogosetsi NJ, Mabuza LH, Ogunbanjo GA. The prevalence of HIV load
suppression and related factors among patients on ART at Phedisong 4 clinic, Pretoria,
South Africa. Open Public Health ]. (2018) 11:135-46. doi: 10.2174/1874944501811010135

33. Abdullahi SB, Ibrahim OR, Okeji AB, Yandoma RI, Bashir I, Haladu S, et al. Viral
suppression among HIV-positive patients on antiretroviral therapy in northwestern
Nigeria: an eleven-year review of tertiary care Centre records, January 2009-
December 2019. BMC Infect Dis BioMed Central. (2021) 21:1-8. doi:
10.1186/512879-021-06722-3

34. ABD D, Penda CI, Madec Y, Ngondi GD, Moukoko A, Varloteaux M, et al. Viral
load suppression in HIV-infected adolescents in Cameroon: towards achieving the
UNAIDS 95% viral suppression target. BMC Pediatr. (2023) 23:1-8.

35. Woldesenbet SA, Kufa T, Barron P, Chirombo BC, Cheyip M, Ayalew K, et al. Viral
suppression and factors associated with failure to achieve viral suppression among pregnant
women in South Africa. AIDS. (2020) 34:589-97. doi: 10.1097/QAD.0000000000002457

36. Dzando G, Salifu S, Donyi AB, Akpeke H, Kumah A, Dordunu R, et al. Healthcare
in Ghana amidst the coronavirus pandemic: a narrative literature review. J Public Health
Res. (2022) 11:2448. doi: 10.4081/jphr.2021.2448

37. Palmer A, Gabler K, Rachlis B, Ding E, Chia J, Bacani N, et al. Viral suppression
and viral rebound among young adults living with HIV in Canada. Med (United States).
(2018) 97:€10562. doi: 10.1097/MD.0000000000010562

Frontiers in Public Health

10

10.3389/fpubh.2025.1508793

38. CATIE. HIV treatment and an undetectable viral load to prevent HIV
transmission. Canada’s source for HIV and hepatitis C information. (2023). Available at:
https://www.catie.ca/hiv-treatment-and-an-undetectable-viral-load-toprevent-hiv-
transmission (Accessed on 2022 Oct 18)

39. Centers for Disease Control and Prevention. Evidence of HIV treatment and viral
suppression in preventing the sexual transmission of HIV. 2020. Available from: https://
www.cdc.gov (Accessed March 26, 2021).

40. Campos N, Myburgh R, Garcel A, Vautrin A, Lapasset L, Nadal ES, et al. Long
lasting control of viral rebound with a new drug ABX464 targeting rev - mediated viral
RNA biogenesis. Retrovirology. (2015) 12:1-15. doi: 10.1186/s12977-015-0159-3

41. Min S, Gillani FS, Aung S, Garland JM, Beckwith CG. Evaluating HIV viral
rebound among persons on suppressive antiretroviral treatment in the era of
“undetectable equals Untransmittable (U=U).. Open Forum Infect Dis. (2020) 7:1-9. doi:
10.1186/s12879-024-10241-2

42. Leddy AM, Turan JM, Johnson MO, Neilands TB, Kempf MC, Konkle-Parker D,
et al. Poverty stigma is associated with suboptimal HIV care and treatment outcomes
among women living with HIV in the United States. AIDS. (2019) 33:1379-84. doi:
10.1097/QAD.0000000000002189

43. Haas AD, Radin E, Hakim AJ, Jahn A, Philip NM, Jonnalagadda S, et al. Prevalence
of nonsuppressed viral load and associated factors among HIV-positive adults receiving
antiretroviral therapy in Eswatini, Lesotho, Malawi, Zambia and Zimbabwe (2015 to
2017): results from population-based nationally representative surveys. ] Int AIDS Soc.
(2020) 23:1-12. doi: 10.1002/jia2.25631

44. Ngambi W, Estill ], Jahn A, Orel E, Chimpandule T, Nyirenda R, et al. Factors
associated with the incidence rate of HIV viral rebound among children and adults
receiving antiretroviral therapy in Malawi using the laboratory management information
system: 2011-2020. medRxiv. (2021) 2021:21264672. doi:
10.1101/2021.10.07.21264672v1.abstract

45. Diress G, Dagne S, Alemnew B, Adane S, Addisu A. Viral load suppression after
enhanced adherence counseling and its predictors among high viral load HIV
seropositive people in north Wollo zone public hospitals, Northeast Ethiopia, 2019:
retrospective cohort study. AIDS Res Treat. (2020) 2020:1-9. doi: 10.1155/2020/8909232

46. Joseph Davey D, Abrahams Z, Feinberg M, Prins M, Serrao C, Medeossi B, et al.
Factors associated with recent unsuppressed viral load in HIV-1-infected patients in care
on firstline antiretroviral therapy in South Africa. Int ] STD AIDS. (2018) 29:603-10.
doi: 10.1177/0956462417748859

47. Crespo-bermejo C, Ramirez E, Arellano D, Lara-aguilar V, Valle-millares D, Gémez-
ML. Persistent low-level viremia in persons living with HIV undertreatment: an unresolved
status. Virulence. (2021) 12:2919-31. doi: 10.1080/21505594.2021.2004743

48. Swenson LC, Min JE, Woods CK, Cai E, Li JZ, Montaner JSG, et al. HIV drug
resistance detected during low-level viremia is associated with subsequent Virologic
failure. AIDS. (2014) 28:1125-34. doi: 10.1097/QAD.0000000000000203

49. Joya C, Won SH, Schofield C, Lalani T, Maves RC, Kronmann K, et al. Persistent
Lowlevel viremia while on antiretroviral therapy is an independent risk factor for
Virologic failure. Clin Infect Dis. (2019) 69:2145-52. doi: 10.1093/cid/ciz129

50. Villalobos C, Ceballos ME, Ferrés M, Palma C. Drug resistance mutations in
proviral DNA of HIV-infected patients with low level of viremia. J Clin Virol. (2020)
132:104657. doi: 10.1016/j.jcv.2020.104657

51.Fhi360. Reaching the Third 95: Viral Load Suppression among Key
Population Individuals Living with HIV [Technical brief]. FHI 360. (2019).
Available from: https://www.fhi360.0rg/LINKAGES (Accessed October 18, 2022).

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1508793
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1186/s12981-020-0261-z
https://doi.org/10.1371/journal.pone.0133452
https://doi.org/10.1016/j.jve.2020.100027
https://www.ghanaids.gov.gh/mcadmin/Uploads/2019/FACT/SHEET/22/06/2020/revised(1).pdf
https://www.ghanaids.gov.gh/mcadmin/Uploads/2019/FACT/SHEET/22/06/2020/revised(1).pdf
https://doi.org/10.1186/s12879-019-4702-z
https://www.ccmghana.net/index.php/policies-guidelines?download=199:art-guidelinesrevised-2017
https://www.ccmghana.net/index.php/policies-guidelines?download=199:art-guidelinesrevised-2017
https://doi.org/10.1177/20503121211036142
https://www.ghanaids.gov.gh
https://doi.org/10.1177/1178633720970632
https://doi.org/10.2174/1874944501811010135
https://doi.org/10.1186/s12879-021-06722-3
https://doi.org/10.1097/QAD.0000000000002457
https://doi.org/10.4081/jphr.2021.2448
https://doi.org/10.1097/MD.0000000000010562
https://www.catie.ca/hiv-treatment-and-an-undetectable-viral-load-toprevent-hiv-transmission
https://www.catie.ca/hiv-treatment-and-an-undetectable-viral-load-toprevent-hiv-transmission
https://www.cdc.gov
https://www.cdc.gov
https://doi.org/10.1186/s12977-015-0159-3
https://doi.org/10.1186/s12879-024-10241-2
https://doi.org/10.1097/QAD.0000000000002189
https://doi.org/10.1002/jia2.25631
https://doi.org/10.1101/2021.10.07.21264672v1.abstract
https://doi.org/10.1155/2020/8909232
https://doi.org/10.1177/0956462417748859
https://doi.org/10.1080/21505594.2021.2004743
https://doi.org/10.1097/QAD.0000000000000203
https://doi.org/10.1093/cid/ciz129
https://doi.org/10.1016/j.jcv.2020.104657
https://www.fhi360.org/LINKAGES

Boateng et al. 10.3389/fpubh.2025.1508793

Glossary AZT - Zidovudine

HIV - Human Immunodeficiency Virus TDF - Tenofovir disoproxil fumarate

AIDS - Acquired Immunodeficiency Syndrome DTG - Dolutegravir

PLWH - People living with HIV H-CRIS - HIV Cure Research Infrastructure Study
ART - Antiretroviral therapy NMIMR - Noguchi Memorial Institute for Medical Research
SSA - Sub-Saharan Africa PBMC - Peripheral blood mononuclear cells
NNRTI - Non-nucleoside reverse transcriptase inhibitor PBS - Phosphate buffered saline

NRTI - Nucleos(t)ide reverse transcriptase inhibitor FBS - Fetal bovine serum

INSTI - Integrase strand transfer inhibitor DMSO - Dimethyl sulfoxide

NVP - Nevirapine RLS - Resource-limited setting

EFV - Efavirenz Ml - Milliliters

3TC - Lamivudine pl - Microliters
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