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Abstract

Background and Aims: It is postulated that molecular methods along with mathemat-

ical modeling can provide critical inference regarding epidemiological parameters,

transmission dynamics, spatiotemporal characteristics, and intervention efficacy.

Hence, studying molecular epidemiology of human immunodeficiency virus (HIV)-1

infection, especially in resource-limited settings and with a large diaspora of the

migrant population such as that of Bangladesh, is of paramount importance. The pur-

pose of this systematic review was to concisely present and discuss the findings from

previous studies conducted in Bangladesh regarding HIV-1 subtype prevalence.

Methods: Articles were retrieved from six publicly available databases regarding HIV-1

molecular epidemiology using keywords HIV, HIV-1, subtype(s), Bangladesh, and any

combination of aforementioned keywords using Boolean operators. A total of 14 arti-

cles were downloaded and screened for suitability. Finally, five studies, containing

pooled sequences from 317 individuals, were included in this systematic review.

Results: Results revealed a preponderance of subtype C among HIV-1 infected popu-

lation (51.10%), followed by circulating recombinant form (CRF)_07BC (15.46%),

CRF_01AE (5.68%), A1 (4.73%), CRF_02AG (3.47%), G (3.15%), CRF_62BC (2.84%), B

(2.21%), and other subtypes and recombinant forms in small percentages. Subtype C

was largely predominant in intravenous drug users as well as female sex workers,

whereas the migrant population exhibited a diverse subtype including rare recombi-

nant forms, largely due to their travel in the Middle East and other South East Asian

countries.

Conclusion: With the number of HIV-1 infections increasing among the general pop-

ulation and a steady increase in the migrant population, molecular epidemiological

data are required to curb the progression of the HIV-1 epidemic in Bangladesh.
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1 | INTRODUCTION

Since the first case detection in the early 1980s among a group of

homosexual individuals, human immunodeficiency virus (HIV) infec-

tion and its subsequent transformation to acquired immune deficiency

syndrome (AIDS) has become a major global health concern.1 Belong-

ing to the Retriviridae family and Lentivirinae genus, the virus is

enveloped, spherical in shape, and with a diameter of 120 nm. Like

most other retroviruses, HIV is composed of three major structural

genes, namely group-specific antigen (gag), polymerase (pol), and

envelope (env) genes. In addition to that several other genes, such as

transactivator of viral transcription (tat), regulation of RNA transport

(rev), viral protein R (vpr), negative factor (nef ), viral infectivity factor

(vif ), and viral protein U (vpu) make up the viral genome.2

More than 75.9 million people have been diagnosed with HIV

infection since the start of the epidemic, and of them, 32.7 million

people have died due to various AIDS-related complications.3 In

2019, 1.7 million people worldwide have gotten infected with the

virus, marking a 23% reduction in new cases since 2010.3 Still, the

progress achieved during the past decade is way below the expecta-

tion set forth by the Joint United Nations Program on HIV/AIDS

(UNAIDS), with three times more new infections reported compared

to the UNAIDS estimation. Efforts regarding curbing HIV transmission

are still lacking, and more so prevalent in countries like Bangladesh—a

low middle-income country with a large diaspora of migrant workers.4

The first case of HIV in Bangladesh was detected in 1989.5 It is

estimated that more than 14 000 people are currently living with HIV

in the country with 1800 newly diagnosed cases in 2018. Unlike most

countries, Bangladesh is on an upward trend with the number of newly

diagnosed cases each year increased by 600 since 2012.4 Despite being

a low prevalence country and the percentage of HIV infection among

key population groups still being <1%, there is evidence of the infection

being spread to housewives and pregnant women—a sign of feminiza-

tion and an early sign of epidemic.6 While the government has taken

numerous initiatives to diagnose and treat HIV cases, people at risk are

still reluctant to get tested and treated due to the prevalence of stigma

around the infection. As such, more than 70% of people are still beyond

the reach of available testing and treatment programs.6

With an epidemic looming large and the unavailability of wide-

spread testing and treatment facilities, HIV prevention, for the time

being, is the best bet for Bangladesh. Observing trends and tracking

individuals through molecular epidemiology could be an effective

strategy for health authorities, especially because of the goal of elimi-

nating the disease by 2030.7 Besides, viral subtypes could be poten-

tially determining factors regarding epidemiological and therapeutic

outcomes in infected individuals, as previous studies suggest differ-

ences between clades can explain several determining factors of

infection and disease progression, including transmission rates, CD4

cells decline rate, natural history, response to antiretroviral therapy

(ART) drugs, and immune evasion by the virus.8 For example, people

infected with subtype C, the prevalent HIV-1 subtype in India and

Bangladesh, were found to be susceptible to earlier disease progres-

sion than people infected with subtype-B.9 In addition, CRF_AE, a

subtype found among Thai HIV-infected patients, was found to be

responsible for higher plasma viral load and higher transmission

rates.10 Now, to put that into Bangladeshi perspective, genome

sequencing prior to starting ART drugs is not performed. Patients

have been prescribed a standard three-drug regimen consisting of

two nucleoside reverse transcriptase inhibitor (NRTI) and one non-

nucleoside reverse transcriptase inhibitor (non-NRTI), irrespective of

subtype and mutation status.11 Besides, epidemiological tracking is

limited to serological testing at few centers in big cities, with most

people around the country still devoid of HIV testing services.5,11

Several studies that tried to fill the knowledge gap regarding

HIV-1 subtypes circulating in Bangladesh have been published with

the oldest being published in 2002 and the latest one in 2020. But the

time difference and the discrepancies in subtyping results between

two studies make it harder for researchers to draw any valid inference

by looking into a single study. A concerted effort is required to com-

pile and analyze existing molecular epidemiological studies to con-

struct the prevailing scenario of HIV-1 transmission patterns in

Bangladesh, as well as formulating effective treatment strategies.

Hence, this study aimed to perform a systematic review of studies

concerning HIV-1 molecular epidemiology in Bangladesh.

2 | METHODS

2.1 | Data source

For this systematic review, articles regarding molecular epidemiology of

HIV-1 in Bangladesh were searched in different databases following

the guidelines of Preferred Reporting Items for Systematic Reviews and

Meta-Analyses.12 However, we did not register the systematic review

as this is a systematic review of molecular epidemiology.

Articles were retrieved from six publicly available databases on

March 5, 2021. The databases are Medline through PubMed,

Cochrane database, Web of Science, CINAHL, EMBASE, and Google

Scholar. Several primary keywords and their combinations using Bool-

ean operators were used to search articles in databases (Table 1).

Besides, we also searched bibliographies of primarily selected articles

for suitable articles on our topic.

2.2 | Inclusion and exclusion criteria

Regarding inclusion criteria, articles in English, from the inception of

record-keeping to March 2021, that discussed primary data regarding

TABLE 1 Search strategy for different databases

Database Search strategy

PubMed (Medline) HIV AND HIV-1 AND Subtypes AND Bangladesh

Web of Science HIV AND HIV-1 AND Subtypes AND Bangladesh

Cochrane database HIV AND HIV-1 AND Subtypes AND Bangladesh
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molecular epidemiology and subtyping of HIV-1-infected individuals

in Bangladesh were initially included within the review process.

Review articles or case series with less than five participants were

excluded. Articles discussing genotyping any region of the HIV-1

genome (env, gag, pol) through sequencing followed by subtyping using

an established online tool or manual phylogeny were considered for the

systematic review. In the case of multiple articles discussing findings

from the same accession numbers of sequences, the oldest article with

original data was kept, and the rest were discarded. Additionally, in the

case of articles with multiple regions of sequencing (env, gag, pol), for

initial reporting of HIV-1 prevalence in Bangladesh, subtyping results

from the region with the highest number of sequenced samples within

the article was reported. Grey literature such as conference papers, the-

ses, and dissertations was excluded from the final list as the authors

could not validate the authenticity of the reported data. Besides, the

authors did not have any reservations regarding the age of included

participants, sex, their geographical locations, migration history, length

of genome sequenced, and the method of sequencing.

2.3 | Screening process

After removing duplicates, articles were screened by titles and

abstracts for suitability by two independent authors. If deemed suit-

able, full-text articles were downloaded and further explored for

suitability. Articles were excluded based on the above-mentioned

inclusion and exclusion criteria. The full-text screening was also con-

ducted by two independent researchers. In case of disagreement over

whether to include the full-text article for review, an opinion was

sought from a third author.

2.4 | Data extraction

The following information was extracted from all included articles—the

name of the first author, date of article publishing, year of the study con-

ducted, participant demographics such as age, gender, and geographical

location, their exposure, and migration history if available, sampling pro-

cedure, sample collection method, regions of genome analyzed, sequenc-

ing, and subtyping method. Retrieved data were anonymized, and all

studies reported approval from the local ethical committee and/or

informed written consent from study participants. Any discrepancy in

data findings was resolved by discussions among authors. For this sys-

tematic review, the risks of bias and quality appraisal were not evaluated

due to the absence of a specific tool describing criteria for the evaluation

of articles regarding molecular epidemiology.

2.5 | Data analysis

Data were extracted in Microsoft Excel and analyzed using native

functions of the software. Since there was heterogeneity in the out-

come of the included articles, a meta-analysis could not be performed.

2.6 | Ethical consideration

This systematic review of HIV-1 subtype prevalence in Bangladesh

was conducted using publicly available secondary data. No human

being was interviewed as part of the process. Hence, ethical permis-

sion from local/regional authorities was waived.

3 | RESULTS

After searching different databases, a total of 14 articles were

included for initial review. After removing five duplicates, nine articles

were considered for the title and abstract screening. A total of two

articles were deleted (one review article and another article not

related to Bangladesh), with seven articles downloaded and further

screened for suitability. Two of those articles were removed as those

did not meet the inclusion criteria set forth, and finally five articles

were included in the systematic review. A detailed explanation for

each step is illustrated in Figure 1.

A brief description of each study included in this systematic

review is provided in Table 2.

3.1 | Demographic characteristics of key
populations

A total of five studies conducted between 1999 and 2016 observed

that the largest numbers of infections were attributed to injecting

drug users (IDUs) and a total of three studies reported HIV in this key

population of Bangladesh, which analyzed 129 (40.69%, 129/317)

sequences of IDU. Mostly, they were from the southern part of the

Dhaka district and a few of them were from different parts of

the country. Most of them were male. A total of two studies con-

ducted between 2005-2007 and 2016 sequenced 43 samples from

female sex workers (FSW), transgender, men who have sex with men

(MSM), and patients with sexually transmitted infection (STI).

 Total articles identified through databases 

(n=14) 

Duplicates removed (n=5) 

Titles and abstracts screened (n=9) Deleted records (n=2) (one review article 

and another article not related to 

Bangladesh)

Full texts downloaded for evaluation (n=7) 
Deleted records (n=2); data reported 

elsewhere previously (n=1), sample size 

less than 5 (n=1)  

Number of articles included in systematic 

review (n=5) 

F IGURE 1 Flow diagram of article screening procedure regarding
human immunodeficiency virus (HIV)-1 subtyping in Bangladesh
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These groups attributed to 13.56% (43/317) of total sequencing data.

Of these, 28 (65.11%) were female sex workers, 5 (11.63%) were

transgender, 5 (11.63%) were MSM, and 5 (11.63%) were patients

with STI. In between 2001 and 2007, three studies were conducted,

which analyzed sequences from 77 (24.29%, 77/317) migrant workers

and their contacts. Among them, 48 (62.33%) were migrant workers,

22 (28.57%) were spouses or sex partners, and 7 (9.09%) were

children of HIV-positive migrants. Of these 48 migrant workers,

44 (91.67%) were male and 4 (8.33%) were female. Out of 77 migrant

workers, the residence history of 47 patients was mentioned in previ-

ous studies. It was reported that 59.57% (28/47) of this group were

from Dhaka, followed by Sylhet (29.78%, 14/47), Chittagong (4.25%,

2/47), Gazipur (4.25%, 2/47), and Faridpur district (2.12%, 1/47). All

migrant workers had a history of migration abroad. The majority of

the migrants (72.91%, 35/48) had traveled to countries in the Middle

East (UAE, Saudi Arabia, Jordan, Bahrain, Kuwait, etc) while 20.83%

(10/48) to India and 2.08% (1/48) to Nepal, Malaysia, and Singapore.

3.2 | HIV-1 subtype prevalence

Sequences were retrieved from a total of 317 individuals from all five

included studies spanning a duration of 18 years with the earliest

study being conducted in 2002 and the latest in 2020. All three major

genes of HIV-1—gag, pol, and env were sequenced, with gag being the

most sequenced region (n = 317), followed by env (n = 111) and pol

(n = 50). The highest number of HIV-1 sequences (n = 198) were

reported by Sarker et al (2008) and lowest (n = 7) by Azim et al

(2002). Among those studied sequences, subtype C was found to be

most prevalent (51.10%), followed by CRF_07BC (15.46%), CRF_01AE

(5.68%), A1 (4.73%), CRF_02AG (3.47%), G (3.15%), CRF_62BC

(2.84%), B (2.21%), and other subtypes in small percentages Table 3.

3.3 | Pattern of subtype distribution among key
population groups

Considering partial sequencing of gag or env or both genes and

neighbor-joining trees of the HIV sequences of the 129 available sam-

ples from IDU (intravenous drug users) risk group and reference

sequences of HIV-1 group M revealed multiple distinct subtypes and

CRFs. Based on the gag gene, 128 samples were successfully ampli-

fied, and the predominant subtype was identified as HIV-1 subtype C,

which accounted for 82.03% (105/128) of total infections, followed

by CRF07_BC (8.59%, 11/129), CRF62_BC (6.25%, 8/128), subtype B

(1.56%, 2/128), CRF08_BC (0.78%, 1/128), and CRF01_AE (0.78%,

1/128), respectively. While considering env gene, only 57 samples

were sequenced (one study out of three did not sequence env gene),

and CRF08_BC was the most frequent subtype reported, responsible

for 59.64% (34/57), followed by subtype C (15.78%, 9/57),

CRF64_BC (10.52%, 6/57), CRF07_BC (8.77%, 5/57), subtype E

(1.75%, 1/57), CRF61_BC (1.75%, 1/57), and CRF57_BC

(1.75%, 1/57).

Data from two studies revealed 43 genome sequences from the

sex workers group. The most prevalent subtype was C-related recom-

binant forms. Frequency of CRF07_BC was responsible for 44.18%

(19/43), followed by subtype C (27.90%, 12/43), subtype-A-related

recombinant forms (16.27%, 7/43), subtype A1 (6.97%, 3/43), and

subtype-C-related other recombinant forms (4.65%, 2/43) based on

partial sequence of gag gene. Whereas subtype-C-related recombi-

nant forms were mostly observed while considering env gene

sequence among the five studied samples from this group.

A total of 77 sequences from migrant workers and their contacts

were reported in three previous studies. Based on two studies that

reported 47 sequences out of 77, the majority of migrant workers and

their contacts were infected with subtype-C while using a partial

sequence of gag, env, and/or pol gene. Subtype-C was identified in

22 individuals out of 47 study populations (46.80%). The next predomi-

nant subtype was G-related recombinant forms, accounting for 29.78%

(14/47), followed by CFR16_A2D (6.38%, 3/47), and subtype A, B, G,

and unique recombinant form together responsible for 17.02% (8/47) of

total infections in this group. Another study described the sequences of

96 patients from the voluntary counseling and testing unit (VCT), and

among them, 30 had a history of migration or relation with a migrant

worker. As this study did not delineate the individual sequence data of

these 96 VCT patients, separately, we could not identify the exact fre-

quency of different subtypes among 30 migrant workers. It can only be

stated that subtype C was responsible for 21.87% (21/96), whereas

diverse recombinant forms together attributed to 63.54% (61/96) of

total VCT strains. CRF07_BC was the prevailing subtype among recombi-

nant forms (19.79%, 19/96) and next predominant subtype was

CRF01_AE (14.58%, 14/96), subtype A1 (10.41%, 10/96), subtype G

(9.37%, 9/96), subtype B (4.16%, 4/96), subtype D (4.16%, 4/96), and

other recombinant forms (CRF02_AG; CRF08_BC; CRF09-02_AG, AU;

CRF10_CD; CRF13_A, AE; CRF14_BG; and CRF15_ A, E, B) together

accounted for 14.58% (14/96) of VCT clients.

TABLE 2 Characteristics of the included studies

Author Published year Sampling year Sample size Gene sequenced Prevalent subtype

Ljungberg et al13 2002 2001 9 gag/env Subtype C

Azim et al14 2002 1999-2000 6 gag/env Subtype C

Sarker et al15 2008 1999-2005 198 gag Subtype C

Sarker et al16 2020 2005–2007 40 gag/pol/env Subtype C

Rahman et al17 2020 2016 64 gag/pol/env Subtype C
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4 | DISCUSSION

To our knowledge, this is the first systematic review discussing the

prevalent HIV-1 subtypes in Bangladesh. This was necessitated due to

the long interval between each published study, a large number of

undetected cases, a large diaspora of migrants, and the recent surge in

HIV-1 infection in Bangladesh. But, concluding this systematic review

was not straightforward for us. The low number of studies available

along with the long interval between studies and small sample size in

two of those included studies might not reflect the actual scenario

of HIV-1 molecular epidemiology in Bangladesh. Despite such

challenges, we tried to construct the pattern of distributions of HIV-1

subtypes in Bangladesh. In the following sections, we will be providing

an account of HIV-1 transmission patterns among key population

groups based on phylogenetic analysis along with our recommenda-

tions for future research.

4.1 | Transmission links by phylogenetic analysis

Injecting drug use represents the main mode of HIV transmission in

Bangladesh as indicated by previous studies. Subtype C is the pre-

dominant clade driving the epidemic among IDU. Phylogenetic analy-

sis which includes gag sequences from HIV strains of IDU samples

showed clustering of IDU strains and separation from other risk group

populations. Initial studies were conducted from 1999 to 2005, and

36 samples were used to draw dendrogram using only predominant

strain subtype C and CRF07_BC. Among them, 31 Bangladeshi IDU

samples were clustered with Indian strains, and five of them were sim-

ilar to Ethiopian and South African strains, whereas a study conducted

in 2016 exhibited that IDU strains clustered in a monophyletic branch,

and most of them were clustered with previous Bangladeshi IDU

strains. These data suggest that the initial introduction of these strains

into the IDU may have been from India and other foreign countries,

but the present epidemic has been propagating locally within the

Bangladeshi strain for at least several years, and there is a little epide-

miologic linkage between IDU and FSW—two of the most important

risk groups in Bangladesh. Strains isolated from commercial sex

workers and transgender were closely related to each other. The

isolates from the sex workers were placed in different branches with

Indian, Chinese, Zimbabwean, and South African isolates. Transgender

isolates clustered with either Chinese or Indian strains.

Sequence analysis of migrant workers indicated multiple sub-

types, suggesting multiple travels related to the exogenous entry of

genetically diverse HIV-1 subtypes rather than endemic transmission.

Subtype C isolated from migrants mostly clustered with Indian strains

and a few of them with strains from Nepal, South Africa, and the Mid-

dle East. The majority of subtype A1-, G-, and G-related recombinant

forms were clustered with strains from South Africa whereas predom-

inant VCT (subtype C and CRF07_BC) strains, which included migrant

workers were clustered with Indian, Myanmar, Zimbabwean, and Ethi-

opian strains. HIV strains of these migrant populations dispersed all

through the tree and shared multiple branches with different globalT
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strains indicating extreme polyphyletic origin. Bangladeshi migrants

usually travel to Middle East, Europe, and other South East Asian

countries, and previous reports suggest many of them purchase sex

from commercial sex workers, with some of them admitting sexual

interaction with male partners. Subtype C is predominant in India,

subtype B, and CRF_01AE are prevalent in Thailand, and other

subtypes and recombinant forms in countries such as Malaysia, Saudi

Arabia, United Arab Emirates, and Qatar—where Bangladeshis mostly

travel for work.18 This may justify the diverse subtypes of HIV-1

found in migrants. Besides, this may be the reason why the strains

isolated from migrants were not clustered with IDU and sexual

workers' strain, since the epidemic is not concentrated within any

specific population and spread is usually limited to immediate sexual

partners and their children.

4.2 | Future recommendations

The prevalence of HIV-1 in Bangladesh among the general popula-

tion is still below <0.1% and reaching 1% in high-risk groups.

But considering recent trends and the introduction of diverse

subtypes, especially through migrant populations, Bangladesh

should strengthen their overall surveillance system and molecular

epidemiology, despite being cost-prohibitive and currently unavailable

barring few centers in Dhaka, could be an important tool for future

epidemic management in Bangladesh. Our research illustrated the

concentrated prevalence of HIV-1, especially subtype C in high-risk

groups such as intravenous drug users and female sex workers. We

would suggest the authorities including the migrant population as

high-risk groups and introduce a regular screening and, if found

positive, carry out molecular epidemiological tracking in order to

contain the spread.

To our knowledge, very few laboratories in Bangladesh currently

provide facilities for HIV-1 genome sequencing. Moreover, all the

studies included in our systematic review were conducted by a single

group of researchers. We would advise the health authorities to

consider opening laboratories in each divisional cities, especially

border city, with a high percentage of risk group populations.

Otherwise, the goal of eliminating the virus by 2030 would be hard to

achieve for Bangladesh.

There are several limitations to our study. First of all, the number

of eligible studies was highly limited. Moreover, two of those included

studies had a low sample size (<10). We could not perform a meta-

analysis due to the heterogeneity of the included articles. Besides,

samples were stored in the freezer and analyzed decades later in

one of the included studies, further undermining the credibility of

published results. Besides, analyzing stored samples from the past

might not reflect the true transmission pattern of the infection and

could simply refer to an epidemic occurring in the past. Hence, we

would advise future research to be conducted with samples from

newly diagnosed cases in order to avoid uncertainty regarding

infection patterns and to portray the true dynamics of HIV-1 subtypes

circulating in Bangladesh.
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