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Abstract

Background: Since the roll-out of antiretroviral therapy (ART), there has 

been a significant reduction in Human Immunodeficiency Virus 1 (HIV-1) 

related mortality and morbidity. Nonetheless, drug resistance has 

emerged significantly, affecting treatment outcomes, but there is limited 

surveillance of HIV-1 drug resistance and subtype diversity, which is 

critical for clinical decision-making on therapeutic choices as well as 

public health control measures. The goal of this systematic review was to 

analyze data from 2004 to 2024 on subtype diversity and drug resistance 

mutations (DRMs) among persons living with HIV-1 in Ghana.

Methods: We searched PubMed, Scopus, Cochrane CENTRAL, CINAHL 

Complete, Web of Science, and Google Scholar for cross-sectional and 

longitudinal studies reporting on HIV-1 subtype diversity, drug resistance, 

or both among individuals in Ghana published from 2004 to 2024 and 

reviewed according to PRISMA guidelines. The protocol for this review 

was registered with PROSPERO (CRD42024529606).

Results: A total of 2472 studies were screened, 28 were selected for full-

text review, and 18 were included. The overall sample size was 2001 

individuals. HIV-1 subtypes observed were CRF02_AG (68.9%), A (2.2%), 
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A3 (1.7%), B (2.1%), C (0.6%), G (3.5%), CRF06_cpx (3.3%), CRF09_cpx 

(0.6%), and other recombinant forms (16.8%). Only one occurrence was 

observed each for Subtypes D and K. Key DRMs for NRTIs were 

documented, with M184V/I detected at 41.2%, followed by M41L (15.4%) 

and T215Y/F (11.8%). For NNRTIs, DRMs were in the set as K103N 

(28.4%), G190A/S (10.1%), and V106I/AT (10.7%). The DRMs for PI were 

primarily marked by M46I/L and L90M (25.0% each), while I54V, I84V, 

and V82A were each identified in 12.5% of cases. The INSTIs accessory 

mutations observed were L74I/M (46.7%), E157Q (20.0%), G163R/K and 

T97A (13.3% each). Only two studies analyzed sequences for DRMs from 

the integrase gene; however, these were accessory DRMs and are not 

known to produce resistance to the current INSTI regimen. Also, 

mutational profiles varied notably by ART history, and key mutations in 

NRTIs, NNRTIs, and INSTIs were significantly associated with ART 

experience.

Conclusion: The findings reveal CRF02_AG predominance and a 

considerable increase in NNRTI DRMs, highlighting the need for tailored 

therapies and continued surveillance to address emerging resistance in 

Ghana.

Keywords: HIV-1, Subtype diversity, Drug resistance mutation, Ghana
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INTRODUCTION

Human immunodeficiency virus (HIV) is a global threat, with 39.9 million 

[36.1 million–44.6 million] persons living with HIV (PLWH) worldwide in 

2023, and approximately 65% of this burden was found in Africa [1]. In 

Ghana, HIV was reported in 1986 after the global discovery in the early 

1980s, marking the beginning of a long and complex battle against the 

virus in the country [2,3]. After confirming the first case in Ghana, national 

efforts to combat the epidemic have been through awareness campaigns, 

improved access to testing, the establishment of treatment centres aimed 

at providing care for those affected, and the recommendation of effective 

antiretroviral therapy (ART) to suppress viral replication and improve the 

quality of life for PLWH. These activities have been coordinated through 

the Ghana AIDS Commission and the National AIDS Control Programme 

[4]. The management and control efforts have also been largely influenced 

by global recommendations led by the World Health Organization (WHO). 

For instance, the WHO recommends testing and treating all cases, and 

hence, the use of ARTs has increased significantly in Ghana [5,4], thereby 

exerting selective pressure on the virus, leading to genetic evolution.

There are two forms of HIV: HIV-1 and HIV-2. Of the two types, HIV-1 is 

the predominant form and is mostly responsible for the HIV/AIDS 

pandemic [6]. It is further divided into groups M, N, O, and P, with 

members of group M being the main form of the virus that infects humans. 

Subtypes of HIV-1 group M include A-D, F-H, J, and K. Additionally, the 

subtypes have been further classified into sub-subtypes A1-A4, A6, F1, and 
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F2, circulating recombinant forms (CRFs), and unique recombinant forms 

(URFs) [6,7]. The reported sub-types in Ghana include CRF02_AG, 

CRF06_cpx, A, G, A3, C, B and different circulating recombinant forms 

[8,9], are similar to those reported in neighbouring countries, Togo [10], 

and Burkina Faso [11,12], as well as other African nations, including 

Nigeria, [13], Cameroon [14], and Egypt [15]

Efforts to obtain an HIV cure have been ongoing since its discovery. 

However, the desired results have not been obtained due to the continuous 

evolution of HIV-1 genetic diversity and associated drug resistance 

mutations (DRMs) and latency within the genomes of long-lived host cells 

[7,16]. Despite this setback, the introduction of ART has rendered HIV a 

manageable chronic infection, reducing HIV-1-related mortality and 

morbidity. To keep the prospects of finding a cure and/or elimination alive, 

it is important to keep up to date with continuous surveillance of the 

evolution of genetic diversity and its association with drug resistance.

Using the available data from HIV genetic surveillance activities globally, 

the World Health Organization (WHO) has led the cause with member 

states to modify ART guidelines to address emerging resistance and 

treatment failures. The main approaches to addressing this have been the 

introduction of newer drugs as alternatives and combination therapy to 

enhance the efficacy of existing regimens [17]. To ensure therapeutic 

practices and recommendations are always relevant, the WHO 

recommends surveillance of HIV DRMs as ART is used [17]. Implementing 

this recommendation has, however, not been successful in Ghana and 
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several other resource-limited settings that share a high burden of disease. 

The reasons are multifaceted but mostly due to cost and infrastructure, 

hence data is only available from individual, mostly non-coordinated 

studies [8]. This gap in national data also hinders the ability to formulate 

tailored, effective national strategies and policies to combat the epidemic 

locally and inform translational efforts like drug discovery and therapeutic 

development. This systematic review, therefore, aimed at consolidating 

and analyzing all the published data on HIV-1 genetics from 2004, when 

the first study was carried out in Ghana, to 2024, to describe the dynamics 

of subtype diversity and associated DRMs.

METHODS

Study design and protocol registration

We analyzed data from published studies on HIV-1 genetics to explore the 

changes in HIV-1 subtypes and drug resistance mutations from its 

inception in Ghana. A systematic literature search was performed to 

identify studies published since 1986, when HIV was first reported in 

Ghana. As per the inclusion criteria for study selection, data were available 

from 2004 to 2024 [Supplementary material 1]. Two investigators 

independently searched records to be included in the study by screening 

the titles and abstracts of each paper. Conflicts due to the inclusion and 

exclusion of the study were resolved by a third reviewer. This systematic 

review was completed according to PRISMA guidelines using Covidence. 

The protocol for this review is registered with PROSPERO 

(CRD42024529606).
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Data sources

The article search was performed on 24th July 2024, using keywords 

related to the subject, "HIV-1 genetic diversity and Drug Resistance 

Mutations in Ghana". The search was conducted using the following 

databases: PubMed, Scopus, Cochrane CENTRAL, CINAHL Complete, 

Web of Science, and Google Scholar. No language or regional restrictions 

were applied to the search. The search strategy combined Medical Subject 

Headings (MeSH) and free-text keywords to identify relevant studies. 

Search terms included: “People living with HIV”, PLWHIV, “HIV Patients”, 

“Genetic diversity”, “drug resistance mutation”, DRM, “antiretroviral 

therapy”, “antiretroviral treatment”, “antiretroviral resistance”, as well as 

geographic terms such as Ghana, Accra, Kumasi, Greater Accra, Tamale, 

and Sunyani. These terms were used in various combinations, applying the 

Boolean operators “AND” and “OR” to structure and refine the search. All 

relevant original research articles meeting the inclusion criteria were 

selected for title and abstract, and full-text screening. When the thesis 

work had subsequently been published as a peer-reviewed journal article, 

we included only the journal article and excluded the corresponding thesis 

to avoid duplicate inclusion of the same data. The extracted data included 

the study title, year of publication, study objectives, study sites, sampling 

date, study population, sample size, HIV-1 subtypes, and DRMs based on 

the genomic region of HIV-1.

Study bias assessment
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Risk of bias for each included study was assessed using the Joanna Briggs 

Institute checklist, which evaluates eight domains including clarity of 

inclusion criteria, description of the study setting and participants, validity 

and reliability of exposure and outcome measurements, consideration of 

confounding, and appropriateness of statistical analysis. Two reviewers 

independently applied the tool and resolved any disagreements by 

discussion and consensus. Study-level ratings for each domain are 

presented in Supplementary Material 2.

Inclusion and exclusion criteria

We included observational studies (cross-sectional surveys, routine 

surveillance, and cohort studies) that reported HIV-1 subtype or DRM data 

from individuals in Ghana and excluded review articles, mathematical 

modelling studies, qualitative studies, policy analyses, and studies that 

focused on other infections aside from HIV-1.

Data analysis

Descriptive statistics were utilized to summarize the prevalence of HIV-1 

subtypes and associated DRMs. The DRM data were categorized by 

antiretroviral therapy classes, including nucleoside reverse transcriptase 

inhibitors (NRTIs), non-nucleoside reverse transcriptase inhibitors 

(NNRTIs), protease inhibitors (PIs), and integrase strand transfer 

inhibitors (INSTIs). The frequency of each subtype and DRM was 

calculated to provide insights into the distribution and patterns of 

resistance. Polymorphisms were removed from the mutational profile to 

emphasize the major DRMS. HIV-1 subtypes and DRM pattern were 
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analyzed using three temporal groups: <2007 (Early ART phase), 2007-

2018 (ART expansion with NNRTI/NRTI-based treatment), and 2019-2024 

(DTG-based regimen scale-up). DRMs had only two temporal groups (2007-

2018 and 2019-2024) since the first report was in 2007. These intervals 

enabled temporal comparisons based on clinical guidelines changes and 

molecular epidemiology milestones in Ghana. To assess the association 

between DRM prevalence and ART status, participants with successful 

sequences were stratified into ART-experienced and ART-naive groups. 

Statistical comparisons were performed using Fisher’s exact test to 

evaluate significance in the frequency of specific DRMs between these 

groups. All tests were two-sided, and a p-value of less than 0.05 was 

considered statistically significant. A formal meta-analysis with pooled 

prevalence estimates was considered but not undertaken because of 

substantial clinical and methodological heterogeneity across studies. This 

included differences in study design (routine surveillance vs 

treatment-failure cohorts), genomic regions sequenced (partial versus 

more extensive pol, with or without integrase), sequencing platforms 

(Sanger vs next-generation sequencing), and resistance interpretation 

algorithms and thresholds. Because these factors directly influence the 

detection and classification of DRMs, any pooled prevalence estimate was 

judged likely to be difficult to interpret and potentially misleading. 

RESULTS  

Study characteristics

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



We identified 2,472 publications and removed 496 duplicates. The titles 

and abstracts of the remaining 1,976 were screened according to the 

inclusion and exclusion criteria. Following this, 28 studies were selected 

for full-text review, of which 18 met the eligibility requirements for 

inclusion in this review [Figure 1]. The final analysis comprised a 

cumulative sample size of 2,001 individuals living with HIV-1 in Ghana. 

Out of the 18 studies, 9 reported on sex, and the majority (340/559, 60.8%) 

were females. The majority of the studies were carried out in Greater 

Accra (41.7%) and Eastern (29.2%) regions, with no study conducted in 

the Ahafo, Bono East, Western, Western North, Upper East, Savanna, 

Volta, and Oti regions [Figure 2]. The Summary data of all included studies 

have been summarised as supplementary material 1 (Title: HIV-1 among 

people living with HIV in Ghana).

Overall, the included studies were of moderate to high methodological 

quality. Most studies clearly defined inclusion criteria and described the 

study setting and participants in sufficient detail, and all used validated 

methods to measure HIV-1 subtypes and DRMs. However, some studies 

relied on convenience sampling and had relatively small sample sizes, and 

items related to the identification and management of confounding were 

frequently rated as not applicable. In addition, most studies originated 

from facilities in Greater Accra and Eastern regions, indicating regional 

clustering. These patterns suggest a potential for selection bias and 

limited generalisability beyond clinic-attending populations in data-rich 

regions (supplementary material 2).
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Figure 1: PRISMA Flow Diagram of Study Selection. This figure 
illustrates the systematic review process for identifying studies on HIV-1 genetic 
diversity and drug resistance mutations in Ghana. A total of 2,472 studies were 
screened, leading to 28 selected for full-text review, with 18 ultimately included 
in the analysis. 

1948 Studies excluded (Non 
relevant records)

10 Studies excluded
 Thesis already published (n 

= 3)
 Duplicates (n = 5)
 DRM or Subtypes not 

determined (2)
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Figure 2. Regional distribution of included studies. For studies with 
multiple sites from different regions, each region was marked as an individual 
study in this analysis. Only regions with at least one study site from the included 
articles were considered. Among the included studies, no study was conducted in 
Ahafo, Bono East, Western, Western North, Upper East, Savannah, North East, 
Volta, or Oti regions. Two studies did not specify the region or study sites. The 
majority of the studies were carried out in the Greater Accra (41.7%) and Eastern 
(29.2%) regions.

HIV-1 genetic diversity

The predominant HIV-1 subtype identified was CRF02_AG (68.9%). Other 

subtypes included G (3.5%), CRF06_cpx (3.3%), A (2.2%), B (2.1%), A3 

(1.7%), C (0.6%), CRF09_cpx (0.6%), and other recombinant forms 

(16.8%). Only one occurrence was observed each for D and K subtypes 

[Figure 3]. The occurrence of the CRF02_AG strain has shown a consistent 

prevalence over the years (above 50%), with 37.5% only in 2016, indicating 

its entrenched position within the local epidemic. A 66.8% frequency of 

CRF02_AG was published in 2004, and 84.6% in 2024 [Figure 4]. 
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Figure 3: Distribution of HIV-1 Subtypes Among Individuals in 
Ghana. This figure presents the prevalence of various HIV-1 subtypes identified 
in individuals living with HIV in Ghana. The data indicate that CRF02_AG is the 
predominant subtype, comprising 68.9% of cases, followed by subtypes G (3.5%), 
CRF06_cpx (3.3%), A (2.2%), B (2.1%), A3 (1.7%), and other recombinant forms.
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Figure 4: Occurrence of CRF02_AG Strain over the years

HIV-1 mutational patterns

In the category of nucleoside reverse transcriptase inhibitors (NRTIs), we 

documented 12 major DRMs with the most frequent, M184V/I detected at 

41.2%, followed by M41L (15.4%) and T215Y/F (11.8%) [Figure 5]. For 

non-nucleoside reverse transcriptase inhibitors (NNRTIs), 14 major DRMs 

were in the set as K103N (28.4%), G190A/S (10.1%), and V106I/AT 

(10.7%). Protease inhibitor (PI) resistance was primarily marked by 

M46I/L and L90M, each present in 25.0% of samples, while I54V, I84V, 

and V82A were each identified in 12.5% of cases. For INSTIs accessory 

mutations, L74I/M was the most common (46.7%), followed by E157Q 

(20.0%) and G163R/K and T97A (13.3% each). Notably, only two studies 
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included sequence analysis for DRMs in the integrase gene, indicating 

limited data for INSTI mutation patterns [Figure 5].

Figure 5: Occurrence of NRTI, NNRTI, PI, and INSTI Mutations. This 
figure illustrates the prevalence of drug resistance mutations linked to nucleoside 
reverse transcriptase inhibitors (NRTIs), non-nucleoside reverse transcriptase 
inhibitors (NNRTIs), protease inhibitors (PIs), and integrase strand transfer 
inhibitors (INSTIs) among people living with HIV in Ghana. Notable mutations for 
NRTI include M184V/I (41.2%), M41L (15.4%) and T215Y/F (11.8%), NNRTI: 
K103N (28.4%), G190A/S (10.1%), V106I/AT (10.7%), and E138A (8.9%) PI: 
M46I/L and L90M (25.0% each), with I54V, I84V, and V82A each at 12.5%and 
INSTI accessory mutations: L74I/M (46.7%), E157Q (20.0%) and G163R/K 
(13.3%). 

HIV-1 mutational patterns per ART history
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Drug resistance mutations (DRMs) were significantly more prevalent in 

ART-experienced versus ART-naive participants across key antiretroviral 

drug classes [Table 1]. Among NRTIs, major mutations M184V/I (13.1% vs 

1.2%, p<0.0001), M41L (4.1% vs 1.0%, p=0.007), T215Y/F (3.8% vs 0.0%, 

p<0.0001), D67N (1.9% vs 0.0%, p=0.008), K70R (2.1% vs 0.2%, 

p=0.021), and K219E/Q/R (1.9% vs 0.0%, p=0.015) were significant in 

treatment experienced participants. L74V/I and L210W showed no 

significant difference. For NNRTIs, mutations K103N (9.5% vs 1.9%, 

p<0.0001), V106A/T (2.4% vs 0.0%, p=0.002), Y181C (3.3% vs 0.7%, 

p=0.012), P225H (2.4% vs 0.2%, p=0.011), G190A/S (3.1% vs 1.0%, 

p=0.047), and M230L (1.4% vs 0.0%, p=0.031) were significantly 

associated with ART experience. Mutations such as Y188L/C/F and K101E 

had no significant difference. PI mutations were detected mainly in ART-

experienced patients but lacked statistical significance, possibly due to the 

smaller occurrence of PI mutations in the participants. INSTI accessory 

mutations L74I/M (22.2% vs 1.1%, p=0.001), E157Q (11.1% vs 0.0%, 

p=0.01), and T97A (7.4% vs 0.0%, p=0.048) were significantly more 

frequent in experienced participants [Table 1].

 Table 1:  DRMs for NRTIs, NNRTIs, PIs, and INSTIs according to 

treatment history

Mutations
ART-Experienced n 

(%) ART-Naive n (%) P-Value
NRTI n=419 n=417
M41L 17 (4.1) 4 (1.0) 0.007*

M184V/I 55 (13.1) 5 (1.2) 0.0001*
T215Y/F 16 (3.8) 0 (0.0) 0.0001*

D67N 8 (1.9) 0 (0.0) 0.008*
K70R 9 (2.1) 1 (0.2) 0.021*
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L74V/I 4 (1.0) 1 (0.2) 0.124
K219E/Q/R 8 (1.9) 0 (0.0) 0.015*

L210W 2 (0.5) 2 (0.5) 0.686
V75S 1 (0.2) 2 (0.5) 0.624
K65R 4 (1.0) 2 (0.5) 0.686

Q151M 1 (0.2) 1 (0.2) 1.000
Y115F 1 (0.2) 1 (0.2) 1.000

   
NNRTI n=419 n=417
K103N 40 (9.5) 8 (1.9) 0.0001*

Y188L/C/F 5 (1.2) 4 (1.0) 1.000
G190A/S 13 (3.1) 4 (1.0) 0.047*
K101E 4 (1.0) 1 (0.2) 0.374
P225H 10 (2.4) 1 (0.2) 0.011*

V106A/T 10 (2.4) 0 (0.0) 0.002*
Y181C 14 (3.3) 3 (0.7) 0.012*
F227L 5 (1.2) 0 (0.0) 0.062
M230L 6 (1.4) 0 (0.0) 0.031*
L100IL 1 (0.2) 0 (0.0) 1.000

   
PI n=342 n=361

V82A 3 (0.9) 0 (0.0) 0.115
M46I/L 4 (1.2) 2 (0.6) 0.44

V32I 1 (0.3) 0 (0.0) 0.486
 I47V 2 (0.6) 0 (0.0) 0.236
I54V 3 (0.9) 0 (0.0) 0.115
L90M 3 (0.9) 0 (0.0) 0.115
D30N 0 (0.0) 1 (0.3) 1.000
I84V 2 (0.6) 0 (0.0) 0.236
L76V 2 (0.6) 0 (0.0) 0.236

   
INSTI n=27 n=95

G163R/K 0 (0.0) 2 (2.1) 1.000
L74I/M 6 (22.2) 1 (1.1) 0.001*
E157Q 3 (11.1) 0 (0.0) 0.01*
T97A 2 (7.4) 0 (0.0) 0.048*

D232N 1 (3.7) 0 (0.0) 0.221
The table presents the frequency and percentage of key drug resistance 
mutations (DRMs) in nucleoside reverse transcriptase inhibitors (NRTIs), non-
nucleoside reverse transcriptase inhibitors (NNRTIs), protease inhibitors (PIs), 
and integrase strand transfer inhibitors (INSTIs) stratified by antiretroviral 
therapy (ART) status. Comparisons between ART-experienced and ART-naive 
groups were performed using Fisher's Exact test, with p-values indicating 
statistical significance of mutation differences between these groups. Significant 
associations (P-value < 0.05) are marked with an asterisk (*).

Temporal trends of HIV-1 diversity and mutational patterns
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Across all three time periods (<2007, 2007-2018, 2019-2024), CRF02_AG 

remained the predominant HIV-1 subtype in Ghana, constituting 

approximately 67-70% of cases in each era. Subtypes A, A3, B, C, G, D, K, 

and circulating recombinant forms (CRF06_cpx, CRF09_cpx) were 

consistently low in frequency, with an observed increase in subtype B 

(<1% to 8%) and G (4% to 7%). The proportion of “Other recombinant 

forms” declined steadily from 29% (<2007) to 6% (2019-2024) [Figure 6].

The analysis of DRMs revealed differences between the 2006-2018 and 

2019-2024 periods. NRTI mutations such as M184V/I was most prevalent, 

increasing from 42% to 45%. Key mutations M41L (18% to 11%) and 

T215Y/F (18% to 4%) decreased over the period. NNRTI mutations, 

K103N, showed a notable decline from 34% to 27%. V106I/AT and 

P225H/A showed moderate increases (P225H/A: 6% to 8%). PI mutations, 

M46I/L and I54V, increased in 2019–2024, while the percentage of “other 

PI mutations” dropped from 40 to 16 [Figure 7].
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Figure 6. Temporal distribution of HIV-1 subtypes and recombinant forms 
in Ghana across three periods: <2007, 2007–2018, and 2019–2024. CRF02_AG 
remains the predominant subtype throughout, while minor subtypes (A, A3, B, C, 
G) and circulating recombinant forms (CRF06_cpx and CRF09_cpx) show limited 
but evolving variability. 
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Figure 7. Distribution of HIV-1 drug resistance mutations (DRMs) 
detected in Ghana during two treatment eras: 2006–2018 (blue) and 2019–
2024 (orange). The chart illustrates frequencies of specific nucleoside reverse 
transcriptase inhibitor (NRTI), non-nucleoside reverse transcriptase inhibitor 
(NNRTI), and protease inhibitor (PI) mutations, highlighting changes in key 
variants such as M184V/I, K103N, and M46I/L over time.

DISCUSSION

We synthesized data on HIV-1 genetic diversity and DRMs among 

individuals living with HIV in Ghana and highlighted critical insights into 

the evolving landscape of the epidemic [8, 9, 18-33]. The findings indicate 

a predominance of the CRF02_AG strain, alongside a notable presence of 

DRMs that pose significant challenges to effective treatment regimens. 

The observed trends in subtype diversity and the presence of recombinant 

forms underscore the emerging complexity of managing HIV-1 in Ghana. 

While we reported predominant CRF02_AG, other subtypes, including A, 

A3, B, C, G, and circulating recombinant forms such as CRF06_cpx and 

CRF09_cpx, were present at much lower frequencies. CRF02_AG has been 

consistently predominant relative to other subtypes over the past two 

decades [8,9,24]. The trend in the subtypes' distributions over time 

underscores the need for continued genomic surveillance, as new 

recombinants may impact transmission dynamics and treatment outcomes.

The predominance of the CRF02_AG subtype in Ghana aligns with patterns 

observed in other African countries, where this subtype is frequently 

reported as the dominant form [11,13,34]. This widespread prevalence 

may be attributed to historical transmission dynamics, including sexual 
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networks, migration patterns, and social behaviours that facilitate the 

spread of this recombinant form. In comparison to neighbouring countries 

like Nigeria [13], and Togo [10], Ghana's subtype distribution shows 

similarities but also notable differences. For instance, Nigeria has 

reported a higher prevalence of subtype G alongside CRF02_AG [13], while 

Togo has documented similar patterns with CRF02_AG being predominant 

among men who have sex with men [10]. In Côte D'Ivoire, studies have 

also highlighted a diverse mix of subtypes, including A, G, and CRFs, 

indicating a complex transmission network across West Africa [35].

The presence of CRF02_AG as a circulating recombinant form indicates 

that it has likely emerged from the mixing of subtypes A and G from 

different individuals, reflecting the complex interplay between viral 

evolution and human behaviour [6,36]. This dynamic and active process of 

viral evolution can lead to the emergence of new variants that may evade 

immune responses or develop resistance to ART. Countries outside Africa 

with frequent migration to Ghana, such as the United Kingdom [37], the 

United States of America [38], Germany [39], and Canada [40], 

predominantly report subtype B. Ghana's situation is markedly different; 

however, there were reports of CRF02_AG. The trend of subtype B has 

increased recently among the Ghanaian population [Figure 6]. The 

extensive recombination observed within HIV-1 subtypes raises concerns 

about rapid viral evolution, whose clinical and epidemiological 

implications are still under study.
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The high diversity observed among HIV-1 subtypes in Ghana is further 

supported by whole genome next-generation sequencing (NGS) data [8], 

which revealed multiple circulating recombinant forms, including 

CRF02_AG and CRF06_cpx, illustrating the extensive genetic variability 

present within the population. This whole-genome NGS approach suggests 

that traditional Sanger sequencing methods may underreport this 

diversity [41]. This limitation highlights the necessity for continuous 

monitoring of HIV-1 diversity in Ghana to review treatment protocols 

effectively and ensure that ART remains potent against emerging variants.

The high prevalence of K103N and M184V/I mutations, though expected, 

poses serious challenges for first-line ART regimens. K103N confers 

resistance to NNRTIs, particularly efavirenz (EFV), which is included in 

the first-line regimens in Ghana [4,5]. Similarly, M184V/I affects NRTIs, 

particularly lamivudine (3TC) and emtricitabine efficacy, both integral 

components of combination therapies [43,44]. Notably, NNRTI DRMs 

remained high over time, indicating an increased resistance pattern that 

may further compromise the efficacy of NNRTI-based regimens. These 

mutations can lead to virologic failure and increase the risk of transmission 

of resistant strains. Also, NRTI/NNRTI-based regimens, as shown in 

several clinical trials, such as the D2EFT study, concluded that recycling 

NRTIs as DTG+TDF+3TC/FTC without any NNRTI is effective in persons 

failing first-line therapy [44].

Moreover, additional mutations such as T215Y/F and M41L further 

complicate treatment protocols by affecting other NRTIs. Specifically, 

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



T215Y mutations are associated with resistance to zidovudine (AZT) and 

3TC, both commonly used in first-line ART regimens [45]. The M41L 

mutation also contributes to reduced susceptibility to AZT [46]. As these 

mutations dominate, they can significantly undermine existing first-line 

therapies. The high prevalence of major PI resistance mutations such as 

M46I/L and L90M raises concern for the efficacy of second-line ART 

regimens in Ghana. These mutations are known to reduce susceptibility to 

commonly used PIs, including lopinavir/ritonavir and atazanavir, with 

M46I/L particularly impacting drug binding and viral suppression rates. 

The presence of I54V and V82A further complicates the resistance profile, 

collectively diminishing the potency of these agents and increasing the 

likelihood of treatment failure among individuals requiring PI-based 

therapy [47]. Consequently, patients experiencing treatment failure on 

first-line regimens may find limited options available for effective second-

line therapy due to existing resistance patterns. 

The lack of comprehensive data on INSTI resistance patterns is of concern, 

given the increasing adoption of DTG as a first-line treatment option in 

Ghana [4]. Although studies have indicated that the presence of some 

mutations against other antiretrovirals, like M184V/I, may not adversely 

affect the efficacy of DTG [48,49], regional surveillance is still critical. Our 

analysis demonstrates a significantly higher prevalence of key DRMs in 

ART-experienced individuals across NRTI and NNRTI classes, emphasizing 

the selective pressure exerted by prior treatment. These findings align 

with global data highlighting the accumulation of resistance mutations 
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following ART exposure, which challenges long-term treatment 

effectiveness and supports the need for routine resistance monitoring to 

inform therapeutic choices. The lack of significant PI mutation associations 

may be due to smaller sample sizes, suggesting further investigation 

[8,17,33,45]. 

While many high-income countries have established systematic monitoring 

frameworks that facilitate timely detection and management of drug 

resistance [50], such as Canada’s policy change to conduct routine drug 

resistance testing [51], low- and middle-income countries like Ghana often 

struggle with inadequate resources for comprehensive surveillance 

programs. This gap hinders effective responses to emerging resistance 

patterns and compromises patient care. The findings from this review 

emphasize the critical need for enhanced surveillance systems to monitor 

both HIV-1 subtype diversity and drug resistance patterns in Ghana. The 

national database for tracking these parameters, such as the e-tracker, 

should be improved for this purpose. Such a system would facilitate data-

driven decision-making and timely responses to emerging threats [4,50]. 

Furthermore, integrating routine drug resistance testing into clinical 

practice is essential to inform ART regimens tailored to individual patient 

needs. By prioritizing research initiatives focused on understanding both 

genetic diversity and DRMs, Ghana can better position itself to combat the 

evolving challenges posed by HIV.

Clinical data such as CD4+ T cell counts, viral load measurements, and 

adherence information were often incompletely reported, limiting our 
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ability to link specific DRMs with clinical outcomes. Also, many studies 

used convenience samples of patients engaged in care at specific facilities, 

which may introduce selection bias and limit generalizability to individuals 

not in regular care or living in rural areas. Again, the lack of longitudinal 

follow-up in most studies precluded assessment of the evolution of 

resistance within individuals over time. Finally, as noted above, the 

geographic concentration of data in a few regions constrains our ability to 

draw truly national inferences.

CONCLUSION

Our systematic review examines HIV-1 subtype diversity and DRMs in 

Ghana from 2004 to 2024. CRF02_AG remains the predominant subtype, 

with no significant change over time. The widespread use of NNRTI-based 

regimens has led to a significant increase in NNRTI mutations. In contrast, 

PI mutations showed no temporal trend due to limited use in first-line 

treatments. NRTI mutations, such as M184V/I, remained consistent, 

reflecting common use in combination therapies. Geographically, most 

studies were conducted in the Greater Accra and Eastern regions, with a 

notable lack of data from other areas. Whole genome Next-generation 

sequencing (NGS) could provide deeper insights into complex recombinant 

forms and emerging resistance patterns, emphasizing the importance of 

broader surveillance efforts. The findings highlight the importance of 

comprehensive national data on HIV-1 subtypes and DRMs, and possibly 

the e-tracker, as suggested earlier, should be improved to manage the 

data. These are essential for formulating effective public health strategies 
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and achieving the UNAIDS 95-95-95 targets aimed at eradicating the HIV 

epidemic by 2030. 
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