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Background: Approximately 30,000 non-citizens are living with HIV in Botswana, 
all of whom as of 2020 are eligible to receive free antiretroviral treatment (ART) 
within the country. We  assessed the prevalence of HIV-1 mutational profiles 
[pre-treatment drug resistance (PDR) and acquired drug resistance (ADR)] 
among treatment-experienced (TE) and treatment-naïve (TN) non-citizens 
living with HIV in Botswana.

Methods: A total of 152 non-citizens living with HIV were enrolled from a 
migrant HIV clinic at Independence Surgery, a private practice in Botswana 
from 2019–2021. Viral RNA isolated from plasma samples were genotyped 
for HIV drug resistance (HIVDR) using Sanger sequencing. Major known HIV 
drug resistance mutations (DRMs) in the pol region were determined using the 
Stanford HIV Drug Resistance Database. The proportions of HIV DRMs amongst 
TE and TN non-citizens were estimated with 95% confidence intervals (95% CI) 
and compared between the two groups.

Results: A total of 60/152 (39.5%) participants had a detectable viral load (VL) 
>40 copies/mL and these were included in the subsequent analyses. The 
median age at enrollment was 43  years (Q1, Q3: 38–48). Among individuals 
with VL  >  40 copies/mL, 60% (36/60) were treatment-experienced with 53% 
(19/36) of them on Atripla. Genotyping had a 62% (37/60) success rate – 24 
were TE, and 13 were TN. A total of 29 participants (78.4, 95% CI: 0.12–0.35) had 
major HIV DRMs, including at least one non-nucleoside reverse transcriptase 
inhibitor (NNRTI) associated DRM. In TE individuals, ADR to any antiretroviral 
drug was 83.3% (20/24), while for PDR was 69.2% (9/13). The most frequent 
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DRMs were nucleoside reverse transcriptase inhibitors (NRTIs) M184V (62.1%, 
18/29), NNRTIs V106M (41.4%, 12/29), and K103N (34.4%, 10/29). No integrase 
strand transfer inhibitor-associated DRMs were reported.

Conclusion: We report high rates of PDR and ADR in ART-experienced and ART-
naïve non-citizens, respectively, in Botswana. Given the uncertainty of time of 
HIV acquisition and treatment adherence levels in this population, routine HIV-
1C VL monitoring coupled with HIVDR genotyping is crucial for long-term ART 
success.

KEYWORDS

HIV-1C, antiretroviral therapy (ART), drug resistance mutations (DRMs), non-citizens, 
Botswana, pre-treament drug resistance (PDR), acquired HIV drug resistance (ADR)

1 Introduction

Notwithstanding the enormous achievements reported since the 
introduction of antiretroviral therapy (ART), unequal and limited 
access to HIV treatment services and prevention interventions for 
marginalized and migratory populations hamper the global HIV 
response to end AIDS as a public health threat by 2030 (Schultz, 2014; 
Tanser et al., 2015; IN DANGER: UNAIDS Global AIDS Update, 
2022; The path that ends AIDS: UNAIDS Global AIDS Update, 2023). 
The emergence of HIV drug resistance (HIVDR) also poses a 
challenge to the success of ART (Rowley et al., 2016; Bertagnolio et al., 
2017; Shafer and Frenkel, 2019; HIV DRUG RESISTANCE REPORT, 
2021; The path that ends AIDS: UNAIDS Global AIDS Update, 2023). 
The burden of the global HIV epidemic is concentrated in Eastern and 
Southern Africa, where 20.4 million of 39 million people living with 
HIV (PLWH) reside (The path that ends AIDS: UNAIDS Global AIDS 
Update, 2023). Botswana bears the brunt of the HIV epidemic with 
the third highest HIV prevalence standing at 20.8% of people aged 
15–64 years living with HIV (Government of Botswana, 2023). 
Botswana, an upper middle-income country, hosts a substantial 
population of immigrants from neighboring HIV-epidemic countries, 
including South Africa, Zimbabwe, and Zambia (Marukutira et al., 
2018, 2019a,b; Fennell et al., 2023). Currently, Botswana is home to 
~110,000 non-citizens, of whom an estimated 30,000 are living with 
HIV, yielding a prevalence of 27.27% (95% CI: 24.32–30.77%) 
(Marukutira et al., 2018, 2019a; McAuliffe et al., 2021). The majority 
of these individuals migrate from neighboring countries with high 
HIV risk, such as Zimbabwe, Zambia, and South Africa (with 12.9, 
11.1, and 19.1%) HIV prevalence, respectively. In 2020, the non-citizen 
population in Botswana accounted for 110,268 inhabitants. 43% of 
them were female, whereas 57% were male. The most represented 
nationalities among them were Zimbabwean (58.31%), followed by 
South  African (5.20%), Indian (5.12%), Chinese (4.33%), and 
Zambian (4%) (Summary Sheet, 2020; Migrant-refugees, 2023). This 
is considered an underestimate given the influx of putatively 
undocumented non-citizens entering Botswana and could potentially 
impede efforts in HIV prevention and control (Marukutira 
et al., 2020).

Migration has contributed to increasing health challenges 
amongst non-citizens, including vulnerability to HIV acquisition and 
other sexual health issues globally (Lurie and Williams, 2014; 
Marukutira et al., 2018; Kate Grabowski et al., 2020; McAuliffe et al., 

2021). It has long been established that population mobility plays a 
critical role in the dynamics of HIV/AIDS throughout Sub-Saharan 
Africa (SSA) and findings show that non-citizens are indeed more at 
risk of HIV infection than natives (Anglewicz, 2012; Schultz, 2014; 
Song et al., 2023). Understanding HIV molecular epidemiology and 
drug-resistance mutations in this vulnerable population is crucial due 
to their suboptimal HIV treatment and care. Botswana has exceeded 
and aims to maintain the UNAIDS 95-95-95 targets to end the AIDS 
epidemic by 2030 (Mine et al., 2021). However, despite the country’s 
remarkable results from the HIV program at the national level, some 
gaps remain, such as limited access to ART and HIV care to 
non-citizens (Gaolathe et  al., 2016; Marukutira et  al., 2018; Mine 
et al., 2021).

Monitoring of HIVDR boosts the long-term effectiveness of ART 
(Yebra et al., 2013; Wymant et al., 2022; Zhao et al., 2022). Global 
expansion of access to ART and monitoring optimized outcomes of 
PLWH, minimize transmission of drug-resistant HIV and ensure the 
sustainability of ART programs (Marukutira et al., 2020; Wymant 
et  al., 2022; Zhao et  al., 2022). Furthermore, genotypic resistance 
testing (GRT) offers insight into the HIV molecular epidemiology 
within the population (de Felipe et al., 2011; Maggiorella et al., 2020). 
The information obtained can guide public health decisions to 
enhance treatment, care, and coverage, ultimately aiding Botswana in 
achieving substantial viral suppression and reducing HIV incidence 
throughout the population (de Felipe et al., 2011; Yebra et al., 2013; 
Andersson et al., 2018; Maggiorella et al., 2020; Wymant et al., 2022). 
In this study, we aimed to characterize HIV drug resistance mutations 
(DRMs) profiles among non-citizens living with HIV in Botswana.

2 Methods and materials

2.1 Study design and population

This was a retrospective cross-sectional study utilizing 152 
residual samples collected between 2019 and 2021 from non-citizens 
living with HIV-1 in Botswana. We defined the non-citizen population 
as people born outside their country of residence. Eligible participants 
were adults older than 18 years seeking medical care at the 
Independence Surgery, a private clinic in Gaborone, Botswana. The 
Independence Surgery clinic specializes in providing medical services 
to a large number of non-citizens living with HIV in Botswana.
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Participants were included if they had at least one visit of HIV 
viral load (VL) testing and their socio-demographic (age, sex, country 
of origin, and attending hospital) data were compiled. A total of 60 
(39.5%) out of 152 samples had detectable viral loads (VL >40 copies/
mL) and were used for the current study (See Figure 1).

2.2 Viral load quantification

HIV viral load testing from plasma specimens was performed 
using the Abbott m2000sp/Abbott m2000rt platform (Wiesbaden, 
Germany), Cobas TaqMan/Cobas Ampliprep HIV-test (Roche 
Molecular Systems, Branchburg, NJ, United  States) at Botswana 
Harvard Health Partnership (BHP) according to the manufacturer’s 
instructions. At the time of enrolment VF was defined as two 
consecutive VLs greater than 400 copies/mL and virologic suppression 
as a viral load <400 copies/mL as per national ART guidelines. The 
lower limit of detection (LOD) in plasma is 40 copies/mL for this VL 
detection platform (See Figure 2).

2.3 Genotypic resistance testing

2.3.1 Nucleic acid extraction
HIV-1 total nucleic acid (RNA/DNA) was extracted from 300 μL 

of plasma samples with VL > 40 copies/mL using the BioMérieux 
Nuclisens easy-mag platform according to manufacturer’s instructions 
(Biomérieux, Marcy I’Etoile, France). The isolated RNA was used as a 
first-round PCR template and stored at −80°C for future use.

2.3.2 Amplification of HIV-1 protease and reverse 
transcriptase regions

Using in-house genotypic resistance testing (Seatla et al., 2019; 
Bareng et  al., 2022), the extracted RNA was amplified by nested 
Polymerase chain reaction (PCR) to obtain the HIV-1 pol which 
comprised the entire protease (PR) gene (codons 1-99) and reverse 
transcriptase (RT) gene (codons 1-560). The RT-PCR was done using 
the following primers (Rowley et al., 2016; Bareng et al., 2022).

Both one-step RT-PCR and nested PCR amplifications were 
carried out in the Applied Biosystems 2,720 Thermal Cycler. The 
RT-PCR was performed using Roche one-step transcriptor enzyme 
while the nested PCR was done using Phusion High Fidelity enzyme 
(Rowley et al., 2016; Bareng et al., 2022; Kelentse et al., 2023).

2.3.3 Amplification of HIV integrase region
The HIV integrase (IN) gene (codons 1-288) was amplified using 

nested PCR with an RT step to generate complementary DNA 
(cDNA). Both one-step RT-PCR and nested PCR amplifications were 
carried out using Applied Biosystems 2,720 Thermal Cycler. Primers 
used for the first and second rounds were adopted from the inhouse 
protocol, (Seatla et al., 2019; Bareng et al., 2022) without modification.

2.3.4 Confirmation of amplification
Amplification was confirmed by electrophoresis in a 1% agarose 

gel prepared using Tris-Borate-EDTA (TBE) buffer. The gel was 
stained with 5 μL ethidium bromide (0.5 mg/mL) and ran at 90 volts 
for 45 min. Generated amplicons were visualized under a UV source 
(260 nm). Successfully amplified PCR amplicons were purified using 
Applied Biosystems ExoSAP-IT PCR product cleanup reagent 
(Waltham, Massachusetts, United  States) according to the 
manufacturer’s instructions (Bareng et al., 2022).

FIGURE 1

Proportions of HIV drug resistance mutations by ART status. NNRTI, non-nucleoside reverse transcriptase inhibitors; NRTI, nucleoside reverse 
transcriptase inhibitors; PI, protease inhibitors; INSTI, integrase strand transfer inhibitors; DRM, drug resistance mutations.
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2.3.5 Sequencing
Sequences were generated using BigDye sequencing chemistry on 

an ABI 3130xl Genetic Analyzer (Applied Biosystems, Foster City, 
Canada) using previously described cycle sequencing primers 
covering for both HIV protease and reverse transcriptase regions 
(Rowley et al., 2016). The following sequencing primers were used for 
HIV protease, reverse transcriptase and integrase region:

The cycle sequencing reaction mix constituted 4.8 μL of RNase-
free water, 3 μL of Big Dye 5X sequencing buffer, 1 μL BigDye 
terminator, 0.2 μL of 2 μM of each sequencing primer, and 1 μL of the 
purified amplicon, to make a total reaction volume of 10 μL. The cycle 
sequencing reaction conditions were as follows: 25 cycles at 96°C for 
10 s, 50°C for 5 s, 60°C for 4 min and hold at 4°C. The BigDye 
XTerminator purification kit (Applied Biosystems, Foster City, 
United States) was used to purify the sequencing reaction by adding 
10 μL of the BigDye XTerminator and 45 μL SAM solution to cycle 
sequencing products. The reaction plate was vortexed at 1800 rpm for 
45 min and then centrifuged at 3000 g for 3 min at room temperature 
before loading the plate in the genetic analyzer (Rowley et al., 2016; 
Seatla et al., 2019; Bareng et al., 2022).

2.3.6 Sequence and mutation analysis
Electropherograms were manually edited using Sequencher v5.0 

software (Gene Codes Corp., Ann Arbor, MI, United States). Where 
necessary, the low-quality ends of chromatograms were trimmed 
before assembly. The subsequent fasta files were further assessed using 
Aliview version. 1.26 prior to mutation analysis. We used a muscle 
algorithm implemented in Aliview ver. 1.26 and the HXB2 pol 
nucleotide sequence to perform the full alignment. The GeneCutter 

tool implemented in the HIV Los Alamos HIV database1 was used to 
extract PR and RT regions from the alignment. PR and RT nucleotide 
sequences were aligned using the ClustalW algorithm implemented 
in Bioedit to characterize HIV-1 variants. Viral sequences included 
the HIV pol gene (protease, codons 1-99, reverse transcriptase, codons 
1-247, and integrase, codons 1-288). The generated consensus 
sequences were loaded into the Stanford HIV database2 for the 
determination of HIV drug-resistance mutations. IQ-Tree version 
1.6.12-Linux was used to generate a phylogenetic tree which was 
visualized in FigTree v1.4.4. The 37 sequences generated from this 
study are available in GenBank under accession numbers 
OR548006–OR548042.

2.4 Statistical analysis

Statistical analyses were conducted using Stata SE 15 (Stata Corp, 
College Station, TX, United States). Descriptive statistics were used to 
summarize variables. Categorical variables (gender and country) were 
reported as percentages and continuous (VL and age) as medians with 
interquartile ranges. The statistical significance was calculated using 
the Fisher exact test or Chi-square for categorical variables and the 
Mann–Whitney test for continuous variables. The proportions of HIV 
DRM were estimated using binomial exact methods and compared 

1 https://www.hiv.lanl.gov/content/sequence/GENE_CUTTER/cutter.html

2 http://hivdb.Stanford.edu/

FIGURE 2

Frequency of HIV Drug resistance mutations to the main antiretroviral classes stratified by ART status. NNRTI, nonnucleoside reverse transcriptase 
inhibitors; NRTI, nucleoside reverse transcriptase inhibitors; PI, protease inhibitors; INSTI, integrase strand transfer inhibitors.
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with the comparison of proportion tests among two ART groups. A 
confidence level of 95% was chosen with p-values <0.05 considered 
statistically significant.

2.5 Ethics statement

The local Ethics Committee approved this research, the Health 
Research and Development Division (HRDC) (Reference number 
HPRD: 6/14/1) of the Botswana Ministry of Health and the University 
Botswana Institutional Review Board (IRB). Being a retrospective 
study done from residual samples, the ethics committee has authorized 
its conduct without the need to obtain a specific informed consent 
from the participants. Data was processed using unique identifiers to 
ensure confidentiality (See Tables 1–3).

3 Results

3.1 Participants characteristics

The overall median age at enrollment of the study participants was 
43 years [interquartile range (Q1, Q3: 38, 48)] and the majority of the 
study participants were women (97/152, 64%), summarized in Table 4. 
Among the 152 participants, 149 (98%) had known ART status (either 
treatment experienced, TE or treatment-naïve, TN). The majority of 
the participants, 118 (78%) were on treatment, 31 (20%) were 
treatment-naïve at the time of sampling whereas 3 (2%) were of 
unknown ART status. Among the TE 118 participants, the ART 
regimen was known for 86 (73%) participants. Of all 152 participants, 
147 (97%) had HIV-1 viral load data and 94(64%) were virally 
suppressed (HIV-1 VL ≤ 400 copies/mL). The median HIV-1 VL 
among TN individuals (3.8 [Q1, Q3: 2.2, 4.7] log10 copies/mL) which 
was less than virally unsuppressed participants (4.4 [Q1, Q3: 3.7, 4.8] 
log10 copies/mL).

3.2 Characteristics of non-citizens by ART 
status with detectable viremia

A total of 60/152 (39.5%) participants had a detectable viral load 
(VL) >40 copies/mL and these were included in the subsequent 
analyses. The baseline characteristics of the 60 non-citizen participants 
with detectable viral load are summarized in Table  5. Of the 60 
participants living with HIV with a detectable VL (>40 copies/mL), 45 
(75%) of them had VL >400 copies/mL whereas 15 (25%) samples had 
VL <400copies/mL. Of all 60 participants, 36 participants were TE 23 
were TN, and one participant had an unknown status. Most of TE 
participants were on Atripla 53% (19/36). The majority, (58%) of the 
participants were female.

The median age at enrollment was 43 years (Q1, Q3: 37–47), and 
there was a significant difference in median age for TE participants 
[43 years (Q1, Q3: 39–47)] compared to TN participants [39 years (Q1, 
Q3: 30–45)] (p = 0.02). The overall median log10 HIV-1 RNA viral load 
was 3.7 (Q1, Q3: 1.7–5.9). The median log10 HIV-1 RNA viral load for 
TE was 4.0(Q1, Q3: 2.6, 4.7) whilst the median log10 HIV-1 RNA viral 
load for TN was 3.9 (Q1, Q3: 2.8, 4.8). Regarding treatment status, TE 

was not statistically significant to participants who had not started 
ART (p = 0.66).

3.3 HIV genotyping and associated 
drug-resistant mutations

We successfully sequenced 37 out of 60 (62%) samples; 24 were 
TE and 13 were TN. Of all the 37 successfully sequenced samples had 
HIV-1 RNA viral load >400 copies/mL. 23 out of the 60 (38%) samples 

TABLE 1 RT-PCR primers.

PCR round Primer name Primer sequences

First

CWF1-LNA2 

(forward) (2 μM)
5′-GAA GGA CCA AAT 

GAA AGA YTG-3’

CWR1-LNA3 (reverse) 

(2 μM)

5’-GCATAC TTY CCG TTT 

TCAG-3’

Second (nested)

CWF1-LNA2 

(forward) (2 μM)
5′-GAA GGA CCA AAT 

GAA AGA YTG-3’

RT-20C (reverse) 

(2 μM)

5’CTG CCA ATT TCT AAC 

TGC CTT C-3’

TABLE 2 Integrase PCR primers.

PCR round Primer name Primers

First

INFORI (forward)
5′ GGA ATC ATT CAA 

GCA CAA CCA GA 3′

INREV-1 (reverse)
5’-TCT CCT GTA TGC 

AGA CCC CAA TAT-3’

Second

HIV-4141 (forward)
5′ GGA ATC ATT CAA 

GCA CAA CCA GA 3′

INREV-II (reverse)
5’ CCT AGT GGG ATG 

TGT ACT TCT GA 3′

TABLE 3 Sequencing primers.

HIV 
gene

Primer 
name

Primers

PR-RT

CWF1 5′-GAAGGACACCAAATGAAAGAYTG-3′

CWCS2 5′ -AGAACTCAAGA CTTTTGGG-3′

CWCS3 5′ -TGCTGGGTGCGGTATTC-3′

CWCS5 5′ -TGGTAAATTTGATATGTCCAT-3′

Seq2.1-F2 5′-GGCCAGGGAATTTTCTTCAGAGC-3′

Seq6 5′-CCATCCCTGTGGAAGCACATTA-3′

RT-20C 5′ -CTGCCAATTCTAATTCTG CTTC-3′

Integrase

HIV + 4,141 5’-TCT ACC TGG CAT GGG TAC CA-3’

INREV-1 5’-TCT CCT GTA TGC AGA CCC CAA TAT-3’

INFORI 5′-GGA ATC ATT CAA GCA CAA CCAGA-3

INREVII 5′-CCT AGT GGG ATG TGT ACT TCT GA-3’

IN4764AS 5’C CAT GTA CTG CTG TCT TAB-3’
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were unsuccessful for sequencing, 11 were TN and 12 were TE. Among 
these 23 participants, 9 (39%) had HIV-1 RNA viral load >400 copies/
mL (5 were TN and 4 were TE) whereas 14 (61%) had an HIV RNA 
viral load below 400 copies/mL, (5 were TN and 9 were TE).

All sequences were HIV-1 subtype C (HIV-1C) and the amplified 
fragment covered the HIV-1 Pol region, partial RT and PR. 29 out of 
37, (78%) of the participants were reported to have any major 
mutation among them, 54% (20/37) of participants also had NRTI 
DRMs, sequences with any NNRTI mutations were found in 78% of 
participants (n = 29). Mutations both to NRTIs and NNRTIs were 
detected in 54% of the participants (n = 20). Only one participant had 
PI DRM and no major INSTI-associated DRMs were observed (See 
Table 6).

3.4 Proportions of HIV drug resistance 
mutations by ART status

When stratified by ART status, a higher prevalence of major 
DRMs was observed in TE 20/24 (83%) than in TN 9/13 (69%) 
(p = 0.32). Amongst the TN group, overall DRM prevalence was 69% 
(95% CI 38.5–90.9) of which 38.5% had major DRMs to NRTIs and 
69% to NNRTIs. The overall most prevalent DRMs were NRTI M184V 
(18/29, 62%), followed by NNRTIs V106M (12/29, 41%) and K103N 

(10/29, 34%). NRTI mutation M184V mutation was most prevalent in 
both TN (5/9, 56%) and TE (13/20, 65%) whilst NNRTI mutation 
K103N was most prevalent in both TN (4/9, 44%) and TE (6/20, 30%). 
V106M, one of the most prevalent mutations, was observed only in 
TE participants (12/20, 60%). Only one participant had PI DRM: 
L90M, and none of the participants had INSTI-associated 
resistance mutations.

4 Discussion

This is the first study to assess the HIV molecular landscape of 
non-citizens living with HIV in Botswana. Previous studies were 
conducted in a few areas providing only a partial picture of the 
virologic outcomes in this population (Marukutira et al., 2017, 2018, 
2019b; McAuliffe et  al., 2021). The present retrospective cross-
sectional study describes the prevalence of acquired and pre-treatment 
HIVDR mutations among treatment-experienced and treatment-
naïve non-citizens living with HIV in Botswana. We report a relatively 
high prevalence of HIV drug resistance among non-citizens, with a 
higher prevalence of resistance to NNRTI, NRTI and a low prevalence 
of resistance to PI and none to INSTI-based regimens. Similarly, 
non-citizens who are TE harbored higher HIV drug resistance than 
TN individuals, however, the difference was not statistically significant.

TABLE 4 Overall characteristics of study participants.

Characteristic Total (n  =  152) Viral Suppression 
(<400 copies/mL) 

on ART (n  =  94)

Viral unsuppressed 
(>400 copies/mL) on 

ART (n  =  27)

Treatment-naïve 
n  =  31

p value

Gender, n (%)

Female 97 (63.8) 63 (67.0) 14 (51.9) 20 (64.5)

0.4Male 53 (34.9) 29 (30.9) 13 (48.1) 11 (35.5)

unknown 2(1.3) 2 (2.1) 0 0

Age [n (%)]

<30 16 (10.5) 7 (7.4) 2(7.5) 7 (22.6)

0.1
30–45 77 (50.7) 48 (51.1) 12(44.4) 17 (54.8)

>45 56(36.8) 37(39.4) 12 (44.4) 7 (22.6)

Unknown 3(2.0) 2(2.1) 1(3.7) 0

Treatment type (n = 121), n (%)

Atripla (EFV/TDF/FTC) 62 (51.2) 47 (50.0) 15 (55.6)

<0.01

Unknown 35 (28.9) 28 (29.8) 7 (25.9) n/a

TLD (DTG/3TC/TDF) 19 (15.8) 15(16.0) 4(14.8)

Dovato (DTG/3TC) 4 (3.3) 3 (3.2) 1 (3.7)

Truvada (FTC/TDF) 1 (0.8) 1 (1.0) 0

Country of origin n (%)

Zimbabwe 142 (93.4) 88 (93.6) 25 (92.6) 29 (93.5)

0.5Other 8 (5.3) 4 (4.3) 2 (7.4) 2 (6.5)

Unknown 2 (1.3) 2(2.1)

HIV-1 RNA (log10 Copies/

mL), Median (Q1, Q3)
1.6 (1.6–3.6) 1.6 (1.6–1.6) 4.4 (3.7–4.8) 3.8 (2.2–4.7) <0.01

Demographical, clinical, and virological characteristics of the study group, stratified by ART status and level of suppression. Continuous variables values are expressed as median and first and 
third quartiles (Q1, Q3) (25–75 percentiles) and categorical variables are displayed as the number of cases (percentage and confidence interval-95% in parentheses). VL (viral load in Log10). 
Other (Malawi, South Africa, Tanzania, Mozambique, and Zambia).
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We report high HIV-1 ADR and PDR prevalence among 
non-citizens living with HIV-1 in Botswana. However, according to 
some studies done in Botswana, (Moyo et al., 2019), a low prevalence 
of PDR was reported where the prevalence of NRTI-associated or 
NNRTI-associated DRMs among these individuals was 15.9 and 
32.6%, respectively (Moyo et al., 2019; Maruapula et al., 2022). The 
majority of the study participants were from Zimbabwe (Migrant-
refugees, 2023). Zimbabwe is one of the countries in Southern Africa 
most affected by the HIV epidemic with HIV prevalence of 12.9% 
(Chowdhury et al., n.d.). However, Zimbabwe has made significant 
strides in scaling up access to HIV testing and treatment Drug 
resistance is a serious threat to the global scale-up of HIV treatment 
particularly in many resource-limited settings like Zimbabwe with 
limited ART treatment options. Zimbabwe has also adopted the use 
of dolutegravir (DTG) in combination with tenofovir and lamivudine 
(TLD). A prospective cohort study was conducted between October 

2021 and April 2023 among antiretroviral therapy (ART) naïve adults 
(≥18 years) attending care at an HIV clinic in Zimbabwe. DRM 
prevalence of 19% was observed and was found to be more prevalent 
among prior treatment-exposed participants compared to treatment-
naïve participants (27% vs. 17%) (Vinie Kouamou, 2021; Kouamou 
et al., 2023).

The high prevalence of HIV drug-resistance mutations among 
non-citizens found in our study is in concordance with previous 
similar studies that demonstrated migration to be  a factor for 
increased risk of HIV acquisition, poor treatment and adherence 
leading to poor virologic outcomes in non-citizens living with HIV 
(Novitsky et al., 2013; Gaolathe et al., 2016; Marukutira et al., 2017, 
2019a; Shafer and Frenkel, 2019; Mine et  al., 2021). Treatment-
experienced participants may not have been consistently adhering to 
their prescribed medication regimen and the effectiveness of the 
treatment may have been compromised. Moreover, as it is the case for 
most non-citizens, treatment-experienced participants who were not 
virally suppressed due to poor adherence may have presented to care 
at a later stage. Delayed resistance testing and proper HIV care and 
treatment can result in higher viral loads and poor adherence may 
allow the virus to replicate thereby increasing the viral load. It also 
could not be  ruled out that some of the participants reporting to 
be treatment naïve were actually on treatment as has been documented 
elsewhere (Marukutira et al., 2017; Faturiyele et al., 2018; Marukutira 
et  al., 2019b; Maggiorella et  al., 2020). In agreement with our 
observations, a study in Portugal that aimed to identify long-term 
trends in HIV-1 molecular epidemiology and antiretroviral drug 
resistance among 5,177 non-citizens followed between 2001 and 2017 
found the prevalence of HIV DRM among non-citizens to be high and 
increased over time (Shafer and Frenkel, 2019; Pimentel et al., 2020; 
Ji, 2022). Another study in Sweden aimed to assess the trends of 
transmitted drug resistance (TDR) in HIV-1 from 1713 participants 
newly diagnosed from 2010–2016 where 1,225 were non-citizens, and 
522 of the 1,225 participants were from sub-Saharan Africa. They 
observed a significant increase in NNRTI TDR from 1.5% in 2010 to 
6.2% in 2016 in the non-citizen population, indicating the need to 
continue monitoring HIV DRM profiles in non-citizens (Andersson 
et al., 2018; Shafer and Frenkel, 2019). These studies further concluded 
that HIV molecular epidemiology in migrants suggested high levels 
of connectivity with their country of origin and lifestyle post-
migration (Shafer and Frenkel, 2019; Pimentel et al., 2020; Ji, 2022).

Overall, NRTI mutation M184V was the most prevalent (62%) 
followed by NNRTI mutations V106M (41%) and K103N (34%). The 
main drug resistance mutations affecting the development of HIV-1 
resistance to NRTIs and NNRTIs occurred at a high rate. This is not 
surprising since almost half (41%) of the participants had post-
exposure to Atripla, which is probably the reason for the highest levels 
of resistance to NRTIs (emtricitabine and lamivudine) (54%, n = 20) 
and NNRTIs (nevirapine and efavirenz) (78%, n = 29). Only 16% of 
non-citizens were on a Dolutegravir-containing regimen, while 43% 
of the participants’ regimen was unknown. The findings of this study 
were high compared to the low prevalence of NRTI-associated (16%) 
and NNRTI-associated (33%) resistance mutations among residents 
of rural and peri-urban communities across Botswana (Moyo et al., 
2019). Only 78% of the non-citizens on ART were found to control 
viremia which is significantly lower than the 98% of the Botswana 
native individuals living with HIV and controlling viremia (Mine 
et al., 2021). The difference could be explained by a greater difficulty 

TABLE 5 Characteristics of non-citizens by ART status with detectable 
viremia.

Overall 
N  =  60

TE 
N  =  36

TN 
N  =  23

p value

Age, Median 

(Q1, Q3)

43 (37, 47) 43 (39, 47) 39 (30, 45) 0.02

Gender

Male, N (%) 24 (40) 16 (67) 8(33) 0.96

Female, N (%) 

Unknown

35 (58) 1 (2) 20(57) 15 (43)

Geographical 

Origin

Mozambique, N 

(%)

1 (0.7) 0 1

Tanzania, N (%) 2 (1.3) 2 0

Zimbabwe, N (%) 57(95) 34(60) 22(40)

HIV-1 RNA 

(Log10 Copies/

mL), Median 

(Q1, Q3)

3.7 (1.7, 5.9) 4.0(2.6, 4.7) 3.9(2.8, 4.8) 0.66

Demographical, clinical, and virological characteristics of the study group with detectable 
viremia, stratified by ART status. Continuous variables values are expressed as median and 
first and third quartiles (Q1, Q3) (25–75 percentiles) and categorical variables are displayed 
as the number of cases (percentage and confidence interval-95% in parentheses). VL (viral 
load in Log10), TE (Treatment experienced), TN (Treatment Naive), N. Detectable viremia 
was defined as an HIV RNA level ≥ 40 copies/mL.

TABLE 6 Overall prevalence of HIV-1 drug resistance by drug group.

DRMs N out of 37 Percentage, %

NRTI 20 54

NNRTI 29 78

PI 1 3

INSTI 0 0

NRTI and NNRTI 20 54

NRTI, NNRTI, and PI 1 3

NNRTI, non-nucleoside reverse transcriptase inhibitors; NRTI, nucleoside reverse 
transcriptase inhibitors; PI, protease inhibitors; INSTI, integrase strand transfer inhibitors; 
DRMs, drug resistance mutations.
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of non-citizens to access health care and consequently, by lower 
compliance to therapy (Marukutira et  al., 2017, 2018, 2019b). 
Moreover, this is in line with data confirming an elevated risk of 
virologic failure to the antiretroviral regimen in non-citizens living 
with HIV as compared to the citizens. Due to the aforementioned 
challenges, non-citizens are likely to have higher HIV DRMs 
(Gonzalez-Serna et al., 2014; Andersson et al., 2018; Marukutira et al., 
2019b). Additionally, delayed initiation to HIV treatment and care 
could contribute to poor virological outcomes, accumulation and 
transmission of HIV drug resistance mutations among non-citizens, 
which would exacerbate the local HIV epidemic (de Felipe et al., 2011; 
Pimentel et al., 2020; Wymant et al., 2022).

Our results provide the most recent data regarding the HIV-1 
drug resistance profile in non-citizens living with HIV in Botswana, 
compared to previous similar studies on non-citizens which were 
conducted only on the clinical outcomes of a disproportionate HIV 
treatment and care of non-citizens living with HIV in Botswana 
(Marukutira et  al., 2018; Escudero et  al., 2019; Marukutira et  al., 
2019b). This study had limitations which included missing 
information such as previous ART regimens, date of ART switch, lack 
of adherence data, duration of their stay in the country, whether the 
infection was pre-or post-migration, time of HIV diagnosis and 
duration on ART which limited the interpretations of their 
presentations towards HIV care, transmission and acquisition of HIV 
drug resistance. The small sample size of treatment-naïve participants 
and low amplification rate may have been a limiting factor concerning 
our findings. 23 out of the 60 (38%) samples were unsuccessful for 
sequencing. Among these 23, 14 (61%) had HIV-1 RNA viral load 
<400 copies/mL. Guidelines from most clinical laboratories advise 
that HIV drug resistance testing be performed on specimens with viral 
loads of at least 1,000 copies of HIV RNA/mL. This practice was based 
on the rationale that successful sequencing diminished in efficiency 
with diminishing levels of RNA. The lower HIV plasma viral load 
could potentially have hindered the amplification process, thereby 
contributing to the lower sequencing success rate (Cane et al., 2008; 
Richman, 2014). These highlight the use of highly sensitive genotyping 
assays for amplification of samples with viral load below 1,000 copies/
mL. The use of proviral DNA plays a critical role when plasma has 
failed to amplify and high concordance in HIV drug resistance 
mutations in both plasma and proviral DNA have been reported. The 
study had 95% non-citizens from Zimbabwe, therefore it did not 
provide a great representativeness of non-citizens from different 
countries residing in Botswana. A larger cohort with all regions well 
represented is necessary to confirm our findings. However, our study 
provided important information on the molecular epidemiology 
landscape and resistance profile of the HIV-1 variants currently 
circulating among non-citizens in Botswana.

The main findings from our study are high HIV-1 ADR and PDR 
prevalence among non-citizens living with HIV in Botswana. Our 
study reported a 78% prevalence of any major HIV DRMs among the 
non-citizen population in Botswana among ART naïve and 
experienced individuals. This study highlights the importance of 
continuous HIV-1 drug resistance profiling among non-citizens 
living with HIV in Botswana coupled with specific public health 
interventions targeting the non-citizen population to alleviate poor 
virologic outcomes in both non-citizen and citizen populations 

(Andersson et al., 2018; Marukutira et al., 2019b; Wymant et al., 
2022). This will contribute positively towards the country’s efforts to 
prevent further development and transmission of HIV drug-resistant 
variants, an intervention ideal for sustaining UNAIDS 95-95-95% 
targets and towards ending HIV by 2030 (Stover et al., 2021; Wise, 
2023). The data we provide here is essential to guide HIV prevention 
and intervention strategies further extended to non-citizens 
(Grabowski et  al., 2014; Grabowski and Redd, 2014; Gaolathe 
et al., 2016).
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