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ABSTRACT 
Background: The threat of antiretroviral drug resistance developing and spreading is of greater 
public health importance as antiretroviral therapy is scaled up. Therefore, this study was 
designed to assess the growing contribution to Africa's antiretroviral drug resistance Research. 
Materials and Methods: This investigation presents a bibliometric analysis of all research 
articles on antiretroviral drug resistance published from May, 2004 to May 2024, indexed in the 
PubMed database.  
Result: The overall number of articles published was 1,601 papers, which has an average annual 
productivity of 123.15.  South Africa accounted for the highest productive outputs with the total 
number of publications of 216, followed by the Switzerland  (n = 56), Uganda  (n = 52), Kenya  
(n = 18), Zimbabwe (n = 18), Netherlands (n = 15),  Cameroon ( n = 12), Botswana (n = 10), 
Malawi  ( n = 10 ), Zambia ( n = 6), Ethiopia 6 (n = 6), and  Nigeria  ( n = 5). Since 2015, 
publications on ARV Drug Resistance Research have fluctuated, with the highest number in 
2020. Following that trend, the number of productive outputs dramatically reduced from 2021 to 
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2024. The University of Cape Town, South Africa, emerged as the leading institution in ARV 
Drug Resistance Research. In Nigeria, ARV Drug Resistance Research is the least prolific.  
Conclusion: The overall trend in this field is characterized as decreasing yet evolving. This 
suggests that while fewer studies are being published overall, the focus of the research is 
shifting, likely toward these previously understudied areas rather than repeating established 
research. 
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INTRODUCTION 

The genetic diversity of Human 
Immunodeficiency virus (HIV) poses a 
significant challenge to the global 
management of HIV infection (1-7). Even 
with the increasing availability of 
antiretroviral (ARV) medications, treatment 
failure is still a frequent issue among 
patients (8-10). Besides, other factors such as; 
absence of plasma viral load and CD4 T 
lymphocyte count monitoring, drugs 
interactions, treatment disruptions due to 
stock shortages, and the use of substandard 
antiretroviral treatment regimens play role in 
the development of drug resistance in Africa 

(11-15).  
Though, the emergence of drug-resistant 
variants of HIV-1 has been linked to 
mutations in the HIV-1 pol genes, which 
encode the key targets for major 
antiretroviral (ARV) medications (16, 17). 
Evidences indicate that the effectiveness of 
ARV therapy is also affected by both the 
viral subtype and pre-existing mutations (18, 

19).  Additionally, it has been suggested that 
the pathways leading to drug resistance 
might be influenced by pre-existing 
polymorphisms across different HIV-1 
subtypes (20-22). 

It had been reported that older age, ART 
regimen, lower CD4 count, higher viral load 
(VL) and inadequate adherence were 
predictors of virologic failure (VF), which is 
defined as 2 consecutive VL > 1000 
copies/mL after at least 6 months of ART 
and intensive adherence counselling could 
lead to the accumulation of HIV drug-
resistance-associated mutations (23-26). 
Previous studies showed that ARVs status, 
CD4 <100 cells/mm3, Viral subtype G is 
more likely to have Drug Resistance 
Mutation (DRM) than subtype Circulating 
Recombinant Form 2 (CRF02)_AG, 
frequent use of Non-nucleoside Reverse 
Transcriptase inhibitors (NNRTI), and ART 
duration are predisposing factors to Human 
Immunodeficiency Virus Drug Resistance 
(HIVDR) (27, 28).  
The threat of HIV drug resistance 
developing and spreading is a greater public 
health concern as ART is scaled up (29-32). 
World Health Organization (WHO) supports 
monitoring HIVDR, whether acquired or 
transmitted, to increase the efficacy of 
treatment programs for individuals living 
with HIV (33, 34). Numerous studies suggest 
implementing specific measures in areas 
where the prevalence of NNRTI pre-
treatment resistance is greater than or 
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equivalent to 10% (35). These measures 
include initiating antiretroviral therapy 
(ART) with dolutegravir or selecting 
antiretroviral drugs based on a genotypic 
resistance test (12, 24, 36-42). It is speculated that 
one in ten individuals starting antiretroviral 
therapy (ART) had a virus with one or more 
resistance mutations, with females two times 
more likely to be affected than males (1, 43, 44). 
However, there is relatively limited 
information available from developing 
nations where non-B subtypes are more 
prevalent. In Africa, where the epidemic is 
primarily caused by non-B subtypes, studies 
on HIV drug resistance and polymorphisms 
have mostly investigated in resistance to 
non-nucleoside reverse transcriptase 
inhibitors (NNRTIs) and nucleoside reverse 
transcriptase inhibitors (NRTIs), while the 
resistance to protease inhibitors (PIs) has not 
been thoroughly examined (10, 45-48).  
Bibliometric studies are valuable tools for 
assessing a specific discipline over a 
designated period, both socially and 
scientifically.  It acts as an indicator of 
research activities in a particular field (49). 
These studies analyze advancements and 
highlight research deficiencies. The 
performance evaluation of a chosen area of 
study is frequently conducted through 
bibliometrics and social network analysis 
(SNA). While bibliometric data provides 
fundamental metrics, social network analysis 
sheds light on the impact of social 
connections and interactions. This research 
aimed to examine the trends and 
contributions of Africa in the field of ARV 
Drug resistance mutation research. The 
results of this research are intended to assess 
progress, pinpoint gaps in Antiretroviral 

Drugs Resistance Mutation within Africa, 
and guide future research efforts and 
funding opportunities. 
 
 

METHOD 
We examined bibliometric data on 
Antiretroviral (ARV) drugs resistance 
mutations in Africa research published in 
PUBMED from May 13, 2004, to May 14, 
2024.  
The search was conducted on January 18, 
2025. Utilizing advanced search features in 
PUBMED, we employed “MESH” terms for 
“HIV Antiretroviral drugs Resistance 
mutations” and “ AIDS Antiretroviral drugs 
Resistance mutations” and incorporated the 
following keywords: “HIV Antiretroviral 
drugs Resistance mutations” [Title/Abstract] 
OR “AIDS Antiretroviral drugs Resistance 
mutations” [Title/Abstract] OR “Acquired 
Immunodeficiency Syndrome  Antiretroviral 
drugs Resistance mutations” [Title/Abstract] 
OR “Human Immunodeficiency Virus 
Antiretroviral drugs Resistance mutations” 
[Title/Abstract] OR “polymorphism of non-
subtype B  HIV strain” [Title/Abstract]AND 
“Africa” [Title/Abstract] OR “Sub-Sharan 
Africa” [Title/Abstract] We retrieved all 
relevant data according to the pre-
established search criteria without 
restrictions on the type of articles. The 
collected data were used to calculate 
bibliometric measures. Since PUBMED 
does not maintain citation records, we 
obtained citation details for authors and 
articles through Google Scholar. We also re-
conducted searches in PUBMED using the 
previously mentioned search terms along 
with “Retraction” and “Expression of 
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Concern.” Furthermore, we searched the 
Retraction database with the location 
specified as Africa.  
 
Screening protocol and criteria    
Only articles specifically addressing 
Antiretroviral drugs Resistance mutations 
and polymorphism of non-sub type B HIV 
strains in Africa were considered for 
inclusion. Articles that mentioned 
Antiretroviral drugs in that manner but didn't 
focus on it were excluded, as were those that 
did not pertain to neither Africa nor Sub-
Sharan Africa. There were no limitations 
regarding the type of article accepted. 
Duplicate articles were also eliminated. Two 
separate review teams among the authors 
independently conducted the article 
selection. Any disagreements were resolved 
through consensus between both groups.  
 

Visualization of social network analysis 
We employed VOS viewer (Center for 
Science and Technology Studies, Leiden 
University, The Netherlands) version 1.6.18 
to create a visual representation of “ARV 
Drug resistance mutation”, “Polymorphism 
non-subtype B HIV strains”, “Africa” 
terminology and collaboration based on the 
data obtained from PUBMED. 
 

Impact factor 
The impact factor (IF) serves as an indicator 
of a journal's influence and was first 
established by the Institute for Scientific 
Information in Philadelphia, PA, USA, as a 
bibliometric measure. It is refreshed yearly 
in the Journal Citation Report (JCR) 
published by Clarivate Analytics, and the 
figure is frequently seen as a sign of 

prestige. We referenced the JCR data from 
2024. 
 

Authors/Institution participations index 
We assessed the total scientific publications 
from 2004 to 2024 related to “ARV Drug 
resistance mutation”, “Polymorphism non-
subtype B HIV strains”, “Africa”. This 
reflects the count of documents authored by 
an individual or institution on the subject of 
Antiretroviral drugs Resistance mutations 
and polymorphism of non-sub type B HIV 
strains in Africa compared to the overall 
publications in that field. 
 

Keyword analysis   
We utilized keyword evaluation to confirm 
the trends of discussion and research 
regarding the “ARV Drug resistance 
mutation”, “Polymorphism non-subtype B 
HIV strains”, “Africa” 
 
Co-authorship analysis 
Co-authorship signifies the collaboration 
among authors who contribute to a specific 
area of research. The collaboration between 
authors can be observed through the co-
authorship of publications (26). The co-
authorship network diagram created by VOS 
viewer illustrates the collaborative social 
network within research domains. 
 

Bibliometric mapping 
Bibliometric mapping consists of two 
components: co-authorship mapping and co-
occurrence mapping. Co-authorship 
highlights the collaborative efforts of 
authors within institutions contributing to 
the field of research, while co-occurrence 
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emphasizes the relationships among 
keywords. 
The visualization of co-authorship network 
analysis employs the following 
interpretative keys: The size of the nodes or 
bubbles (circles) in the network signifies the 
frequency or quantity of documents 
associated with an author or institution. 
Furthermore, the lines or arcs connecting 
nodes represent the existence and strength of 
the co-authorship relationship. Lastly, the 
color of the node is determined by the VOS 
viewer clustering algorithm, which assigns 
colors based on the calculated similarity 
measure among them. As a result, it can be 
concluded that nodes sharing the same color 
are interconnected. Moreover, the proximity 
of two (2) nodes indicates the closeness of 
their relationship. 
 
 
 

RESULTS 
Publications output 
We gathered a total of 1,601 papers 
publications, after excluding 65 publications 
that were either irrelevant to Africa (only 
mentioning Antiretroviral drugs briefly) or 
not directly focused on neither Antiretroviral 
drug resistance in Africa nor mutation in 
Africa. Among these, 54.3 % (N = 576) 
consisted of original articles, 22.4% (N = 
238) were Clinical Trials, 22.1 %  ( N= 235)  
were narrative reviews,  14.7 %  ( N= 164)  
were Randomized Controlled Trial, 10.2%  
(N = 163)  were Book and Document,  7.9 % 
(N = 84)  were Comparative study,   5.6 % 
(N = 59)  were  Observation study,  4.3% 
(N= 46) were systematic reviews,  and 2.5 % 
(N = 27)  were Medical.  Analysis 
Additional types of publications identified 
included Newspaper (0.4%), Expression of 
interest (0.3%), conference/Retracted paper 
(0.1%) (table 1).  

 
Table 1: Demonstration of Research out within study period with respect to article types 
Type of Articles              Frequency (%) 
Original articles                576 (54.3) 
Clinical Trial                             238 (22.4) 
 Narrow Review                235(22.1) 
Randomized Controlled Trial    164(14.7) 
Book and Document               163(10.2) 
Comparative study                84(7.9) 
Observation study                59(5.6) 
Systematic Review                 46(4.3) 
Medical Analysis                27(2.5) 
Newspaper                            4(0.4) 
Expression of Interest                3(0.3) 
Clinical Conference              1(0.1) 
Retracted paper              1(0.1) 
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Analysis of Africa with the highest publications 
The current prevalence rate of publications on ARV Drug resistance in Africa and stratification 
based on countries showed the highest productive outputs in South Africa 216 (48.6%), 
Switzerland 56 (12.6%), Uganda 52 (11.7%), Kenya 18 (4.0 %), Zimbabwe 18 (4.0 %), 
Netherlands 15 (3.4%),  Cameroon 12 (2.7%), Botswana 10 (2.5%), Malawi 10 (2.3%), Zambia 
6 (1.4 %), Ethiopia 6 (1.4%), Nigeria 5 (1.1%)  (Figure 1a and Figure 1b) 
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Figure 1b:Prevalence rate of countries participated in publications 
on  ARV Drug resistance

 
 

It is speculated that there was a scarcity of   publications on ARV Drug resistance  in Africa from 
2004 to 2014 until when 120 publications were released in 2015. Following that trend, the output 
of ARV Drug resistance  in Africa -related literature experienced a slow increase until 2020, 
when there was a dramatic rise of over 40 times. Since then, the pace of research has been 
maintained to the initial publication, with a steady output of at least 120 publications annually 
after 2023 (figure 2) 
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Evaluation of the distribution of articles based on author count  
Our findings indicated a wide range in the number of authors per publication, from single-author 
to those with more than 4 authors. Additionally, the results revealed that over 90% (n = 1726) of 
the published papers were produced through collaboration more than 4 authors (Table 2).  
 
 
 

Table 2: Distribution of articles based on Author number 
Number of Authors Number of Publications 
1 author 26(1.3%) 
2 authors 72(3.7%) 
3 authors 105(5.4%) 
> 4 authors 1726(89.6%) 
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Evaluation of the institutions with the highest productivity in ARV Drug resistance 
mutation in Africa research 
The institutions in Africa with the highest productivity in ARV Drug resistance mutation in 
Africa. The University of cape town, cape town emerged as the leading institution (n = 42), 
followed closely by the University of the Witwatersrand, Johannesburg (n =36), Joint clinical 
research Centre, Kampala, (n = 22), University of Zurich, Zurich (n =17), among others. The top 
six institutions alone accounted for over 5% of the total published literature. It is significant that 
both the University of cape town, cape town   and its associated university (University of the 
Witwatersrand, Johannesburg) are among the most productive institutions. Likewise, the Joint 
clinical research Centre, Kampala also feature on the list of top institutions.  
Among the leading 20 institutions, there are 9 institutions found in South Africa, 5 institutions 
found in Switzerland, 3 institutions found in Uganda, 1 institution located in Cameroon, and 
other countries (Table 3) 
 
 
Table 3: Top 20 most productive institutions in ARV Drug resistance mutation in Africa 
research 
Participating institutions                                    Countries                       No.of documents (%) 
University of cape town, cape town                            South Africa                 42 (15.6)  
University of the witwatersrand, johannesburg    South Africa                 36 (13.3)  
Joint clinical research centre, kampala,               Uganda                  22 (8.2)  
University of zurich, zurich                                        Switzerland                  17 (6.3)  
University of basel, basel                                       Switzerland                  15 (5.6)  
University of yaoundé i, yaoundé                             Cameroon                   14 (5.2)  
University of kwazulu-natal, durban                             South Africa                   13 (4.8)  
Africa health research institute, durban                  South Africa                   12 (4.4)  
Mrc/uvri uganda research unit on aids, entebbe      Uganda                   11 (4.1)  
Right to care, johannesburg                                          South Africa                   10 (3.7)  
Hiv department, world health organization, geneva     Switzerland                    9 (3.3)  
stichting hiv monitoring, amsterdam                             Netherlands                    9 (3.3)  
University of kwazulu-natal, durban                             South Africa                    8 (2.9)  
Ndlovu research consortium, elandsdoorn               South Africa                    8 (2.9)  
University of bern, bern                                        Switzerland                    8 (2.9)  
Uganda virus research institute,entebbe                  Uganda                   8 (2.9)  
Josha research, bloemfontein                                        South Africa                   8 (2.9)  
National health laboratory service, johannesburg    South Africa                   7 (2.6)  
Swiss tropical and public health institute, basel     Switzerland                   7 (2.6)  
Africa health research institute, kwazulu-natal    South Africa                   6 (2.2)  
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Analysis of publications from sources with the most output 
Table 4 illustrates the journals that have published the highest volume of research related to 
ARV Drug resistance mutation research in Africa. The top sources include PLoS ONE, AIDS 
Research Human and Retroviruses, Aids, Journal of Acquired Immune Deficiency Syndromes, 
Journal of Antimicrobial Chemotherapy, Lancet Infectious Disease, Clinical Infectious  Disease,  
Antiviral  Therapy, Journal of  International AIDS Society, AIDS Reviews, HIV Medicine,  
Viruses, Pediatric Infectious Disease Journal, Current Opinion Virology, PLoS Med, 
Antimicrobial Resistance Infectious Control, Medicine (Baltimore), South African Medical 
Journal Pan African Medical Journal, Of these sources, five journals have an impact factor (JCR 
2024). Three of them, Lancet Infectious Disease, Clinical Infectious Disease, Current Opinion 
Virology have an impact factor exceeding 5. Ten of the journals are based in United State of 
America while Five and four of the journals were published in United Kingdom and Africa 
respectively.  
 
Table 4: Analysis of sources with the highest number of publications in Africa  
 
Article Source            No of Document Impact factor  Country of Origin    Abbreviation 
 
PLoS One                           160                     2.9(2023)      USA                PLoS One,  
AIDS Research Human  
and Retroviruses                136                 N/A  USA         AIDS Res Hum Retroviruses 
Aids                                          110                      4.6 (2021)     USA          Aids  
Journal of Acquired Immune  
Deficiency Syndromes                96                           3.863(2018)    USA     Acq.Imm.Def.Syn                                                                                                              
 Journal of Antimicrobial  
Chemotherapy                              91                       5.2 (2023)     UK        J Antimicrob Chemother 
Lancet Infectious Disease      80                       36.4 (2024)   UK      Lancet Infect Dis 
Clinical Infectious Disease      71                       8.2(2024)     USA      Clin Infect Dis 
Antiviral Therapy                  50                       1.3(2025)     USA      Antivir Ther 
 BMC Infectious Disease      50                       N/A     UK     BMC Infect Dis 
Journal of International  
AIDS Society                             48                     5.3(2020)     USA     J Int AIDS Soc 
AIDS Reviews                            46                     0.5(2024)     Spain     AIDS Rev 
HIV Medicine                            32                     3.0(2022)      UK     HIV Med 
 Viruses                             30                     4.0(2023)      Switzerland   Viruses 
Pediatric Infectious  
Disease Journal                 30                    3.4(2023)      USA           Pediatr Infect Dis J 
Current Opinion Virology          22                    5.7(2024)    Netherlands  Curr Opin Virol 
PLoS Med                            20                    10.5(2023)      USA               PLoS Med 
Antimicrobial Resistance  
Infectious Control                18                   4.6 (2023) UK  AntimicrobResist Infect Control 
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Medicine (Baltimore)                17                   4.2(2024) USA          Medicine (Baltimore) 
South African Medical Journal     16                   3.0(2023) South Africa     S Afr Med J 
Pan African Medical Journal    15                    0.9(2023)  Nigeria              Pan Afr Med J 

 
 
Analysis of co-authorship among involved 
institutions 
The collaborative network among 
institutions conducting ARV Drug resistance 
mutation research in Africa is depicted in 
Fig 3a and Fig 3b. The mapping criterion 
was established at a minimum of 5 
collaborative efforts. Out of the 6139 
institutions that met the criteria, only 66 (%) 
were interconnected through collaborations. 
The institutions with the highest 
collaboration totals include the Joint Clinical 

Research Centre, Kampala, (18 link strength), 
HIV Department, World Health Organization, 

Geneva    (8 link strength), Africa health 
research institute, Durban  (8 link strength),  
Institute of Medical Virology, University of 
Zurich, Zurich, Switzerland (15 link 
strength), Division of Clinical 
Pharmacology, University of Cape Town, 
South Africa (11 link strength), Center for 
the aids programme of Research in South 
Africa (13 link strength),  Department of 
Molecular Medicine And Haematology, 
Johannesburg (14 link strength), University 
of Witwaterand Right to care, Johannesburg, 
South Africa (10 link strength),  Desmond 
tutu, HIV centre, University of cape town, 
South Africa (15 link strength),  and 
University of Basel, Basel, Switzerland (10 

link strength) Among the notable 
collaborations of the Joint Clinical Research 

Centre, Kampala are: Division of Clinical 
Pharmacology, University of Cape Town, 
South Africa,  Division of infection and 
immunity, University College, London, 
United Kingdom, Department of Molecular 

Medicine And Haematology, Johannesburg, 
National Health Laboratory Service, 
Johannesburg, South Africa, Stitching HIV 
monitoring, Amsterdam, the Netherland, 
Josha Research, Bloemfontein.  Nonetheless, 
the strongest overall collaboration, with a 
link strength of 9, occurred between the 
Division of Infection and Immunity, 
University College, London, United 
Kingdom, and the Joint Clinical Research 

Centre, Kampala (Fig 3a and Fig 3b) 
The leading first authors in ARV Drug 
resistance mutation in Africa research 
include Fokam J, Kityo C, Wallis CL, 
Kaleebu P, Moyo S, Ndembi N, Sigaloff 
KCE, Van zyl G, Manasa J, Hunt G, 
Aghokeng AF, and Steegen K. Out of the 20 
authors listed, 11 are based in Nigeria while 
the remaining 9 are affiliated with 
institutions in the USA, Indonesia, United 
Kingdom, and France respectively (Table 5 
and Table 6). 
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Fig.3a: Collaborative network among institutions publishing Drug resistance mutation related 
research in Africa 
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Fig. 3b: Overlay visualization of collaborative network among institutions publishing Drug 
resistance mutation related research in Africa 
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Table 5: Top 20 most productive Principal author (First author) in ARV Drug resistance 
mutation in Africa research 
 

Author h-index Country  Affiliation                               Documents (%) 

 
Fokam, J  N/A          Cameroon University of Buea,Buea, Cameroon     45(8.0) 
kityo, C   N/A          Uganda             Joint Clinical Research Center    40 (7.1) 
Hamers, RL     44          Indonesia Oxford University Clinical Research    39 (6.9) 
Wallis, CL      28        South African  Lancet Laboratories, Johannesburg    39 (6.9) 
Jordan, MR    N/A               USA     Tufts University and Tufts Medical Center    35 
(6.2) 
Kaleebu, P      47        Uganda           Uganda Virus Research Institute    32 (5.7) 
Eshleman,SH 52   USA   Johns Hopkin University School of Medicine    32 (5.7) 
Moyo,S  41 South African Botswana-Harvard AIDS Institute partnership  30 (5.3) 
Gupta, RK 63 United Kingdom University of Cambrigde                27 (4.8) 
Ndembi,N  37 Nigeria         Institute of Human Virology,Abuja   26 (4.6) 
Sigaloff,KC  15 Netherlands         Amsterdam UMC                            25 (4.4) 
Van zyl, G      25         South Africa University of Cape town and 
                                                             National Health Laboratory                               24 (4.2) 
Lockman,S      182 USA            Harvard University, Cambridge                 23 (4.0) 
Charpentier, C   47 France            University of Paris                                         23 (4.0) 
Manasa,J   19 Zimbabwe University of Zimbabwe                             21(3.7) 
Hunt,G             30 Switzerland National Institute for Communicable Diseases  20 (3.5) 
Aghokeng,AF  NA Cameroon Virology Laboratory CREMER-IMPM     20 (3.5) 
Abrams, EJ NA USA            Columbia University Medical Center              20 (3.5) 
Steegen,K       18 South Africa National Health Laboratory Service                20 (3.5) 
Meintjes,G  90 South Africa University of Cape town                             20 (3.5) 
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Table 6: Mapping the most influential Authors through co-Authorship collaboration 
Networks 

Author                   Number of documents Total Link strength  Affiliation 

Kityo, C       40                       151                                    Joint Clinical Research Center 
Fokam, J       45                       133                         University of Buea,Buea, Cameroon 
Wallis, CL       39                       117                            Lancet Laboratories, Johannesburg 
Moyo, S       30                        108                                   Botswana-Harvard AIDS Institute  
Chimukangara,B  18                          66                           National Institutes of Health (NIH) 
Hunt, G        35                          85                 National Institute for Communicable Diseases 
Charpentier,C         23                          35                           University of Paris 
Meintjes, G        20                        27                           University of Cape town  

 
 
Overall analysis of co-authorship among 
authors   
Figure 4a and 4b illustrates the network and 
overlay visualization of co-authors 
comprised of individuals who have 
published at least 10 (ten) research articles 
related to ARV Drug resistance mutation 
and polymorphism non-subtype B strains in 
Africa research. The network consists of 145 
nodes, 988 co-authorship links, a total link 
strength of 2902, and is divided into 8 
clusters.   
Each node symbolizes an author, with the 
size of the node indicating the author's 
activity or number of publications, while the 
connections between authors represent their 
collaborative relationships. Notably, 160 
(19.80%) of the 10140 authors who satisfied 
the minimum requirements (at least 10 
publications) were found to have no 
collaborative connections. Regarding total 
link strength,  Kityo, Cissy (151; blue 
cluster),   Fokam  Joseph  (133; Brown 
cluster ), Wallis, Carole l (117; purple 
cluister), Moyo, Sikhulile (108; orange 
cluster),  Chimukangara, Benjamin  ( 66; 

yellow cluster), Hunt, Gillian  (85; red 
cluster), Charpentier, Charlotte  ( 35; green 
cluster),  and Meintjes, Graeme  (27; 
turquoise), were the leading authors in the 
network of ARV Drug resistance mutation 
in Africa research. 
Analysis of the authors with the greatest 
impact based on collaborative co-authorship  
relationships (including both principal and 
co-author roles), the most productive authors 
were   Fokam, Joseph (n= 45), Kityo, Cissy  
(n= 40), Wallis, Carole l (n= 39), Hunt, 
Gillian (n= 35), Moyo, Sikhulile (n= 30),  
Charpentier, Charlotte (n = 23), Meintjes, 
Graeme (n= 20), Chimukangara, Benjamin  
(n= 18), listed in that order. Kityo, Cissy and 
Fokam, Joseph appeared to be the most 
collaborative authors and achieved the 
highest total link strength, with affiliations 
to the Tufts University and Tufts Medical 
Center, USA; Uganda Virus Research 
Institute; Institute of Human Virology, 
Nigeria and Virology Laboratory CREMER-
IMPM, Cameroon respectively (Table 7). 
Interestingly, Kityo, Cissy (from Joint 
Clinical Research Center, Uganda) held the 
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2nd position for the most productive author 
based on principal author analysis (n = 40) 
and ranked as the 1st most collaborative 
author (n = 151), while Fokam, joseph 
secured the 2nd highest total link strength. 

Likewise, Wallis, Carole l and Moyo, 
Sikhulile maintained both lists as the 3rd and 
4th most published principal author as well 
as the most collaborative author, total link 
strength (Tables 5 and 6). 

 
 
 
 

 
Fig. 4a: Co-authorship network among authors publishing Drug resistance mutation related 
articles in Africa 
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Fig. 4b: Overlay visualization of Co-authorship among authors publishing article per year related 
to drug resistance mutation research in Africa. 
 
 
Analysis of keywords and hotspots 
 The hotspot analysis of author keywords 
used in ARV Drug resistance mutation 
related research conducted in Africa is 
displayed in Figure 5a and Figure 5b.  The 
map contains keywords that appeared more 
than 5 times.  For this, precisely 501 
keywords were eligible.  The keywords were 
categorized into 6 clusters by the network 
visualization.  female (n=1224), human (n= 
1849), Antiretroviral agent (n=383), CD4 
Lymphocyte count (n= 267), risk factors 
(n=93), Medical Adherences (n=104), 
acquired immunodeficiency syndrome (n= 
58), HIV (n=349) and PMTCT (n=6) were 

all represented by Cluster 1 (red).  The two 
most prevalent keywords in cluster 1 were 
Female (n=1224), and human (n= 1849) 
respectively.  Nevertheless, while 
Antiretroviral agent, CD4 lymphocyte 
counts, Risk factors and medical adherence 
were less common although there was a 
higher total link strength of Antiretroviral 
agent (4126), CD4 Lymphocyte count 
(3534), risk factors (1059), Medical 
Adherences (1276), acquired 
immunodeficiency syndrome (534), and 
HIV (3636) respectively. 
Antiviral Drug resistance (n=1030), HIV-1 
(1017), Mutation (n=446), Genotype (n= 
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327), Phylogeny (n=145), Missense 
mutation (n=101), DNA sequency analysis 
(n=125), genetic polymorphism (n= 53), 
Amino acid sequence (n=28), Molecular 
sequence data (n=128), HIV reverse 
transcriptase (n= 121), HIV protease 
inhibitor (107) were the main topics of 
Cluster 2 (green). Cluster 3 (blue) 
represented keywords related to molecular 
detection of antiretroviral drug resistance.  
The most common keywords in cluster 3 
were Adolescent (n= 435), child (n=301), 
genotyping technique (61), HIV integrase (n= 
48), Dolutegravir (n=28), Acquired drug 
resistance (n=5). 
  Cluster 4 (yellow) stood for mother-to-
child transmission on antiretroviral drugs 
and drug resistance mutations -related terms.  
In cluster 4, the most common keywords 

were newborn infant (n= 84), nevirapine (n= 
142), pregnancy (n= 184), pregnancy 
complications (n= 92), vertical infectious 
disease transmission (n=153), HIV 1-drug 
resistance (n=14), pretreatment drug 
resistance (n=9), High through put 
nucleotide sequence (n= 21), Drug 
Resistance mutations (n=11).  In contrast, 
conduct in category 4 exhibited the strongest 
correlation (when combined with other 
terms).  
 Cluster 5 (purple) depicted keywords 
related to viral load and prevalence of young 
adult.  In cluster 5, the most often occurring 
keywords were viral load (n=625) and 
young adult (n=368).  Overall, the most used 
keywords were those that dealt with human, 
female related to hiv-1 and mutation (Fig. 
5a). 
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                                 Fig. 5a: Network visualization of Keyword hotspots 
 
Under overlay visualization, VOSviewer highlighted keywords included in the map with 
multiple colors based on the average year of keywords' appearance (Fig. 5b).  Green keywords 
were more prominent than purple and yellow ones.  In more recent years, keywords from yellow 
cluster emerged, indicating that Adherence, HIV integrase inhibitors, pyridines, antiretroviral 
therapy, HIV drug resistance, and 3-ring heterocyclic compound are now being discussed in 
ARV Drug resistance mutation related research in Africa (2012 to 2020) (Fig. 5b). 
Research areas are still available for additional studies because keywords like virological failure, 
adolescent, HIV drug resistance, HIV integrase, high through put nucleotide sequencing, acquired 
drug resistance, drug resistance mutations, pretreatment drug resistance and dolutegravir did not 
provide any links. 
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                               Fig. 5b: Overlay visualization of Keyword hotspots 
 

DISCUSSION 
The trend of research output on ARV Drug 
resistance in Africa showed a very low out- 
put on ARV Drug resistance mutation in 
Africa from 2004 to 2014 until when a few 
publications were released in 2015. 
Following that trend, the output of ARV 
Drug resistance mutation in Africa -related 
literature experienced a slow increase until 
2020, when there was a dramatic rise of over 
40 times. Since then, there was a gradually 
decline in research output which continued 
to decrease until it maintained lag phase in 
2024. 
The prevalence rate of publications on ARV 
Drug resistance mutations in Africa based 
on countries indicated that South Africa 
recorded the   highest productive outputs 
followed by Switzerland and Uganda while, 
Nigeria contributed to the lowest 
publications.  Only the top five countries 
from the African regions—South Africa, 
Uganda, Kenya, and Zimbabwe—rank 
favorably on a global scale in terms of the 
number of publications concerning ARV 
Drug resistance mutation research, 
occupying the 1st, 2nd, 3rd, and 4th positions, 
respectively.  

This study indicated that Nigeria nation is 
falling short compared to other countries and 
many African countries regarding the 
volume of publications on ARV Drug 
resistance mutation despite the high 
incidence rates of the disease in this country. 
For instance, a cross-sectional survey 
conducted in 2018 found that 19% of 
Nigerian adults with unsuppressed viral 
loads had evidence of drug-resistant 
mutations (DRMs) (50, 51). The majority of 
DRMs observed conferred resistance to non-
nucleoside reverse transcriptase inhibitors 
(NNRTIs) (17.6%) and nucleoside reverse 
transcriptase inhibitors (NRTIs) (11.2%) (50). 
HIV drug resistance was associated with 
antiretroviral therapy (ART) experienced, 
longer duration on ART, and lower CD4 
count (50). However, a 2020 study published 
in the Journal of Acquired Immune 
Deficiency Syndromes reported a low 
prevalence of transmitted drug resistance 
among HIV-1-infected individuals in 
Switzerland (52, 53). The study found that only 
6.3% of participants had at least one drug-
resistant mutation, with the majority being 
resistant to NRTIs (4.2%) (52, 53).  
In addition, South Africa remains the most 
productive country in this research, together 
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with the highest prevalence rate of ARV 
Drug resistance mutation. Currently, a high 
prevalence of HIV-1 drug resistance 
mutations among individuals failing first-
line ART in South Africa is reported (54). The 
study found that 76.2% of participants had at 
least one drug resistance mutation, with the 
majority being resistant to NNRTIs (63.2%) 
and NRTIs (44.7%) (54).  
Subsequently, Uganda ranked 3rd position 
in publication outputs and became 2nd 
position in the prevalence rate of ARV drug 
resistance mutation based on a study 
published in 2019 that reported a high 
prevalence of HIV drug resistance mutations 
among individuals failing first-line ART in 
Uganda (55). The study found that 71.4% of 
participants had at least one drug-resistant 
mutation, with the majority being resistant to 
NNRTIs (57.1%) and NRTIs (40.0%) (55). 
Kenya secured both 4th productive output 
country and the prevalence rate of ARV 
Drug resistance mutation according to a 
2019 study published in the Journal of 
Acquired Immune Deficiency Syndromes 
reported a moderate prevalence of HIV-1 
drug resistance mutations among individuals 
failing first-line ART in Kenya (56).  The 
study found that 44.1% of participants had at 
least one drug resistance mutation, with the 
majority being resistant to NNRTIs (34.6%) 
and NRTIs (23.1%) (57). 
Unfortunately, the majority of the African 
countries that provided low publication 
outputs experienced a high prevalence rate 
of ARV Drug resistance mutation. Notably, 
a recent study found a high prevalence of 
HIV-1 drug resistance mutations among 
non-citizen adults living with HIV in 
Botswana (58, 59).  The study reported that 

78.4% of participants had major HIV drug 
resistance mutations, with 83.3% of 
treatment-experienced individuals showing 
acquired drug resistance to any antiretroviral 
drug (60). The most frequent drug resistance 
mutations were M184V (62.1%), V106M 
(41.4%), and K103N (34.4%) (60). 
Furthermore, previous study reported a high 
prevalence of HIV-1 drug resistance 
mutations among individuals failing first-
line antiretroviral therapy in Zambia (61). The 
study found that 67.9% of participants had at 
least one drug-resistant mutation (62).  
Limited  institutions  in the Africa have been 
previously integrated into ARV Drug 
resistance mutation research  Centers such 
as University of Buea, Buea, Cameroon(35); 
Joint Clinical Research Center, Uganda  (18); 
Lancet Laboratories, Johannesburg, South 
Africa (47); Botswana-Harvard AIDS Institute 
partnership, South Africa(58); Amsterdam 
UMC, Netherlands;  University of Cape 
town and National Health Laboratory, South 
Africa; Institute of Human Virology, Abuja, 
Nigeria(50); University of Zimbabwe, 
Zimbabwe;  National Institute for 
Communicable Diseases, Switzerland(63); 
Virology Laboratory CREMER-IMPM, 
Cameroon(64); National Health Laboratory 
Service, South Africa ; University of Cape 
town, South Africa;  discussed in various 
ARV Drug resistance mutation-related fields 
such as First line drugs (35-37),  HIV drug 
resistance, integrase inhibitors (35), HIV Drug 
Resistance Mutations in Non-B Subtypes, 
Transmitted antiretroviral drug resistance(65), 
Protease inhibitor Resistance (37), HIV-1 
drug resistance mutations in drug-naive 
patients(64).The research systems related to 
ARV drug resistance mutation in the 
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Africans are generally regarded as lacking 
productivity. South Africa stands out as the 
leading country in the number of 
publications related to ARV Drug resistance 
mutation research in Africa. One possible 
reason for this is the high prevalence of 
HIV/AIDS in the country, which has 
experienced numerous risk factors for HIV 
transmissions. 
When compared to the global research 
output, the Nigeria has contributed less to 
the study of Drug resistance mutation. This 
discrepancy may stem from the generally 
struggling economies present in the low-
income Economies countries, as indicated 
by the World Bank's online database (64). 
Moreover, a high poverty-growth elasticity 
in most Africa, related to population size 
and gross domestic product (GDP) per 
capita, can result in insufficient funding for 
ARV Drug resistance mutation in Africa. 
Therefore, it is essential for governments in 
the African nations to prioritize ARV Drug 
resistance mutation research by providing 
increased manpower and resources to 
support it. Additionally, the developed world 
should be encouraged to establish more 
collaborative initiatives with Africa nations 
and to secure additional funding for research 
areas like virological failure, adolescent, 
HIV drug resistance, HIV integrase, high 
through put nucleotide sequencing, acquired 
drug resistance, drug resistance mutations, 
pretreatment drug resistance and 
dolutegravir are still available for further 
studies which   did not provide any links. 
Female, human, Antiretroviral agent, CD4 
Lymphocyte count, risk factors, Medical 
Adherences, acquired immunodeficiency 
syndrome, HIV, Assessment of medical 

adherence, and PMTCT were all are the 
primary trending topics which reflected in 
the research emphasized in the most 
frequently cited publications for research in 
this field on a global scale and within the 
Africa (10, 35, 38-40). 
 Additionally, the main subjects of interest 
in the current study are Antiviral Drug 
resistance, Mutation, Genotype, Phylogeny, 
Missense mutation, DNA sequency analysis, 
genetic polymorphism, Amino acid 
sequence, Molecular sequence data, HIV 
reverse transcriptase, HIV protease inhibitor, 
genotyping technique, HIV integrase, 
virological failure, Tenofovir, Dolutegravir, 
Acquired drug resistance  which provide 
significant and insightful perspectives on the 
publications and themes driving research 
advancements in this area over time(7, 9, 13, 31, 

66-70). 
The current study has some limitations that 
are typical of bibliometric analyses. Firstly, 
the criteria set by the PUBMED database 
dictate the outcome of the materials 
examined. Additionally, local journals that 
were not included in PUBMED during the 
study period could have been overlooked. 
It’s possible that we missed ARV Drug 
resistance mutation research articles in 
Africa. if the authors did not use our specific 
search terms. Finally, since we were 
restricted to using PUBMED, a publicly 
accessible database, we may have 
overlooked articles that are indexed only in 
other databases. Nonetheless, we believe the 
findings accurately reflect the research 
trends in the area of study. 
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CONCLUSION 
This research offers an original review of the 
existing studies related to drug resistance 
mutation in the Africa region and their 
connections to global findings. In 
conclusion, this study analyzed twenty years 
of drug resistance mutation publication 
outputs within the Africa. The results 
revealed that South Africa led in total 
publication numbers in the drug resistance 
mutation field as documented by PubMed 
during the analyzed timeframe, followed by 
the Uganda, Kenya, and Zimbabwe. 
Furthermore, the University of cape town, 
cape town emerged as the leading 
institution, followed closely by the 
University of the Witwatersrand, 
Johannesburg, Joint clinical research Centre, 
Kampala and University of Zurich, Zurich. 
Additionally, the developed world should be 
encouraged to establish more collaborative 
initiatives with Africa nations and to secure 
additional funding for research areas like 
virological failure, HIV drug resistance, HIV 
integrase, high through put nucleotide 
sequencing, acquired drug resistance, drug 
resistance mutations, pretreatment drug 
resistance and dolutegravir are still available 
for further studies which   did not provide 
any links. Finally, the findings presented in 
this study through a novel approach depict a 
clear overview of the progress made in drug 
resistance mutation research and may assist 
relevant researchers and clinicians in 
guiding global drug resistance mutation in 
HIV/AIDS patients, particularly in African 
nations where the disease is prevalent. 
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