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Abstract

Background: Human immunodeficiency virus (HIV) is an RNA virus with a highly variable genome, enabling rapid invasion of host cells by evading the host

immune system. This variability complicates vaccination strategies and patient management. HIV-1 is classified into groups M, N, and O, and group M has a

worldwide distribution.

Objectives: This study aimed to determine the distribution of HIV-1 subtypes among HIV-infected individuals in Punjab, Pakistan.

Methods: This cross-sectional molecular epidemiology study was conducted at the Punjab AIDS Control Program, Institute of Public Health, Lahore, from

December 2018 to December 2020. A total of 100 HIV-1-positive patients aged 18 years or older, with available viral load and CD4 cell count data, were enrolled.

Patients with a recent history of blood transfusion and those with HIV-2 infection were excluded. Subtype-specific polymerase chain reaction (PCR) and agarose

gel electrophoresis were used for initial subtype detection. Seven representative samples (6 subtype A and 1 subtype B) were selected for Sanger sequencing,

followed by phylogenetic analysis using MEGA-XI software. The REGA HIV-1 Subtyping Tool was used for final subtype categorization. Clinical and laboratory data

were recorded for descriptive analysis only.

Results: Among the 100 participants, 42% were 20 - 30 years old; 51% were male, 26% were female, and 23% were transgender. A high viral load (> 100,001

copies/mL) was observed in 68% of participants, and 75% had CD4 cell counts < 500 cells/µL. Immunodeficiency was mild to moderate in 46% of participants and

severe in 29%. Subtype A (A1) was predominant, followed by F1. Only 1 sample was classified as subtype B by subtype-specific PCR and agarose gel electrophoresis;

however, this sample was reclassified as subtype F1 after Sanger sequencing and analysis with the REGA HIV-1 Subtyping Tool. MEGA-XI and phylogenetic analysis

showed that A1 sequences clustered with previously reported Pakistani and East African reference sequences, whereas F1 was linked to Romanian strains,

although it exhibited signature differences.

Conclusions: HIV-1 subtype A1 remains the predominant subtype in Punjab, whereas F1 was identified in only 1 patient. The reclassification of 1 sample from

subtype B to F1 after sequencing underscores the importance of sequence-based approaches for accurate HIV-1 subtype identification.
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1. Background

Human immunodeficiency virus was discovered in

1983. More than 70 million people worldwide have

contracted the virus, and almost half have died from the

illness. By the end of 2022, the global population living

with HIV was estimated at approximately 39 million

individuals. During that year, 1.3 million new HIV

infections and 630,000 AIDS-related deaths occurred

worldwide (1).

Pakistan, a developing country with a population of

220 million, is experiencing an increase in the number

of HIV-positive individuals. Eleven major core groups

have been recognized as being at high risk for HIV and

AIDS transmission. Male sex workers and intravenous

drug users are prominent contributors to the HIV/AIDS

epidemic in Pakistan (2, 3).
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Three genetically distinct groups of HIV-1 have been

identified: M, N, and O. Among these, group M strains

have spread worldwide and consist of 9 subtypes (A, B, C,

D, F, G, H, J, and K), along with more than 70

recombinant forms due to variations in the env and pol

genes. Owing to substantial genetic variation among

these groups, several subtypes are further divided into

sub-subtypes. Subtype A has been further classified into

A1-A6 subtypes, while subtype F has been divided into F1

and F2 subtypes (4, 5).

In Pakistan, data on HIV subtyping are scarce. Despite

the low overall frequency, the epidemic is concentrated

in certain high-risk groups, resulting in localized

outbreaks. These groups include migrants, commercial

sex workers (including male sex workers), individuals

engaging in unprotected sexual practices, and those

exposed to unsafe injections during drug use or in

informal healthcare settings (6, 7).

Therefore, this study aimed to characterize HIV-1

subtype diversity in Punjab, Pakistan. The primary

outcome was the distribution and molecular

classification of HIV-1 subtypes in the sampled

population, determined through subtype-specific PCR

and confirmed by sequence-based analysis using the

REGA HIV-1 Subtyping Tool.

2. Objectives

This study aimed to determine the distribution of

HIV-1 subtypes among individuals infected with HIV in

Punjab, Pakistan.

3. Methods

3.1. Study Design and Setting

This cross-sectional molecular epidemiology study

was conducted at the Punjab AIDS Control Program

(PACP), Institute of Public Health (IPH), Lahore and

University of Health Sciences Lahore, from December

2018 to December 2020. A total of 100 HIV-1-positive

patients were enrolled using convenience sampling

after informed consent was obtained. The study was

approved by the Ethical Review Committee for Medical

and Biomedical Research of the University of Health

Sciences Lahore (UHS/REG-19/ERC/2114).

3.2. Inclusion and Exclusion Criteria

The inclusion criteria were as follows:

1) Age ≥ 18 years

2) HIV-1 positivity

3) Availability of CD4 cell count and viral load data

The exclusion criteria were as follows:

1) Recent blood transfusion within the previous 3

months

2) HIV-2 infection

DNA was extracted using a modified phenol-

chloroform method. All 100 samples were successfully

amplified and subtyped; however, only selected

subtypes were further confirmed using Sanger

sequencing.

3.3. Primer Design for HIV-1 Subtyping

The C2V3C3 region of the env gene was selected for

subtype-specific PCR because of its high genetic

variability in HIV-1. Primers were designed and

evaluated using bioinformatic tools, including Primer3,

Primer3Plus, OligoCalc, and in silico PCR platforms,

including UCSC in silico PCR, to ensure specificity and

reliability. The primers used in this study are shown in

Table 1.

Table 1. List of Primers

Primers Sequence

JA9AE CACAGTACAATGCACACATG

JA9B CACAGTACAATGTACACATG

JA12A GCAATAGAAAAATTCTCCTC

JA12B ACAGTAGAAAAATTCCCCTC

JA10UB CTGTTAAATGGCAGTCTAGC

JA10UC CTGTTAAATGGTAGTCTAGC

JA10UG CTGTTAAATGGCAGTTTAGC

JA11LAE AATTTCTAGATCCCCTCCTG

JA11LB AATTTCTGGGTCCCCTCCTG

JA11LC AATTTCTAGGTCCCCTCCTG

JA11QA CCCCTCCTGAGGAGTTAGCA

JA11VB CACAATTAAAACTGTGCATTACAA

JA11XC TTGTTTTATTAGGGAAGTGTTC

JA11YE AAATTCCCCTCTACAATTAAAATGA

3.4. PCR Amplification of the Envelope Gene

Nested PCR was performed to target the HIV-1 env

C2V3C3 region. The C2V3C3 region, approximately 500

bp, includes conserved and variable regions required for

subtype differentiation and phylogenetic analysis.

Subtype-specific primers generated banding patterns

for initial classification.

3.4.1. First Round of PCR
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Table 2. PCR Master Mix Recipe for the First Round of PCR

PCR Ingredient Concentration Volume (µL)

DreamTaq Green PCR Master Mix 2X 13

Outer forward primer JA9AE 10 µM 0.5

Outer forward primer JA9B 10 µM 0.5

Outer reverse primer JA12A 10 µM 0.5

Outer reverse primer JA12B 10 µM 0.5

Genomic DNA 50 ng/µL 3

Nuclease-free water - 7

Total 25

Figure 1. PCR amplification conditions for amplification of the envelope gene. A, Thermocycling profile for amplification of the first PCR round. B, Thermocycling profile for
amplification of the second PCR round.

Primer sets JA9AE, JA9B, JA12A, and JA12B were used for

the first PCR round. The PCR conditions are presented in

Table 2, and the thermocycling profile is shown in Figure

1.

3.4.2. Second Round of PCR

The amplified product (3 µL) from the first PCR round

was used in the second round, which comprised 5

reactions using the upstream and downstream primers

listed below. The thermocycling profile is shown in

Figure 1. For the upstream primers, a combination of 3

primers (JA10UB, JA10UC, and JA10UG) was used (Table 3).

Different downstream primers were used in each

reaction, resulting in 5 reactions:

1) Subtype A: 0.5 µL of JA11QA was used, with an

expected product size of 316 bp.

2) Subtype B: 0.5 µL of JA11VB was used, with an

expected product size of 352 bp.

3) Subtype C: 0.5 µL of JA11XC was used, with an

expected product size of 292 bp.

4) Subtype CRF01-AE: 0.5 µL of JA11YE was used, with

an expected product size of 363 bp.

5) A combination of 3 primers (JA11LAE, JA11LB, and

JA11LC; 0.3 µL each) was used for subtype-independent

amplification, with an expected product size of 330 bp.

3.5. Clinical Definitions Based on CD4 Cell Count
Classification

Severe immunodeficiency was defined as < 200 cells/

µL, moderate immunodeficiency as 201 - 349 cells/µL,

and mild immunodeficiency as 350 - 499 cells/µL.

3.6. Quality Control and Contamination Prevention

Pre-PCR and post-PCR steps were performed in

separate areas. Aerosol-resistant tips were used.

Negative no-template controls were included in each

https://brieflands.com/journals/jjm/articles/171257
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Table 3. PCR Master Mix Recipe for the Second Round of PCR

PCR Ingredient Concentration Volume (µL)

DreamTaq Green PCR Master Mix 2X 8

Upstream primer JA10UB 10 µM 0.5

Upstream primer JA10UC 10 µM 0.5

Upstream primer JA10UG 10 µM 0.5

Product of first-round PCR 3

Nuclease-free water - 2

Total 14.5

run. Known HIV-1 samples were used as positive controls

to confirm amplification validity. Only samples with the

correct band size and no evidence of contamination

were considered valid. For sequence quality control,

low-quality sequences were excluded based on poor

chromatogram quality or ambiguous base calls.

Ambiguous nucleotides were manually reviewed and

retained only when reliable.

3.7. Sanger Sequencing and Sequence Analysis

Purified envelope amplification products were

sequenced using the Sanger method. Chromas 2.6.6 was

used to review the sequencing results. ClustalW in

MEGA-XI was used to align sequences with Los Alamos

National Laboratory (LANL) HIV reference data.

Phylogenetic trees were generated using the maximum

likelihood method with the best-fit model, and support

was evaluated using 1000 bootstrap replicates. Clusters

with ≥ 70% bootstrap support were considered reliable,

whereas clusters with 50% - 69% support were

considered weak to moderate and were interpreted

cautiously. The REGA HIV-1 Subtyping Tool, version 3.0,

was used for subtype confirmation.

3.8. Statistical Analysis

SPSS version 24.0 was used for data analysis. A purely

descriptive statistical approach was applied.

Frequencies and percentages were calculated because

all variables were treated as descriptive covariates only

and were not used for comparative or inferential

analysis.

4. Results

4.1. Demographic Data

Demographic data were collected from the enrolled

patients, and frequencies and percentages were

calculated, as shown in Table 4.

Table 4. Demographic Data of the Study Participants

Characteristic No (%)

Gender

Male 51 (51)

Female 26 (26)

Transgender 23 (23)

Treatment status

Naive 31 (31)

Antiretroviral therapy 69 (69)

Marital status

Married 48 (48)

Unmarried 29 (29)

Age of patients (y)

20 - 30 42 (42)

31 - 40 35 (35)

41 - 50 23 (23)

Coinfection with hepatitis B 26 (26)

Coinfection with hepatitis C 35 (35)

Coinfection with tuberculosis 23 (23)

Coinfection with triple infection (hepatitis B, hepatitis C, and tuberculosis) 1 (1)

CD4 cell count (cells/µL)

Severe immunodeficiency

< 200 29 (29)

Moderate immunodeficiency

201 - 349 23 (23)

Mild immunodeficiency

350 - 499 23 (23)

Viral load (copies/mL)

500 - 1500 25 (25)

10,000 - 50,000 19 (19)

50,001 - 100,000 13 (13)

100,001+ 68 (68)

4.2. Sequencing Results

Subtype-specific PCR identified 99/100 samples as

HIV-1 subtype A, whereas 1 sample showed a subtype B-

like banding pattern. Sanger sequencing was performed

on 7 representative samples (6 subtype A and 1 initially

classified as subtype B), selected based on DNA quality

and band strength. Sequences were aligned with

reference data from the LANL database and GenBank

using MEGA-XI. The results confirmed the PCR-based

subtype A assignments, whereas the B-like sample was

https://brieflands.com/journals/jjm/articles/171257
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Figure 2. Multiple sequence alignment of subtype A1 in relation to previously published Pakistani reference sequences MT395461, MT395462, KX232601, KX232628, MT395486,
KY658718, KX232612, KX232615, MT395485, KX232627, MT395453, KX232617, MT395487, KX232596, MT395488, and MT395452 by MEGA-XI. Asterisks indicate conserved regions among
sequences.

Figure 3. Multiple sequence alignment of F1 in relation to previous reference sequences DQ979024.1, AF204006, AF203984, AF203992, and AY173957.1 by MEGA-XI. Asterisks
indicate conserved regions among sequences.

reclassified as subtype F1 using the REGA HIV-1 Subtyping

Tool and phylogenetic analysis, which served as the

reference standard.

4.3. MEGA-XI Analysis

Multiple sequence alignment of subtype A1

sequences from this study and previously reported

Pakistani reference sequences was performed using

MEGA-XI (Figure 2). Because subtype F1 had not been

reported previously in Pakistan, BLAST analysis was used

to identify closely matching reference sequences from

https://brieflands.com/journals/jjm/articles/171257
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Figure 4. Maximum likelihood phylogenetic tree based on partial HIV-1 env (C2V3C3, gp120) sequences from representative study samples and reference sequences. Analysis was
performed in MEGA-XI using the best-fit substitution model. Branch support was assessed with 1000 bootstrap replicates; values ≥ 70% are shown and considered significant.
Study sequences cluster within the subtype A1 clade alongside regional and international references. Clustering is interpreted as genetic similarity based on bootstrap-
supported nodes and does not imply direct geographic or transmission linkage. Diamonds represent sequences identified in the present study, whereas other sequences were
downloaded from the LANL HIV database.

the LANL database based on the highest sequence

similarity (Figure 3).

4.4. Phylogenetic Analysis

Phylogenetic analysis of the C2V3C3 region showed

that subtype A isolates clustered within the A1 clade

alongside regional and international references. Several

study sequences grouped with Pakistani (MT395461,

MT395486, and KX232616) and East African strains with

strong bootstrap support (≥ 70%), indicating reliable

clustering. The subtype F1 sequence showed weaker

clustering with Romanian reference sequences and was

interpreted as sequence similarity rather than a

confirmed geographic origin. Only well-supported

clusters (≥ 70% bootstrap) were considered robust for

phylogenetic interpretation, as shown in Figure 4.

4.5. REGA Analysis

The REGA HIV-1 Subtyping Tool, version 3.0, was used

to confirm HIV-1 subtypes after multiple sequence

alignment and phylogenetic analysis. The results were

consistent with those obtained from the LANL HIV-1

database analysis, supporting the reliability of the

subtype assignments (Figure 5).

5. Discussion

Among the 100 participants, HIV-1 infection was more

common in males (51%) than in females (26%) and

transgender individuals (23%). A previous study

conducted in Pakistan reported similar findings, with a

higher frequency of HIV-1 infection among males (63.3%)

than among females (26.6%) and transgender

individuals (10.1%) (7, 8). Similar results were reported in

a study conducted in Lahore, Pakistan, in 2023 (9). In

contrast, Sub-Saharan Africa shows a higher burden

among young women, with UNAIDS reporting that 4 in 5
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Figure 5. A, HIV-1 subtype A (A1) in the studied population; B, HIV-1 subtype F (F1) in the studied population.

new infections occur in girls; similar female

predominance has been observed in Nigeria (10, 11). In

this study, most patients (42%) were 20 - 30 years old,

consistent with a study conducted in Karachi that

reported a similar age distribution (32% aged 21 - 30

years) (12).

In the current study, a high viral load (> 100,001

copies/mL) was observed in 68% of patients, and 75% had

CD4 cell counts < 500 cells/µL. Mild to moderate

immunodeficiency was observed in 46% of patients,

whereas 29% had severe immunodeficiency. These

findings align with a 2023 study from Pakistan that

reported a high viral load in 55% of cases, along with

mild to moderate immunodeficiency in 39% and severe
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immunodeficiency in 33% (9). These results are also

consistent with a 2018 French study showing similar

trends (13).

In this study, hepatitis C virus coinfection (35%) was

more frequent than hepatitis B virus coinfection (26%).

Only 1 participant had a triple infection involving HIV-1,

hepatitis C virus, hepatitis B virus, and tuberculosis. A

previous study from Iran in 2020 reported similar

findings (14). However, contradictory findings were

reported from Khyber Pakhtunkhwa in 2021, where the

rate of coinfection with hepatitis B virus was higher

than that with hepatitis C virus, and no cases of triple

infection were reported (15). In the present study, all

clinical and laboratory variables, including treatment

status (naive and antiretroviral therapy), coinfections

(hepatitis B virus, hepatitis C virus, and tuberculosis),

CD4 cell counts, and viral load, were used only as

descriptive clinical variables.

In the current study, subtype A1 was the most

prevalent subtype, whereas only 1 patient had subtype

F1. A study conducted in Larkana in 2023 reported

subtype A1 (68%) as the dominant subtype in Pakistan

(16). A study from Karachi also identified subtype A1 as

the only circulating subtype (17), whereas research from

Islamabad reported subtype A1 in 90.1% of cases and

subtype B in 9.9% (3). In contrast, another study from

Punjab found CRF02AG to be the predominant subtype

(77%), followed by subtypes G and A (11% each) (18).

Subtype F1 has not previously been reported in Pakistan.

However, subtype F1 has been reported in Chile,

Argentina, Brazil, Bolivia, Italy, Romania, Russia, and

Spain (19).

In the current study, phylogenetic analysis

demonstrated that subtype A1 sequences clustered with

previously reported regional and international strains.

However, geographic relatedness was inferred on the

basis of sequence similarity and supported clustering

rather than confirmed transmission linkage. Although

some sequences showed proximity to strains reported

from Pakistan and East Africa, bootstrap-supported

clustering (≥ 70%) was used as the threshold for

meaningful phylogenetic interpretation. Clusters with

lower support were interpreted cautiously and were not

used to infer epidemiological origin or transmission

pathways. A previous study conducted in Russia in 2019

reported similar findings (20). Consistent findings were

also reported in Pakistan in 2021, where subtype A1 and

circulating strains in Uganda were closely related (21). In

2022, 2 studies conducted in Pakistan reported the A1

subtype as the dominant subtype in East Africa and the

former Soviet Union (12, 17).

Although the identification of subtype F1 in this

study is a notable finding, it should be considered

preliminary and hypothesis-generating rather than

evidence of a nationwide shift in HIV-1 subtype patterns,

given the small sample size, single-region sampling, and

uneven subtype distribution. Multicenter studies with

larger sample sizes are required to confirm these

findings and improve understanding of the distribution

of HIV-1 subtypes in Pakistan. Because the current study

was designed to provide a molecular epidemiological

description of HIV-1 subtype distribution, no inferential

statistical analyses were performed. Comparative and

association analyses were not statistically suitable

because of the predominance of a single subtype (A1).

5.1. Conclusions

In this study, A1 was the prevalent HIV-1 subtype in the

sampled population of Punjab, whereas subtype F1 was

identified in only 1 patient. These findings provide an

overview of local HIV-1 diversity. The reclassification of 1

sample from subtype B to F1 after sequencing highlights

the importance of sequence-based approaches for

accurate HIV-1 subtype identification.

5.2. Limitations

This study had several limitations, including

localized single-region sampling, a limited sample size,

dominance of 1 subtype (A1), and limited sequencing of

samples, which restricted the capacity for broader

epidemiological inference. Therefore, the findings are

descriptive rather than inferential.

5.3. Future Directions

To map HIV-1 subtype distribution, a multicenter

sampling approach should be used across Pakistan.

Phylogenetic and epidemiological understanding

would be improved by larger sample sizes and

comprehensive sequencing. Longitudinal study designs

should be used to monitor changes in circulating

strains over time.

Footnotes

AI Use Disclosure: The authors declare that no

generative AI tools were used in the creation of this

article.

https://brieflands.com/journals/jjm/articles/171257


Habib S et al. Brieflands

Jundishapur J Microbiol. 2026; 19(5): e171257 9

Authors' Contribution: S. H. and S. K. conceived and

designed the study, developed the research hypothesis

and objectives, and structured the methodological

framework, including molecular techniques for HIV-1

subtyping and phylogenetic analysis. H. J. recruited

patients, collected samples through the Punjab AIDS

Control Program, and facilitated access to laboratory

facilities and patient samples. O. S., ,R. A., A. T., S. M.

recorded demographic and clinical data, including CD4

counts, viral load, and co-infection status, using

standardized tools. S. H., O. S., R. A., A. T., and S. M.

analyzed and interpreted the data, including sequence

alignment, MEGA-based phylogenetic tree construction,

REGA-based subtype identification, and interpretation

of molecular and epidemiological findings in regional

and global HIV diversity. S. H. drafted the manuscript,

and O. S. assisted with literature review, formatting, and

scientific refinement. S. K. and S. M. critically revised the

manuscript for scientific accuracy, consistency,

intellectual content, and alignment with current

literature. S. M. performed SPSS-based statistical

analysis, including descriptive statistics, frequencies,

and percentages, and ensured accurate data reporting.

S. K. provided technical guidance for PCR optimization

and sequencing workflows, supervised the study,

oversaw laboratory work, and ensured ethical and

scientific standards. All authors read and approved the

final manuscript and agree to be accountable for all

aspects of the work.

Conflict of Interests Statement: Informed consent

was obtained from all participants.

Data Availability: The data presented in this study are

uploaded during submission as a supplementary file

and are openly available for readers upon reasonable

request from the corresponding author.

Ethical Approval: The study is approved by the Ethical

Review Committee for Medical and Biomedical Research

of the University of Health Sciences Lahore (UHS/REG-

19/ERC/2114).

Funding/Support: This research received no external

funding and was conducted without any specific grant

from funding agencies in the public, commercial, or

not-for-profit sectors.

Informed Consent: Written informed consent was

obtained from all participants prior to inclusion in the

study.

References

1. Kaslow RA, Tang JJ, Goepfert PA. Human immunodeficiency virus types 1

and 2: Global history, occurrence, and spread. Viral Infections of

Humans: Springer; 2024. p. 1-59. https://doi.org/10.1007/978-1-4939-

9544-8_65-1.

2. Marfani WB, Khan HA, Sadiq M, Outani O. The rise in HIV cases in

Pakistan: Prospective implications and approaches. Ann Med Surg

(Lond). 2022;81:104492. [PubMed ID: 36106067]. [PubMed Central ID:

PMC9464852]. https://doi.org/10.1016/j.amsu.2022.104492.

3. Waheed U, Noor FA, Saba N, Wazeer A, Qasim Z, Arshad M, et al.

Genetic diversity of human immunodeficiency virus type 1 in

asymptomatic blood donors in Islamabad, Pakistan. J Lab Physicians.

2020;12(2):92-97. [PubMed ID: 32905360]. [PubMed Central ID:

PMC7467833]. https://doi.org/10.1055/s-0040-1716593.

4. Abongwa LE, Nyamache AK, Torimiro JN, Okemo P, Charles F. Human

immunodeficiency virus type 1 (HIV-1) subtypes in the northwest

region, Cameroon. Virol J. 2019;16(1). 103. [PubMed ID: 31416460].

[PubMed Central ID: PMC6694531]. https://doi.org/10.1186/s12985-019-

1209-6.

5. Junqueira DM, Almeida SEDM. HIV-1 subtype B: Traces of a pandemic.

Virology. 2016;495:173-184. [PubMed ID: 27228177].

https://doi.org/10.1016/j.virol.2016.05.003.

6. Khan S, Abbas W. HIV-1 in Pakistan: Where we stand? Where we will

go? J Pak Med Assoc. 2017;67(11):1730-1733. [PubMed ID: 29171569].

7. Zahra A, Saleem MA, Javed H, Khan MAU, Shakoori AR. Emergence of

novel unique recombinant forms and multiple subtypes in gag-pol

region of HIV-1 in Punjab, Pakistan. Pakistan J Zool. 2022;54(5):2353-

2363. https://doi.org/10.17582/journal.pjz/20210824080807.

8. Daw MA, El-Bouzedi A, Ahmed MO, Dau AA. Molecular and

epidemiological characterization of HIV-1 subtypes among Libyan

patients. BMC Res Notes. 2017;10(1). 170. [PubMed ID: 28454556].

[PubMed Central ID: PMC5410017]. https://doi.org/10.1186/s13104-017-

2491-2.

9. Kanwal W, Rehman A. High prevalence of vitamin D deficiency in

HIV-infected individuals in comparison with the general population

across Punjab province, Pakistan. Saudi J Biol Sci. 2023;30(1). 103484.

[PubMed ID: 36387030]. [PubMed Central ID: PMC9649934].

https://doi.org/10.1016/j.sjbs.2022.103484.

10. Challacombe SJ. Global inequalities in HIV infection. Oral Dis.

2020;26(S1):16-21. [PubMed ID: 32862524].

https://doi.org/10.1111/odi.13386.

11. Laura Onyekonwu C, Chinyelu Onyeka T, Chidimma Brenda N,

Nkemdilim Ijoma U, Nneka Unaogu N, Obinwanne Onwuekwe I, et al.

Chronic HIV infection and health-related quality of life in resource-

poor settings: An assessment from South East Nigeria. Afr Health Sci.

2020;20(1):102-113. [PubMed ID: 33402898]. [PubMed Central ID:

PMC7750088]. https://doi.org/10.4314/ahs.v20i1.15.

12. Zahid M, Khan S, Muhammad Asif Qureshi, Yasir Raza. Subgenomic

sequence analysis reveals emergence of new circulating

recombinant forms of HIV-1 in Pakistan. Pak J Med Sci. 2022;38(7):1857-

1863. [PubMed ID: 36246670]. [PubMed Central ID: PMC9532646].

https://doi.org/10.12669/pjms.38.7.5591.

13. Bello G, Nacher M, Divino F, Darcissac E, Mir D, Lacoste V. The HIV-1

subtype B epidemic in French Guiana and Suriname is driven by

ongoing transmissions of pandemic and non-pandemic lineages.

Front Microbiol. 2018;9. 1738. [PubMed ID: 30108576]. [PubMed Central

ID: PMC6079251]. https://doi.org/10.3389/fmicb.2018.01738.

https://brieflands.com/journals/jjm/articles/171257
https://doi.org/10.1007/978-1-4939-9544-8_65-1
https://doi.org/10.1007/978-1-4939-9544-8_65-1
http://www.ncbi.nlm.nih.gov/pubmed/36106067
https://www.ncbi.nlm.nih.gov/pmc/PMC9464852
https://doi.org/10.1016/j.amsu.2022.104492
http://www.ncbi.nlm.nih.gov/pubmed/32905360
https://www.ncbi.nlm.nih.gov/pmc/PMC7467833
https://doi.org/10.1055/s-0040-1716593
http://www.ncbi.nlm.nih.gov/pubmed/31416460
https://www.ncbi.nlm.nih.gov/pmc/PMC6694531
https://doi.org/10.1186/s12985-019-1209-6
https://doi.org/10.1186/s12985-019-1209-6
http://www.ncbi.nlm.nih.gov/pubmed/27228177
https://doi.org/10.1016/j.virol.2016.05.003
http://www.ncbi.nlm.nih.gov/pubmed/29171569
https://doi.org/10.17582/journal.pjz/20210824080807
http://www.ncbi.nlm.nih.gov/pubmed/28454556
https://www.ncbi.nlm.nih.gov/pmc/PMC5410017
https://doi.org/10.1186/s13104-017-2491-2
https://doi.org/10.1186/s13104-017-2491-2
http://www.ncbi.nlm.nih.gov/pubmed/36387030
https://www.ncbi.nlm.nih.gov/pmc/PMC9649934
https://doi.org/10.1016/j.sjbs.2022.103484
http://www.ncbi.nlm.nih.gov/pubmed/32862524
https://doi.org/10.1111/odi.13386
http://www.ncbi.nlm.nih.gov/pubmed/33402898
https://www.ncbi.nlm.nih.gov/pmc/PMC7750088
https://doi.org/10.4314/ahs.v20i1.15
http://www.ncbi.nlm.nih.gov/pubmed/36246670
https://www.ncbi.nlm.nih.gov/pmc/PMC9532646
https://doi.org/10.12669/pjms.38.7.5591
http://www.ncbi.nlm.nih.gov/pubmed/30108576
https://www.ncbi.nlm.nih.gov/pmc/PMC6079251
https://doi.org/10.3389/fmicb.2018.01738


Habib S et al. Brieflands

10 Jundishapur J Microbiol. 2026; 19(5): e171257

14. Dehghani-Dehej F, Hosseini Z, Mortazkar P, Khanaliha K, Esghaei M,

Fakhim A, et al. Prevalence of HCV and/or HBV coinfection in Iranian

HIV-infected patients. Future Virol. 2020;15(3):155-163. [PubMed

Central ID: PMC7273902]. https://doi.org/10.2217/fvl-2019-0066.

15. Masroor H, Qazi UM, Masroor A, Saleem A, Khalil G, Abbas K.

Coinfection of hepatitis B and hepatitis C virus in patients with

human immunodeficiency virus. Cureus. 2021;13(7). e16474. [PubMed

ID: 34466302]. [PubMed Central ID: PMC8396414].

https://doi.org/10.7759/cureus.16474.

16. Rashid A, Kang L, Yi F, Mir F, Getaneh Y, Shao Y, et al. Characterization

of HIV-1 CRF02_AG/A3/G unique recombinant forms identified

among children in Larkana, Pakistan. Front Cell Infect Microbiol.

2023;13. 1284815. [PubMed ID: 37965253]. [PubMed Central ID:

PMC10642767]. https://doi.org/10.3389/fcimb.2023.1284815.

17. Tariq U, Nazziwa J, Sasinovich S, Shah SA, Naeem S, Abidi SH, et al.

Phylogenetic characterization of HIV-1 sub-subtype A1 in Karachi,

Pakistan. Viruses. 2022;14(10):2307. [PubMed ID: 36298862]. [PubMed

Central ID: PMC9611109]. https://doi.org/10.3390/v14102307.

18. Yaqub S, Yaqub T, Shabbir MZ, Nadeem A, Mukhtar N, Rehman FAU, et

al. Circulation of multiple subtypes (A, G, and CRF02_AG) of human

immunodeficiency virus type 1 (HIV-1) in selected districts of Punjab

province, Pakistan. Arch Virol. 2019;164(12):3081-3087. [PubMed ID:

31576459]. https://doi.org/10.1007/s00705-019-04422-7.

19. Preda M, Manolescu LCS. Romania, a harbour of HIV-1 subtype F1:

Where are we after 33 years of HIV-1 infection? Viruses.

2022;14(9):2081. [PubMed ID: 36146886]. [PubMed Central ID:

PMC9503723]. https://doi.org/10.3390/v14092081.

20. Lebedev A, Lebedeva N, Moskaleychik F, Pronin A, Kazennova E,

Bobkova M. Human immunodeficiency virus-1 diversity in the

Moscow Region, Russia: Phylodynamics of the most common

subtypes. Front Microbiol. 2019;10. 320. [PubMed ID: 30863382].

[PubMed Central ID: PMC6399469].

https://doi.org/10.3389/fmicb.2019.00320.

21. Yaqub S, Yaqub T, Shabbir MZ, Nadeem A, Rahman AU, Shahid MF, et

al. Prevalence, molecular epidemiology and drug resistance pattern

of human immunodeficiency virus type 1 among injecting drug

users in Lahore, Pakistan. Pakistan J Zool. 2021;53(2):563.

https://doi.org/10.17582/journal.pjz/20200107110132.

https://brieflands.com/journals/jjm/articles/171257
https://www.ncbi.nlm.nih.gov/pmc/PMC7273902
https://doi.org/10.2217/fvl-2019-0066
http://www.ncbi.nlm.nih.gov/pubmed/34466302
https://www.ncbi.nlm.nih.gov/pmc/PMC8396414
https://doi.org/10.7759/cureus.16474
http://www.ncbi.nlm.nih.gov/pubmed/37965253
https://www.ncbi.nlm.nih.gov/pmc/PMC10642767
https://doi.org/10.3389/fcimb.2023.1284815
http://www.ncbi.nlm.nih.gov/pubmed/36298862
https://www.ncbi.nlm.nih.gov/pmc/PMC9611109
https://doi.org/10.3390/v14102307
http://www.ncbi.nlm.nih.gov/pubmed/31576459
https://doi.org/10.1007/s00705-019-04422-7
http://www.ncbi.nlm.nih.gov/pubmed/36146886
https://www.ncbi.nlm.nih.gov/pmc/PMC9503723
https://doi.org/10.3390/v14092081
http://www.ncbi.nlm.nih.gov/pubmed/30863382
https://www.ncbi.nlm.nih.gov/pmc/PMC6399469
https://doi.org/10.3389/fmicb.2019.00320
https://doi.org/10.17582/journal.pjz/20200107110132

