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ABSTRACT 

 

Introduction: HIV is a retrovirus that replicates slowly and is responsible for acquired 

immunodeficiency syndrome (AIDS) in humans. Immune system is weakened 

ultimately making infected individuals more vulnerable to numerous secondary 

infections. According to an estimate, HIV has infected more than seventy million 

people since 1981 and is responsible for the death of 35 million people so far. By the 

end of year 2016, 36.7 million population were found to be living with HIV worldwide. 

Pakistan, a developing nation of 200 million inhabitants, is witnessing an increase in 

the number of HIV infected individuals. The improved use of antiretroviral therapy 

(ART) has reduced the morbidity and mortality linked with HIV, however, at the cost 

of the emergence of HIV drug resistance strains (HIVDR). No significant data exist 

about the epidemiology of HIV-1 genotypes and the drug resistance mutations.  

Objectives: To determine the molecular epidemiology of HIV-1 and its correlation 

with antiretroviral drug resistance among AIDS patients.  

Study design: Cross-sectional, prospective multi-centre study.  

Duration: January 2015 – June 2018. 

Setting: Department of Blood Transfusion Services, Shaheed Zulfiqar Ali Bhutto 

Medical University, Islamabad; Department of Pathology, Jinnah Postgraduate Medical 

Complex, Karachi; and Department of Biotechnology and Molecular Biology, 

International Islamic University, Islamabad.   

Methods: A total of 410 HIV-positive patients (both on treatment and treatment naïve) 

were recruited in the study. From the Voluntary Counselling and Treatment Centre 

(VCTC), Jinnah Postgraduate Medical Centre (JPMC), Karachi, blood samples were 

collected from 298 HIV/AIDS patients on antiretroviral therapy (ART). For the 

treatment of naïve individuals, a community based survey on 387 high risk group 

individuals was conducted in different cities yielding 37 HIV positive samples. In 

addition, 54,877 blood donors were screened for HIV-1&2 at the Department of Blood 

Transfusion Services, SZAB Medical University, of which, 75 were found reactive. 

HIV screening was performed by rapid point of care HIV screening device 

(AlereDetermineTM HIV-1/2, Alere North America Inc. USA). All samples were 

confirmed by the chemiluminescence immunoassay using fully automated Abbott 

Architect i2000SR system. The samples tested positive were re-tested using Abbott’s 
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CLIA system. Using standard questionnaire, the study subjects were also interviewed 

regarding their living conditions, daily routines, travel history and sexual behaviour. 

Using standard methods, viral RNA of HIV was extracted from the blood specimens of 

positive patients, and was converted to cDNA. HIV cDNA of all positive patients was 

then analysed for the presence of various HIV genotypes (types and sub-types) by 

employing subtype-specific primers in a nested PCR (polymerase chain reaction). 

Sanger sequencing standard protocols was followed to detect the mutations in the genes 

related to drug resistance in HIV. All the data and samples were kept confidential and 

anonymous. HIV analyses was performed according to the conditions of “5-Cs”: 

comprising of informed consent, be confidential, involve counselling, deliver correct 

test results and connections to prevention, treatment and care services. Informed written 

consent was received from all study subjects participating in this study. 

Results: A total of 387 subjects from selected high risk groups (HRGs) agreed to 

provide blood sample. Out of 387, a total of 149 subjects tested positive for syphilis 

(38.5%), whereas 37 tested positive for HIV (9.6%). Syphilis co-infection was found 

in 22 of the HIV infected subjects (59.5%; odd ratio 2.53; p=0.008). The HIV screening 

of 54,877 blood donors initially yielded 77 reactive cases. A repeat testing showed 

0.13% (n=75) positive cases (Fig 4.2), with 95% confidence intervals 0.0014 (0.0011 – 

0.0018). No female donor was reactive for HIV. From the genotypic analysis of 410 

HIV positive individuals, the predominant HIV-1 subtype was A (n=376) (91.7%) 

followed by subtype B (n=34) (8.3%). The results of reverse transcriptase region 

analysis for resistance mutations exhibited that 89% of the sequences do not have major 

and minor mutations. The percentage of sequences showing a major mutation was 11%. 

The major mutation was Y115F, where the patient sample is having Tyrosine (Tyr) at 

position 115, while the normal individual have Phenylalanine (Phe). The results of PR 

region analysis showed no major mutations. On the other hand, minor mutations were 

exhibited by six sequences. Two of the mutations were categorized as L10V, and the 

remaining four included A71AV, L10FL, G48GR and L10I. 

Conclusions: The present study has provided a complete baseline data on the molecular 

and genetic characterization of HIV/AIDS epidemic in Pakistan. Further studies of anti-

retroviral drug resistance mutations would help in streamlining resistance pattern and 

subsequent alternate therapies.  

 

Key words: HIV, AIDS, Genotypes, Drug Resistance, Syphilis, Pakistan.  
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1. INTRODUCTION  

Human immunodeficiency virus (HIV) is a retrovirus that replicates slowly and 

is responsible for acquired immunodeficiency syndrome (AIDS) in humans. Immune 

system is altered in this disease ultimately leading to failure, this condition makes 

people more vulnerable to various diseases and infections. If the syndrome progresses 

the susceptibility is worsened (Deya et al., 2014).   

HIV being RNA reverse transcribing virus and it is transmitted from one 

individual to the other by three means- sexual, perinatal and blood. It is transmitted via 

infected sexual fluids. A mother who is victim of HIV can transfer this to the child 

while child birth, breast feeding and pregnancy. Transmission through blood is 

particularly less in developed countries. It can happen through unscreened and careless 

blood transfusion. It is particularly common among the people involved in injecting 

drugs and reuse of already used syringes contaminated with HIV infection blood.  

 According to the scientists a type of chimpanzee endemic to west and central 

Africa has been regarded as the primary source of virus. Simian immunodeficiency 

virus (SIV) was the HIV version found in chimpanzees and is most likely to be 

transmitted in humans probably during hunting and contact with infected blood. SIV 

strain harbors approximately 40 distinct non-human primate species. Each of  SIV strain 

is species specific, all  HIV lineages have not been identified yet  and there is possibility 

of  transmissions between species in future M and N groups of  HIV- 1 originated  

directly however  without having any link from SIV discovered in the chimpanzee Pan 

troglodytes (SIVcpz) in Central and west  Africa (Aghokeng et al., 2010, Keele et al., 

2006). The earliest  observed or recorded evidence of  HIV -1 infection was detected    

retrospectively in a blood  sample and a lymph node biopsy specimen in a person in 

Kinshasa in 1959 and in  1960 in  Democratic Republic of Congo  (Zhu et al., 1998, 

Worobey et al., 2008). Representative characteristic and pattern of AIDS being 

opportunist infection was first realize 1981(CDC 1981; Greene, 2007) and HIV was 

later  comprehended as causative agent in 1983 till then this virus had become most 

devastating infection of the century (Barre-Sinoussi et al., 1983; Gallo et al., 

1984; Popovic et al., 1984). 

Despite universal awareness and anticipation campaigns, after every 3 minutes 

death of one person is recorded due to AIDS.  Due to this fact HIV is regarded as one 

of the devastating entities encountered in medical science that needs to be tackled.  This 
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accounts for the death of 20 people per hour and 280 people in one day (Hasan and 

Moinuddin, 2003). This disease principally involves the human immune system 

(Miedema et al., 2013). Research is being done worldwide to eliminate this endemic 

disease because AIDS has become pandemic. It has attracted the concerns of many 

scientist’s clinicians, researchers and health officials (Kallings, 2008). 

Prevalence of this disease has multidimensional destructive impact on the lives 

of people globally. According to an estimate HIV virus has infected more than 70 

million people since its outbreak and is responsible for the death of nearly 35 million 

people. It has been reported that by the end of year 2016, 36.7 million population was 

found to be living with HIV worldwide. Out of this, the number of children of age 15 

or less accounted for 2.1 million. Globally 1.8 million people were identified as the new 

victim of HIV in 2016 which means about 5,000 new infections in a day.  It entails 

160,000 children of age less than 15 years.  Throughout the world total number of adults 

(of age group 15 to 49 years) living with HIV is recorded as 0.8%. Although the burden 

of this disease is shared with different extents in different regions and countries of the 

globe. Sub-Saharan Africa is regarded to be affected at the intense degree, with 

approximately 1 in every 25 individuals surviving with HIV. This statistic depicts that 

approximately two - thirds of the world population is living with HIV (UNAIDS, 2017). 

Overall, the global progress of AIDS is accredited to a combination of factors 

over the past years including consequences of prevention measurements of HIV, up 

regulation of antiretroviral therapy and the natural course of HIV epidemics.  

Pakistan is among other countries in South Asia like India and Nepal which 

stands second in terms of HIV epidemic. Being the developing country of nearly 200 

million people with poor health and educational standards. In 1987, first case of human 

immunodeficiency virus was reported in Pakistan and number is multiplied every year 

(Khanani et al., 1987).  

Then Burki (2008) reported that the actual fact sheet of numbers of individuals 

having HIV is half of the number that were reported by NACP in 2017.  

The way to cope with the changing dynamics of HIV epidemic is to implement 

prevention and care programs in general population in order to act decisively (<1%) 

against spread of AIDS.  
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Figure 1.1 Worldwide distribution of Population living with HIV/AIDS 

(extracted from UNAIDS, 2017) 
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Figure 1.2 New HIV infections in 2016 and change since 2010 (adapted from 

UNAIDS, 2017) 
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1.1 Signs and Symptoms  

The mode of action of HIV works in loss of cell mediated immunity as it kills 

helper T lymphocytes (Miedema et al., 2013) and initiate the development of 

opportunist tumors and lethal infections CD4 proteins act a substrate to initiate this 

infection so there is high probability that cells like monocytes and macrophages should 

get infection Dry cough, flu like illness and shortness of breath include in initial 

symptoms of HIV though they are not very specific. This is followed by lack of energy, 

feeling of drowsiness, difficult sleeping and pain (Lee et al., 2009).   Data collected 

from Epidemiological surveys of  general population suggests  that symptoms of HIV 

are experienced  more by  women than men (Gallagher et al., 2004) and this sex 

difference is  obvious for disease specific populations too (Naqvi, et al., 2007; Simren 

et al., 2008). The clinicians divide the route of disease into four distinct stages, early 

stage, acute stage followed by middle and latent stage, and then the last late 

immunodeficiency stage Indication and symptoms of AIDS at early stage are because 

of the fact that it does not affect healthy immune system. Symptoms of AIDS are 

evident because the conditions normally generated by AIDS are not found in normal 

individuals having healthy immune systems.  

Despite the fact that more advanced antiretroviral therapy or treatments against 

prognosis of HIV infection has been devised, opportunistic infections still remain one 

of the major reasons for death and morbidity in people infected with HIV. Opportunistic 

infections are mostly caused by severe immunosuppression which result from weak  

adherence to antiretroviral therapy, null response of  antiretroviral therapy  or  if patients 

are not  aware of  HIV infection whose first clinical encounter of AIDS is an 

opportunistic infection (Iribarren et al., 2016).  

AIDS is more likely to develop in people via Opportunistic infections (Shahapur 

et al., 2014) and is usually represented in a promulgated form. Because of AIDS large 

variety of organs and systems of human body are compromised particularly brain and 

respiratory system (Hernández et al., 2017).  

Eight opportunistic infections occur with high frequency in HIV-infected 

individuals and includes Pneumocystis carinii pneumonia, Oral and esophagal 

candidiasis, Mucocutaneous herpes simplex infection, Herpes zoster, Mycobacterium 

avium complex infection, Cytomegalovirus disease, Cerebral toxoplasmosis, 
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Cryptococcosis (Shafran, 1992). The identification of pathogens responsible for OI is 

very important in managing the HIV infected individual.  

 

1.2 HIV and High Risk Groups  

The unique nature of spread of HIV infection, being dependent upon the 

behaviors of key populations, has made it quite different from other infectious diseases. 

One of the significant reasons that account for sharing new HIV infections in most 

countries is unprotected sexual behavior of people whether paid or unpaid. Sex workers 

and their clients contribute to the major population of people who are at higher risk.  

Percentage of people who regularly buy sex lies between 0.5% and 15% of men and the 

extent of using condom is still low particularly during commercial sex in most 

countries. Consequently, all these factors render high dissemination of AIDS among 

sex workers and their customers particularly in Asia. According to an estimate 

approximately 25 to 40% of the newly reported HIV infections in most Asian countries 

are either girlfriends or wives of men who are infected via paid sex, injecting drugs or 

men having sex with other men (Deya et al., 2014; WHO, 2011). Throughout Asia drug 

usage through injections is one of the primary sources of HIV spread.  Dissemination 

of HIV in Pakistan, China, Pakistan, Vietnam and different parts of India is mainly 

because of injecting drug users. In China, 28.4% of total HIV people are regarded to 

catch infection via injections during drug usage (Deya et al., 2014). Among earliest 

observed cases of AIDS in Asia are sex between men.  HIV transmission through this 

path is still a striking feature in many countries for the spread. Factors that contribute 

to dissemination of HIV are MSM including dating through internet sources, soft use 

of drugs, mobility and various forms of social networking (WHO, 2011). HIV 

epidemics is increasing among MSM populations of most South and South-East Asian 

countries (UNAIDS, 2012). 

 

1.3 HIV/AIDS Related Stigma  

 Since long sexuality is considered a matter of taboo but certain changes have 

taken place among this concept over centuries. Entire world was overwhelmed with the 

emergence of HIV-AIDS. One particular issue of AIDS is that it does not bear a short 

cut solution (Gostin, 1996). Stigma is a mark or attribute or characteristic that is 

particularly associated with disgrace or dishonor towards the individual bearing the 
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attribute or characteristic. A distinction exist between discrediting (people responsible 

for carrying out stigma) and discreditable (a person who is regarded as a mark of 

dishonor or disreputable character (Goffman, 1963). According to Herek, the definition 

of stigma related to AIDS is shown via four 

elements: prejudice, discounting, discrediting, and discrimination (Herek, 2009). 

 Despite decades of worldwide awareness raising campaigns and public 

information efforts, still a cyclic relationship persists between HIV and stigma. HIV 

infection associated irrational fears, negative behaviour and judgments towards people 

with HIV still exist. People who are at higher risks of  HIV infection are more likely to 

be exposed to increased level of stigma because of  their gender, sex work, drug usage  

and sexual orientation. People either surviving with AIDS or are exposed to higher 

risks, encounter HIV associated stigma without any discrimination in all sectors of 

society including public and government officials, health care departments, work place 

and educational institutions. And among local communities at residential areas. As a 

result of this stigma people are unable to access HIV associated services.  In this way 

obstacles are created for people to access testing, prevention and possible treatment of 

HIV, consequently lives of people is put at higher risks. Usually people having HIV do 

not visit clinics or treatment centers either from the fear of their HIV status being 

disclosed or from facing the negative attitude and judgment of general public 

(UNAIDS, 2017).  

 Stigma related to HIV/AIDS remains consistent and extremely harmful and 

occupies a significant position in any discussion related to its epidemics. Although the 

differential treatments were recognized for HIV-AIDS either by the society or its 

respective institutions since last 25 years of prevalence. Still HIV related stigma is not 

completely eradicated from the local communities (Mahajan, 2008). The existence of 

stigma, judgments and discrimination is responsible for psychological, physical and 

economical side effects on people living with HIV. Social structure of society is badly 

affected by the stigma (Cooperman, 2005). 

Research on stigma- negative behavior, discrimination, and accessing HIV 

services indicates that people who are exposed to higher levels of HIV related stigma 

delay their enrolment or visit to the health care units by 2.4 times less or until they reach 

an alarming situation (Gesesew, 2017). Stigma is regarded as one of the key factor for 

prevalence of HIV. Stigma is pernicious and has adverse effects on structure of society 
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leading to low work capacity, Loneliness,  acquiring psychological disorders, delay in 

visiting the treatment or care centers ultimately death (Treves-Kagan, 2016).  

In 2015, it was decided by the global community to culminate the prevalence of 

HIV as a threat to public health or local masses by 2030 under the umbrella of 2030 

Agenda for Sustainable Development (UN, 2015). It is an ambitious goal yet not 

impossible to achieve. As the services for prevention and treatment of individuals living 

with HIV/AIDS has been improved and maximized than earlier leading to a decline in 

death rate by 32% worldwide and 16% decrease is observed in the new cases recorded 

for HIV infections between 2010 and 2016. Studies suggest that for the first time nearly 

half of the people with AIDS were seeking health and getting antiretroviral treatments 

in (Ending AIDS: progress towards the 90–90–90 targets. Geneva: UNAIDS, 2017). 

Unfortunately, female population enduring HIV-AIDS are often defamed more 

in contrast to men, a feel of disgrace that persists and they develop feelings of shame 

and guilt. They are unable to maintain positive attitude towards self-respect and a 

healthy mental condition (Kontomanolis, 2017). As women are responsible for 

childbearing and in order to guard it, they face depression and suicidal attempts, as HIV 

associated humiliation and ailments rule their lives (Simbayi, 2007). 

 

1.3.1 Case of Ryan White 

On April 8, 1990 a young man named Ryan White died due to AIDS. He was 

just nineteen years old. His death got the attention of   national and international media. 

White, who lived in USA, was a haemophiliac, became infected with HIV from a 

contaminated blood treatment and diagnosed in 1984 (White, 1991). When members of 

his school and community discovered he was HIV positive, they were not supportive. 

Instead, Ryan and his family faced discrimination, stigma and violence. The school 

expelled him. After several legal trials he was permitted to rejoin the school on the 

condition of using separate toilet and disposable silverware while eating. At the time, 

people did not know much about AIDS. AIDS was at that time generally considered 

a stigmatized disease impacting the gay community. He was shifted to a new school 

where he was welcomed and lived a normal life appearing on national TV channels 

advocating the people about the facts of the disease (Susan, 1999). He is still 

remembered as a unique figure in the fight against AIDS and changing the perception 

towards the disease and patient.  The US government soon after his death promulgated 

the Ryan White CARE Act of 1990 (White, 2009). 
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1.4  International Partners in HIV/AIDS 

The Joint United Nations Programme on HIV/AIDS (UNAIDS) has envisaged 

acquiring zero level new HIV infections, zero level stigma or discrimination and 

ultimately zero level deaths against HIV-AIDS. Under the umbrella of  UNAIDS, 11 

UN Organizations (UNHCR, UNICEF, WFP, UNDP, UNFPA, UNODC, UN Women, 

ILO, UNESCO, WHO and the World Bank) promised to join hands together and put 

sincere efforts to provide maximum treatment facilities and to end the prevalence of 

AIDS by 2030  as a measure of the Sustainable Development Goals (UN, 2016). 

 

1.5 Natural Course of HIV Infection  

The natural course of HIV infection is shown in below figure 1.3. A so called 

acute retroviral syndrome is likely to be observed in some people soon after the 

infection. Fever, lymphadenopathy, myalgia and maculopapular rash (typically does 

not stay for more than 4 weeks) are considered as the mark of identification for this 

syndrome.  The nature of symptom is variable and non-specific which suggests that 

HIV infection is mostly diagnosed with additional testing. HIV is rarely diagnosed 

without further testing. It has been cited that no clinical symptoms appear in many 

patients even after several years of HIV infection. Therefore, many infectious diseases 

and respective symptoms are likely to develop. Most commonly observed diseases are 

oral hairy leukoplakia, oral thrush and herpes zoster that are taken into account for 

diagnosis HIV infection. After 8 to 10 years of HIV infection, illness that particularly 

characterize or define AIDS is likely to appear. In the absence of highly active 

antiretroviral therapy against AIDS, this illness can cause death of individual after any 

period of time. Soon after primary infection, HIV RNA level rises to an intensely 

greater value. At the time of Initial antibodies this higher level of HIV RNA declines 

as little as 1% and then it becomes stable for many years. This level is termed as the 

viral set point. The speed at which this disease progresses can be determined from the 

viral set point. If the level of HIV RNA copies/ml is less than 1000 then the patient is 

not likely to develop AIDS even after 12 years of primary infection. If the viral load 

tends to remain higher than 100,00 copies/ml then more than 80% of patients are likely 

to develop AIDS even after 2 years of primary infection (O’Brien et al., 1996).  
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Fig 1.3: Natural course of HIV infection (adopted from CDC, Atlanta) 
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1.6 HIV/AIDS Laboratory Diagnosis 

 Current  Literature suggests that  only 60% of population is aware of their HIV 

status while  remaining 40% - which makes more than 14 million people, still have no 

approach to HIV testing services (UNAIDS 2017). The first and crucial step of 

prevention strategies is early diagnosis of HIV infection, so that the patient have access 

to antiretroviral therapy because a huge concentration of people adversely affected with 

HIV-AIDS are still nor aware of disease status (Heneke, 2009).  

Early testing should be followed by periodic testing among key population in 

order to combat the risk factors and initiation of treatment and viral load suppression. 

As per HIV recommendation of World Health Organization (WHO) guidelines, key 

populations should retest annually (WHO 2015). 

Antibodies in response to HIV virus develop in a span of  1 to 4 months after 

infection so early tests detecting IgG antibody will be negative during this window 

period. 

The following figure shows the immune response in the HIV infection. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.4 The levels of antigen and antibodies in the course of HIV infection 

(extracted from Dyck et al., 1999) 
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In the clinical laboratory, initial analysis for the detection of HIV virus begins 

with antibody screening tests namely Enzyme Linked Immunosorbent Assay (ELISA) 

(Hoffmann & Rockstroh, 2010). The aims for HIV antibody testing include safety 

during Transfusion, donation or transplant procedures, follow-up of HIV infection and 

final diagnosis. In addition to this, western blot technique is also performed as 

confirmatory testing and polymerase chain reaction is preferred in order to monitor 

antiretroviral therapy and HIV detection in newborns (Dyck et al., 1999). 

Methodology differs for each HIV assay. Commonly all type of screening tests 

involve detection of all HIV types (HIV-1 and -2), HIV subtypes and HIV groups. One 

of the most suitable test commonly used in routine for HIV detection is “HIV antibody 

Test”.  Counseling services have been designed in this regard since 1985, public health 

benefits after initiation of testing were obvious (Rhame and Maki, 1989).  

Among several guidelines and recommendations for HIV testing by WHO and 

UNAIDS (UNAIDS, 1997), the preferred and most commonly used procedure is a 

combination of two tests which are performed in an essential sequence system. This 

sequential system of tests entails an ELISA screening test and a supplemental test by 

Western blot assay for re testing of reactive samples in order to check HIV positivity. 

However, these protocols have certain limitations from being expensive and not 

feasible for small scale laboratories in developing countries due to limitation of 

resources and lack of trained laboratory technical expert who can interpret the data 

results.  (Branson, 2003).  

The ELISA technology has progressed in industrialized and developing 

countries as 4th generation assay in order to increase the sensitivity associated in 

detection of early infection in cost effective manner (Constantine and Zink, 2005). 

Efficiency and effectiveness of ELISA has been improved and now it consists of virus 

antigen and antibodies couples with microparticles solid phase and termed as 

Microparticle enzyme immunoassay (MEIA) (Perry et al., 2008). Many hindrances are 

linked with ELISA from need of well-trained man power to calibrated equipment, batch 

testing and continuous power supply (WHO, 1998). False positive results are associated 

with several conditions such as multiple transfusions, lipemic specimen, systemic 

disease, dialysis patients, autoimmune diseases and multiple pregnancies (Ikram et al., 

2009). For blood screening and voluntary testing many other simple rather rapid assays 

have been adapted (Malone et al., 1993; Kerckhoven et al., 1991).   
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 In order to meet the demands in developing countries with limited resources, 

multiple number of more simple, effective and rapid tests have been in both voluntary 

testing and blood screening. Screening performed with a combination of rapid and 

simple HIV tests found to be cheap and cost effective compared with ELISA or Western 

blot algorithm.  In addition results of the tests can be obtained within the same day 

(Stetler et al., 1997). There are more than 60 HIV rapid tests that have been used in 

different countries increasing considerable number of people receiving these tests. Such 

rapid tests have been successfully adapted when screening is done for blood donors in 

blood (Sophie et al., 2009). 

Rapid test eliminates the requirement of centrifuge. Additionally, sources like 

capillary blood or whole blood either from fingertip and ear lobe or from both can be 

used for testing. Particularly, immuno-chromatographic methods are characterized for 

rapid methods but other techniques and procedures like ImmunoDOT, particle 

agglutination and immune filtration are in common practice (Branson, 2003; Greenwald 

et al., 2006). 

 However, rapid HIV testing is not void of drawback. Shortcomings regarding 

test inaccuracy has drawn attention of many ethical scientific societies (Sibbald, 2000).  

According to the results of a research done in Cape Town, South Africa, diagnosis of 

HIV infection with Rapid Tests were false negative in a large volume of HIV infected 

children (Claassen et al., 2006). Research suggests that improved technical expertise 

and right sequence of tests can produce 

Regardless of its limitations and drawbacks HIV testing via Rapid methods is 

still considered well-grounded and valuable tool. According to the recent research it 

has been identified if Rapid tests are performed with more accuracy for instance trained 

staff is provided and right sequence of two tests is maintained then more accurate results 

are obtained.  In this manner efficiency and accuracy of tests can be improved to a great 

extent. For early access to both cure and prevention, voluntary counseling and testing 

(VCT) is key component which can justify medical, social and legal consequences. HIV 

testing should not be done without (VCT) and patient should be informed about 

possibilities and limitation of the testing. Additionally, the patient should be 

enlightened about the related testing algorithm and the limitations and short comings of 

HIV testing.  

Confidentiality of the positive test result by health care-workers is first 

mandatory step that should be assured by testing services. Fear of breaching the 
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confidential information is a HIV related stigma that might have negative impact on 

people’s consent or willingness to take an HIV-test. Convenience of non-nominal 

(doctor and patient’s secret code) or anonymous testing (patient name with the test) 

inspires those who are at amplified risk for HIV infections.  Conventional testing might 

not be availed by people who are at higher risks (Jürgens, 2001) 

 

1.7 Structure and Genome 

HIV-specific proteins (glycoproteins) are present in an envelope type structure 

which is surrounded by a bar-shaped core. These viral proteins have the responsibility 

of attaching the virus to host cell. The HIV genome is said to be diploid containing two 

molecules of single stranded RNA having positive charge (Cleghorn et al., 2005). 

Reverse transcriptase along with protease, integrase and ribonuclease are the set 

of enzymes responsible for development of virion (Kuiken, 2008). RNA is firmly 

attached to nucleocapsid proteins p7, and in addition to retroviral genes (pol env and 

gag encoding structural proteins) the genome has 6 more genes regarded as regulatory 

genes (tat and rev) and accessory genes (nef, vif, vpr, and vpu) (Levinson and Jawetz, 

2001).  HIV-1 has viral protein U (vpu) while viral protein X protein is present only in 

HIV-2 (Cleghorn et al., 2005). 

When Virus enters in host cell, the core protein gp120 attaches itself to CD4 

receptor (cellular protein) and to CCR5 or CXCR4 (Kalinin et al 2013). Macrophage 

tropic strains get attached to CCR5 while T cell tropic strains of HIV bind to CXCR4. 

CCR5 prevents against HIV infection therefore mutations are resistant to infection for 

individuals who are homozygous for CCR5 delta while those who are heterozygous, 

they tend to develop infections slowly (Schoofs, 2008). Viral usage depends on the 

correct choice of antiviral therapy (entry inhibitors) which determine its binding with 

one or the other coreceptors. 

 

1.8 Classification of HIV 

Until now, the virus is grouped as HIV-1 and HIV-2 (Coffin et al., 1986; Reeves 

and Doms, 2002). Both types of HIV are sources for clinically identical AIDS and their 

transmission occurs through sexual contact, during pregnancies and child and through 

blood.  
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However, Globally HIV-1 tends to cause a large number of infections and 

happen to be more virulent than HIV-2 which is mostly restricted to West Africa 

(Reeves and Doms, 2002). On the contrary, HIV-2 is not easily transmitted than HIV-

1 and is less pathogenic but the mechanisms responsible for this difference is still not 

identified (Clavel et al., 1986).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.5 HIV Viral Particle (extracted from US NIH, 2005) 

 

 

 

1.8.1 HIV-1 

HIV-1 has four types (M, O, N and P) as depicted in Figure 1.6. Higher than 

90% of HIV-1 infections belong to type M which has further categorized into nine 

genetically distinguished subgroups called clades (A-D, F-H, J and K) (Lau et al., 2013) 

Subgroups A and F are further classified into sub-subtypes, A1 and A4, F1 and F2 
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(Peeters et al., 2010).  The HIV-1 subtype classification was earlier based on gag or 

env sequences although all genomic regions has taken into account further. 

The HIV genotype B is linked with homosexual relationships, while genotypes 

A, C and E are found to be transmitted by heterosexual intercourse (Kunanusont et al., 

1995). In 1997, 2% cases were found to be of group O (Peters et al., 1997) that is mostly 

found in Cameroon. Group N is rare form of HIV and only 120 infections were listed 

and identified till 2015 (D’arc et al., 2015). In 2009, a new type related to HIV-1 was 

discovered and groped as P (Plantier et al., 2009). Genetic variability and molecular 

trait of HIV-1 allow it to become extensively heterogenous and make it able to evade 

the human immune system and survive (Lau et al., 2013). There is no limitation for the 

recombination pattern of sequence as it seems to occur at inter-group (between groups 

M and O) (Peeters et al., 1999), as well as inter and intra-subtype within group M 

(Rousseau et al., 2007). 

 As the viral variants are geographically unequally distributed worldwide and 

are responsible for variations in the strains of HIV-1, prevalence of their dynamic nature 

and accidental transmissions. Circulation of variable HIV-1 strains are giving rise to 

higher number of multiple HIV-1 subtypes in almost all the geographic regions 

throughout the world and is also responsible for the spread of  distinct infections  among 

individuals. These factors contribute in HIV Circulating Recombinant Forms (CRFs), 

which are defined as sequences of HIV either full-length or near full-length. These 

characteristic sequences occur in three individuals who are not linked 

epidemiologically or Unique Recombinant Forms (URFs), when criteria is not fulfilled. 

Whenever any novel CRFs are identified they are named according to the order of their 

discovery. Therefore their historical evolution or chronological order is not represented. 

If a CRF is formed from three or more different HIV strains, an extension of cpx is 

added to the formed complex. CRFs that contain five or more HIV-1 subtypes, they are 

named as CRF18-cpx, CRF27-cpx, CRF37-cpx, and CRF49-cpx. They can be true 

mosaic because their sequence segments are made up of multifacet HIV-1 subtypes or 

other sequences having unidentified status (Lau et al., 2013).  

Recombination of HIV-1 plays a vital role in its spread worldwide. Africa, Asia 

and South America are regarded as hot spots for recombination.  Urgent attention is 

needed for the Recombinants of HIV-1 forming CRFs and URFs which are emerging 

at a greater speed and are actively transmitted worldwide. Their occurrence around 

global epidemics is recorded about 18-20%, as shown by Hemelaar et al., (2011). One 
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of the most recently described CRF is CRF55-01B, which is a recombinant form of 

CRF01-AE and subtype B. They are now in charge of approximately 20% of HIV-1 

infections globally (Lau et al., 2013).  CRF01-AE is a distinguished CRF in Asia and 

has affected 5 % of the total HIV-1 infection globally. It also exist in combination with 

other HIV-1 strains and make up a total of 9% of all the existing CRFs, as available in 

the HIV database at Los Alamos. The percentage prevalence of HIV sub-types is as 

follows in Table 1.1.  

 

Table 1.1: Percentage prevalence of HIV sub-types 

 

Clade  Percentage 

B 60.1% 

C 13.8% 

A 6.9% 

D 3.7% 

G 1.1% 

F 1.0% 

CRF01_AE 4.6% 

CRF_02AG  2.9% 

CRF07_BC  0.9% 

 

Published literature on the nomenclature differs, and certain subtypes were found to be 

more complicated after their whole genome sequencing. For instance, what was 

previously characterized as subtype “E,” dispersed in Southeastern Asia, turned out to 

be a circulating recombinant form consisting of components of subtype A and was 

reassigned as CRF01_AE in 1998 (Carr et al., 1996; Gao et al., 1996).  

Recently, HIV-1 sub  type B has emerged as the main strain globally, with 

60.1% infection on the basis of  subtype distribution found in the Los Alamos HIV 

Database; http://www.hiv.lanl.gov/) while earlier to 2005, subtype C or recombinant 

forms with env genes were causing 50% of  infections globally (Hemelaar et al., 2004).  

          Transmission of HIV and its disease progression is determined by various 

characteristics of viral subtypes and their interactions with humans (Taylor et al., 2008). 

R5 viruses targeting chemokine receptors (CCR5) are transmitted more generally as 
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opposed to X4 viruses that target CXCR4 co receptors (Berger et al., 1998). All 

subtypes of HIV-1 can target both co-receptors, however subtype D might be dual 

tropic (i.e., an R5X4 virus) utmost (Huang et al., 2007). 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.6: Global HIV-1 recombinant forms prevalence (Lau et al., 2013) 
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Fig. 1.7: Global various recombinant forms frequency contributing to 55 CRFs 

as classified till date (Lau et al., 2013) 
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1.8.2 Human immunodeficiency virus (HIV) type 2 

Human immunodeficiency virus (HIV) type 2 is associated with a simian 

immunodeficiency virus of sooty mangabeys (SIVSM) and SIVMAC. The death rate 

caused by HIV-2 infection is approximately 1/3 lesser compared to HIV-1. Range for 

HIV-2 is categorized with subtypes A-H and is quite less (Damond et al., 2004). Among 

all these, A and B groups are epidemic. A study carried out in Belgium highlighted that 

regional epidemics can enhance our understanding if sub-types, patient demographics 

and modes of spread are documented (Chalmet et al., 2010). 

  

1.9 Molecular Evolution of HIV in Humans 

HIV/AIDS persists to be considerable health problem globally. After about 37 

years of the first reported incidents of the acquired immunodeficiency syndrome 

(AIDS), adequate control of the AIDS pandemic stays ambiguous. Molecular 

pathogenesis of human immunodeficiency virus (HIV) type 1 (HIV-1) is significant 

regarding this threat, a virus that has evolved a lot of different mechanisms to puzzle 

immune control. 

To get a detailed picture of the HIV evolution in humans, enhanced 

understanding of its predecessor is quite necessary, which is simian immunodeficiency 

virus (SIV) in non-human primates. Although HIV results AIDS in humans, SIV 

usually cause a benign infection within its natural hosts. This virulence is mostly 

associated with the virus and its host coevolution, which can be caused co-divergence 

of more than millions years. 

HIV/AIDS is the outcome of at least 11 cross-species incidents of SIV 

transmission from African non-human primates to the humans. SIVcpz three 

transmissions from the chimpanzee subspecies (Pan troglodytes troglodytes) of Central 

Africa resulted in HIV-1 groups M, N and O (Gao et al., 1999), and remaining eight 

SIVsm transmissions events from sooty mangabeys (Cercocebustorquatusatys) 

resulted in  HIV-2 groups A through H (Damond et al., 2004; Hirsch et al., 1989). HIV-

1 groups, along with HIV-2 groups A and B, have devised transmission chains human-

to-human, with HIV-1 group M lead to pandemic HIV/AIDS. Other six HIV-2 lineages 

does not seem to be able to transmit among humans (Damond et al., 2004). 

The HIV-1 progenitor SIVcpz, was transmitted from chimpanzees to hunter 

humans through blood. Analysis of HIV-1 phylogeny and linked viruses from 
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nonhuman primates indicates that three separate transmission incidents in earlier 20th 

century produced three HIV-1 groups: major (M, during 1915 and 1941), outlier (O), 

and non-major and non-outlier (N) (Santoro and Perno, 2013).  

The molecular clock provides as a main link between microscopic molecular 

evolution at and macroscopic species evolution (Kumar, 2005; Hedges and Kumar, 

2009). Looking for an HIV-1 intra-host molecular clock is a significant task because 

we can proof an infection back to transmission utilizing sequences from a single time 

point, if the molecular clock can be used on the HIV-1 population found in an infected 

person. Precisely dating HIV-1 transmission is vital for identification of risky behaviors 

that results in transmission, keeping an eye on precautionary measures and reporting 

when each immune response progresses and matures. Moreover, the capability of 

molecularly dating of the HIV-1 gene pool enhances the chances of determining HIV-

1 incidence using modern genomic assays (Park et al., 2014). 

Computer programmes of molecular clock  used to calculate the time since the 

most recent common ancestors (tMRCAs) and rates of evolution of different HIV 

lineages showed that groups M and SIVcpz had mutual ancestor in 1853 (1799–1904) 

and suggests around this time cross-species transfer took place (Wertheim and 

Worobey, 2009).  

 

1.10 HIV/AIDS Antiretroviral Therapy 

HIV infection is very host-specific infection, this fact often makes already 

existing treatment options for HIV infection (Brass et al., 2008). It is universally known 

that therapy for AIDS and HIV has no cure of disease, yet it slows down the course of 

it. In 1987, AZT (zidovudine, Retrovir) was approved for treating HIV thus good 

management of HIV infection is achievable using diverse combos of existing drugs.  

During 1996–2012, it was assessed that antiretroviral therapy (ART) prohibited 

6.6 million deaths due to AIDS worldwide, with 5.5 million deaths in middle-income 

countries (UNAIDS, 2013). At present, antiretroviral therapy (ARV) includes two 

inhibitors which are nucleoside and a protease. Using this highly active Antiretroviral 

Therapy, or HAART, the viral load goes down, CD4 level increases and lowers death 

ratio with AIDS (WHO ARV, 2015). Apart from that, ART has also been exhibited to 

lower the risk of Human Immunodeficiency Virus (HIV) transmission (Dang et al., 

2014; Cohen et al., 2013).  

file:///C:/Users/AMBER%20SALEEM/Desktop/Formatted.docx%23_ENREF_50
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Fig. 1.8: People living globally with HIV and accessing treatment (adopted 

from UNAIDS, 2017) 

 

1.11 Vitamin A Effect on HIV/AIDS  

The advancements made to cure the HIV/AIDS especially the use of 

antiretroviral therapy has increased the life span and the quality of life for HIV infected 

individuals. However, the treatment access in developing countries remains a major 

challenge. Therefore, it is pivotal to search new treatment regimens which are cost 

effective and slow the progression of infection. The nutritional supplementation, 

especially the vitamins, are a prospective method which is cheap and boost the immune 

system. Amongst the vitamins, the properties of vitamin A are extensively researched 

showing that reduced levels of vitamin A are linked with higher risk of HIV 

transmission from mother to child. Such studies have also shown that vitamin A 

supplementation escalates the risk of transmission of HIV from mother-to-child 

(MTCT). Therefore the vitamin A supplementation especially the multi-vitamin 

supplementation is highly recommended in the pregnant women (Mehta and Fawzi, 

2007). 
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1.12 HIV Drug Categories Approved by FDA 2018 

 

1.12.1 Reverse Transcriptase Inhibitors (RTIs) 

A group of drugs that prevents the reverse transcriptase enzyme to take away 

multiplication of HIV, is called reverse transcriptase inhibitor. It has two kinds of 

inhibitors: one is non-nucleoside reverse transcriptase inhibitors (NNRTIs) (de 

Béthune, 2010) and other is nucleoside reverse transcriptase inhibitors 

(NRTI) (Whitcomb et al., 2003). Some members of this type of drugs are didanosine, 

zidovudine, tenofovir, abacavir, and Combivir. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1.9: Nucleoside reverse transcriptase inhibitors with X-ray crystal structure of HIV-

1 RT held jointly with DNA primer/template chain terminated with ddAMP and with 

an incoming deoxythymidine triphosphate (Huang et al., 1998). 
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Fig 1.10: Non–nucleoside reverse transcriptase inhibitors and the X-ray crystal 

structure of HIV-1 RT attached with etravirine (Lansdon et al., 2010). 

 

 

1.12.2 Protease Inhibitor 

Protease inhibitors efficiently obstruct the operational activity of protease 

enzymes in fiercely HIV-infected CD4 cells which causes liberation of less developed 

and non-infectious viral particles Hughes (PJ et al., 2011). Examples are 

lopinavir/ritonavir, indinavir, ritonavir, nelfinavir, and amprenavir. 
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Fig 1.11: Protease inhibitors and the crystal structure of HIV-1 protease attached with 

atazanavir (CA Schiffer, unpubl.)  

 

1.12.3 Inhibitors - Integrase Strand Transfer  

The inhibitors of strand transfer type activate an integrase enzyme which 

prohibit the assimilation of viral DNA inside the host genome within CD4 cells that 

prevent replication of HIV (Grandgenett, 2008). Raltegravir, elvitegravir, and 

dolutegravir are included in this type of drugs.  
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Fig 1.12: Crystal structure of prototype human foamy virus integrase and the integrase 

strand transfer inhibitors (as a model of HIV-1 IN) attached to double stranded DNA 

and Raltegravir (Hare et al., 2010).  

 

1.12.4 Entry Inhibitors  

HIV-1 entry takes advantage of various host proteins for a set of elaborate 

events resulting into membrane fusion and virus core delivers in the cytoplasm. HIV-1 

entry inhibitors are further divided in specific types on basis of disruption or inhibition 

of distinct targets or steps in the course. 

 

1.12.5 Fusion Inhibitors 

An example of this type includes the drug Enfuvirtide which is a fusion inhibitor 

utilized in HIV treatment and blocks HIV to interact with CD4 cells of infected patients 

(Greenberg and Cammack, 2004). 

 

1.12.6 Chemokine Receptor 5 Antagonist 

Maraviroc is a CCR5 adversary utilized in HIV treatment. This class of drugs 

inhibits the HIV infection through blocking the chemokine receptor 5 (CCR5) 

antagonist receptor which is found on CD4 cells (Rao, 2009).  

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3312400/#A007161C56
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1.12.7 HIV/AIDS Treatment Regimen  

The guidelines of HIV/AIDS treatment endorse adherent ART treatment for all 

patients, without concerning CD4 cell count, in order to check the development of 

infection to AIDS (WHO, 2015; Olem et al., 2014).  

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1.13: HIV-1 infection antiretroviral therapy.  
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1.13 WHO Recommendations for ART  

A brief outline of treatment options as suggested by World Health Organization 

(WHO) named as first line treatment, second line treatment and third line treatment is 

provided below (WHO, 2015) 

 

1.13.1 1st Line ART (WHO, 2015) 

Adults:  

As far as the First-line ART treatment is concerned, for adults it should 

comprised of 2 Nucleoside Reverse Transcriptase Inhibitors (NRTIs) plus one Non-

nucleoside Reverse Transcriptase inhibitor (NNRTI). One of the most auspicious 

choice for this kind of ART is Tenofovir disoproxil fumarate (TDF) plus 

lamivudine (3TC) or emtricitabine (FTC) plus efavirenz (EFV). It is used as a fixed 

dose. When this combination of drug is harmful to the patient or is not available then 

one of the following combinations can be used: 

1) zidovudine (AZT) + 3TC + EFV, 2) AZT + 3TC + nevirapine (NVP), or 3) TDF + 

3TC (or FTC) + NVP. 

Contraindications:  

For Pregnant and breastfeeding patients:  Mothers who are giving breast feed to 

their infants and are receiving ART are advised to receive six weeks of infant 

prophylaxis, which include a daily dose of NVP. This treatment of prevention 

medication should be started immediately after delivery or as soon as the patient is 

exposed to or identified with HIV.  

Paediatric patients: Patients having age less than three years must be provided 

with Lopinavir/Ritonavir (LPV/r)-based treatment.  

EFV is considered ideal non-nucleoside Reverse Transcriptase inhibitor for 

children who are infected while NVP is characterized as the second option.  For patients 

who are of age lesser than three years, plus they develop TB, and they are given 

Lopinavir/Ritonavir (LPV/r) based treatment, the prescribed NRTI treatment should be 

changed to abacavir (ABC) + 3TC or AZT + 3TC as soon as the TB infection does not 

exist. Nucleoside Reverse Transcriptase Inhibitors based prescriptions identical to that 

of adults (TDF + 3TC (or FTC)) or (AZT + 3TC) or (ABC + 3TC) are favorable for 

patients with the age group between 10 & 19 years and having weight of 35 kg or more.  
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1.13.2 2nd Line ART (WHO, 2015) 

The second line ART is mainly consists of two Nucleoside Reverse 

Transcriptase Inhibitors (NRTIs) plus a ritonavir boosted PI. One of the most 

recommended and favorable choice for second-line ART comprises of AZT and 3TC 

as the NRTI. TDF + 3TC (or FTC) as the NRTI must be considered in case of lack of 

success of AZT or stavudine (4dT) + 3TC based first line prescription. If first line 

treatment based on non-nucleoside Reverse Transcriptase inhibitor fails to response 

then, two NRTIs + a boosted PI must be used.  

Paediatric patients:  First line treatment is given to the children having age less 

than 3 years. This First line treatment persists even if it failing to give successful 

response, in this case adequate steps should be followed in order to improve 

commitment  to ART related prescription.  Second line treatment comprising of two 

Nucleoside Reverse Transcriptase Inhibitors and a non-Nucleoside Reverse 

Transcriptase Inhibitor is given as a priority if first line treatment fails to response. If 

ABC or TDF + 3TC (or FTC) lacks to give success, the most suggested choice is AZT 

+ 3TC. If AZT or d4T + 3TC (or FTC) fails in first-line treatment, the most favourable 

and suggested NRTI option is ABC or TDF + 3TC (or FTC). 

 

1.13.3 3rd Line ART (WHO, 2015) 

In case of failure of first and second line ART, it is recommended by WHO to 

include a few new medicines with minimum risks. This is suggested to develop cross 

resistance against drugs which were used previously (e.g. integrase inhibitors and 

second-generation NNRTIs and PIs). 

 

1.14 CD4 count monitoring for therapeutic response 

When PCR and NASBA (Nucleic Acid sequence base amplification) are not 

practical or fails to give appropriate response to viral load then CD4 count is employed 

as a mark of HIV treatment response. In the early years of HIV treatment, an increase 

in CD4 count from 50 to 150 cells/mm3 with an additional response in the first trimester 

are is regarded as a positive sign (normal range: 500 cells/mm3 to 1200 

cells/mm3) (Kaufmann et al., 2003). For patients observing ART treatment, regular 

monitoring of CD4 count is essential as soon as the patient achieve normal CD4 count 

under ART. CD4 counts and progression of HIV disease is negatively influenced by 
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various treatment independent factors like quality of health, age, genetic makeup, viral 

load, lifestyle and quality of health care etc. An alteration in ART medication may be 

needed in these circumstances.  

 

1.15 Adverse Effects of ART 

1. Gastrointestinal: Nausea, vomiting, diarrhea, constipation, taste perversion, 

abdominal pain, dyspepsia, pancreatitis and hepatotoxicity (Tadesse et al., 2014) 

2. Central nervous system:  Dizziness, Headache,  tinnitus, vision problems, insomnia, 

paresthesia, extremities include numbness, pain, tingling, somnolence, peripheral 

neuropathy, memory issues, unusual and excessive  sleep at night,  hearing impairment 

and loss of olfactory function (Nagpal et al., 2010) 

3. Hematological:  increase urination, Anemia, blood in the urine and bilirubinemia, 

(Tadesse et al., 2014).  

4. Psychological:  Depression, elation, Anxiety, delusions, confusion, depression and 

nightmares (Tadesse et al., 2014).   

5. Metabolic: Unequal belly fat distribution i.e. lipodystrophy, fatigue, obesity, 

anorexia, dyspnea and lethargy (Tadesse et al., 2014).    

6. Dermatological:  Rash on skin, pruritus and facial discoloration (Tadesse et al., 

2014).   

7. Musculoskeletal:  pain in chest and different parts of body (Nagpal et al., 2010).   

8. Miscellaneous:  ulcers in oral cavity, fever, hypersensitive reactions and non-uniform 

menstrual cycles (Nagpal et al., 2010). 

In the antiretroviral classes for drugs it has been recorded that lack of success 

in treatment is observed in HIV patients as well as the patients with transmitted HIV 

who refuse to use treatment therapies.  Therefore it is suggested that Resistance testing 

should be done prior to recommend highly active antiretroviral therapy (HAART in 

naïve patients or the patients whose treatment is to be optimized in case of failure of 

previous therapy. Due to the fact that multiple mediums and different lines of   

antiretroviral drugs are available these days, patients can be treated successfully even 

with a failure history of therapy in the past.  As the virus keeps on changing i.e, it 

continues to evolve, even though multiple effective and successful therapies are 

available still modified treatments of HIV-1 will be required.  
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1.16 Alternative Therapies  

Multiple interventions have been identified and used successfully in 

randomized controlled conditions which can be used in case of absence availability of 

effective vaccine. Tenofovir (TDF)/ emtricitabine (FTC) is a vaginal microbicide gel 

that provide protection among 50% of individuals having greater adherence (Karim et 

al., 2010).  50% protection is also offered by male circumcision (Mills et al., 2008). In 

many countries male circumcision is   undergoing at rapid pace.  Studies carried out on 

using oral ART interventions including treatment like  prevention (TasP) (Cohen et al., 

2011) and oral pre exposure prophylaxis (PrEP) (Grant et al., 2010; Baeten  et al., 2012; 

Thigpen  et al., 2012) exhibit that antiretroviral drugs can be employed treatment and 

in prevention as well. 

 

1.17 Drug Resistance in HIV/AIDS 

As the multiple antiretroviral mediums and agents plus availability of distinct 

classes of treatment, it renders most successful and favorable treatment of single 

diseases, infections and disorders in humans making the HIV 1 therapy more broad and 

deep.  

As HIV possesses the ability to mutate and replicate itself in the presence of 

antiretroviral drugs, this ability is termed as HIVDR. It may result into failure of 

treatment as well as it may be responsible to further spread HIV drug resistance.  

Effectiveness of already restricted therapeutic options can be compromised. HIV drug 

resistance bears the potential to pose a serious threat to make impossible or eliminate 

the antiretroviral therapies and treatments worldwide. It can occur either if the treatment 

continued for longer periods or if the provided treatment is of lower standard or quality.   

These advanced mutations have the ability to replicate themselves in patient living with 

HIV and slowly and gradually tend to amplify the viral load making the HIV therapies 

ineffective.  

 Prevention and management of exposure of HIVDR is a key factor for detailed 

and effective response of HIV.  For enhanced impact and sustainability HIVDR must 

be integrated with sincere and rapid efforts.  It is indispensable that measures should be 

taken to prevent, to record the response of HIVDR in clinics, multiple schemes and 

policy levels to monitor the causes of HIVDR.  
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There are a number of reasons that people living with HIV/AIDS may have 

difficulty in adhering to their treatment plans, including: side effects from medications, 

difficulty in covering costs, the stigma associated with HIV/AIDS, and stock-outs of 

drugs. First of all, programs need to support those on treatment to surmount these 

barriers.  Second, it is important to have HIV drug resistance surveillance systems in 

place. Surveillance systems can be instituted within national HIV monitoring and 

evaluation systems that are already in place in most countries, and allow countries to 

be more proactive in responding to observed increases in drug resistance. 

 

1.17.1 Cross Resistance 

Cross resistance limits the options of HIV drugs as it induces resistance to one 

HIV medicine and patient becomes resistant to other drugs of same HIV drug class. 

Due to cross resistance, a person’s HIV can be resistant to other HIV medicines he has 

never taken. As example, resistance to one non-nucleoside reverse transcriptase 

inhibitor (NNRTI) medicine would induce resistance to all drugs in the NNRTI drug 

class, including those never taken. Drug sparing is key tool used to prevent cross 

resistance.  

WHO has proposed a new 5-year global action plan to achieve the targets of 

awareness, prevention and effective strategies of treatments to all people enduring HIV, 

i.e. adults, at risk populations, pregnant women, breastfeeding women, children and 

teenagers. 

The HIV key populations and recipient of ART are estimated 19.5 million 

globally, this figure is quite less than expected in 2017, making it an amazing 

accomplishment in worldwide health and human unity. 

It is objective of global health agencies to eradicate HIV epidemic as a major 

public health risk through the programs jointly in progress under banners of United 

Nations lead Agencies including UNAIDS and WHO.  Both of organization are near to 

achieve the milestone to make it possible that that more than 90% of HIV infected 

individual are aware of their health status and under treatment by receiving antiviral 

therapy at registered centers. The program also included to attain 90% of viral restraint 

at end of 2020 (WHO, 2017). 

On other hand current reports from WHO are highlighting threat of increased 

vial resistance resulting a hike in patients from 11% to 29% since compression of global 
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ART in 2001 (WHO, 2017). The drug resistance was mostly reported from the regions 

which were mostly covered under the ART programme. (Gregson et al., 2017). 

These reported increasing incidents of drug resistance are indication of 

unsuccessful HIV programmes. This indicate a greater risk that not only the available 

clinical approach will fail in currently registered patients but also to general public 

among them these infectious individuals are roaming around. Even the latest treatment 

PrEP along with tenofovir–emtricitabine are acting like prone to drug resistance (Beyrer 

and Pozniak, 2017). 

We know that HIV RNA is single stranded tends to pseudo double stranded 

DNA as soon as it enters in the body of host with the help of reverse transcriptase and 

at this stage the mutations occurs very commonly due to inability of respective 

transcriptase to have proof reading mechanism. This activity leads to mutant strains of 

HIV with drug resistant capabilities.  It is estimated that 1 mutation/10kb after every 3 

cycles of replication takes places (Mansky and Temin, 1995). Mostly an amino acid is 

substituted as result of these mutations however insertions, duplications and 

recombination do occur as well.  

In addition to the acquired drug resistance during the treatment, drug-resistant 

HIV strains can be transmitted from one patient to another. Thus as a result of such 

acquired infection of resistance strain of HIV a newly infected patients may exhibit 

symptoms of drug resistance. . Reports indicate that such drug resistance transmissions 

mostly occur in low income countries contrary to high income countries. Among 7-

17% of such resistant patients more commonly two categories of drugs are opposed 

they are nucleoside reverse transcriptase inhibitors (NRTI) or non-nucleoside reverse 

transcriptase inhibitors (NNRTI) (Frentz et al., 2012). There are a few reports 

mentioning these resistances have been transmitted to third class of drugs including 

(protease inhibitors, PIs). 

The HIV drug resistance may be categorized in to three domains; one is the 

clinical resistance when the virus is rapidly replicating in the infected individual in spite 

of continuous anti-retro viral therapy. The second is phenotypic resistance where when 

a sample is taken from patients in a tube and addition of ARV’s enhance viral 

replication and third is termed as genotyping resistance where a known mutation in the 

viral nucleotides may be associated to drug resistance. The lower CD4 count and an 

increased viral load are indication of clinical resistance. The phenotypic and genotypic 

resistance can be detected with the certain laboratory tests.  
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1.17.2 Testing for Drug Resistance 

Drug-resistance testing helps determining, if a person is infected with a strain 

of HIV which is drug resistant; based on results, proper HIV medicines are prescribed 

for the patient. Once the treatment is started, viral load testing estimation shows whether 

this HIV regime is sufficient to control virus, and if needed, drug-resistance assay is 

repeated, and a new HIV regime is selected. The testing for drug resistance is also 

suggested for all pregnant women whether they are on HIV medication or before 

starting the treatment. 

 

1.17.2.1 Phenotypic Drug Resistance 

 The inhibitory concentration (IC50) of any antiretroviral agent that reduces viral 

replication by 50% is estimated using this susceptibility. The process involves patients 

and sero-negative donor’s peripheral blood cells and by co-cultivations, a viral stock is 

prepared, various concentration of antiviral agent is then tested, and inhibitory 

concentration (IC50) is determined based on measuring infectivity on different cultures. 

It takes approximately 6 weeks to get final data making it time consuming and labor 

extensive (Mayer et al., 2001). 

The need of day is to develop modern assays based on recombinant virus that can 

directly identify virus in plasma (Shi et al., 1997). Patient gene sequence of virus is 

amplified from RNA using RT-PCR (Reverse transcriptase) then, PCR product is 

transformed and inserted into recombinant HIV-1 vector lacking comparable sequence; 

thus, lead to prompt drug susceptibility studies. Based on these techniques, the 

Antivirogram assays (Virco) and PhenoSense assay (Virologic) (Petropoulos et al., 

2000; Hertogs et al., 1998) have been developed.  

 

1.17.2.2 Genotypic Drug Resistance 

Clinical decisions for HIV drug resistance depends on understanding and 

interpreting its basic principles that introduce resistance. Genotypic drug resistance 

results give important source of information regarding specific mutations that induce 

drug resistance. Genotypic tests determine the sequence of nucleotides on specific 

regions that induce phenotypic resistance.  

DNA sequencing is a standardized method that uses HIV-1 RT and protease 

gene sequencing by advanced sequencers followed by sequence alignment and 
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mutation detection that leads to final output through various software such as 

OpenGene DNA sequencing system and ViroSeq HIV-1 genotyping system, etc. The 

benefits include reduction of time from collecting specimen to final report from to 21 

days (practical time for clinicians) (Mayer et al., 2001). 

 

1.18 Objectives  

The present study was planned to comprehensively explore the molecular epidemiology 

of the HIV-1 subtypes circulating in Pakistan. The core objectives of the study included:  

 

i. To identify and determine the epidemiology of HIV-1 subtypes in Pakistani population  

ii. To assess the prevalence of HIV and syphilis in high risk groups and blood donors 

iii.  To investigate the drug resistance mutations in HIV samples from Pakistani patients  
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2. LITERATURE REVIEW  
 

It is imperative to strengthen knowledge and evidence about HIV/AIDS in 

responding effectively to the global epidemic. Countries around the globe have invested 

in clinical research that tries to inhibit, treat, or remedy HIV/AIDS maniac, as well as 

vital research about the characteristics of HIV as a communicable agent and AIDS as 

the syndrome instigated by HIV. But still more research is required to support the 

millions of individuals whose health remains at risk by the global HIV/AIDS pandemic. 

The research is key to ending HIV transmission: scientists around the world are working 

hard to understand the biology of HIV, how it is transmitted, how it replicates within 

the body and what kills it. Armed with this understanding, researchers can develop more 

effective drugs and work toward a vaccine, with the ultimate aim of eradicating the 

virus. For this purpose, scientists need high quality, trusted research to build on. 

Researchers have made huge progress in understanding, preventing and treating 

HIV/AIDS.  
 

Since the first discovery of HIV-1, the major source for its astonishing rise and 

epidemic spread along with its complex pathogenicity have been a emphasis of 

research. Literature mentioned in 1986 among western African patients 

morphologically similar but antigenically distinctive virus was emerged as source of 

AIDS (Huet et al., 1990). Inquisitively, this new virus was labeled HIV-2, it was 

slightly associated with HIV-1, but connected to a simian virus, this virus cause defect 

on immune system among captive macaques (Bailes et al., 2003; Barre-Sinoussi et al., 

1983).  
 

Afterward, multiple viruses were termed as SIV (simian immunodeficiency 

virus). These viruses originated in numerous primates from sub-Saharan Africa. Later 

on suffix were labelled for the identification of origin of species. These viruses were 

labeled with a suffix to signify their type of origin.  

 

2.1 HIV/AIDS in Asia 

Although epidemics of HIV/AIDS was originate late in Asia, as of now the 

landmass of Asia has developed an epicenter of second leading epidemic afterward sub-

Saharan Africa. In comparison to sub-Saharan Africa where the heterosexual spread 

route remains the leading cause of the epidemic, the Asian epidemic shows much 

multilayered character. In Asia almost one third of HIV cases are acquired via injecting 
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drug use (IDU). Meanwhile the commencement of this century faced heterosexual route 

of transmission and the previously abandoned routes , i.e., men having sex with men 

(MSM) (Van Griensven et al., 2005). 

In the largest country of Asia in terms of population, China, has an expected 

326,157 patients living with HIV/AIDS which includes 30% women. The 1st HIV case 

was identified in 1985 in China in an immigrant. Geographically, the maximum 

numbers of HIV infections have been seen in the provinces of Yunnan (Southwest), 

Henan (East Central), Xinjiang (Northwest), Guangxi and Guangdong (Southeast). The 

HIV epidemic originated in rural area before disseminating to cities which is an 

uncommon pattern of HIV transmission.  About 44% of the individuals living with HIV 

belong to injecting drug use category. Though, a half of the fresh HIV infections are 

reported because of unprotected sex and therefore the percentage of HIV/AIDS 

infection by sexual transmission is increasing (Jia et al., 2011).  

In Thailand, approximately 445,504 patients are living with HIV which includes 

39.4% women and 1.5% children. The first case was reported in 1984 and since then 

the epidemic has shown considerable dynamics, starting from the injecting drugs users, 

it has now spread to female sex workers and their clients. However, because of 

extensive preventive actions, the new yearly infection rate is dropping. The 

transmission of HIV from parents to children has been effectively stopped. The MSM 

and spouse or sexual partner based infected females are more prevalent among new 

cases of HIV infections. Thailand is considered a universal spearhead in HIV 

prevention and treatment, and its knowledge and experience with the HIV epidemic has 

invaluable lessons for other countries (Siraprapasiri et al., 2016). 

A serious epidemic emerged in Myanmar, more than 200,000 of the populations 

diseased with HIV. The first case was detected in an injecting drug user in 1988 and 

since then the infection rate has rapidly increased. The HIV incidence among adults (18 

– 49 yrs) is at 0.8%. Similarly increasing levels are seen in the high risk populations; 

43% in IDUs and 32% in male and female sex workers. However, there are some signs 

that the infection rate is dropping. The national frequency among pregnant females has 

dropped from 2.2% in 2000 to 1.3% in 2005 (Aung et al., 2017; Oo et al., 2016). 

In Vietnam, the first case was detected in 1990 and currently 

approximately255,000 are living with HIV/AIDS while more than 128,000 had pass 

away from AIDS-related illnesses. The frequency of HIV infected patients was folded 

during 2000 - 2005 in Vietnam. Almost 40,000 people are newly infected with HIV 
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every year. The HIV incidence in adults is around 0.44%.  The epidemic in Vietnam 

area is in a rigorous phase and the main groups affected are the injecting drug users 

followed by the sex workers (Safarnejad et al., 2017; Dao et al.,2013). 

The second largest country of the world, India is suffering a diverse and 

heterogeneous HIV epidemic since the detection of first case in 1986 in a female sex 

worker. Approximately 2.1 million peoples are HIV Infected in India. HIV incidence 

among adults (15–49 years) is dropping and is reported at 0.26% in 2015 as compared 

to 0.38% in 2001. Frequency of HIV Infection was 2.2%, 4.3%, and 9.9%, among 

FSWs, MSWs and IDUs respectively. Heterosexual is the predominant route of 

transmission is heterosexual but the injecting drug use remains the key driving force of 

the HIV epidemics in northeast, adjacent to the border with Myanmar (Tanwar et al., 

2016). 

In Nepal, since the detection of first case of HIV the epidemic has upsurge from 

low to concentrated phase especially among IDU, sex workers and immigrants.  

Currently, 39,249 individuals are reactive for HIV/AIDS in Nepal and 85% of these 

infections are attributed to sexual transmission. The HIV incidence in the adults (15–

49 years) shows a decreasing trend and stands at 0.20% (Poudel et al., 2017).  

 

2.2 HIV in Pakistan  

Epidemics of HIV infection is well established and growing in Pakistan. The 

most common risk groups are IDUs, MSM and MSW (Bokhari et al., 2007, Emmanuel 

et al., 2013, Thomas and Tucker, 1996). Therefore, Pakistan seems to be following the 

"Asian Epidemic Model" (Brown and Peerapatanapokin, 2004). Existing HIV infected 

patients are mostly expatriated migrant workers along with their spouse and children. 

All demographic groups are involved across the country. Prevailing community of 

IDUs inappropriate sexual behaviors, financial issue, poverty, insistent disgrace and 

discernment, absence of awareness programs, illiteracy, wide-ranging labour 

immigration and permeable boundaries represent and infect a cumulative number of 

individuals with HIV. Since 1987 only 4,000 patients have been reported to National 

AIDS Control Program (NACP). There was very small proof of HIV epidemic in 

Pakistan. Only a signal outbreak was observed in 2003 among imprisoned IDUs of 

Larkana, there was slight proof of epidemic transmission of HIV in the country (Shah 

et al., 2004). 
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Although in past Pakistan was well-thought-out to be a low burden country but 

at present, HIV incidence is growing due to multiple factors and it is part of  “Countries 

in Transition” with rigorous epidemic of HIV among high risk groups (Bergenstrom et 

al., 2015).Current reported rate is very low as compare to original status, the frequency 

may be much higher if appropriate screening system is carried out. A study from 

Pakistan  reported some common factors encouraging emergence of HIV Transmission 

to young people are drugs, negative peer pressure sexual interest and financial 

frustration in Pakistan (Abrar and Ghouri, 2010).  

According to NACP report 2018 approximately 0.150 million individuals are 

HIV infected of which only 24,147 are registered at NACP, furthermore only 14,088 

registered for are on ART on 30 different ART Centers of March 2018 (NACP, 2018). 

Incidence rate among adults (15-49 years) population of the country was below 1% (0.8 

% in 2014), street based IDUs has maximum rate of HIV reported in Asia. Furthermore 

MSM is latest route of transmission.  

A two year study was conducted on IDUs , of total 636 participants 24.9% were 

found confirm HIV Positive which advocate they slender HIV throughout the study 

period (Samo et al., 2013). 

A national level survey was conducted by IBBS (Integrated Biological and 

Behavioral Surveillance) about 23 cities were included. It was observed that HIV 

incidence is gradually amplified among IDUs, from 10.8% to 27.2%v and 38.2% in 

2005, 2011 and 2016 respectively. City wise high incidence rate was observed in 

Karachi, Bahawalpur and Kasur. Gender wise transgender carry highest burden 7.1% 

and female sex workers and MSM carried 2.2% and 5.4% respectively (IBBS Round 

IV, 2016). 

Reza et al., estimated that in 2020, the total number of HIV infected IDUs may 

extent to 68000. The study also showed the emergence of HIV infection among IDUs 

at 65-75% in third largest city of Faisalabad and 44 - 49% in Karachi (Bergenstrom et 

al., 2015; Reza et al., 2013). 

Persistent poverty, substantial power inequities for male and females, labor 

movement, lack of system to govern HIV reactive population, HIV Positive blood 

transfusions, high frequency of IDUs low condom use rates, all these are serious factors 

behind the danger to country, we are facing swift blowout of HIV /AIDS (Klugman, 

2009). The terrestrial trend of the burden has latterly lengthened from develop urban 

and provincial capital areas to rural towns slighter cities. Very low incidence rate less 
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than 0.1% is reported in adult general population. Exceptions were noticed as in District 

Gujarat (Jalalpur Jattan)where out of 246 general population  individuals 88 (35.8%) 

were HIV reactive by rapid immune-chromatography technique, this population was 

encompassed of heavy frequency of sex-migrant workers (Ansari et al., 2013). 

Moreover reuse of syringes in the from off unsafe injection practice at health care setups 

was major important risk factor behind the emergence of HIV in this area (Ilyas et al., 

2011). It is reported that the major source of HIV transmission in Pakistan is essentially 

heterosexual (52.55%) and contaminated blood  and blood products transfusions 

(11.73%). 

South West Asia followed by Eastern and South-Eastern Europe, also encumber 

highest rate of HIV infection IDUs (28.8%). The situation is similar in Pakistan where 

the HIV incidence has been reported recently at 14.6% (Waheed et al., 2017).  

Incidence rate is increasing day by day in Pakistan, it is one of the significant 

burden country of Asia among four HIV burden countries like Malaysia Philippine and 

Indonesia. Every year incidence rate is on emerging phase in these countries, almost 

15606 new HIV Positive cases were found in Pakistan during the year of 

2014.Hetrosexual and IDUs are major source of ongoing transmission throughout the 

country.  

The HIV global disease burden report (GBD HIV, 2015) published in the Lancet 

highlighted a steady decline of 0.7% in the global HIV incidence rate during last decade. 

It also indicated an increase in surviving HIV infected population worldwide. This may 

partly be explained through expansion of global coverage of ART from less than 2% in 

2000 to an encouraging 41% in 2015. In sharp contrast to the global trends, HIV 

incidence is continuously growing in Pakistan and the country has now entered into 

‘concentrated phase’ of HIV epidemic. The report showed an alarming 17.6% increase 

in annual incidence of HIV in Pakistan compared to 2.2% for the rest of the world. The 

situation is further aggravated by low coverage (5.87%) of anti-retroviral treatment in 

Pakistani patients, which is second only to Afghanistan and Madagascar. This resulted 

in a staggering 14.4% increase in HIV-related mortality rate documented for the study 

duration. Although the National AIDS Programme of Pakistan was established in 1986-

87 and has matured over three decades, yet it failed to effectively counter this menace 

and the country stands at the brink of an HIV epidemic. There is a huge gap between 

the number of identified and actual HIV positive population with only 16% of the 

estimated HIV population being registered at HIV treatment centres (NACP,2018).  
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2.3 HIV in High Risk Groups 

High Risk Groups for HIV are said to be at bigger risk of contracting the HIV 

infection if what they are doing, or what they may do if positioned in an enabling 

condition, is connected with augmented risk of HIV transmission. Examples of those 

population groups are IDUs, MSW, FSW and MSM (WHO, 2018). 

On the other hand the Vulnerable Groups for HIV are supposed to be in a 

condition of vulnerability if their living settings are prone to shifting factors which 

would abode them at risk of acquiring HIV. These groups comprise women, young 

people, long-distance drivers, migrants, displaced populations, men in uniform and 

others (WHO, 2018). 

The HIV widespread is usually intensified by the spread of the virus in 

inhabitants with high-risk happenings, and then spreading to the general peoples via so-

called associating clusters, depending on the level and nature of social connections and 

networks between these populations. Evidence has exposed that increasing 

consciousness, inhibition and behavior alteration interferences in the key inhabitants at 

superior risk of HIV can deliberate or even restrict the emergence. 

The incidence of HIV/AIDS and syphilis is rapidly increasing among high risk 

groups (HRGs) in Pakistan leading it away from attaining the 6th millennium 

development goal of stopping and reversing the epidemic.  

 

Table 2.1: Prevalence of Syphilis and HIV in Jail Prisoners reported by earlier 

studies from Pakistan 

 

Reported by  City Syphilis%  HIV/AIDS% 

Safdar et al., 2009 

Karachi, 

Hyderabad, 

Sukkur, 

Khairpur, 

Larkana and 

Shikarpur 

Not done  1% 

Kazi et al., 2010 Karachi 8.9% 2.0% 

Nafees et al., 2011 Lahore  Not done  2.01% 

Punjab AIDS Strategy, 2012–2016 Lahore  Not done  0.54% 
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Shah et al., 2013 Lahore  Not done  2.4% 

UNODC, 2013 Karachi  Not done  2.3% 

Kakar et al., 2014 Quetta  5.5% Not tested 

Waheed et al., 2017 
Mirpur, Kotli 

(AJK) 
31.7% 2.9% 

 

 

 

Due to high incidence of HIV in high risk groups (Bokhari, 2007), the country 

is now classified into concentrated phase of the epidemic. Ranked among the 12 high 

burden countries which account for > 90% of HIV positive individuals and >90% of 

new HIV infections in Asian region (UNAIDS, 2012). Globally, new HIV infections 

have dropped by 0.7% during last decade, but in sharp contrast the incidence and 

disease burden of HIV is continuously growing at an alarming pace in Pakistan. The 

latest report on global disease burden (GBD) of HIV shows 17.6% increase in annual 

incidence of HIV in Pakistan compared to 2.2% for the rest of the world (GBD HIV, 

2015). The situation is further aggravated by low coverage (5.87%) of anti-retroviral 

treatment (ART) in Pakistani patients, which is second only to Afghanistan and 

Madagascar. This resulted in a staggering 14.4% increase in HIV-related mortality rate. 

Despite the low reported incidence of HIV infection (<0.1%) in adult Pakistani 

population, the epidemic is becoming established among HRGs, IDUs, FSWs MSM, 

and transgender. This group is repeatedly termed as the “vectors of disease” and “core 

transmitters” (World Bank, 2013). 

 

2.3.1 Intravenous Drug Users 

A study by Ahmad et al., (2009) estimated the number of IDUs (street based) 

in Pakistan at 100,000 out of which 21% were HIV positive. The next year, a report by 

the National AIDS Control Programme reported the prevalence at 20.8% (NACP 2010). 

The more recent data reported this prevalence to be 14.6% (Waheed et al., 2017).  

IDUs frequently inject in groups and syringe sharing fluctuates from 3% - 65% 

between cities, with younger IDUs expected to share more. The typical injection rate is 

about two to three injections per day, but is amplified with heroin use (UNAIDS, 2008). 

In Pakistan, very biggest number almost 95% of IDUs are sexually active, of 

which almost 38% have constant sex partner (Ahmad et al., 2009). Furthermore it is 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3173394/#B21
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reported that about 46% of the drug users reported sexual relationship with regular non-

commercial female sex partners in the last six months. While just 10% are aware 

condom users. Around 27% of IDUs are sexual habitual with commercially available 

FSW and 13% MSW in the last six months (although it is unknown how frequently they 

do so); less than 20% ever used condoms (Khan et al., 2010).  

Infrequent and unprotected sex is moderate risk for HIV transmission to sex 

partners of IDU’s, improper size of condom and lack of awareness about HIV spread 

are major issues (Jami, 2005). Local medics and quacks are supporting IDUs for 

injections. Easy aces to cocktail diazepam and phenirimine in drug stores of Pakistan is 

the basic use of IDUs. Lack of prescription demand system indirectly favour the spread 

of improper use of drugs and productions of IDUs. Alarmingly there multiple cases 

where it is observed that some spouses of IDUs are also IDUs they use same injection 

from there sex partners. One more factor behind the emergence of IDUs is that some 

spouse are cognizant that they are drug consumers because they drugs to minimise real 

physical pains and with time they become habitual and got dependent on drugs (Jami, 

2005). Table 2.2 illustrates the prevalence of HIV and syphilis in earlier studies from 

Pakistan.  

 

Table 2.2: Prevalence of Syphilis and HIV in Intravenous Drug Users reported by 

earlier studies from Pakistan 

 

 

Reported by  City Syphilis % HIV/AIDS % 

IBBS 2006 Survey  Lahore  Not done  6.5% 

Bokhari et al., 2007 Lahore  Not done  0.5% 

Bokhari et al., 2007 Karachi Not done  23.1% 

Altaf et al., 2007 Karachi  13.1% 0.6% 

HASP Round 2, 2008 National  Not done  21% 

Abbasi et al., 2009 Quetta  Not done  0.33% 

Altaf et al., 2009 Hyderabad  Not done  25.4% 

Altaf et al., 2009 Sukkur Not done  19.2% 

Hameed et al., 2010 Lahore  25.9% Not tested  
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IBBS 2011 Survey  Faisalabad Not done  52.5% 

IBBS 2011 Survey   Lahore  Not done  31% 

Samo et al., 2013 Karachi  Not done  12.4% 

Raza et al., 2015 Rawalpindi  16.6% 33.3 % 

Waheed et al., 2017 
Rawalpindi, 

Islamabad 
6.25% 14.6% 
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2.3.2 Sex Workers  

As Pakistan is Islamic state and where sex is illegitimate without marriage. 

Unfortunately it is emerging day by day and over the last four decades this activity has 

malformed from a brothel bases sex to divers and miserable arrangements of male 

female and transgender sex trade (Brown, 2005). Public places parks and streets are 

being used for the illegal activity by MSWs, FSWs and Hijras; the remaining FSWs 

function out of homes or "koti khanas". Only around 3% work in brothels (Blanchard 

et al., 2008). The most shocking thing is that, there is higher percentage of MSM in 

Pakistan as matched to MSW. The number of MSWs is comparatively high in lager 

cities of Pakistan like Lahore Karachi and Hyderabad (Yousaf, 2011). Almost 34,5000 

FSWs are reported from eight different larger cities of Pakistan, Quetta and Lahore 

consist of 760 and 14150 FSWs respectively (Adnan and Ayesha 2010). The high 

proportion of FSWs is reducing in routine brothels and setting in housing zones and 

streets. The prevalence of HIV among hijra and female sex workers is shown in Table 

2.3 and 2.4. 

 

Table 2.3: Prevalence of Syphilis and HIV in Hijra Sex Workers reported by 

earlier studies from Pakistan  

 

 

Reported by  City Syphilis %  HIV/AIDS % 

IBBS 2005 Survey  Quetta  Not done  0.5% 

Bokhari et al., 2007 Lahore  Not done  0.5% 

Bokhari et al., 2007 Karachi Not done  1.5% 

Khan et al., 2008 Lahore  37% 1% 

Khan et al., 2008 Karachi  62% 2% 

Hawkes et al., 2009 Rawalpindi 48.8% 2.4% 

Hawkes et al., 2009 Abbottabad  37.5% 0% 

IBBS 2011 Survey   Larkana Not done  15% 

IBBS 2011 Survey   Karachi Not done  12% 

Akhtar et al., 2012 Rawalpindi Not done  21.3% 
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Raza et al., 2015 Rawalpindi  76.9% 23.0% 

Waheed et al., 2017 
Rawalpindi, 

Faisalabad 
59.7% 16.4% 

 

 

 

 

Table 2.4: Prevalence of Syphilis and HIV in Female Sex Workers reported by 

earlier studies from Pakistan 

 

 

Reported by  City Syphilis % HIV/AIDS % 

Bokhari A et al., 2007 Lahore  Not tested  0.5% 

Bokhari A et al., 2007 Karachi Not tested 0% 

Hawkes et al., 2009 Rawalpindi 1.2% 0% 

Hawkes et al., 2009 Abbottabad  2.8% 0% 

Bibi et al., 2010 Hyderabad  44% Not tested 

Khan et al., 2011 Lahore 4.5% 0.7% 

Mishra et al., 2013 12 cities Not done 0.63% 

Raza et al., 2015 Rawalpindi  20% 0% 

Waheed et al., 2017 
Rawalpindi, 

Faisalabad 
32.7% 4.95% 
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2.3.3 Migrant Workers 

Migrant workers include those who are less skillful, belong to rural areas and 

travel abroad to work and include both men and women, however, mostly men. Many 

individuals are getting involved in sexual activity because they are living away from 

their families and their sexual desires are not being fulfilled. These migrants later spread 

the HIV to their spouse who becomes victims of HIV/AIDS. 

 

2.3.4 Truck Drivers 

In Pakistan, the vast population of the tribal region is truck drivers. These 

individuals travel to far-flung areas away from their homes and sometimes even go to 

other countries bordering Pakistan. Extended absences from homes and living away 

from families lead to fall in greater risk for contracting HIV and STDs, unprotected sex 

with MSWs and FSWs and Hijras and casual partners. Sexual partners of truck drivers 

usually include adolescent and young boys working as helpers and travelling with them, 

commercial sex workers are also actively involved. There are around 200,000 truckers 

in Pakistan (Pakistan Truckers Association and NACP, 2006). They start sex generally 

at 17 years, frequency of married truck drivers was 60%, and 25% indulge in 

commercial or noncommercial sex. Condom practice was very rare almost 8%. Almost 

1% HIV infection rate is reported among truck drivers as per reported by National AIDS 

Control Programme of Pakistan; even though, an ensuing HIV prevention programme 

for truckers revealed only 0.25% HIV through Voluntary Counselling and Testing 

Centres (Khan et al., 2010).  

Circumcision is very common in Pakistan about 95% male are usually 

circumcised. Circumcision reduced the chances of HIV infections probably it is major 

reason behind the lighter rate of HIV in Pakistan. Though, not all is well. About 13% 

internally migrant males reported extramarital sex with sex workers, average 8 sex 

partners per individuals are reported in the last year which consist of 38% non-

commercial sex (Faisel and Cleland, 2006). Another study mentioned that about 30% 

of general community males had illegal non marital sex in their past about 11% in last 

3 months. These male were not aware of and not habitual for the use of condom, only 

16% were condom users and 4% were infected with sexually transmissible infections 

(STI) (Bokhari et al., 2007).Moreover, extrapolation of epidemiological data indicated 

that more than 60 million sex acts are sold country wide yearly to about three million 

clients (UNAIDS, 2006).  
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2.4 HIV/AIDS Related Stigma 

HIV/AIDS is a prolonged, manageable ailment. In spite of multiple 

advancements in the field of medical sciences and discovery of new drugs and 

combinations for management of HIV, the HIV infected patients still it is major stigma 

and remain biggest challenge for HIV testing, care, and prevention (Office of National 

AIDS Policy, 2010). Several social science studies have acknowledged the 

consequence of HIV-related disgrace in several clusters of HIV infected individuals. 

Augmented levels of HIV linked stigma, gender grounded violence and sexual pressure 

enhance the spread of HIV in the general community leading to particularly high 

incidence. 

In addition to the high risk population, the female population went through the 

HIV-linked stigma. Furthermore an enhanced vulnerability to HIV infection produced 

by biological variances, women experience social variances and gender disparities that 

present prevention challenges (Florom-Smith et al., 2012). This includes the inability 

to debate high risk practices of partner or use of condom (Billy et al., 2009). 

AIDS is a devastating and deadly syndrome that affects people globally and, 

like all infections, it arises without warning. In Argentina, transgender women who had 

earlier went through discernment in health services from patients or HCWs. These 

women’s were more probable to evade health services as compare to transgender 

women who had not earlier practiced discrimination in health care. Alarmingly these 

women are refusing to get health care services because of their gender, it is reported 

that almost 40.7 % women has stopped health care services (Socías et al., 2014).  

A study was conducted on street based FSWs of saint Petersburg and conclude 

58% FSWs had not visited physician and 30% had refused health care services because 

moral issues from clinicians, they were worried that physicians would diagnose and 

treat them gravely (King et al., 2013).  

Similarly, FSWs from Kenya who anticipated stigma from HCWs were twice 

as prospective to escape non-HIV health services (Nyblade et al., 2017). In African 

countries like Côte d’Ivoire, Burkina Faso, Swaziland and Lesotho, a significant 

proportion (10-40% gay man and who practiced MSM and 10-23% of FSWs) of HIV 

infected (AIDS) individuals has been reported who avoid health care services are delay 

services because of the terror of stigma. (Kharsany et al., 2016).  
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Four domains of HIV linked stigma related to terror of infection disclosure, 

blame, social bond and stereotypes has been reported by Sayles et al., 2007. A 

qualitative study was conducted, low income male and female living with HIV 

identifying stigma were enrolled.   

Challenging blame and stereotypes of HIV included member explanations of 

HIV positivity blames by self, HCWs, families, outsider and friends. Stereotypes 

involved shrinkage of HIV infection through deplorable behavior and sexual 

orientation. Coming across distress of contagion included the hypothetical fear others 

have of shrinking HIV burden via casual attitude and contact with infected individuals.  

A study of mixed methods was conducted by Foster and Gaskins in 2009, it was 

revealed that HIV associated shame among older African Americans was the stigma 

and feelings were reported. Many of them revealed that they are not facing any kind of 

stigma but they don’t have friends just keeping themselves. However they are facing 

insensitive comments of community about HIV positive individuals and one male was 

reported learning to hold his head high when listened these comments he said everyone 

around and in touch with me should be very clear about my HIV status (Foster & 

Gaskins, 2009). 

A cross section al study was conducted by Wingood et al., in 2007 for the 

assessment of discrimination frequency among HIV positive white women and African 

Americans. Almost 366 individuals were enrolled of which about 16% reported HIV 

discrimination. 5.3% lost their jobs 4.4% who denied from health care’s services 

because of HIV status and 6.2% experienced having to move. Moreover bivariate 

analysis showed significant relationship among African American women for HIV 

discrimination and not attaining health care services (Wingood et al., 2007). 

A study was conducted by French et al., in 2015 for evaluation that how HIV 

disclosure and stigma experience effect the life of HIV infected individuals. Moreover 

it rural and urban areas wise variances were also assessed. HIV infected individual said 

that HIV stigma portrayed negative communicative arrogance to them, negative self-

judgment and fear of community was also present. Disclosure was stressful movement 

for HIV infected individual and it was uncertain to them. They were very sensibly 

concerned about the profit of disclosure and they consider to whom they would disclose 

their HIV status. It was noticed that disclosure in health care setting was very stressful 

matter and they had handle this compulsory disclosure situation. Therefore disclosure 
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practices and HIV stigma remain a bigger challenge which significantly affect support 

effort along with treatment.  

A survey was scheduled on HCWs of two provinces of Thailand in 2013. It was 

noticed that HCWs were concerned about touching the clothing, bedding and belonging 

of HIV infected patients 32.2% and 40.9% respectively in both provinces. Similarly 

dressing issue of HIV infected individuals were found 58.2% and 63.4% respectively. 

Moreover a very high ratio 61% and 66%was worried to deal and collect blood samples 

from HIV infected persons respectively. A very good practice was observed among 

48% and 55.4% individuals that they were using needle precautions when dealing with 

HIV infected patients respectively. Double gloves practice was found common among 

34% and 42.2%, respectively (International Health Policy Program 2014). 

A study by Poteat et al., (2017) analysed the HIV prevalence and psychosocial 

and behavioural catalysts of HIV infection in 937 transgender females matched with 

non-transgender (cisgender) MSM at 14 different locations via 8 countries of sub-

Saharan Africa. The study collected information on sexual orientation, gender 

distinctiveness, stigma, psychological health, sexual behaviour, and HIV testing. 

Testing for HIV was done by rapid ICT devices. The study revealed that transgender 

females are expected to test reactive for HIV more than cisgender MSM as well as to 

face challenges of stigma, depressing symptoms, and condom less sex. 

Likewise, a study among IDUs of Thailand found that study individuals were 

nearly seven times as probable to avoid HIV screening if they had been previous 

declined treatment or services by HCWs (Ti et al., 2013). 

 

2.5 HIV/AIDS in Blood Donors 

HIV infection due to contaminated blood and blood components transfusion has 

been reported repeatedly since 1982 (Ammann et al., 1983). In USA, the danger of 

obtaining HIV via blood is estimated one in 1.5 million (Zou et al., 2010). Blood and 

blood components transfusion based spread of HIV is emerging that of any other risk 

exposure. A study was conducted to assess the chances of infection transmission, about 

90% of the patients who were transfused with HIV reactive blood become infected on 

follow up (Donegan et al., 1994). Storage of blood decreases the chances of HIV 

transmission, especially in case of packed RBC it was noticed that a bag of packed RBC 
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stored for 8 days is 96% infectious and if that bag is stored for weeks it remains only 

50% infectious.  

As per Islamabad Transfusion of Safe Blood Ordinance, 2002, the HIV 

screening is compulsory before blood transfusion in Pakistan. Behavioral screening 

strategy is being used to reject blood donors from HIV high risk populations, to lessen 

the risk of HIV spread (NBP and NSF 2014-20) moreover highly sensitive and specific 

techniques are also being used to screen blood and prevent HIV transmission. 

Literature showed that in last 30 years 47 blood transfusion centers have 

reported incidence of HIV from 1988 to 2017. There is an extensive variety in the 

screening technique used for HIV diagnosis. The blood transfusion block ranging from 

rapid screening devices to highly sensitive advanced nucleic acid testing (NAT), hence 

needful uniformity. 

 A review of 47 studies include 3,100,409 blood donors, about 0% incidence 

rate of HIV reported in 19 studies. Almost 0.13% mean HIV positivity was found 

among remaining 28 studies. Among heath blood donors HIV incidence rate was 

reported 0.008% in Peshawar to 1.0% in Gwadar city by Khan et al., (2002) and Sheikh 

et al., 2015 respectively. The data collected is presented in Table 2.1:  
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Table 2.5: Summary of HIV prevalence in blood donors in Pakistan  

 

S. No. Author Year  City 

(Province) 

No. of 

Donors 

Tested 

HIV 

Prevalence 

% 

1.  Mujeeb et al. 1988 Karachi (Sindh) 523 0.6 

2.  Khanani et al., 1988 Karachi (Sindh) 121 0.82 

3.  Mujeeb et al.,  1991 Karachi (Sindh) 1,655 0.18 

4.  Raziq et al., 1993 Peshawar (KP) 33,402 0 

5.  Mujeeb et al.,  1993 Karachi (Sindh) 666 0 

6.  Kayani et al.,  1994 Karachi (Sindh) 32,127 0.003 

7.  Kakepoto et al.,  1996 Karachi and 

Hyderabad 

(Sindh) 

51,257 0.02 

8.  Iqbal and Rehan, 1996 Lahore 

(Punjab) 

12,482 0 

9.  Ahmed et al., 2000 Abbottabad 

(KP) 

960 0 

10.  Rahman et al., 2002 Punjab 910,706 0.001 

11.  Khattak et al., 2002 Rawalpindi 

(Punjab) 

103,858 0.007 

12.  Mumtaz et al., 2002 Rawalpindi 

(Punjab) 

553 0 

13.  Khan et al., 2002  Peshawar (KP) 23,278 0.008 

14.  Sheikh et al., 2004  Quetta 

(Balochistan) 

5,000 0.22 

15.  Asif et al., 2004  Islamabad 3,430 0.23 

16.  Zaidi et al., 2004  Peshawar 

(KPK) 

41,076 0 

17.  Sirhindi et al., 2005  Lahore 

(Punjab) 

18,216 0 
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18.  Khan et al., 2006  Liaqatpur 

(Punjab) 

1,426 0 

19.  Fayyaz et al., 2006  Bahawalpur 

(Punjab) 

27,938 0 

20.  Sultan et al., 2007  Lahore 

(Punjab) 

41,498 0.06 

21.  Azam et al., 2007  Karachi (Sindh) 688 0.14 

22.  Khan et al., 2007  Rawalpindi 

(Punjab) 

139,163 0 

23.  Bhatti et al., 2007  Rawalpindi 

(Punjab) 

94,177 0.004 

24.  Niazi et al., 2008  Rawalpindi 

(Punjab) 

4,427 0 

25.  Manzoor, 2009  Lahore 

(Punjab) 

6,659 0.05 

26.  Shah et al., 2009  Lahore 

(Punjab) 

60,719 0.006 

27.  Qazi et al., 2010  Peshawar (KP) 100 0 

28.  Shaikh et al., 2010  Karachi (Sindh) 2,000  

0 

29.  Khan et al., 2011  Peshawar (KP) 3,915 0 

30.  Borhany et al., 2011  Karachi (Sindh) 5,717 0 

31.  Safi et al., 2011  Peshawar (KP) 62,251 0.045 

32.  Attaullah et al., 2012  Peshawar (KP) 127,828 0.06 

33.  Waheed et al., 2012  Islamabad 10,145 0 

34.  Moiz et al., 2012  Karachi (Sindh) 23,559 0.051 

35.  Umair et al., 2012  Mirpur (AJK) 8,927 0 

36.  Butt et al., 2013  Kasur (Punjab) 833 0 

37.  Irfan et al., 2013  Karachi (Sindh) 108,598 0.10 

38.  Khattak et al., 2014  Peshawar (KP) 6,000 0.13 

39.  Kamran, 2014  Rawalpindi 

(Punjab) 

300 0 
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40.  Zaheer et al., 2014  Islamabad  160,376 0.017 

41.  Sheikh et al., 2015  Gwadar 

(Balochistan) 

300 1.0 

42.  Hussain et al., 2015  Multan 

(Punjab) 

480,20 0.01 

43.  Niazi et al.,2016  Rawalpindi 

(Punjab) 

160,552 0.02 

44.  Ghani et al., 2016  Rawalpindi 

(Punjab) 

626,413 0.01 

45.  Sultan et al., 2016  Karachi (Sindh) 148,268 0.11 

46.  Saeed et al., 2016  Lahore 

(Punjab) 

18,274 0.02 

47.  Zameer et al., 2017  Lahore 

(Punjab) 

10,048 0.11 

 

The data of HIV prevalence in blood donors from neighboring countries showed 

more or less similar results. Song Y et al., 2014 screened 66,311 blood donations 

between 2005 and 2010 in China. The study revealed 0.31%of the donation tested 

positive for HIV. Among positive blood donors major three risk factor were found, i.e. 

education level, age and blood donation frequency. High frequency of TTIs infection 

was observed among lower education and older age group. Downward rate of TTIs was 

observed among regular blood donors. 

A study from India conducted by Mandal in 2016, screened 28,364 blood donors 

over a three years period (2010-12). The study showed the prevalence of HIV at 0.42%. 

In Bangladesh, specimens of 34,953 family replacement and voluntary donors and were 

testes for the presence of HIV antibodies via rapid immune chromatographic assay. The 

results showed 0.03% of the donors reactive for HIV. All positive samples were re-

tested on Western blot which showed 0.02% confirmed positives for HIV.  

In a study from Iran (Zadsar et al., 2017), data were gathered for 11.504 million 

blood donations during the timeframe of 2008 – 2013. A total of 421 blood donations 

were HIV positive. The average prevalence was 3.6 per 100,000.  

In Sri Lanka, an investigation of retrospective blood donor records was carried 

out from Jan 2010 - Dec 2012. The screening was performed by 4th generation ELISA 
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on 66,087 allogenic blood donations including 77.5% of male donors. Year wise 

incidence of HIV was 0.00004% (3 cases) in 2010 and was 0.0001% in 2011, 0.000% 

in 2012 and 0.00004 in 2013 (Morawakage, 2013). 

 

2.6 Syphilis and HIV Co-Infection 

Sexually transmissible diseases (STDs) are prevalent acute condition in all over 

the world. Almost 30 different types of sexually transmissible infections (STIs) are 

reported. Everyone is not curable but preventable, the most common curable infections 

are caused by Neisseria gonorrhoeae, Chlamydia trachomatis, Trichomonas vaginalis 

and Treponema pallidum. Infections caused by these four major pathogens can lead to 

swear acute infections like urethritis cervicitis and genital urination. These infections 

can lead long term damage and swear complication like ectopic pregnancy related 

issues chronic pelvic pains cardiovascular and neurological issues in adults’ early 

delivery and neonatal death swear disability and blindness in infants and bigger danger 

of HIV attainment and spread (Global Burden Lancet, 2015). STDs have been 

associated with gender based violence and are major source of vulnerability shame 

stigma and stereotyping (Amin and Garcia, 2013). 

HIV is significantly co-infected with syphilis and frequently spread through 

unprotected sex. Alarming increase in incidence of HIV and syphilis is reported by 

multiple public health experts and clinicians therefore now the days it has become the 

subject of interest. At present syphilis is emerging as global dilemma and its major 

public health problem. In acute phase of disease it cause infection of genitals and mucus 

membrane of skin. If it is going too left untreatable it can progress to swear issue like 

neurological and cardiac complication dementia, blindness and death. It is terror for 

pregnant women because it can upsurge the risk of still birth, congenital malformations 

among neonates and abortions (Rydzak and Goldie, 2008; Gomez 2013). 

In 2017, the World Health Organization (WHO) estimated that one million 

pregnant women had active syphilis infection in 2016 and were at threat for adverse 

pregnancy outcomes (WHO, 2017). In addition, 5% of sex workers were infected with 

syphilis in 20 reporting countries.  Syphilis was endemic in Europe between the 15th 

and 20th century and in the 19th century, 10–20% of the inhabitants in Europe and 

America were thought to be infected (Radolfand Lukehart, 2006). After it was 

identified that syphilis can be successfully treated with penicillin, the disease almost 
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vanished in Western countries before it unexpectedly re-emerged in the late 1990s 

(Simms, 2005). In Western countries, syphilis is now mostly faced among MSM 

(Jebbari, 2011). By contrast, in low-income countries, the disease characterizes an 

extensive problem (Hawkes, 2011; Kuznik, 2013). In Pakistan, the syphilis infection in 

blood donors has been reported at 0.8% (Zaheer et al., 2017) while in high risk groups 

this has been reported as high as 38.5 % (Waheed U, et al., 2017). In contrast, a recent 

study piloted in Nigeria, the syphilis prevalence in donors was reported as 3.1% 

(Okoroiwu et al., 2018). In December 2018, the National Institute of Infectious 

Diseases from Japan reported an outbreak of Syphilis with 600 cases only in four weeks 

(week 46 to week 50). The total number of new infections reported in 2018 were 6,661 

(NIID Surveillance Data, 2018).  

The data of Syphilis prevalence in Islamabad Capital Territory shows re-

emergence due to mandatory screening under the Islamabad Transfusion of Safe Blood 

Ordinance, 2002.  During the past years, the prevalence from 21 blood banks is reported 

to the Islamabad Blood Transfusion Authority (IBTA) is given in Table 2.6. 

Table 2.6: Prevalence of Syphilis in Islamabad, Pakistan 2014-2017 

 

2014 

Total donations in Islamabad 61,043 

Screened for Syphilis 15,767 

Syphilis positive 58 

2015 

Total donations in Islamabad 65,376 

Screened for Syphilis 24,849 

Syphilis positive 71 

2016 

Total donations in Islamabad 68,274 

Screened for Syphilis 40,746  

Syphilis positive 294 

2017 

Total donations in Islamabad 68,149 

Screened for Syphilis 52,679  

Syphilis positive 421 
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Except for two blood banks, 19 blood banks utilize Rapid Devices based on 

immune-chromatographic principle. The brands include CTK, Determine, SD Bioline, 

etc. The brands keep on changing depending on their availability. The quality is 

severely compromised in most of the cases.  The rest of the two blood banks used CLIA 

based full automatic analyzers (chemiluminescence immunoassay), e.g. Roche and 

Abbott.  

According to WHO, incidence rate of syphilis is 5.6 million per year (WHO, 

2015), of which 90% of cases are found in low-income countries (Tucker et al., 2010). 

Syphilis infection remains an important STI because of its prevalence, infectiousness, 

and burden on both infected persons and health systems. Its significance is aggravated 

by the fact that its ulcerative lesions assist HIV acquisition; another important aspect of 

syphilis is its probable vertical transmission (Melku and Addis, 2015; Berman, 2010). 

The chances of contracting HIV virus through sexual interaction are increased 3 to 5 

times in persons who are syphilis positive compared to individuals who are syphilis 

negative (Kassutto, 2003). Primary syphilis allows both the spread and attainment of HIV 

infection (Mehta, 2006; Baeten and Overbaugh, 2003). 

In spite of minor dissimilarities, syphilis presents in the same way in HIV-

positive and negative patient. HIV co infected primary syphilis present with one 

chancer in up to 70% patients, large and deer lesion may found (Rompalo, 2001).  

Over the last decade decades, the re-emergence of syphilis has been reported 

globally, especially among MSMs (Dai, 2017; Jakopanec, 2010). However, although 

evidence has confirmed that HIV and syphilis co-infection has been commonly 

observed in MSM (Burchell, 2015; Diaz, 2009), studies exploring HIV and syphilis 

have mainly concentrated on either of them (Luo, 2011), but rarely on their co-infection 

(Das, 2015).  

The mechanism of HIV and syphilis co-infection is multifaceted and remains 

partly understood, despite both of them being commonly spread via sex and mother to 

child or foetus (Klausner, 2007). 

Invasive Treponemes infection may found among one-third of primary syphilis 

patient’s cerebrospinal fluid (CSF), regardless of their HIV status (Pastuszczak, 2013). 

Although clinical neuro-syphilis is present among HIV negative patients, However 

early presentation of neuro-syphilis among HIV positive cases leading to clinicians to 

think that it may linked with HIV, the development of neurological complications 

credited to HIV infection rather than syphilis (Flood, 1998).  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Rompalo%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=11473216


60 

 

Several studies has revealed the linkage of syphilis with HIV load and CD4 

count (Palacios, 2007; Manfredi, 2006). Similar to many other acute infections syphilis 

causes Taken together, these studies propose that syphilis, like many other acute 

infections, causes upsurge in the HIV viral load and reduction in CD4 count (Buchacz, 

2004; Sadiq, 2005). This transient rise in viral load may contribute to the rise of HIV 

spread among syphilis cases and patient who are concordant HIV infection. (Nicola, 

2007). How these momentary variations disturb the whole course of the HIV illness or 

the danger for syphilis spread left overs anonymous. 

Co-infection of HIV and syphilis is very common, both effect similar risk 

groups. Every syphilis positive patient should be tested for HIV and every HIV positive 

patient should be screened for syphilis infection. Syphilis’s rapid and timely diagnosis 

complemented by treatment can lessen the risk of HIV spread. 

 

2.7 HIV Molecular Epidemiology 

The foremost features of HIV-1 is its extraordinary genetic inconsistency and 

wide-ranging heterogeneity. This feature is because of its molecular characteristics, 

which in turn permits it to vary, recombine, and distinguish at a high rate. As such, it 

makes complex molecular forms, called recombinants, which dodge the human immune 

system and so stay alive. The high recombination rates are because of highly 

recombinogenic reverse transcriptase (RT) enzyme (Hu and Temin, 1990). RT enzyme 

has an excessive error rate and low binding affinity (Preston et al., 1988), which are 

essential for strand transmissions of reverse transcription. Recombination is not 

restricted by sequence similarity. It has been confirmed to occur inter-group (between 

HIV-1 group O and M), (Peeters et al., 1999) and inter- and intra-strain within HIV 

group M (Rousseau et al., 2007). Recombination has twisted out to be a communal 

expression among dissimilar HIV-1 strains, and the inter-subtype recombination is the 

most usually detected, while intra-subtype recombination can also occur. 

According to Los Alamos HIV database extreme recombination rate (19%) for 

the formation of novel CRF is found in HIV-1 subtype B strain, in contrast with other 

HIV-1 group M viruses. It is marked by the world wide prevalence. As subtype C is 

major cause of 13.8% of entire HIV infections worldwide. Of total 55 CRFs it has 4% 

meager recombination incidence. While subtype G is accountable for 1.1% HIV- On 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Palacios%20R%5BAuthor%5D&cauthor=true&cauthor_uid=17159654
https://www.ncbi.nlm.nih.gov/pubmed/?term=Manfredi%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16511433
https://www.ncbi.nlm.nih.gov/pubmed/?term=Buchacz%20K%5BAuthor%5D&cauthor=true&cauthor_uid=15577629
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sadiq%20ST%5BAuthor%5D&cauthor=true&cauthor_uid=16199736
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the other hand, subtype G  infection around the globe and in additions up to 12% of 

total CRFs documented so far (http://www.hiv.lanl.gov/content/index). 

HIV epidemic is worldwide, first case of HIV was observed in USA in 1981. 

Therefore since 37 years HIV has expanded and go through molecular evolution, it lead 

to recognition of surfeit of HIV types, which encouraged more genotypic 

groupings. The HIV-1 is responsible for global epidemic and has four sub-types (M, N, 

O, and P) with M being the main type and accounts for 90% of the worldwide infections. 

The type M is moreseparated into 09 sub-types (A, B, C, D, F, G, H, J and K) and fifty 

five circulating recombinant forms (CRFs). The HIV-1 subtype classification considers 

all genomic regions even though it was originally based on gag and/or env sequences 

(Lau et al., 2013). Although advancement in the field has improved the approach ability 

to sequencing techniques in all over the world but still HIV-classification into subtypes 

and CRFs is left a challenging task.  

Globally the widespread HIV -1 genotypes are subtypes B, C, A, D, and CRF 

01 A/E (56%) (23%), (8%), (5%), (5%) respectively. (Esparza and Bhamarapravati, 

2000). In Singapore, Japan, Korea, China, Taiwan and Hong Kong, HIV-1 subtype B, 

US-European strain, is prevalent in haemophiliacs, MSMs and some of heterosexual 

persons, namely. In India, the HIV-1 subtype C dominates (Shen et al., 2011). HIV-1 

CRF01 AE is extensively circulating with a prevalence of 84%in Southeast Asia 

excluding India(Hemelaar et al.,2006; Raymond et al., 1996). CRF01 AE was emerged 

as epidemic among FSWs and their clients during the year of 1980 in Thailand and 

developed rampant rapidly even among IDUs. CRF01 AE speedily underway 

circulating through South East Asia, (Malaysia, Cambodia, Vietnam, Taiwan, China, 

Korea and Japan). Subtype B_ (Thailand variant of subtype B; also referred to as Thai-

B virus) is a typical subtype B variant that blow out mainly through IDUs linkages in 

southeast Asia. It is the originator strain activating epidemics in blood donors of central 

China (Ou et al., 1993, Weniger et al., 1994, OU et al., 1992, Kalish et al., 1995, 

Motomura et al., 2000, Su et al., 2003). Two narrowly linked CRFs, CRF07 BC and 

CRF08 BC are transmitting rapidly among IDUs of Xinjiang Province and Guangxi 

Province of China respectively. Thailand bearded multiple novel CRFs i.eCRF01 AE 

and subtype B (B_), (CRF15 01B and CRF34 01B) and Malaysia (CRF33 01B) 

(Piyasirisilp et al., 2000; Tovanabutra et al., 2003; Tee et al., 2006). 

In Malaysia, Chow et al., (2013) led a study on specimens from IDUs. The study 

involved phylogenetic analyses and population sequencing of 128 gag-pol sequences. 
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The study revealed that HIV-1 CRF33_01B was mingling in 71% of IDUs whileHIV-

1 genotypes [subtype B′ (11%) and CRF01_AE (5%)] and CRF01_AE/B′ unique 

recombinants (13%) were poorly epidemic, which showed a considerable shift in 

genotype replacement in these inhabitants. 

In 2017, Sharma et al., conducted a study to evaluate the existing HIV‐1 

molecular epidemiology of Manipur, northeast India. Genes; pol and tat‐vpu‐env were 

amplified from blood samples of HIV‐1 positive patients, sequenced, analyzed, and 

genotyped. Among these 110 HIV-1 sero-positive samples the most frequent genotypes 

in Manipur state was subtype C 65.45% (72/110) with URFs 32.73% (36/110) unique 

recombinant forms, and subtype B 1.82% (2/110). Among high risk groups pattern was 

heterosexual: 58.33% (35/60) subtype C, 38.33% (23/60) URFs, and 3.34% (2/60) 

subtype B; IDUs: 85.36% (35/41) subtype C, 9.76% (4/41) URFs, and 4.88% (2/41) 

subtype B; mother to child: 50% (3/6) URFs and 50% (3/6) subtype C and blood 

transfusion: 100% (3/3) subtype C. The outcomes of the study showed the rise of URFs 

in HIV-1 among the sexual and MTC risk groups in comparison with IDUs. Taking 

together, this study exemplified that Manipur state is the recombinant hotspot of HIV 

of the country. The findings provided the clinical significance for continuous observing 

of HIV‐infections, it will help to plan a suitable strategy for the prevention of curtail 

the spread of new HIV infections. 

A study from Brazil assessed the of HIV-1 molecular diversity. The DNA 

samples were amplified using the PCR and clades were detected using the env and gag 

genes via direct sequencing. The phylogenetic analysis showed that 48% belonged to 

subtype C while 23% samples were subtype B. The probable recombinant forms were 

witnessed for both B/C (23%) and B/F (6%) subtypes (Locateli et al., 2007). 

A 2018 study from Indonesia identified HIV subtypes and its correlation with 

disease progression. The testing was carried out on 17 blood samples collected from 

inpatients and were amplified, sequenced and went through phylogenetic analyses. The 

prime HIV-1 subtype was CRF01_AE (81.8%) followed by subtype B (18.2%). There 

was substantial association among subtype HIV-1 (p = 0.04) and BMI (p = 0.038) with 

HIV/AIDS clinical stage (Rachman et al., 2018) 

Lópezet al., (2018), conducted a study in the Caribbean region to evaluate the 

distribution of drug resistance mutations and subtypes. A total of 846 nucleotide 

sequences from the period comprising 2013 through 2017 were obtained from “HIV 

Genotyping” test file. Drug resistance mutations linked with protease inhibitors (PIs), 
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nucleoside reverse transcriptase inhibitors (NRTIs), and non-NRTIs (NNRTIs) were 

identified by using Calibrated Population Resistance Tool (CPR) available in Stanford 

HIV Database program. Phylogenetic and molecular epidemiology analyses were done 

to evaluate the evolutionary dynamics and prevalence of drug resistance mutations. The 

findings of the study showed that there is a decline in the frequency of PI, NRTI, and 

non-NRTI resistance mutations over time. Additionally, recombinant forms were 

identified and subtypes C, D, and CRF-24BG.  

Neogi and colleagues conducted a study in India to illustrate the distribution 

arrangement of HIV-1 subtypes. The researchers collected blood specimens from 168 

HIV-1 sero-reactive subjects from seven different states of India. HIV-1 subtypes were 

screened using two or three genes, gag, pol, and env using numerous techniques. The 

results for the first time displayed a high frequency (10%) of unique recombinant forms 

(BC and A1C) when two or three genes were used instead of one gene (Neogi et al., 

2012). 

Another study Lu et al., 2017 reported molecular epidemiology of HIV-1 from 

China reported. It was a cross sectional study, 610 freshly infected HIV patient were 

enrolled processed for full length gag-partial pol gene sequences, and 9 genotypes of 

HIV-1 were detected. Of which four main genotypes were CRF, which include CRF 

01_AE, CRF07_BC, subtype B and URFs 53.4% , 23.4%, 15.9%, 4.9% respectively. 

All these nine genetypes were found in those patients who acquired HIV through 

unprotected sex. Amongst 30 URFs, 6 recombinant patterns were discovered like 

CRF01_AE/BC, CRF01_AE/B, CRF01_AE/B, CRF01_AE/C, CRF01_AE/B/A2, 

CRF01_AE/BC/A2 40.0%, 23.3%, 16.7%, 13.3%, 3.3% and 3.3% respectively, plus 

two possible CRFs.  

In Senegal, Jung et al., (2012) convened a study to examine the clades of HIV-

1 to assist in tracing the course of the pandemic. The combination of Bayesian 

coalescent-based approach and phylogenetic analysis was used, 56 strains of subtype 

of C from Senegal were compared with 3025 subtypes C isolates that were recorded 

different countries of the world, phylogenetic relations were evaluated. A significant 

cluster comprising of all subtypes of C strains was found among MSMs of Senegal, 

these MSM cluster and further strains from Senegal are broadly transmitted in diverse 

sub clusters of African HIV-1 C strains, representing frequent overviews of subtype C 

in Senegal from numerous dissimilar southern and east African countries. Moreover, it 
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was concluded that HIV-1 strains isolated from MSMs were more thoroughly related 

to those isolated from southern Africa.  

Sayan et al., 2014, conducted a study in Turkey to categorize two patients (male 

and female) with CRF06_cpx subtype. HIV-1 strains were examined for drug resistance 

mutations and subtyping, recombination by pol gene region sequencing. Phylogenetic 

analysis was done by using neighbor-joining technique and HIV-1 sequences were 

subtyped as CRF06_cpx/. Recombination analyses showed that HIV-1 pol gene regions 

consist of group M subtype G K, A, F, and D in females and G, A, D, and B in the male 

patient. While protease inhibitor linked mutations (L10I + L33F) were found among 

both genders, Nucleoside reverse transcriptase inhibitor (NRTI) associated mutation 

(K219N) was noticed only in male patients. It was concluded that among antiretroviral 

naive cases proof of identity of HIV primary resistance mutations (resistance testing) 

must be essential for the management of HIV/AIDS infection. 

Country wise molecular epidemiology of HIV-1 was evaluated by Hemelaar et 

al., in 2011, a total of 65,913 cases were included from 109 different countries. A large 

rapid distribution of HIV-1 subtypes was observed around the globe, a significant 

upsurge was noted on spread of CRFs, while decline in the rate of URFs and generally 

rise in recombinants. During the period of 2004-2007 HIV- 1 subtype C found 

accountable for 48% of entirely global infections, while  subtype A ,B, CRF02_AG, 

CRF01_AE, subtype G  and were 12%, 11%, 8%, 5%, 5% and 2% respectively. Almost 

1% of global infections was credited to Subtypes F, H, J and K. Remaining CRFs and 

URFs individually was accountable for 4% infections around the globe, fetching the 

combined total of global CRFs to 16% and totally recombinants (CRFs &URFs) to 

20%. According to a meta-analysis conducted in china combined incidence of 

CRF01_AE was 44.54%, subtype B 18.31%, CRF07_BC 16.45%, CRF08_BC 2.55%, 

and subtype C 0.37% (Yuan et al., 2016).  

 

2.8 HIV/AIDS Drug Resistance 

The advancement in multi-drug combination therapy for cure of HIV infection 

is considered one of the great accomplishments of modern medicine. In a period of 

about10 years, the death frequency from HIV infection was decreased by 50 - 80% and 

transformed from almost entirely fatal and disastrous ailment to what is now often a 

controllable chronic disorder (Delaney, 2006).  Rather than being the effort of any sole 
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group, the development of HAART (Highly Active Anti-Retroviral Therapy) is 

attributed to a lengthy sequence of discoveries by many groups of investigators 

preliminary in the 1970s, constructed upon in the 1980s, and carried to their definitive 

implementation in the 1990s. Key contributions originated from individuals operational 

in basic science fields   biochemistry, development of drugs and clinical testing in many 

different organizations.  

In 1997, two unique antiretroviral drugs NNRTIs (non-nucleoside reverse 

transcriptase inhibitors) and PIs (protease inhibitors) were introduced, it was declared 

as modern age for the cure of HIV-1. A unique combination of three vital drugs PIs or 

NNRTI and two drugs from the NRTI class were confirmed in clinical trials (Markowitz 

et al., 2007). These trials concluded and confirmed that this three drugs based 

combination (ART) can significantly reduce viraemia from detectable to clinically 

undetectable levels.  

Emergence of HIV infection and enormousness of the HIV-1 population need 

aggressive steps, research methodology has suggested that a three drugs combination is 

more effective than two drugs combinations therefore a standard was established in 

early clinical trials of ART combination therapies. Although the benefits of HAART 

remaining however growth in treatment failure is noticed day by day. Emergence of 

drug resistance is major growing issue in all over the world, HIV virus developed drug 

resistance mutations (Shah et al., 2004). These mutations may spread from index 

individuals or may found among treatment naïve patients via stochastic process. 

Patients bearing resistant mutations demand to reach on untraceable viral load increase 

risk of virological relapse, these clinical impacts has been observed among patient 

infected having drug resistant strains. (Johnson et al., 2013). Incidence of drug resistant 

mutations in cases without treatment may differ conditional upon the study setting area 

of survey and associated technical factors like technique being used and mutation 

consider to expect drug resistance. Some epidemiological features, i.e. treatment 

response, drug efficacy risk aspect for HIV spread are also involved (Yanik et al., 

2012).  

Among treatment naïve HIV infected patients’ natural polymorphisms at 

numerous protease codons or secondary mutations have been found, with probable 

inferences for viral fitness development and reply to ART (Gulick et al., 1997; 

Hammer et al., 1997; Peelson et al., 1997). Following the treatment experience, 

probability of novel mutations among reverse transcriptase (RT) or the protease (Pro) 
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(Markowitz et al., 2007) genes has been recognized, but very limited data have been 

collected concerning their incidence rate among treatment naïve cases.  

A study was conducted in Thailand by Kiertiburanakul et al., (2016) to evaluate 

the impact of mutations on treatment outcomes and incidence rate of HIVDR by using 

short reverse transcriptase genotypic resistance technique. Almost 14 major mutations 

of codon (99-191 on RT genes) were selected. About 265 HIV patients holding medium 

CD4 count at ART initiation it was 216 (77–381) cells/mm3. It was revealed that the 

detectable level; of HIV RNA may found at 6 month after treatment exposure and 

overall HIVDR rate was 7.9%. The practice of routine “short RT” genotypic resistance 

technique was suggested in developing countries to get better treatment outcomes to 

make the most of treatment outcome. 

Hernandez-Sanchez et al., 2018, designed a research to assess the incidence of 

ART resistant mutations among treatment-naïve cases of Mexican state of San Luis 

Potosí. About 38 full-length pol sequences covering the reverse-transcriptase, protease, 

and integrase-encoding regions were obtained from 42 treatment-naive HIV positive 

patients. Most presented subtype B homology, but CRF02_AG was also recognized. 

Proof of APOBEC3 hyper mutation was observed in two specimens. The calibrated 

population analyses showed a surveillance drug resistance mutation frequency of 4.9% 

for protease inhibitors, of 2.7% for nucleoside reverse transcriptase inhibitors (RTI), of 

8.1% for non-nucleoside reverse transcriptase inhibitors, and an overall incidence of 

9.5%. These results correlated to an intermediate level of transmitted drug resistance as 

per WHO standard.  

A study was conducted by Rainwater-Lovett, et al., 2013 in Zambia to evaluated 

immune based risk factors for death during the three month HAART initiation. Almost 

149  children were enrolled CD4 and CD8 count were done via flow cytometry, 21 

children were died during follow-up of which date of death is known  for 17(81%) 

children, 16 (76%) were died after 90 days of initiation of HAART. Young age with 

low weight-for-age were significantly associated (z-scores) with greater possibilities of 

death within 90 days. While CD4 count was not associated with mortality. 

Subsequently regulation of these factors produce 10% rise in CD8 count, augmented 

the odds of total death rate and was slightly related with initial mortality. Contrariwise, 

every 10% rise in CD4 count reduced the odds of total and initial mortality. The 

conclusion of the study advocated that CD4and CD8subsets may be extra specific 
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interpreters of primary death than CD4 percentages and might be used to identify 

children who would profit from more recurring clinical checking after starting HAART.  

Integrase resistant among treatment naïve cases of Northern pol and its 

association with transmitted protease and reverse transcriptase mutations was tested by 

Parczewski et al., 2017. A total of 172 PR, RT and Integrase sequences from ART naive 

patients were enrolled during the period 2010-15. Drug resistance was incidental 

grounded on the WHO observation. Incidence of transmitted drug resistance was 12.2% 

and NRTI (nucleoside reverse transcriptase inhibitor) based substitutions were seen in 

11.05% while non-nucleoside reverse transcriptase inhibitor (NNRTI) resistance was 

seen only in 1.16%. Multivariate models showed that transmitted resistance powerfully 

associated with subtype D infections (66.67% in compare to the 3.84% for subtype B). 

Zero transmission was observed for integrase mutations or major protease. 

Polymorphisms associated to resistance in contradiction of integrase inhibitor, 

generally E157Q found among 21.5% arrangements and connected with females 

(31.91% vs. 15.2% for male, p=0.01), IDUs (84.21% compared to 22.08% for 

heterosexual and 1.39% for MSMs based spreads) as well as HCV co-infection (63.64% 

for positive, against 8.57% for HCV negative). Bunches of nucleoside reverse 

transcriptase mutations in subtype D and integrase E157Q variants in subtype B were 

found. 

Multiple studies has proven in clinical trials that naturally arising 

polymorphisms among HIV-1 Gag which is credited to baseline drug resistance. 

Almost 28 new derivatives of 1, BVM were processed to deal with drug resistant, it was 

done by engineering and testing them together with 1-resistant (BVM-R) HIV-1 

variants. Out of these, compound 6 exhibited highest movement in contradiction of 

numerous HIV-1 strains holding BVM-R polymorphisms. It was almost 20-fold extra 

effective as compare to compound 1, in contradiction of the reproduction of NL4-

3/V370A, which carryings the greatest widespread clinical BVM-R polymorphism 

among HIV-1 Gag-SP1. It was concluded that compound 6 should be more studied as 

a conceivable anti-AIDS clinical trial nominee (Dang et al., 2013). 

Karade et al., 2017, conducted a study in India, this study was designed to rule 

out the arrangement of HIV drug resistant mutations, following immunological 

observing and discover its effect on the cycling of NRTI among primary- and second-

line ART. Succeeding adults on primary ART with immune failure (IF) were enrolled 

and plasma viral load levels were calculated. Randomly almost 80 individuals holding 
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viral load more than 1000 copies/ml were processed for HIV drug resistance 

genotyping. Out of which only 75 cases were effectively genotyped. At the time of 

treatment failure median CD4 count was 98 (IQR: 61.60–153.50) cells/μL and period 

of ART was 4.62 (IQR: 3.17–6.15) years. NRTI were 89.30%, non NRTI were 96% 

and major protease inhibitor resistance mutations were 1.33 %. Following primary 

drugs failure, sequences from 56.67% of participants exhibited small- to large-level 

resistance among all prevailing NRTI. The part of sequences with ≥2 thymidine 

analogue mutations (TAMs) was 62.12% and ≥3 TAMs was 39.39%. Generally 1.98 

TAMs/ sequence were noticed followed by IF in comparison to 0.37 TAMs/sequence 

following targeted viral load testing at 12 months of ART before study; this 

dissimilarity was considerable. It was recommended plasma viral load level estimation 

before the ART, should be utmost priority for the effectiveness of ART programme in 

India. 

In the Guangxi Zhuang Autonomous Region of China, compartmental HIV 

spread model was used to pretend HIV spread and evolution. Determine the economic 

influence and health benefits of applying the One for all interference in every hospital 

of the area. The reason behind this study was that, expected 80% of fresh ART entitled 

cases were not involved in ART. Late use of ART usually greater frequency of spread, 

infections and deaths. The One4All intervention algorithm involved fast point-of-care 

HIV screening, CD4 count and viral load testing of cases visiting for HIV screening, 

with same-day results and suggestions with counseling. It will allowed rapid ART 

access, producing late disease development and death. During the timeframe of 25 years 

this system of one4All in Guangxi willeffect on 802 preventable HIV patients and 1629 

possible prevented deaths. WHO standards approved this approach hugely inexpensive 

(Zang et al., 2016). 

In 2013, Menezes, et al., conducted a RCT (randomized controlled trial) to 

compare standard- and low-dose stavudine with tenofovir (TDF) to get any 

mitochondrial toxicity in patients. Due to the side effects involved, the Stavudine is 

currently taken out and is recommended only as part of first-line HAART. The studies 

registered 60 HIV seroreactive individuals and were randomized 1:1:1 to either 

standard-dose (3040mg) or low-dose (2030mg) stavudine or TDF (300mg) each pooled 

with efavirenz and lamivudine. Hypodermal fat biopsies were collected at weeks zero 

and four. Quantitative PCR was used for the estimation of adipocyte mtDNA copies/cell 

and gene expression. Markers of inflammation and lipid and glucose metabolism were 
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also measured. A 29% decrease for standard dose and 32% decrease for low-dose 

stavudine was observed for mean mtDNA copies/cell, in contrast with TDF at 4 weeks. 

Stavudine altered the gene expression levels mitochondrial cytochrome B (MTCYB) 

and nuclear respiratory factor-1 (NRF1). A significantly upper fall in expression was 

seen for standard dose but not for low dose related with TDF. No considerable 

variations were noticed among inflammatory markers and others like glucose and lipid 

metabolism. These out comes presented timely mitochondrial depletion among both 

patients with low and standard doses of stavudine, with protection of gene expression 

levels, excluding for NRF1 and MTCYB, when matched with cases on TDF.  

A study was conducted by Karade et al., 2016, to describe correlates of 

virological failure (VF) and NRTI, drug resistance mutations (DRMs). The study 

enlisted consecutive adult patients from 4 ART clinics of India and viral load testing 

was done at 12 ± 2 months of ART initiation. Every individual was investigated for HIV 

drug resistance (HIVDR) genotyping, only those individuals were selected who were 

holding viral load level above 1000 copies/ml. Logistic regression analysis was run to 

evaluate association with VF and multi-NRTI resistant mutations. Existence of K65R 

or 3TAMs or M184V along with 2TAMs was the criteria for multi-NRTI resistant 

mutations. Out of 844 study participants at 12th month virological suppression was 

found among 87.7% individuals. Among factors 12 month CD4 count ≤100 cells/μL, 

without partners and low reported adherence were significantly associated with VF. 

Among VF patients NNRTI (DRM) incidence was 78.75%, it was greater as compare 

to NRTI 58.75%. Frequency of Multi-NRTI DRMs was 32.5% of sequences and it was 

meaningfully linked with CD4 count of ≤100 cells/μl at baseline and TDF-based failing 

regimen (adjusted OR -20.43). In addition, low reported adherence was negatively 

connected with multi-NRTI resistance.K65R mutation was significantly linked with 

tenofovir (TDF)-based failing treatment. The study suggested that the beginning of 

K65R desires to be inspected precisely among HIV-1 subtype C-infected Indian 

inhabitants. 

Ross et al., (2018) did a study in North Carolina, USA to assess the changes in 

the incidence of drug resistance-associated mutations (DRMs) from HIV-infected, 

ART-naive, individuals pursuing antiretroviral therapy treatment from 2000 - 2009. It 

is evident that pre-existing HIV drug resistance can endanger the success of first-line 

antiretroviral therapy. The HIV drug resistance-associated mutations data from 3,829 

ART-naive individuals were investigated by year of sample collection using 
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International Antiviral Society-United States (IAS-USA) and World Health 

Organization (WHO) "surveillance" DRM definitions; minor IAS-USA-defined DRMs 

were omitted. IAS-USA DRM incidence from 2000 - 2009, was 14%, starting with 8% 

in 2000 and 13% in 2009. The highest frequency was witnessed in 2007 (17%). Overall, 

the IAS-USA-defined NNRTI DRMs were 9.5% while NRTI: 4%, and major protease 

inhibitor (PI) was 3%. The most regularly identified IAS-USA-defined DRMs by class 

were NNRTI: K103N/S (4%), NRTI: M41L (1.5%), and PI: L90M (1%). Overall, 

WHO-defined DRM prevalence was 13% (5% in 2000; 13% in 2009). By class, NNRTI 

prevalence was 6%, NRTI: 6%, and PI: 3.2%. The most frequent WHO-defined DRMs 

were NRTI: codon T215 (3.0%), NNRTI: K103N/S (4%), and PI: L90 (1%). WHO-

defined NNRTI DRMs declined substantially (p = .0412) from 2007 to 2009. The 

overall frequency of HIV-1 containing major IAS-USA or WHO-defined DRMs to ≥2 

or ≥3 classes was 2% and <1%, correspondingly. The incidence of HIV-1 with WHO-

defined dual- or triple-class resistance considerably dropped (p = .0461) from 2008 

(4%) to 2009 (<1%). The study revealed that the frequency of HIV-1 DRMs amplified 

from 2000 onward, peaked between 2005 and 2007, and then dropped between 2008 

and 2009; the finding of WHO-defined dual- or triple-class DRM likewise reduced 

from 2008 to 2009. 

A literature review was conducted by Karade et al., (2018) in India to evaluate 

the magnitude of DRM for HIV in Indian community exposed to first line ART. 

Literature review was done and data related to viral load, CD4 counts age, sex, and rate 

of NRTI and NNRTI drug resistance mutations were observed. Los Alamos HIV 

database was used to recover annual Indian HIV-1 RT sequences and mutation analysis 

were done.  

The sequences showing NRTI resistant mutations among first line therapy 

exposed subjects were observed and time trend analysis was done on this proportion.  

A total of 23 studies holding 1046 unique RT sequences were enrolled, every study was 

representing rate of drug resistance to NRTI and NNRTI.  documented The % of RT 

sequences with any DRM was 78.39%, NRTI DRM 68.83%, NNRTI DRM 73.13%. 

The chronological trend analyses of subject DRM from sequences retrieve during 2004-

2014 exhibited an increasing trend for K65R mutations.  

A prospective cohort study was by Namakoola et al., 2016 in Uganda. HIV 

positive subjects using ART from ≥6 months and processed for HIV RNA, if viral load 

was ≥1000 copies/ml then processed for genotyping. Stanford data based was used for 
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DRMs interpretations , 2009 WHO list of DRMs and the IAS 2014 update on DRMs, 

and assessed and charted by ART drug classes. About 953 subjects were enrolled of 

which 119 (12.5%) were holding viral levels ≥1000 copies/ml  but only 110 were 

genotyped effectively, among these cases first-line ART users were 74 (67.3%) while 

36 (32.7%) on second-line ART drugs. The main HIV-1 subtypes were D (34.5%), A 

(33.6%) and Recombinant forms (21.8%). The widespread clinically important main 

resistance mutations related with the elevated levels of decrease susceptibility or 

virological comeback to the relevant NRTI were; Non-TAMS-M184V-20.7% and 

K65R-8.0%; The TAMs M41L and K70R (both 8.0%). The main NNRTI mutations 

were K103N-19.0%, G190A-7.0% and Y181C-6.0%. A comparatively non 

polymorphic accessory mutation A98G-12.0% was also frequent. Among 36 second 

line drug abusers only seven were having major PI associated DRMs comprising; 

V82A-7.0%, I54V, M46I and L33I (all 5.0%). The accessory PI mutations L10I-27%, 

L10V-12.0% and L10F-5.0% were also common that either reduce PI susceptibility or 

augment the duplication of viruses comprising PI-resistance mutations. Among these 

seven cases holding PI DRMs, five were highly resistant to ritonavir boosted Lopinavir 

and Atazanavir, while only Darunavir was susceptible PI. 

 Another similar type of study was conducted by Gunda et al., 2017. It was cross 

section study, participants were HIV positive, age >18 years, receiving ART (first line) 

and followed up minimum for 12 months. Every patient was processed for viral load 

estimations. Standard WHO guidelines were followed to explain immunological 

failure. Virological failure (viral load >5,000 copies/ml) was used as gold standard. A 

contingency table was used to identify immunological failures and to evaluate the 

effectiveness and correctness of immunological criteria as per WHO standards. About 

274 HIV positive patients (male 35% female 65%). Of total about 156 (56.9%) were 

immunological failure while just 60 (21.9%) were holding viral load > 5,000. 

Virological failure along with immunological failure was observed among 42 (70%) 

patients. The sensitivity specificity PPV and NPV of immunological criteria for the 

detection of treatment failure was remained 70%, 46.7%, 26.9% and 84.7% 

respectively. Therefore present study concluded that WHO guideline (immunological 

criteria) for the diagnosis of treatment failure is less sensitive with low PPV. 

Classification of treatment failures on the base of CD4 count can be misleading that 

could affect treatment management as it can be a reason of late shift to second line 

ART. 
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Chakravarty et al., 2015, designed an observational research study to document 

the survival and virologic suppression of individuals who are receiving the second-line 

ART and also the type of mutations developed by patients who fail ART. Patients 

(n=170) who were placed on second-line therapy from 2008 to 2012 were tracked till 

2013.  

Every patient was processed for viral load testing at month six while only those 

patient who have >400 copies/ml were processed again for viral load testing at the 12 

months. Viral response and virological failure was observed on the basis of viral load, 

if viral load was <400 copies/ml it was grouped as proper virological response and if it 

was more than 1,000 copies/ml it was defined as virological failure. About 16 

virological failure patients were processed for genotyping. Of total 170 cases 110 

(64.7%) were using ART while mortality rate 35 (20.5 %). Death rate during first year 

was 13.7/100 person while during five year it was 3.88/100 person years. During first 

year of study, degree of immunological failure was >12 months, weight <45 kg, WHO 

clinical stage 3 and 4 and WHO criteria CD4 count less than pre-therapy baseline and 

away from first year reduced first and second line adherence and first line CD4 count 

<200/μL had superior risk of expiry. About 119/152(78.2%) had suitable virological 

comeback and 27/152 (17.7%) had virological failure. Elevated viral load at baseline 

and poor second line adherence (Odds Ratio 3.4 & 2.8 respectively) had enhanced risk 

of virological failure.  Among genotyped cases PI mutation was found among 50% 

while 87.5% were susceptible to darunavir. High early death rate was found among 

second line ART users while good virological suppression was observed.  

Tadesse et al., 2018 planned a study to diagnose and correlate drug resistance 

between 94 HIV positive individuals of Ethiopia Paediatric HIV Cohort failing ART 

(first-line) dried blood spot-based genotyping technique was used. Generally 81% 

(73/90) cases were harbored resistance mutations among successfully genotyped 

participants. Resistant to both NRTIs and NNRTIS was 69% (62/90). Among 42% of 

resistant individuals resistance to all four NRTIs were suggested for second-line ART. 

Drug resistance was significantly higher longer ART duration and earlier regimen 

changes. Replicate genotyping amplified the span of HIV drug resistance detected 

among 34% patients, and therefore is suggested for consideration when typing from 

blood spots. The study endorsed the use of well-timed drug resistance testing and way 

in to newer ART to guide clinical management. 
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Likewise a study conducted by Rachman et al., 2018, to explore drug resistant 

mutation profile among HIV positive treated hospitalized patients. Every case was 

processed for drug resistant mutation testing.  About 17 patients were enrolled but only 

11 samples were properly sequenced and analyzed. Major mutation were found in 

K103N (9%) and G190A (9%) while minor mutations were observed in A98S (18.1%), 

followed by M41L, M184V, L210W, T215Y, V108l, Y181C and H221Y at 9% each. 

Among protease genes major mutation was found in I84V of 9% while minor mutations 

on M36I (45.4%), followed by L10I (36.3%), H69K (36.3%), I93L (27.2%), G16E, 

L89M, K20R 18.1%, L64V and V771I 9% respectively. The study exposed that a great 

number of mutated samples create a confront in long-term ART, so a breakthrough 

policy is desirable to reduce the impact. 

A very interesting study was conducted by Stekleret al., 2018, in Washington.  

This study was based on HIV positive pairs, it was evaluated that is there any likelihood 

of transmission of drug resistant mutations from one to other partner and examine the 

position of minority variants in HIV spread. About 340 HIV positive individuals and 

their partner were selected.  Among 50 partner-pairs selected 36 (72%) spread 

associations were established by phylogenetic distance analysis of HIV-1 envelope 

(env) sequences. Among 25 partner-pairs where the spread route could be dogged, 12 

(48%) transmitters had 1–4 drug resistance mutations (23 total) diagnosed in their HIV 

positive community at a median rate of 6.0%. Among 10 major mutations found in five 

transmitters at the rate of >95%, 100% were diagnosed among recipients. Every one of 

these transmitters was antiretroviral (ARV)-naïve at the start of study. About 14 

mutations (major 8, accessory 6) were found among nine transmitters at short 

frequencies (1.0%–11.8%); among these about 4 transmitters were had earlier received 

ARV therapy. Two (14%) accessory mutations were found together in recipient and 

transmitter. This arte is significantly similar to the frequency expected based on the 

observed numbers of drug-resistant viruses among transmitting partners.  

A study was planned Pessôa et al., 2017 to get an idea about HIV-1 TDRM 

transversely the massive parallel sequences (MPS) of the viral entire pro viral genome 

among blood donors naïve to ART. From Brazilian blood donors MPS data of 128 

samples was analysed. These blood donors were before grouped by less-sensitive (LS) 

or “detuned” enzyme immunoassay as non-recent or longstanding HIV-1 infections. 

The IAS-USA mutation lists and Stanford HIV Resistance Database (HIVDBv6.2) 

were used to understand the outline of drug resistance. The threshold of ≥ 1.0% and ≤ 
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20% of the reads sequenced was used for minority variants with TDRM. No TDRM 

were observed in the integrase or envelope regions. On the whole occurrence of TDRM 

in the PR and RT regions of the HIV-1 pol gene was 44.5% (57/128), along with any 

mutation to NRTI and NNRTI. Among 57 individuals only 43 (75.4%) were holding a 

minority variant containing minimum one relevant TDRM. Among 43 individuals, 

measurable minority resistant variants to NRTIs, NNRTI and PR inhibitors was 33 

(76.7%) 6 (13.9%) to NNRTIs, and 16 (37.2%) respectively. Study conclude a high rate 

of TDRM among study group, MPS can considerably amplify the finding of these 

mutations. 

Throughout the evolution of deadly HIV virus, transmission pattern among man 

kind and primates led to numerous HIV lineages in man kind. This evolution has been 

swift, resulting in complex classification and permitting for global transmission and 

intermixing of subtypes, which has subsequently resulted in dozens of circulating 

recombinant forms (Chin 2017).  
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3. METHODOLOGY 

 

The current study was implemented from January 2015 - June 2018, in 

Islamabad at the Shaheed Zulfiqar Ali Bhutto (SZAB) Medical University. (Department 

of Blood Transfusion Services). The molecular analyses were carried out at the 

Department of Biotechnology and Bioinformatics, International Islamic University, 

Islamabad.  

The Shaheed Zulfiqar Ali Bhutto (SZAB) Medical University is attached with 

the Pakistan Institute of Medical Sciences (PIMS) which is a leading medical sciences 

institute in the federal capital, Islamabad. It was established in 1985. Apart from general 

healthcare services, the institute also delivers medical training to nurses, paramedics 

and doctors. PIMS also function as a tertiary care referral hospital for providing 

specialized medical services to the patients referred from other provinces including the 

Gilgit-Baltistan, Azad Jammu & Kashmir and Khyber Pakhtunkhwa. According to the 

patient numbers, the day-to-day work load in OPD is more than 7,500 patients, while 

average admissions in a single day are 300.   

A total of 410 HIV-positive patients (both on treatment and treatment naïve) 

were recruited in the study. From the Voluntary Counselling and Treatment Centre 

(VCTC), Jinnah Postgraduate Medical Centre (JPMC), Karachi, blood samples were 

collected from 298 HIV/AIDS patients on antiretroviral therapy (ART). For the 

treatment of naïve individuals, a community based survey on 387 high risk group 

individuals was conducted in different cities yielding 37 HIV positive samples. In 

addition, 54,877 blood donors were screened for HIV-1&2 at the Department of Blood 

Transfusion Services, SZAB Medical University, of which, 75 were found reactive.  

HIV screening was performed by rapid point of care HIV screening device 

(AlereDetermineTM HIV-1/2, Alere North America Inc. USA). All samples were 

confirmed by the chemiluminescence immunoassay using fully automated Architect 

i2000SR system (Abbott Laboratories, USA). The samples tested positive were re-

tested using Abbott’s CLIA system. Using standard questionnaire, the study subjects 

were also interviewed regarding their living conditions, daily routines, travel history 

and sexual behaviour. Using standard methods, viral RNA of HIV was extracted from 

the blood specimens of positive patients, and was converted to cDNA. HIV cDNA of 

all positive patients was then analysed for the presence of various HIV genotypes (types 
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and sub-types) by employing subtype-specific primers in a nested PCR (polymerase 

chain reaction). Sanger sequencing standard protocols was followed to detect the 

mutations in the genes related to drug resistance in HIV.  

All the data and samples were kept confidential and anonymous. HIV analyses 

was performed according to the conditions of “5-Cs”: comprising of informed consent, 

be confidential, involve counselling, deliver correct test results and connections to 

prevention, treatment and care services. Informed written consent was received from 

all study subjects participating in this study. 

 

3.1 Ethical Consideration 

The study procedure was validated by the Ethical Committee of the SZAB 

Medical University, Islamabad (Appendix I). Study and was carried out as per standard 

ethical principles. HIV analyses was performed according to the conditions of “5-Cs”: 

comprising of informed consent, be confidential, involve counselling, deliver correct 

test results and connections to prevention, treatment and care services (Pakistan 

Country Strategy for HIV Voluntary Counseling and Testing, 2013). The privacy and 

confidentiality of study subjects were guaranteed at all levels during the study including 

the non-disclosure of participant’s identity and the use of a distinctive ID number. The 

study was performed in agreement with the Helsinki Declaration (World Medical 

Association) under supervision of the Department of Blood Transfusion Services, 

SZAB Medical University. Clinical and epidemiological data were maintained only for 

therapeutic and research purposes. All study subjects filled and signed an informed 

consent form in advance before the collection of data and blood samples. No monetary 

incentive was offered. The study participants had the choice to decline blood screening 

or interviews and could pull out from the research study at any time without any 

compromise on their right to use the services of the treatment centre. The questionnaire 

or form used to gather demographic and epidemiological data was nameless and 

associated to the blood sample collection tube only by a code. All the data were 

protected by a password to which only the researcher had the access. With the prior 

information and consent of the study subjects, results for HIV positive individuals were 

communicated with the treatment centre in PIMS, so that HIV treatment services could 

be made available to them. 
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3.2 Sample Collection 

 

3.2.1 Patients on HIV/AIDS Antiretroviral Therapy (ART)  

Blood samples were collected from 298 patients on antiretroviral 

therapy (ART) for HIV/AIDS at the Voluntary Counselling and Treatment Centre 

(VCTC), Jinnah Postgraduate Medical Centre (JPMC), Karachi. These patients 

belonged to Karachi and interior Sindh.  

JPMC is postgraduate medical teaching institute/hospital with a capacity of 

more than 1,500 hospital beds. Given the rapidly increasing numbers of HIV/AIDS 

patients in both Sindh and Karachi, the National/Sindh AIDS Control Programme 

identified the blood bank of JPMC as the Voluntary Counselling and Testing centre. In 

addition, an HIV Treatment Centre (ART) has also been established in the hospital 

recently. In total, there are 10 treatment centres which are in functional state in the 

province of Sindh while 32 across the country.  

The Voluntary Counselling and Testing (VCT) centre for HIV/AIDS typically 

comprises of two counselling meetings: one earlier to taking the test termed "pre-test 

counselling" and one after the HIV test when the results are provided, often called as 

"post-test counselling". The counselling services emphasises on the HIV infection, 

AIDS as the disease, the screening test, and a constructive behaviour change.  

Inclusion criteria for HIV patients on treatment comprised of age more than 18-

years, CD4 cells counts more than to 200 cells/mm3, viral load more than 1,000 

copies/ml, accessibility to past and current medical and laboratory records. 

 

3.2.2 Community Based Survey in High Risk Groups  

A community-based sampling was carried out from four high risk groups: hijra sex 

workers (HSW), female sex workers (FSW), jail prisoners and intravenous drug users 

(IDUs) from September 2015 to February 2016, through community outreach, peer 

referring and field sampling. The sampling was carried out from 5 major cities of 

Pakistan, including Islamabad (IDUs), Rawalpindi (FSWs, HSWs), Faisalabad (FSWs, 

HSWs), Mirpur (Jail Prisoners), and Kotli (Jail Prisoners). These cities were selected 

based on anecdotal evidence of high risk activity and presence of multiple high risk 

populations. In each city, the sampling strategy was based on mapping results 

conducted prior to sampling. The figure 3.1 exemplifies the sites selected for the 
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sampling. Mapping was grounded on a geographical strategy to collect data and 

comprehend the risk circumstances to be measured in terms of number of settings, size 

of the population, and also to define the various sub-types of HIV in high risk group. 

Mapping strategy was largely separated into four levels including the pre-mapping 

exercise, level one (L1), level two (L2) and triangulation of results. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3.1: Map showing the cities where sampling for HRGs was done 
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Screening among the high risk populations is of paramount importance to 

inform the design of HIV prevention activities. Sample sizes for each vulnerable 

population were measured based on expectations in which baseline incidence and 

expected change in incidence were varied to get a maximum sample size. Behavioural 

data from previous surveillance of National AIDS Control Programme (NACP, 2018) 

was used to determine baseline prevalence rates to update the sample size calculations. 

For IDUs, use of a new syringe at last injection (48%), while for MSWs, HSWs and 

FSWs, ‘condom use at last sex’ were used which was reported to be 35%, 32% and 

45%. The following formula determined the sample size for target population: 

 

 

 

P1 = estimated prevalence at baseline (varied for different groups) 

P2 = expected incidence in future (detect a change of 10-15%) 

P = (P1+P2)/2 

Delta2 = (P2+P1)/2 

Z (1-alpha) = 95% level of significance  

Z (1-beta) = power of current study set at 80% 

 

On the basis of this calculation, varying numbers of subjects were calculated for 

each key population to optimise a meaningful analysis. Condom use at last sex was 

used as key risk behaviour for HSWs and FSWs while needle sharing at last injection 

as key behavioural risk factor for IDUs and Jail Prisoners.  Thus a sample size of 401 

was identified for IDUs, and MSWs and HSWs combined in every city (Table 3.1). The 

sample size delivered sufficient statistical power: 

 Measurement of HIV incidence of a distinctive feature which is present in 50% of 

the population, with a precision of + 5%. 

 Identification of a 25% difference in an attribute which has an incidence of 40% in 

a given sub-population (for example, incidence of consistent condom use). 

 Calculation of HIV incidence with a precision of + 2%, if the incidence is about 

5%. 

 Identification of a doubling in HIV incidence, in case the baseline incidence is from 

5% to 6%. 
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Table 3.1: Assumptions used for sample size calculation for each high risk group  

 

HRG Estimated 

% 

Expected change Design effect Final 

sample size  

HSW 15 15-30% 2 134 

FSW 13 13-28% 2.5 101 

Jail Prisoners 11 11-26% 2 104 

IDU 41 07-22% 1.5 60 

 

The high risk groups were selected through the multistage cluster sampling. The 

study subjects were selected through a random sampling process in each city. In sites, 

where the estimated number of study subjects were smaller than the required, a “take 

all” strategy was followed. There were limitations to the sample collection form the 

HRGs, including over or under sampling from the ones that are hidden and difficult to 

reach. Similarly, some sexual workers both FSWs and HSWs, from high-class category 

were not counted as it was impossible to reach them.   

Structured questionnaire based on the IBBS surveys (IBBS Survey 2017, 

NACP) was used to collect data from HRGs. The questionnaire was developed in 

English and later translated in Urdu. The questions included sections on 

sociodemographic and economic characters and also on high risk behaviours, e.g. 

sexual practices, injecting drug behaviours and were asked separately. The data 

collected from the study participants was completely self-reported data and prone to 

potential recall bias as they were related to incidents form the past.  

 

Hijra Sex Workers (HSW) 

They live and work under the command of senior Hijras known as 'Gurus' whom 

they respect and follow (Nanda, 1990). The Guru patronizes his followers, trains them 

in singing and dancing and facilitates their commercial sex work. Our study team 

identified and approached the Gurus in Rawalpindi and Faisalabad and convinced them 

to participate in the study. The house of the Guru was used as the sampling site. 

Eligibility criteria included any transvestite/transsexual above 15 years, who performs 

sexual activity with a male in exchange for monetary benefits and shows willingness to 

participate on the study.  
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Female Sex Workers (FSW) 

These participants were enrolled through respondent-driven sampling (RDS), 

used for hidden subjects or difficult to reach (Heckathorn, 1997). The business settings 

for FSWs included brothels, hair/beauty salons, hotels, and private homes, and were 

either identifiable or otherwise. Samples were collected at their sites, already mapped 

though coordination with their representatives or ‘managers’. The inclusion criteria 

included: the FSW must be involved in commercial sex for money or benefits during 

the past two months regardless of site of operation, i.e. streets, home or brothel; was 

aged ≥16 years; and was ready to participate in the study by providing informed verbal 

consent. 

 

Jail Prisoners 

The sampling was carried out from selected population of jail prisoners known 

to have high risk sexual behaviour. The sampling was carried out at two district jails 

(Mirpur and Kotli). A meeting was organized at each of these prisons with 

superintendent of prison prior to the study. Approval was granted by the Superintendent 

of Police. During the process of collecting the samples and individual consent, no jail 

officer was involved in order to avoid any pressure to the prisoners.  

 

Intravenous Drug Users (IDU) 

Field sampling was carried out at the public places where these drug users used 

to gather for the activity. Many of them were homeless street dwellers and jobless. 

Inclusion criteria included subjects taking drugs for recreational/non-therapeutic 

purposes, through sub-dermal route at least once during the past month, and ready to 

take part in the study.  

For high risk groups, statistical analyses were carried out via SPSS version 20.0. 

The frequencies of HIV and syphilis results, odds ratios (OR) and 95% confidence 

intervals (CI) were calculated. A p value of ≤0.05 was considered to be significant. 

The blood specimens (about 5 ml) were collected from 387 individuals (12 non-

responders from the IDU category) after pre-test counselling from each participant for 

using the standard protocol. The individual was placed in a position comfortable for 

phlebotomy, tourniquet was applied, site cleaned with alcohol swab and a 5 ml syringe 

used to draw sample as per standard protocols. About five ml of blood was collected 
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and transferred to a plain sterile container without anticoagulant transported to the 

testing facility maintaining cold chain, centrifuged, and serum was frozen at -80oC until 

testing. The syringe discarded and a cotton swab was placed on the punctured spot. All 

study participants gave informed written consent. The results of the testing were kept 

confidential, were given a unique ID number, and were made available only to 

participating subjects. 

 

3.2.3 Blood Donors Screening  

The blood bank at the Pakistan Institute of Medical Sciences (PIMS) caters to a 

huge influx of blood donors (mostly replacement) every day. From January 2015 to 

December 2017, 54,877 blood donors donated blood and were screened for HIV-1/2 

along with other TTIs.  

The blood donors were selected after careful examination in the donor management 

department of the blood bank. According to general inclusion criteria, donor who aged 

18-60 years, weight > 50 kg, and haemoglobin level of more than 12.5 g/dl were 

selected. Pulse (60 to 100 beats per minute) and blood pressure (systolic not more than 

160 and diastolic not more than 100 mm of Hg without medication) was checked as 

well. Any potential donor with pregnancy, lactation, recent blood donation and 

vaccination were temporary deferred. In addition, the donor answered a detailed history 

questionnaire about his health to determine any risk factor that can be temporarily or 

permanently defer a donor. The flow chart for donor selection and donor history 

questionnaire (Fig 3.2 and 3.3) are shown below and is based on the national guidelines 

(National Guidelines for Quality Control in Transfusion Medicine, 2017).  
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Fig 3.2: Flow chart for blood donor selection 
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Fig 3.3: Blood donor history questionnaire 
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The blood was collected from anticubital vein using venipuncture technique in triple 

bag. Before collection, the blood bag was inspected and pressure was applied to check 

for any leaks. The blood pressure was recorded and a suitable vein was selected 

(anticubital vein). Tincture of iodine was applied and allowed to dry. The iodine was 

removed with methylated spirit and allowed to dry. The tourniquet was applied and the 

donor was instructed to open and close the hand and to clinch the fist so that the vein 

becomes prominent. Venepuncture site was cleaned with spirit and venepuncture was 

performed. The tubing was taped to hold the needle in place. The donor was given an 

article to squeeze repetitively to raise blood flow to the targeted vein. The blood was 

mixed with anticoagulant gently and periodically. The tourniquet was removed when 

the predetermined amount of blood was collected. On an average 500 ml of whole blood 

was drawn from one donor at a time. Two haemostats were applied, one inch apart 

midway between the needle and bag. Tubing was cut between the hemostats. Cut end 

of tubing attached to needle was put into the test tube for serological testing. The 

haemostat was removed and tube was filled. Tubing was reclamped and needle was 

withdrawn from the vein. Cotton swab was placed on the site and donor was asked to 

flex his arm. The blood bag was stored in the refrigerator between 2 – 6oC. The donor 

was kept lying in the bed for 10 minutes after donation. The anticoagulant used in the 

blood bags was CPDA-1 in which blood can be stored for 35 days. Each 100 ml of 

CPDA-1 contained Sodium Citrate (2.63 g), Dextrose (2.90g), Sodium Acid Phosphate 

(2.51 mg), Adenine (27.5 mg) and Citric Acid (327 mg). About 5 ml blood was 

transferred to a plain sterile container and serum separated after centrifugation at 5,000 

rpm for five minutes. The serum was frozen at -80oC until testing. 

For the blood donor population, the frequencies, percentages and CI were 

calculated using SPSS version 20 (IBM SPSS Statistics for Windows, Version 20.0. 

Armonk, NY: IBM Corp.). To observe the trend over time, chi square goodness of fit 

test was used.  

 

  



87 

 

3.3 SEROLOGICAL SCREENING FOR HIV 

 

3.3.1 Alere Determine Rapid Device  

The screening blood sample collected from high risk groups was performed initially on 

the rapid point of care device, Alere Determine™ HIV 1/2 Ag/Ab Combo which 

identifies both HIV-1&2 antibodies and the HIV-1 antigen. 

 

3.3.1.1 Principle 

The Alere Determine™ HIV-1/2 Ag/Ab Combo test is developed on the immune-

chromatographic (ICT) principle to detect qualitatively the p24 antigen (Ag) of HIV-1 

and antibodies (Ab) for HIV-1 & 2. The sample is placed in the sample pad to combine 

with a biotinylated anti-p24 antibody, selenium colloid-antigen conjugate and selenium 

colloid- anti p24 antibody. There are recombinant antigen, immobilized avidin and 

synthetic peptides at the patient window sites to which this mixture of antigens and 

antibodies travel through the solid phase. In case the Ab to the HIV-1 and 2 and present 

in the sample, these will attach to the antigen-selenium colloid and to the immobilized 

recombinant antigens and synthetic peptides, developing one red line at HIV antibody 

window site for patient. In case the Ab to the HIV-1 and 2 and absent in the specimen, 

the antigen-selenium colloid flows past the patient window, and no red line is 

developed. If HIV-1 p24 Ag is existing in the sample, the antigen attaches to the 

biotinylated anti-p24 from the sample pad and the selenium colloid anti-p24 antibody 

and it attaches to an immobilized avidin developing a red line at the patient HIV antigen 

window site. In case, the p24 Ag is absent, both the biotinylated anti-p24 and selenium 

colloid anti-p24 antibody flow past the patient window, and no red line is developed. 

For assay validation, a procedural control line is added in the Alere device. 

 

3.3.1.2 Procedure 

The protective foil cover was detached from every test device and using a micropipette, 

50ul of serum sample was placed in the sample pad. The results were read after 20 

minutes. 

 

3.3.1.3 Interpretation of Results 

 Antibody Positive (Two Lines - Control and Ab) 
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Red lines are seen in control window (labelled Control) and in the Ab bar 

window (labelled Ab) of the test device. Red olour (or grey-red) colour in the 

patient window is recorded as reactive. 

 

 P24 Antigen Positive (Two Bars - Control and Ag) 

Red lines are seen in control window (labelled Control) and in the Ag bar 

window (labelled Ag) of the test device. Red colour (or grey-red) colour in the 

patient window is recorded as reactive. 

If only an antigen is positive, it indicates that the infection is in initial phase. 

Further testing should be recommended to trace any expected future antibodies. 

 

 Antibody Positive and Antigen (p24) Negative (Three Lines - Control, Ab and Ag) 

Red lines appear in the Control window (labelled Control), the Ab bar window 

(labelled Ab) and Ag bar window (labelled Ag) of the test device. Any 

observable red (or grey-red) colour in the Ab bar and Ag bar windows must be 

documented as reactive or positive. Presence of an antigen response proposes 

that the infection is in initial phase. 

 

 Negative (One Line) 

One red line is seen in the control window of the strip (labelled Control) and no 

red line shows in the patient windows of the test device (labelled Ag and Ab). 

 

 Invalid (No Bar) 

If no red line is seen in the control window of the test device, and even if a red 

line shows in one of the patient windows of the test device, the result is read 

invalid and must be retested. 

 

3.3.2 Chemiluminescense Immuno Assay (CLIA) for HIV-1/2 

For the confirmation of screening performed through Alere rapid device and the routine 

screening of blood donors, a Chemiluminescence Immuno Assay (CLIA) was 

employed. The CLIA was performed on Abbott’s Architecti2000 SR HIV Ag/Ab 

Combo assay which is used for the concurrent quantitative analysis of HIV p24 antigen 

and antibodies to HIV virus in human blood. The test, however, is not able to 

discriminate between the detection of HIV p24 antigen, HIV‑1 antibody, or HIV-2 
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antibody reactivity. All reactive specimens were centrifuged (10,000 rpm for 10 

minutes) and retested. 

 

3.3.2.1 Principle 

The combo test is an immunoassay which is a 2-step procedure todetect the presence of 

HIV-1 p24 antigen and antibodies to HIV‑1 (Groups M and O) and HIV-2 in plasma or 

serum using CLIA instrument. As an initial step, the sample, wash buffer, paramagnetic 

microparticles and assay diluent are joined. The antigen (p24) and antibodies (HIV-1 

and 2) existing in the specimenattach to the HIV-1 and 2 antigen and HIV p24 antibody 

(monoclonal) layered microparticles. The next step is washing after which the HIV p24 

antigen and HIV-1 and 2 antibodies attach to conjugates labelled with acridinium 

(HIV‑1/HIV-2 antigens. After another cycle of washing, two more solutions are added 

to the mixture, i.e. pre‑trigger and trigger. The subsequent chemiluminescent reaction 

is detected as relative light units (RLUs). A direct relationship is presentamong the 

quantity of HIV p24 antigen and HIV-1 and 2 antibodies in the specimen and the RLUs 

measured by the architect optics. The presence or absence of HIV p24 antigen or HIV‑1 

and 2 antibodies in the sample is estimated by matching the chemiluminescent signal 

in the reaction to the cutoff signal estimated after calibration. The samples with signal 

to cutoff (S/CO) values higher than or equal to 1.00 are termed positive for HIV p24 

antigen or HIV-1 and 2 antibodies. The samples with signal to cutoff values lower than 

1.00 are termed negative for HIV p24 antigen or HIV-1 and 2 antibodies. Samples 

which are positive in the initial testing through the combo assay, are tested again in 

duplicate. Reactivity in the repeat testing is highly suggestive of the existence of HIV 

p24 antigen and HIV-1 and 2 antibodies.  

 

3.3.2.2 Procedure 

The CPU was turned on and waited for software display on the touch monitor. Power 

button was pressed for 10 seconds to power on the instrument. This button is located at 

back side of the instrument. The software displayed the status of instrument as ‘offline’ 

and shifted to ‘stopped’ after 5 minutes.  The stopped modules were selected and start 

up button was pressed. After a few minutes, the instrument showed ready status.  Daily 

maintenance was performed by navigating at the top right corner and then to the 

maintenance screen.  Daily maintenance was selected and perform button pressed. All 

steps were followed for next 20 minutes as per instructions shown by the instrument. 



90 

 

Ready modules were selected and run button was pressed to change the instrument 

status as running. Calibration was performed by navigating to Orders menu and then 

pressing calibration order. Carrier number and positions were entered, HIV assay was 

selected and add order button pressed.  The calibrator was added in a sample cup and 

placed in the carrier position already entered. The carrier was placed in instrument bay 

1. The quality control was performed by navigating to Orders menu and then pressing 

control order. Carrier number and positions were entered, HIV assay was selected and 

add order button pressed.  The control was added in a sample cup and placed in the 

carrier position already entered. The carrier was placed in instrument bay 1. After the 

routine calibration and quality control, orders menu was navigated and patient order 

pressed. Carrier number, positions and sample ID were entered, HIV assay was selected 

and add order button pressed.  The sample was added in a sample cup and placed in the 

carrier position already entered. The carrier was placed in instrument bay 1. All the 

manufacturer’s instructions were followed to run the assay procedure. Results menu 

opened automatically after completion of the test run. The results were shifted to the 

blood bank MIS and recorded. The instrument was closed by pressing the shutdown 

button.  Red icon button was pressed to shut down the system followed by pressing 

power button on the back of instrument.  

 

3.3.2.3 Results 

The instrument measures the cutoff (CO) by utilizing the mean chemiluminescent 

signal (RLU) from 3 copies of the Calibrator 1 and records the result. 

 

3.3.2.4 Calculation 

The instrument measures the results of HIV Ag/Ab Combo assay through the ratio of 

sample RLU(s) to the cutoff RLU for each specimen and control. 

 Cutoff (CO) = Calibrator 1 mean RLU value x 0.40 

 S/CO = Sample RLU/Cutoff RLU 

 The cutoff RLU is recorded for every reagent lot calibration. 

 

3.3.2.5 Interpretation of Results 

 If the signal to cut off values are less than 1.00, the test is negative.  

 If the signal to cut off values are more than or equal to 1.00, the test is positive.   
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3.4      SEROLOGICAL SCREENING FOR SYPHILIS 

The samplesfrom high risk group were screened for syphilis on the Abbott Architect 

i2000 SR CLIA system. All positive samples were re-tested on Treponema 

pallidum hemagglutination assay (TPHA) as a gold standard. 

 

3.4.1 Chemiluminescense Immuno Assay (CLIA) for Syphilis TP 

The Syphilis TP test is a chemiluminescence immunoassay for qualitative investigation 

of antibody to Treponema pallidum (T. Pallidum) in human blood (serum or plasma). 

 

3.4.1.1 Principle 

The assay is a two-step immunoassay for the qualitative measurement of antibody T. 

Pallidum in human blood (serum or plasma) through CLIA technique. As an initial step, 

the sample, assay diluent and micro particles layered with T. Pallidum antigens are 

joined. The TP antigens used are TpN15, TpN17 and TpN47. The antibodies to T. 

Pallidum if present in the specimen attach to T. Pallidum antigen layered 

microparticles. The next step is washing after which the anti-human IgG and IgM 

mixture which is labelled with acridinium is added. After a second round of washing, 

two more solutions are added, i.e. pre-trigger and trigger solutions. The subsequent 

chemiluminescent test reaction is detected as relative light units (RLUs). The quantity 

of anti-TP antibodies in the specimen and the RLUs measured by the architect optics 

have a direct relationship. The presence or absence of antibodies to T. Pallidum in the 

sample is detected by matching the chemiluminescent signal in the reaction to the cutoff 

signal estimated after calibration. The samples with signal to cutoff (S/CO) values 

higher than or equal to 1.00 are termed positive for antibodies to T. Pallidum. The 

samples with signal to cutoff values lower than 1.00 are termed negative for antibodies 

to T. Pallidum.  

 

3.4.1.2 Procedure 

The CPU was turned on and waited for software display on the touch monitor. Power 

button was pressed for 10 seconds to power on the instrument. This button is located at 

back side of the instrument. The software displayed the status of instrument as ‘offline’ 

and shifted to ‘stopped’ after 5 minutes.  The stopped modules were selected and start 

up button was pressed. After a few minutes, the instrument showed ready status.  Daily 
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maintenance was performed by navigating at the top right corner and then to the 

maintenance screen.  Daily maintenance was selected and perform button pressed. All 

steps were followed for next 20 minutes as per instructions shown by the instrument. 

Ready modules were selected and run button was pressed to change the instrument 

status as running. Calibration was performed by navigating to Orders menu and then 

pressing calibration order. Carrier number and positions were entered, Syphilis TP 

assay was selected and add order button pressed.  The calibrator was added in a sample 

cup and placed in the carrier position already entered. The carrier was placed in 

instrument bay 1.   The quality control was performed by navigating to Orders menu 

and then pressing control order. Carrier number and positions were entered, Syphilis 

TP assay was selected and add order button pressed.  The control was added in a sample 

cup and placed in the carrier position already entered. The carrier was placed in 

instrument bay 1. After the routine calibration and quality control, orders menu was 

navigated and patient order pressed. Carrier number, positions and sample ID were 

entered, Syphilis TP assay was selected and add order button pressed.  The sample was 

added in a sample cup and placed in the carrier position already entered. The carrier 

was placed in instrument bay 1. All the manufacturer’s instructions were followed to 

run the assay procedure. Results menu opened automatically after completion of the 

test run. The results were shifted to the blood bank MIS and recorded. The instrument 

was closed n by pressing the shutdown button.  Red icon button was pressed to shut 

down the system followed by pressing power button on the back of instrument. 

 

3.3.2.3 Results 

The instrumentmeasures the cutoff (CO) by utilizing the mean chemiluminescent signal 

(RLU) from 3 copies of the Calibrator 1 and records the result. 

3.3.2.4 Calculation 

The Syphilis T. Pallidum testmeasures a result on the basis of a cutoff which is 

calculated by the following equation.  

 Cutoff (CO) = Calibrator 1 mean RLU value x 0.40 

 S/CO = Sample RLU/Cutoff RLU 

 The cutoff RLU is recorded for each reagent lot calibration. 

 

3.3.2.5 Interpretation of Results 

 If the signal to cut off values are less than 1.00, the test is negative.  
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 If the signal to cut off values are more than or equal to 1.00, the test is 

positive.  

 

3.4.2 Treponema pallidum Haemagglutination Assay (TPHA) 

 

3.4.2.1 Principle 

The red blood cells are layered with specific antigen T. Pallidum and treated with tannic 

acid. After washing the cells are suspended in a preservative. The diluted reactive 

specimens are combined with the test suspension, antibody to the sensitizing antigen 

results in agglutination of the RBCs (haemagglutination). The RBCs develop a typical 

arrangement in the lower most portion of a micro-titration plate well. If the reacting 

antibodies are not present in the test specimen, the red blood cells develop a solid button 

in the bottom of plate well. Un-layered or uncoated red blood cells are used as the 

control cells. 

 

3.4.2.2 Procedure 

The sample was diluted 1:20 with a diluent (10 ul Serum + 190 ul diluent) (Spinreact, 

Spain). The sample diluent is a phosphate buffered saline solution containing absorbers 

(used to eliminate likely cross-reacting heterophilic antibodies). The diluted serum 

sample (25 ul) is placed on two wells of the microtitration plate. Then 75 ul of test cells 

were added to the well number 1 and 75 ul of control cells were added to the well 

number 2. Now the final sample dilution after addition of test cells became 1 in 80. 

After thorough mixing, the plate was incubated at 37oC for 45 minutes. The results were 

read an interpreted as follows: 

Strong Positive: Complete cell pattern which cover the bottom of the well 

Weak Positive: Cell pattern which covers about 1/3 of the well bottom  

Indeterminate: Cell pattern displays a distinctly open centre  

Negative:  Cells settled in the form of a compact button, typically with a slight 

clear centre.  
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3.5 MOLECULAR ANALYSES  

 

3.5.1 RNA Extraction 

Viral RNA was extracted from blood samples of HIV positive patients using ExiPrep™

Dx viralRNA extraction kit.  

 

3.5.2 RNA extraction using commercially available kits 

ExiPrep™Dx Viral RNA kit was used for the HIV RNA extraction from the serum of 

blood samples of HIV positive patients. Extraction was performed according to 

manufacturer’s protocol and included sample preparation, extraction process setup, 

pipetting samples into the specimen loading tubes, and executing the extraction by 

operating the ExiPrep™16 Dx. The extracted viral RNA was automatically loaded into 

the elution tubes. The system is intended to extract rapidly the Viral RNA, supplying 

up to 16 extracted samples (with controls) within 90 minutes from clinical specimens. 

3.5.2.1 Principle 

Viral RNA is extracted from clinical specimens through a lysis buffer to interrupt viral 

structure. The binding buffer and silica magnetic beads fix the exposed Viral RNA to 

the surface of the beads. The washing buffer cleans any impurities that may be present, 

and the elution buffer extracts the uncontaminated RNA from the beads. 

3.5.2.2 Procedure 

The RNA was extracted following the manufacturer’s instruction (Bioneer Corporation, 

Korea) beginning with the instrument preparation. The setup tray was positioned on a 

flat desk and buffer cartridges (1 and 2), disposable tip rack and the elution tube rack 

were sited. The disposable tip rack was filled with disposable tips. The elution tubes 

were placed in the elution tube rack and fastened with the protective cover. The shrink-

wrap enclosing the both buffer cartridges was removed and the surface cleaned. The 

acryl lids were removed on buffer cartridges. The holes were punched with the Hole 

Punch according to sample number (in our case 16 in every batch). The buffer cartridges 

were covered with the acryl lids after hole punching is finished. The surface is cleaned 

on which the nucleic acid extraction preparation will be performed. Sample tubes were 

inserted on a rack with 20 mm spacing between them. Samples were dispensed on the 

samples tubes in a quantity of 400 μl. The sample tube rack and waste tray were placed 

on the Setup Tray. The instrument ExiPrep™16 Dx was then loaded by placing each 
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component one-by-one into the Base Plate. Buffer cartridge number 2 was placed on 

the heating block of the base plate. The buffer cartridge number 1 was placed by putting 

the cartridge to the left side of the base plate. The sample tube rack was placed on the 

base plate in a way that rack’s front and rear sides are properly placed. The waste tray 

was placed in between the sample tube rack and the buffer cartridge number 2. The 

elution tube rack and disposable tip rack were placed on the base plate. Acryl lids were 

removed from the buffer cartridges. The base plate was then entered in the instrument 

and door closed. The instrument was switched on, a three digit code was entered 

specific to genomic HIV RNA and extraction initiated. In our case, the three digit code 

was 513 (viral RNA extraction from serum). Once the extraction time was finished, the 

base plate was taken out and all racks removed. The elution tube rack was positioned 

on the Protection Cover Separation Tool which was gently pressed down to make sure 

tubes are not fixed to the Protection Cover. The elution tubes were capped and a brief 

spin-down was performed. The elution tube was kept under -80℃ till further 

processing.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3.4: Experimental flow chart of the HIV RNA extraction 
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3.5.3 Reverse Transcription and cDNA Synthesis 

After the RNA extraction, Reverse Transcription (RT reaction) procedure was 

followed where the RNA was reverse transcribed using a commercially available kit 

(thermo fisher scientific) into complementary DNA (cDNA) through utilizing total 

viral RNA, an enzyme reverse transcriptase, a primer, dNTPs and an RNase inhibitor. 

The ensuing cDNA was then used for PCR reaction. 

The cDNA kit was stored at −25°C to −15°C and brought to room temperature 

to thaw. The procedure involved using 2 μg of total RNA per 20 μl of reaction. The 

volume of various constituents required to prepare the reaction mixture was RT buffer 

mix 10 ul (includes dNTPs, random octamers, and oligo dT-16), RT enzyme mix 1.0 ul 

(MuLV and RNase inhibitor protein), RNA sample up to 9 ul, nuclease-free H2O upto 

20 ul. The total volume per reaction was 20 ul. This reaction mixture was aliquoted into 

a tube which was sealed with adequate cap. The tube was centrifuged briefly so that the 

contents are settled down removing any air bubbles. The tube was placed on ice and 

reverse transcription reaction initiated. The reaction mixture was incubated in thermal 

cycler for one hour at 37oC. The reaction was halted by heating for 5 minutes at 95°C 

and then placing at 4oC. 

 

cDNA quantification 

The synthesized cDNA was quantified by Nanodrop-1000 spectrophotometer 

(Thermal Scientific, Wilmington, MA) and kept at -80°C. 

 

3.5.4 Polymerase Chain Reaction (PCR) 

 

1. β-globin PCR 

To act as a control for DNA extraction, β-

globin PCR was performed with PC03 and 

PC04 primers (shown in table 1).  

The 25ul of PCR mixture (final)included: 

5ul of sample, 1X PCR buffer, 1mM 

MgCl2, 200 uM of dNTPs, 0.2 pmol of 

Thermocycling conditions 

5 minutes at 95°C  

39 cycles: 

30 seconds at 95°C  

30 seconds at 53°C  

30 seconds at 72°C  

5 minutes at 72°C 
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each primer, and 0.2 U of Taq 

Polymerase. 

Primer Sequence 

PC03  ACACAACTGTGTTCACTAGC 

PC04 CAACTTCATCCACGTTCACC 

 

2. HIV-1 subtyping 

Nested PCR was done to ensure HIV-1 infection as conditions described by Kato 

et al., (2000) to differentiate subtypes A, B, C, and CRF01AE in the env C2V3C3 

region. 

3. env V3 viral DNA sequences were amplified by nested PCR as follows: 

For both first and second round of Polymerase Chain Reaction, the total 25ul 

reaction mixture was made.  

First Round of PCR 

First round of PCR was done using 0.5ul 

primer sets  JA9AE, JA9B, JA12A and 

JA12B 

The final 25ul of PCR mixture include: 

1X PCR buffer, 1mM MgCl2, 200 uM of 

dNTPs, 0.2 pmol of each primer, and 0.2 U 

of Taq Polymerase. 

Thermal cycling conditions 

5 min at 95°C  

39 cycles: 

30 sec at 95°C  

30 sec at 53°  

30 sec at 72°C  

5 min at 72   

Primer Sequence 

JA9AE  CACAGTACAATGCACACATG 

JA9B  CACAGTACAATGTACACATG 

JA12A GCAATAGAAAAATTCTCCTC 

JA12B ACAGTAGAAAAATTCCCCTC 

 

Second Round of PCR 

1.5 ul of the amplified product from the 1st round of PCR was taken to perform 

the 2nd round of PCR. 

Upstream primers:  

The upstream primers were mixture of three primers (03 ul each). 
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Primer Sequence 

JA10UB  CTGTTAAATGGCAGTCTAGC 

JA10UC  CTGTTAAATGGTAGTCTAGC 

JA10UG CTGTTAAATGGCAGTTTAGC 

 

Downstream primers: 

For subtype-independent amplification, a three primer mixture was used 

(0.3ul). 

Primer Sequence 

JA11LAE  AATTTCTAGATCCCCTCCTG 

JA11LB  AATTTCTGGGTCCCCTCCTG 

JA11LC AATTTCTAGGTCCCCTCCTG 

 

For subtype A: 1uM of JA11QA was used (CCCCTCCTGAGGAGTTAGCA). 

For subtype B: 1uM of JA11VB was used (CACAATTAAAACTGTGCATTACAA). 

For subtype C: 1uM of JA11XC was used (TTGTTTTATTAGGGAAGTGTTC). 

For subtype CRF01-AE: 1uM of JA11YE was used 

(AAATTCCCCTCTACAATTAAAATGA). 

 

Thermal cycling conditions for second round of PCR 

5 min at 95°C;  

39 cycles: 

20 sec at 95°C  

30 sec at 58°C  

50 sec  at 72°C  

5 min at 72°C  

 

After the completion of PCR, 4.5 μl of gag reference amplicon was combined 

with unknown sample’s gag amplicon (4.5 μl). In addition, 1 μl of 10X heteroduplex 

annealing buffer was added (which included 1 M NaCl, 20 mM EDTA, 100 mM 

Tris.HCl pH7.8). This reaction mixture was placed for heating for 2 minutes at 95°C. 

This was followed by immediate cooling by placing on ice.  
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3.5.5 Polyacrylamide Gel Electrophoresis 

The amplified products were run on ethidium bromide stained 2% agarose gel 

and visualized using UV transilluminator. 

Using protocol of Kato et al., (2000), a particular subtype was assigned to a 

sample, if the subtype specific reaction made a band 20% highly intense compared to 

the band made by the subtype-independent reaction. 

 

3.5.6 Sanger Sequencing 

Nested PCR products of gag gene were sequenced from Macrogen Inc, Korea, 

using primer GSP1 (5’-CCATCAATGAGGAAGCTGC-3’, nt 1400- 1418, HXB2). 

The nucleotide sequence spanning the p24 and p7 region of gag gene surrounded by 

the primers H1Gag1584 (5’-AAAGATGGATAATCCTGGG-3’) and g17 (5’-

TCCACATTTCCAACAGCCCTTTTT-3’) (Heyndrickx et al., 2000) which has been 

considered for accurate subtyping in previous studies was analyzed. 

 

First Purification  

The purification was performed through: 

 Column based PCR Product clean up  

 Enzymatic PCR Product clean up  

 

Column Based PCR Product Purification  

The kit used for purification of the PCR products was GeneJET Tm PCR 

Purification kit (MBI, Fermentas, Life Science, London). The procedure involved 

adding the binding buffer of 50 μl to the PCR product and mixing. The mixture was 

moved to the purification column of GeneJET Tm. The column was centrifuged for 60 

seconds at 13,000 rpm. The flow through was wasted and wash solution in a quantity 

of 700 μl was added to the column. Another round of centrifugation followed and flow 

through discarded. The column was positioned in a collection tube. To eliminate any 

residual wash buffer, the mixture was again centrifuged for 60 seconds. The GeneJET 

Tm purification column was then moved to a uncontaminated 1.5 microcentrifuge tube 

(Axygen, Union City, California, USA). Elution buffer in a quantity of 30 μl was placed 

to the centre of GeneJET Tm purification column. The tube was incubated for 2-3 

minutes at room temperature and centrifuged at 13,000 rom. 
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Enzymatic PCR Product Clean Up  

Enzymatic PCR Product Clean Up method (Fermentas, Life Science, London) 

eliminated primers which were unincorporated and also destroyed unincorporated 

nucleotides. The subsequent PCR product was complete to use for sequencing without 

further purification. Reaction mixture of 12 μl was made with 4 μl of PCR product, 1.2 

μl 10X Fast AP Tm Buffer, 2 μl of Thermo Scientific Fast AP Thermosensitive Alkaline 

phosphatase, 4.60 μl of PCR water and 0.2 μl of Exonuclease 1. This reaction mixture 

was incubated for 60 minutes at 37°C after thorough mixing. The reaction mixture was 

heated for 20 minutes at 85°C and reaction stopped. 

Sequencing Polymerase Chain Reaction  

Cycle sequencing reactions comprised of 2 μl Big Dye Terminator version 3.1 

ready reaction mixture; 2 μl of sequencing buffer (AB1, Foster city, CA, USA), 1 μl 

Primer (0.3-1 μM) and 1-3 μl products were cycled under the thermal conditions of: 

95oC for 1 minute, then 30 cycles of 95°C for 30 sec, 55-58°C for 30 sec, 72°C for four 

minutes, and final extension at 72°C for ten minutes.  

 

Second Purification  

 

Column Purification Kit  

The PrepEase™ Sequencing Dye Clean-Up Kit (Affymetrix, Cleveland, Ohio, 

USA) allowed the quick separation of excess dye terminators from DNA sequencing 

reactions. The PrepEase™Dye Clean-Up columns were allowed to centrifuge for 30 

seconds at 2,500 rpm. The dry resin at the bottom of the column was collected and and 

hydrated through the addition of 600 μl nuclease-free water and then vortexed to 

eliminate air bubbles. At room temperature, the hydrated columns were incubated for 

30 minutes. Bottom plug was detached and the spin column was placed into a collection 

tube (available with the kit) and centrifuged for 2 minutes at 2,500 rpm to remove 

excess water. The flow through was discarded and the spin column positioned into a 

microcentrifuge tube. The sample (10 μl) was loaded drop wise onto the centre of the 

spin column without interfering the surface. The columns were centrifuged for 4-6 

minutes at 2,500 rpm with the hinge of the spin column’s cover lid slanting to the 

outside of the rotor. The spin column was discarded and the sample wasstraight 

sequenced in an ABI Prism 310 Genetic Analyser (Applera, Foster City, CA, America). 
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Ethanol Purification  

Ethanol precipitation protocol (POP6 Protocol) was also utilised for the 

purification of the sequencing products. The sequencing product was moved to 1.5 ml 

micro-centrifuge tube comprising of 25 μl of distilled water and 65 μl of ethanol (100 

%). The micro-centrifuge tube was incubated for 15 minutes at room temperature 

following adequate vortexing. The tube was centrifuged for 20 minutes at 13,000 rpm. 

The resultant supernatant was removed and 250 μl of ethanol (70%) was placed into 

the tubes and re-centrifuged for 10 minutes at 13,000 rpm. Supernatant was discarded 

and Hi Di Formamide (20 μl) was added into the tube and moved to 0.5 ml septa tubes 

to be sequenced in an ABI Prism 310 Genetic Analyser (Applera, Foster City, CA, 

USA).  

The sequencing data were analysed through Bio-Edit, sequence alignment 

software with editor version 6.0.7. 

 

3.5.7 HIV Drug Resistance  

To examine the patterns of HIV drug resistance, the sequences obtained from 

reverse transcriptase and protease regions of pol gene were tested through the Stanford 

University HIV Drug Resistance Database (http://hivdb.stanford.edu/). The HIV Drug 

Resistance Database examines the user-submitted protease, integrase and reverse 

transcriptase sequences and yields levels of resistance to the most frequently used 

protease, nucleoside, non-nucleoside, and integrase inhibitors. The resistance is shown 

against twenty four FDA-licensed antiretroviral medicines and include eight protease 

inhibitors (PIs), seven nucleoside RT inhibitors (NRTIs), five non-nucleoside RT 

inhibitors (NNRTIs), and four integrase strand transfer inhibitors (INSTIs).  

The sequences obtained from reverse transcriptase and protease regions of pol 

gene were separately placed in the HIV database and results of required data were 

retrieved. The interpretation was established on the basis of resistance and sensitivity 

to HIV antiretroviral drugs. The record of both major and minor mutations was 

documented.  

 

3.5.8 Phylogenetic Analysis for HIV-1 Genetic Diversity  

The sequencing data were analysed through Bio-Edit, sequence alignment 

software with editor version 6.0.7. Briefly, the sequences (comprising 460-470 bp) were 

matched with the sequences from the Los Alamos HIV sequence database 



102 

 

(http://www.hiv.lanl.gov/content/index) which consists of a wide-ranging data related 

to HIV genetic sequences. This was done through the HIV BLAST Search 

http://www.hiv.lanl.gov/.  

The database was searched during the month of April 2018. Sequences for pol 

gene were retrieved from the HIV sequence compendium from the Los Alamos 

National Laboratory (LANL), through Sequence Search Interface. Where virus (HIV-

1), subtype (any) country code (PK) and genomic region (any) were selected. 196 pol 

gene sequences were retrieved and were aligned with the obtained sequences of current 

study by the MAFFT v7.388 software (Katoh and Standley, 2013). Multiple alignment 

sites with gaps in any of the sequences were excluded.  

Phylogenetic trees were constructed via max imum likelihood with RAxML 

v.7.2.713 (Stamatakis et al., 2008) using the general time reversible with gamma-

distributed among-site rate heterogeneity (GTR+Γ) substitution model. Moreover, 

possible geographical linkages of Pakistani HIV sequences with sequences from 

different countries existing in the Los Alamos database were evaluated. The 

phylogenetic trees made from these sequences were analysed for potential geographical 

associations. 
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4.  RESULTS 

 

4.1 Screening of High Risk Groups for HIV 
 

A total of 387 subjects from selected high risk groups (HRGs) agreed to provide 

blood sample and a written consent. Among responders there were 134 hijra sex 

workers (HSWs), 101 female sex workers (FSWs), 104 jail prisoners with high risk 

behavior and 48 intravenous illicit drug users (IDUs). The median age in HSW group 

was 29 years (range 19 - 45 years). The FSWs were aged between 17 and 35 years with 

average age of 22.5 yrs. All jail prisoners involved in present study were males with an 

average age of 34 yrs (range 23 – 51 years). Except for one, all IDUs were also males 

with an average age of 31.5 yrs (range 21 – 49 years) (Table 4.1). 
 

Out of 387, a total of 149 subjects tested positive for syphilis (38.5%), whereas 

37 tested positive for HIV (9.6%). Syphilis co-infection was found in 22 of the HIV 

infected subjects (59.5%; odd ratio 2.53; p=0.008) (Table 4.6). 

The HIV prevalence in hijra sex workers (HSWs) was 16.4%, followed by 

14.6% in intravenous drug users (IDUs), 4.95% among female sex workers (FSWs) and 

2.9% in jail prisoners.  
 

Likewise, syphilis infection was found to be 59.7% among HSWs, followed by 

32.7% in FSWs, 31.7% among jail prisoners and 6.25% in IDUs. HIV co-infection was 

90.9% among HSWs, followed by 20% in FSWs, 14.3% among IDUs, while none of 

the jail prisoner had HIV-syphilis co-infection. Table 4.7 shows combined prevalence 

of HIV and syphilis among different risk groups. 
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Table 4.1: Category wise HRGs numbers and median age 

 

S. No.  Category of HRG No. of responders Median age  

1.  Hijra Sex Workers  134 29.0 years 

2.  Female Sex Workers 101 22.5 years 

3.  Jail Prisoners 104 34.0 years 

4.  Intravenous Drug Users 48 31.5 years 
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Table 4.2: Socio-demographic features of HSWs along with high risk 

behaviours 

 

Characteristics   HSWs (%) 

Marital status  

Married 20 (15.0%) 

Unmarried 110 (82.0%) 

Separated 02 (1.5%) 

Divorced  01 (0.7%) 

Widower  01 (0.7%) 

Educational status  

Illiterate  115 (85.8%) 

Primary  12 (9.0%) 

Matric 06 (4.4%) 

Above matric  01 (0.7%) 

Staying with  

Family 01 (0.7%) 

Friends 02 (1.5%) 

Alone  06 (4.4%) 

Others HSWs 125 (93.2%) 

Age 

Current median age 29.0 years  

Average age at sexual exposure 17.8 years  

Injecting drugs  

Yes 17 (12.7%) 

No 117 (87.3%) 

Involvement in commercial sex 

Yes 133 (99.3%) 

No 01 (0.7%) 

Condom Use 

Always  70 (52.2%) 

Most of the times 34 (25.3%) 

Occasionally  21 (15.6%) 
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Never  09 (6.7%) 

Clients source   

Through a pimp or guru 22 (16.4%) 

Roaming around 09 (6.7%) 

Through mobile phones 56 (41.7%) 

Referred by previous clients  45 (33.5%) 

Other sources 02 (1.5%) 
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Table 4.3: Socio-demographic features of FSWs along with high risk 

behaviours  

 

Characteristics   FSWs (%) 

Marital status  

Married 47 (46.5%) 

Unmarried 42 (41.5%) 

Separated 02 (1.9%) 

Divorced  06 (5.9%) 

Widower  04 (3.9%) 

Educational status  

Illiterate  77 (76.2%) 

Primary  19 (18.8%) 

Matric 04 (3.9%) 

Above matric  01 (0.99%) 

Staying with 

Family 12 (11.8%) 

Hostels 22 (21.7%) 

Alone  18 (17.8%) 

Others FSWs 49 (48.5%) 

Age 

Current median age 22.5 years  

Average age at sexual exposure 16.5 years  

Injecting drugs  

Yes 12 (11.8%) 

No 89 (88.2%) 

Involvement in commercial sex 

Yes 101 (100%) 

No 00 (0.0%) 

Condom Use 

Always  94 (93.0%) 

Most of the times 04 (3.96%) 

Occasionally  03 (2.97%) 
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Never  00 (0%) 

Clients source   

Through a pimp  16 (15.8%) 

Through aunt (senior colleague) 38 (37.6%) 

Roaming around 06 (5.94%) 

Through mobile phones 34 (33.6%) 

Referred by previous clients  07 (6.93%) 

Other sources 00 (0%) 
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Table 4.4: Socio-demographic features of Jail Prisoners along with high risk 

behaviours  

 

Characteristics   Jail Prisoners (%) 

Marital status  

Married 61 (58.6%) 

Un-married 23 (22.1%) 

Separated 10 (9.6%) 

Divorced  09 (8.6%) 

Widower  01 (0.96%) 

Educational status  

Illiterate  34 (32.6%) 

Primary  40 (38.4%) 

Matric 22 (21.1%) 

Above matric  08 (7.7%) 

Duration in Jail  

> 3 months  19 (18.27%) 

> 6 months 27 (26.0%) 

> 12 months 58 (55.77%) 

Age 

Current median age 34.0 years  

Average age at imprisonment  29.6 years  

Injecting drugs  

Yes 63 (60.5%) 

No 41 (39.5%) 

Involvement in sex 

Yes 39 (37.5%) 

No 65 (62.5%) 

Condom Use 

Always  02 (1.92%) 

Most of the times 21 (20.1%) 

Occasionally  16 (15.3%) 

Never/NA 65 (62.5%) 
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Table 4.5: Socio-demographic features of IDUs along with high risk 

behaviours  

 

Characteristics   IDUs (%) 

Gender  

Male 47 (97.9%) 

Female  01 (2.1%) 

Marital status   

Married 20 (41.6%) 

Unmarried 14 (29.1%) 

Separated 11 (23.0%) 

Divorced  02 (4.1%) 

Widower  01 (2.1%) 

Educational status  

Illiterate  13 (27.0%) 

Primary  18 (37.5%) 

Matric 08 (16.6%) 

Above matric  09 (18.7%) 

Staying with  

Family 04 (8.3%) 

Friends 02 (4.1%) 

Alone  03 (6.3%) 

Others IDUs (in rehabilitation centres or 

privately) 
39 (81.2%) 

Age 

Current median age 31.5 years  

Average age at staring of injecting drugs 21.4 years  

New syringe for drugs  

Always  33 (68.7%) 

Most of the times 07 (14.5%) 

Occasionally  05 (10.4%) 

Never  03 (6.2%) 

Involvement in commercial sex 
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Yes 39 (81.2%) 

No 09 (18.8%) 

Condom Use 

Always  27 (56.2%) 

Most of the times 11 (23.0%) 

Occasionally  05 (10.4%) 

Never  05 (10.4%) 
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Table 4.6 HIV and Syphilis in individual high risk groups 

 

S. No.  Category of HRG HIV Positive Syphilis Positive 

1.  Hijra Sex Workers (n=134) 16.4% (n=22) 59.7% (n=80) 

2.  Female Sex Workers (n=101)  4.95% (n=5) 32.7% (n=33) 

3.  Jail Prisoners (n=104) 2.9% (n=3) 31.7% (n=33) 

4.  Intravenous Drug Users (n=48) 14.6% (n=7) 6.25% (n=3) 

 

  

Table 4.7 Frequency of HIV and syphilis in high risk groups  

 

 
Syphilis 

Negative 

Syphilis 

Positive 
Odd Ratio 95%CI P value 

 

HSW (n=134) 

HIV Neg 52 60 
8.67 1.93-38.85 0.005 

HIV Pos 2 20 

 

Female sex workers/FSW (n=101) 

HIV Neg 64 32 
0.5 0.054-4.65 0.54 

HIV Pos 4 1 

 

Jail prisoners (n=104) 

HIV Neg 68 33 
0.29 0.015-5.82 0.42 

HIV Pos 3 0 

Intravenous drug users (n=48) 

HIV Neg 39 2 
3.25 0.25-41.6 0.36 

HIV Pos 6 1 

Overall HRGs (n=387)  

HIV Neg 221 128 
2.53 1.3-5.1 0.008 

HIV Pos 15 22 
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4.2 Screening of Blood Donors for HIV 

During the period from 2015 to 2016, blood donors (n=54,877) were screened 

for the presence of antibodies to HIV. From these 54,877 blood donors, majority were 

males 99.23% (n=54,454) while only 0.77% (n=423) belonged to female category (Fig 

4.1). The HIV screening of these 54,877 donors initially yielded 77 reactive cases. A 

repeat testing showed 0.13% (n=75) positive cases (Fig 4.2), with 95% confidence 

intervals 0.0014 (0.0011 – 0.0018). No female donor was reactive for HIV.  

 

 

 

 

 

 

 

 

 

 

Fig 4.1: Blood donor demographics 

 

 

 

 

 

 

 

 

 

Fig 4.2: HIV positivity in blood donors (2016-17)  

99.23%

0.77%

Males

Females

0.13%
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Out of the 75 confirmed HIV positive blood donors, 45.3% (n=34) belonged to 

the age range of 18-30 years, 41.3% (n=31) were in 31-40 years category, 9.3% (n=31) 

were from 41-50 years category while only 4.0% (n=3) belonged to age group of 51-60 

years (Fig 4.3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4.3: HIV positive blood donors age range  

 

 

 

The incidence of HIV reactivity during the past eleven year’s period (2006-2016) 

revealed a substantial change during the course of time via chi square goodness of fit 

test. The average incidence rate was documented as 0.06% (as in Table 4.8). 
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Table 4.8: Prevalence of HIV (year-wise) along with 95% confidence intervals 

 

Year 
Donors No. 

Tested 

HIV reactive 

(n) 

HIV non-

reactive (%) 
95% CI 

2006 17,065 3 0.01 0.0002 

2007 18,941 8 0.04 0.0004 

2008 18,490 2 0.01 0.0001 

2009 19,707 13 0.06 0.0006 

2010 20,584 11 0.05 0.0005 

2011 22,959 16 0.06 0.0007 

2012 22,534 14 0.06 0.0006 

2013 24,402 10 0.04 0.0004 

2014 26,146 17 0.06 0.0007 

2015 27,305 33 0.12 0.0012 

2016 27,572 42 0.15 0.0015 
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4.3 HIV/AIDS Patients on Antiretroviral Therapy (ART)  

The patients enrolled in the Antiretroviral Therapy centre of JPMC were asked to 

participate in the study, of which 298 voluntarily agreed to participate and provided 

with a blood sample. The staff of the ART centre and blood bank allowed limited access 

to the patient files.  

 

Table 4.9: Demographics and HIV Characteristics of patients on antiretroviral 

therapy  

 

Characteristics  Patients on ARV (n = 298) 

Age  

< 20 years 94 (31.5%) 

21 – 30 years 106 (35.5%) 

31-40 years  83 (27.8%) 

> 41 years 15 (5.0%) 

Gender  

Male 203 (68.1%) 

Female 95 (31.9%) 

Educational status  

Illiterate  59 (19.7%) 

Primary  104 (34.9%) 

Matric 97 (32.5%) 

Above matric  38 (12.7%) 

Mode of infection  

IDUs 89 (29.8%) 

Blood transfusion 23 (7.7%) 

Sexual transmission  78 (26.1%) 

Others or unknown causes 98 (32.8%) 

Years since diagnosis  

Less than 6 months 25 (8.3%) 

More than 6 months 38 (12.7%) 

More than 12 months  67 (22.5%) 

Between 1 to 3 years 49 (16.5%) 
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More than 3 years  119 (39.9%) 

CD4 cells count 

Median CD4 count 621 cells/μL 

HIV RNA 

Median levels of HIV RNA  10,381 copies/mL  
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4.4 Molecular Analyses 

 

4.4.1 HIV-1 Genetic Diversity 

The total number of samples analysed for HIV-1 genotypic analysis was 410. 

This included 298 HIV/AIDS patients on antiretroviral treatment and 112 treatment 

naïve individuals (belonged to high risk groups and blood donors’ category). The 

technique applied for analysis is the subtype-specific PCR (as shown in Fig 4.6). From 

the genotypic analysis of 410 HIV positive individuals, the predominant HIV-1 subtype 

was A (n=376) (91.7%) followed by subtype B (n=34) (8.3%).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.4: HIV-1 subtype specific PCR, representation of a gel after the PCR.  

The codes specify the primers engaged, e.g. Bg stands for b-globin; H stands for 

subtype-independent HIV-1 PCR; A, B, C stands for HIV type 1 sub-types A, B and C.  

A ladder of 50 bp molecular weight was used in first and last lane.  

Two panels can be seen and include PCR amplifications from already identified HIV 

reactive and non-reactive samples. In case of HIV non-reactive samples, amplification 

was done only for the β-globin gene while in case of HIV reactive samples, products 

can be seen for subtype-independent (H), and the HIV-1 subtype B specific polymerase 

chain reaction. 
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Fig. 4.5: HIV-1 subtype specific PCR, representation of a gel after the PCR. 

The codes specify the primers engaged, e.g. Bg stands for b-globin; H stands for 

subtype-independent HIV-1 PCR; A, B, C stands for HIV type 1 sub-types A, B and C.  

A ladder of 50 bp molecular weight was used in first and last lane.  

Two panels can be seen and include PCR amplifications from already identified HIV 

reactive and non-reactive samples. In case of HIV non-reactive samples, amplification 

was done only for the β-globin gene while in case of HIV reactive samples, products 

can be seen for subtype-independent (H), and the HIV-1 subtype A specific polymerase 

chain reaction. 
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Fig. 4.6: HIV-1 subtype B specific Polymerase Chain Reaction (PCR), 

representation of a gel after the PCR. 

The gel picture showing PCR amplifications. First and last column showing a ladder of 

50 bp molecular weight. The second column showing β-globin gene, while, the B 

headings showing  all the samples in which we got products for HIV-1 subtype B. N 

representing the negative control. 
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Fig. 4.7: HIV-1 subtype B specific Polymerase Chain Reaction (PCR), 

representation of a gel after the PCR. 

The gel picture showing PCR amplifications. First and last column showing a ladder of 

50 bp molecular weight. The second column showing β-globin gene, while, the B 

headings showing  all the samples in which we got products for HIV-1 subtype B. N 

representing the negative control. 
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Fig. 4.8: HIV-1 subtype A specific Polymerase Chain Reaction (PCR), 

representation of a gel after the PCR. 

The gel picture showing PCR amplifications. First and last column showing a ladder of 

50 bp molecular weight. The second column showing β-globin gene, while, the A 

headings showing all the samples in which we got products for HIV-1 subtype A. N 

representing the negative control. 
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Fig. 4.9: HIV-1 subtype A specific Polymerase Chain Reaction (PCR), 

representation of a gel after the PCR. 

The gel picture showing PCR amplifications. First and last column showing a ladder of 

50 bp molecular weight. The second column showing β-globin gene, while, the A 

headings showing all the samples in which we got products for HIV-1 subtype A. N 

representing the negative control. 
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4.4.2 HIV-1 Sequencing Analysis and Drug Resistance Patterns 

To explore the HIV-1 drug resistance patterns, reverse transcriptase and 

protease region of pol gene was examined through Drug Resistance Database of HIV 

available from the Stanford University. The results of reverse transcriptase region 

analysis for resistance mutations exhibited that 89% of the sequences do not have major 

and minor mutations which is suggestive of the fact that majority of the HIV virus in 

our population is sensitive to the drugs in use including the lamivudine (3TC), abacavir 

(ABC), zidovudine (AZT), stavudine (D4T), didanosine (DDI), emtricitabine (FTC), 

tenofovir (TDF), efavirenz (EFV), etravirine (ETR), nevirapine (NVP) and rilpivirine 

(RPV).  

The percentage of sequences showing a major mutation was 11%. The major 

mutation was Y115F, where the patient sample is having Tyrosine (Tyr) at position 115, 

while the normal individual have Phenylalanine (Phe). This mutation is which is linked 

with low to intermediate resistance to emtricitabine and lamivudine. The sequences 

under investigation did not show mutations which are coded minor. The results also 

displayed some mutations which were not classified as major or minor and little their 

effect on the virus sensitivity to ART is not known (Table 4.10).   

The results of PR region analysis showed no major mutations. On the other 

hand, minor mutations were exhibited by six sequences. Two of the mutations were 

categorized as L10V, and the remaining four included A71AV, L10FL, G48GR and 

L10I. The sequences demonstrating minor mutations will possibly produce reduced or 

potentially low-level resistance, e.g. nelfinavir as shown in the Table 4.11.  

 

4.4.3 Phylogenetic Analyses  

Phylogenetic analysis of HIV pol genes for sequences already reported in 

Pakistan showed highly conservation and obtained sequences showed closed 

relationship with pol gene sequence with accession number JN620499. Phylogenetic 

analysis indicated that HIV virus detected in current study is closely related to viruses 

from Iran (KF544088) and Afghanistan (GQ477451). Analysis of phylogenetic tree 

also revealed that obtained sequences of HIV had small similarity with HIV sequences 

from India (KX570606) and Sri Lanka (AY688900). 
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Fig. 4.10: Sanger sequencing chromatogram of Y115F (major mutation) in HIV 

type 1 reverse transcriptase (RT) gene. (A) Representing the patient having 

Tyrosine (Tyr) at position 115, while (B) the normal individual having 

Phenylalanine (Phe). 
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Fig. 4.11: Sanger sequencing chromatogram of the minor mutation (L10F) in 

protease gene (PR) of HIV-1. (A) Representing the patient having Leucine (Leu) 

at position 10, while (B) the normal individual having Phenylalanine (Phe). 
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Fig. 4.12: Sanger sequencing chromatogram of the minor mutation (L10I) in 

protease gene (PR) of HIV-1. (A) Representing the patient having Leucine (Leu) 

at position 10, while (B) the normal individual having isoleucine (Ile). 
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Fig. 4.13: Sanger sequencing chromatogram of the minor mutation (L10V) in 

protease gene (PR) of HIV-1. (A) Representing the patient having Leucine (Leu) 

at position 10, while (B) the normal individual having valine (Val). 
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Table 4.10: HIV-1 reverse transcriptase gene mutations (major) in Pakistan 

 

                       Mutations in RT          Drug resistance of RT  

 Gene Subtype 
Major 

mutation 
 3TC ABC AZT D4T DDI FTC TDF EFV ETR NVP RPV 

 RT A Y115F  S S S S S S S S S S S 

 RT A Y115F  S S S S S S S S S S S 

 RT A Y115F  S S S S S S S S S S S 

 RT A Y115F  S S S S S S S S S S S 

 RT A Y115F  S IMP S S S S 
Low 

LR 
S S S S 

 RT A Y115F  S IMP S S S S 
Low 

LR 
S S S S 

 RT A Y115F  S IMP S S S S 
Low 

LR 
S S S S 

 RT A Y115F  S IMP S S S S 
Low 

LR 
S S S S 

 RT A Y115F  S IMP S S S S 
Low 

LR 
S S S S 

 

sensitive =S 

low-level resistance = Low LR 

intermediate resistance = IMR 
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Table 4.11: HIV-1 protease gene mutations (minor) in Pakistan  

 

 Mutations in Protease Drug resistance of PR  

 Gene Subtype 
Major 

mut. 

Minor 

mut. 
ATV/r DRV/r FPV/r IDV/r LPV/r NFVS SQV/r TPV/r 

 PR A None  L10V S S S S S S S S 

 PR A None L10V S S S S S S S S 

 PR A None L10FL S S S S S S S S 

 PR A None L101 S S S S S S S S 

 

 

sensitive =S 

low-level resistance = Low LR 

potential low-level resistance = PL-LR 
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Fig. 4.14 & 4.15: Maximum likelihood Phylogenetic Tree based on pol nucleotide 

sequences in 20 countries worldwide. 

Phylogenetic analysis indicated that HIV virus detected in current/present study is 

closely related to KF544088 (Iran) and GQ47745 (Afghanistan).  
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Fig. 4.16 & 4.17: Phylogenetic relationship of pol gene sequences from Pakistani 

Patients 

Phylogenetic analysis indicated that HIV virus type detected in current/present study is 

closely related to JN620499.  
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5. DISCUSSION 

 
The Pakistan’s population is the sixth largest in the globe. The HIV epidemic 

has a significant impact on our society and since 1987, when the first case was reported 

from Karachi, the HIV infection rate has dramatically increased. The HIV epidemic is 

growing at alarming rate but unfortunately it is still under estimated as the prevalence 

is confined to high risk groups which are traditionally marginalized. The latest data 

(NACP, 2018) suggest that total number of HIV cases in Pakistan are 150,000 with a 

prevalence rate of 0.07%. Out of these, only 16.09% (n=24,147) are registered with the 

antiretroviral centres across the country while only 9.39% (n=14,088) are under 

treatment (Figure 5.1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 5.1: Estimated number of HIV patients versus those on treatment as of 2018 

 

Poor awareness about HIV/AIDS with lack of information, persistent scarcity 

of financial resources, weak regulatory oversight and common misunderstanding that 

HIV virus only infects ‘individuals with bad characters’ are some aspects affecting the 

occurrence of HIV/AIDS. 
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HIV/AIDS is posing a menace to the social values and health of general public 

in Pakistan and to the advancement we have made in the recent past. Although 

presently, we face numerous tough challenges in our development, including war on 

terror and disasters (natural and man-made), paying inadequate consideration to the 

warning signs presented by the mounting HIV/AIDS epidemic in the country may 

adversely affect our future. As a developing country of more than 200 million people, 

Pakistan stands second in South Asia for the number of HIV cases and lies among the 

HIV/AIDS high risk nations including India and Nepal. 
 

The Government of Pakistan has committed to deliver complete access to HIV 

prevention and antiviral therapy services for all at-risk or affected populations as 

outlined in the National HIV and AIDS Policy 2007 (NACP, 2018). Due to an initial 

concentrated epidemic phase, our country is classified as the classic ‘Asian epidemic 

model’ (Brown and Peerapatanapokin, 2004) which indicates that once the epidemic 

becomes established in the high‐risk groups; its transmission to the general public is 

very rapid.   This is mainly because of widespread risk behaviors and vulnerabilities. 

Although many socio‐cultural aspects have aided to hold back the early stride of HIV 

infection in Pakistan; the country has a number of challenges and risk factors which 

place it at a considerable risk of hosting a full-scale HIV epidemic. Some of the risk 

aspects and challenges are discussed below. All these risk aspects and behaviours 

eventually lead to transmission of HIV/AIDS from HRGs to general population through 

bridging population. 

Concentrated epidemic in Injection Drug Users (IDUs); The drug users remain 

at greater threat of attaining the virus and related opportunistic infections which are 

transmitted through blood as they exercise hazardous injection activities including 

needle and syringe sharing. Estimated number of IDUs is approximately 113,422 in 

Pakistan according to the current IBBS survey. This survey highlighted a prevalent 

concentrated HIV epidemic in IDUs with highly rampant risk behaviors including use 

of injecting apparatus which is non‐sterile, sexual relations with population at risk, e.g. 

female, male and hijra sex worker, and occasional use of condom (IBBS, 2017). 

Evolving epidemic in Men having Sex with Men and Hijra Sex Workers; As a 

conservative society, there was no documented evidence of men involvement in sexual 

activity. It was only after the national AIDS programme initiative of launching the 

integrated biological and behavioral surveillance surveys in Pakistan that we witnessed 
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such activity in the country, i.e. the projected figure of Male Sex Workers (MSWs) is 

55,340 having 5.6% HIV positivity (IBBS, 2017). On the other hand, the Men having 

Sex relation with Men (non sex workers) have climbed to 776,873 with HIV prevalence 

of 3.4% (IBBS, 2017). Likewise, across the country, there are individuals who are 

transsexuals and indulge in sexual activities called Hijras Sex Workers (HSWs) who 

are frequently involved in sexual practices. The estimated population is 52, 4257 with 

7.1% infected with HIV (IBBS, 2017). Anecdotal data suggests emerging HIV infection 

among MSM and HSWs due to highly rampant risky behaviors including little use of 

condom use and sexual contacts with population at risk, e.g. IDUs and FSWs.  

Commercialization of sex industry; The sexual activity on commercial basis 

particularly the female sex work is widespread in big cities (Waheed U et al., 2017). 

According to the recent data, expected number of FSWs is 173,447 with 2.2% HIV 

positivity (IBBS 217). Most of these female sex workers have very little comprehension 

of safe sexual activities and have strong bonding with population at risk including the 

MSM and IDUs.  

Insufficient screening for HIV in the blood banks and unsafe injection practices; 

In the absence of a stringent regulatory mechanism, the blood transfusion services are 

unregulated and anarchic. The screening techniques being employed in the blood banks 

are diverse, ranging from rapid ICT devices to modern nucleic acid testing (Waheed et 

al., 2016). Similarly, the voluntary blood donor pool is nearly 10% in the annual 3.5 

million blood donations with a heavy reliance on family replacement donors (Zaheer 

and Waheed 2014). In addition, unsafe injection practices including the use of non‐

sterilized and used needles/syringes are predominantly widespread.   

Increasing numbers of Migrants and refugees; The country has witnessed an 

increasing numbers of in‐migrants, out migrants and refugees who remain extremely 

susceptible to contract HIV/AIDS. Huge number of labors went away from their 

townships for pursuing jobs in bigger cities and even abroad. The countrymen 

employed abroad in the oil-rich countries belonged to low socioeconomic status, 

sexually active, young men with age 18-35 years. These men while working abroad 

engage in unguarded sexual activities mostly with sex workers. As a policy, the Gulf 

States do not screen for HIV for residents with short term visa (Kandela, 1994) and the 

commercial sex workers have a temporary tourist visa, hence no screening for HIV is 

done.  
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Additionally, the country has accommodated approximately 4,000,000 to 

6,000,000 Afghan refugees since 1979 and is even now hosting approximately 1.4 

million registered Afghan refugees who have been enforced to flee their homes 

(UNHCR, 2018). It is known fact that irrational use of injections, re-use of syringes, 

drug abuse, etc are practiced widely in the refugee camps. All these aspects contribute 

to the amplified risk of HIV in this community. 

Low‐income status and disparities; Almost 40 million population survives 

below the official poverty line in Pakistan (Pakistan Economic Survey 2018). Evidence 

from across the globe suggest a strong link exists between reduced income status and 

susceptibility to get HIV/AIDS. A study from Lim et al., (2014), showed a strong 

relationship among income disparity and prevalence of HIV/AIDS, while estimating 

HIV prevalence rates. Though, Pakistan is an economically developing country 

(Pakistan Economic Survey 2018), income inequalities are still prevailing and have the 

power to fuel HIV epidemic at any given time. 

Illiteracy and low levels education; Illiteracy and education have a strong 

association with ethical practices in sexual life style. Although the Government of 

Pakistan is paying special attention on increasing the educational level, majority of the 

population remain uneducated and illiterate, for example, the current literacy rate in 

women is approximately 48% (Rehman et al., 2015).   

Unemployment, out‐of‐school youth and children in street; Unemployment of 

young population, young children out of school, and street children are highly 

susceptible to unsafe behaviors which are linked with HIV/AIDS transmission. Largely, 

a mixture of demographic and economic aspects make this group of our population 

extremely susceptible to acquire HIV/AIDS infection. 

Silence, denial, stigma and discrimination; The initial phase of HIV epidemic 

was very slow attributed to our social and cultural values. However, in contrast, features 

like silence and denial are extremely rampant can effortlessly expand the infection by 

restricting the space for awareness sessions and efforts to mobilise communities, 

resources, etc. Likewise, stigma and discrimination confronted by those individuals 

infected with HIV and marginalized representatives of society such as female, male and 

hijra sex workers can be the gravest impediment to an effective nationwide response. 

Gender inequalities; The inequalities related to gender facilitate the spread of 

infection with HIV. In Pakistan’s social system, males hold power over females. In this 

male dominated society, the female population has a reduced socio‐economic status 
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(Tarar and Pulla, 2014). The females are deprived of access to inheritance rights and 

decision making among others. Sexual harassment and domestic violence are common 

(Shahzadi, 2015). Over the last few years, there has been some gradual improvement, 

considerable gaps are still present especially in health and education which could fuel 

the HIV spread.   

The advancement in HIV/AIDS epidemic has a strong effect which is not 

confined to the health sector. The anecdotal evidence suggests the mortality and 

morbidity linked with HIV hollows the population pyramids and also negatively impact 

the organizations and complete economic condition of a country. HIV/AIDS has 

impacted the country’s healthcare and social systems which surely predicts about the 

potential effects, if the epidemic is not squeezed. 

The spread of HIV infection via blood transfusions is one of the major concerns 

and often reports of such cases appears in the print and electronic on the same.  

According to blood safety legislations of Pakistan, screening for five markers (called 

transfusion transmitted infections) is mandatory on every blood unit collected. These 

five markers include the HBV, HCV, HIV, Syphilis and Malaria.  The available data 

from blood donors show a rise in the number of HIV cases detected. The monitoring of 

HIV pattern in blood donors in critical to ensure safety of blood and blood components 

and in addition to sensitize the decision makers on the magnitude of the HIV epidemic 

in blood donors which represent the general healthy population. In high HDI countries, 

donor behavioral screening, use of highly sensitive screening tests, and more rational 

use of blood and blood components have bring about in a dramatic decline in the spread 

of HIV via blood transfusions. 

The incidence of HIV reported in present study (0.06%) was matched with the 

mean HIV incidence from 1988-2016 which was 0.13%. Our findings reported a lower 

prevalence. However, in contrast, the findings were on a higher side when individual 

studies were compared (Sultan et al., 2016; Saeed, et al., 2016; Zameer, et al., 2017). 

 

Table 5.1: HIV prevalence in blood donors reported in last 30 years in Pakistan 

(1988-2017)  
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S.No. Author City 

Donors 

Tested 

HIV 

Prevalence 

Percentage 

1.  Mujeeb et al., 1988 Karachi  523 0.6 

2.  Khanani et al., 1988 Karachi  121 0.82 

3.  Mujeeb et al., 1991 Karachi  1,655 0.18 

4.  Raziq 1993 Peshawar  33,402 0 

5.  Mujeeb et al., 1993 Karachi  666 0 

6.  Kayani et al., 1994 Karachi  32,127 0.003 

7.  Kakepoto et al., 1996 
Karachi and 

Hyderabad  
51,257 0.02 

8.  Iqbal and Rehan, 1996 Lahore 12,482 0 

9.  Ahmed et al., 2000 Abbottabad  960 0 

10.  Rahman et al., 2002 Punjab 910,706 0.001 

11.  Khattak et al., 2002 Rawalpindi  103,858 0.007 

12.  Mumtaz et al., 2002 Rawalpindi  553 0 

13.  Khan et al., 2002 Peshawar  23,278 0.008 

14.  Sheikh et al., 2004 Quetta  5,000 0.22 

15.  Asif et al., 2004 Islamabad 3,430 0.23 

16.  Zaidi et al., 2004 Peshawar  41,076 0 

17.  Sirhindi et al., 2005 Lahore  18,216 0 

18.  Khan et al., 2006 Liaqatpur  1,426 0 

19.  Fayyaz et al., 2006 Bahawalpur  27,938 0 

20.  Sultan et al., 2007 Lahore  41,498 0.06 

21.  Azam et al., 2007 Karachi 688 0.14 

22.  Khan et al., 2007 Rawalpindi  139,163 0 

23.  Bhatti et al., 2007 Rawalpindi  94,177 0.004 

24.  Niazi et al., 2008 Rawalpindi  4,427 0 

25.  Manzoor 2009 Lahore  6,659 0.05 

26.  Shah et al., 2009 Lahore  60,719 0.006 

27.  Qazi et al., 2010 Peshawar  100 0 
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28.  Shaikh et al., 2010 Karachi  2,000 0 

29.  Khan et al., 2011 Peshawar  3,915 0 

30.  Borhany et al., 2011 Karachi  5,717 0 

31.  Safi et al., 2011 Peshawar  62,251 0.045 

32.  Attaullah et al., 2012 Peshawar  127,828 0.06 

33.  Waheed et al., 2012 ICT 10,145 0 

34.  Moiz et al., 2012 Khi.  23,559 0.051 

35.  Umair et al., 2012 Mirpur  8,927 0 

36.  Butt et al., 2013 Kasur  833 0 

37.  Irfan et al., 2013 Karachi  108,598 0.10 

38.  Khattak et al., 2014 Peshawar  6,000 0.13 

39.  Kamran 2014 Rawalpindi  300 0 

40.  Zaheer et al., 2014 ICT  160,376 0.017 

41.  Sheikh et al., 2015 Gwadar  300 1.0 

42.  Hussain et al., 2015 Multan  480,20 0.01 

43.  Niazi et al.,2016 Rwp  160,552 0.02 

44.  Ghani et al., 2016 Rwp  626,413 0.01 

45.  Sultan et al., 2016 Karachi  148,268 0.11 

46.  Saeed et al., 2016 Lahore  18,274 0.02 

47.  Zameer et al., 2017 Lahore  10,048 0.11 

 

The table 5.1 shows the data reported from 47 blood banks over a period of 30 

years (1988-2017). However, the total number of blood establishments in Pakistan are 

approximately 1830 (Zaheer and Waheed, 2014) which clearly indicates that the data 

is not representing all blood establishments. The government must collect data from all 

blood establishments covering every aspect of vein to vein transfusion chain including 

the screening statistics and have a consolidated report for policy makers.  

We compared the findings of our study with those reported by other countries. 

Our incidence rate of 0.13% was relatively lower than those reported by Ethiopia 5.1% 

(Sharew et al., 2017), Nepal 0.21% (Shrestha et al., 2009), China 0.31% (Song et al., 

2010), South Sudan 7.9% (Sube et al., 2014), Nigeria 2.8% (Hassan et al., 2008), 

Ethiopia 3.8% (Tessema et al., 2010), and Burkina Faso 2.21% (Nagalo et al., 2011) 
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but higher than those reported from India 0.1% (Ahmed et al., 2012), Iran 0.0054% (Ali 

et al., 2014), Italy 0.00019% (Gonzalez et al., 2005) and Australia 0.0003% (Polizzotto 

et al., 2008). There is wide diversity in the incidence of HIV in different countries and 

indicate variations in the awareness programmes, blood screening techniques, and other 

preventive measures in individuals countries.   

The blood safety can be enhanced through a comprehensive donor recruitment 

scheme with standardized behavioral and serological screening. According to previous 

research studies, the incidence of HIV/AIDS can be reduced to two in 1,000,000 

(Shrestha et al., 2009) or even lesser (Song et al., 2010) through behavioural evaluation 

of blood donor and quality assured serological TTI screening of blood bags.  
 

In the recent past, it was very uncommon for a blood bank to report a HIV 

positive case. The scenario has been changed and there are reported HIV cases 

frequently. The latest data (NACP, 2018) suggest that total number of HIV cases in 

Pakistan are 150,000 with a prevalence rate of 0.07%. Out of these, only 16.09% 

(n=24,147) are registered with the antiretroviral centres across the country. This clearly 

demonstrates a huge gap between the cases present in the country and the actual 

identified ones. Out study identified 112 cases (from blood donors and high risk groups) 

for molecular analysis which were newly diagnosed, so the question is if they are the 

missing cases or in addition to the 150,000 cases. Nevertheless, the NACP has to 

investigate the cause of infection and the stringent policies to be implemented with 

reference to registration of new cases of HIV.  
 

The HIV epidemic in Pakistan is following the Asian epidemic model where 

after establishment among the high risk groups, its transmission to general public is 

rapid. As mentioned earlier, the HIV detection among blood donors in Pakistan is on 

the rise (Waheed et al., 2017). In September 2018, a report of HIV transmission via 

blood transfusion was reported in media where a mother and her newborn acquired HIV 

after blood transfusion from a HIV positive donor (confirmed later). The newborn died 

two weeks later. Case was investigated by the Punjab Blood Transfusion Authority 

which confirmed the presence of HIV in mother and the blood donor. The donor 

informed about one earlier donation three months ago. The recipient (a female) was 

traced, tested and was found to be HIV positive (Fig 5.2). All these cases occurred in 

unlicensed private blood banks which have now been sealed by the Authority. The 

infected cases have been registered by the provincial AIDS Control Programme and are 
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being treated. In December 2018, the female mother also died which was reported 

widely in the newspapers (Fig 5.2, 5.3).  
 

The main reason for HIV spread through blood transfusion in Pakistan is the 

use of sub-standard manual screening devices. The national Safe Blood Transfusion 

Programme, Ministry of Health, is implementing blood safety systems reforms (Zaheer 

and Usman, 2014) which also cover the regulation of blood sector (Zaheer and Usman, 

2016). Therefore the Authorities are now effective and grant licenses to only those 

blood banks with proper screening systems. This along with regulation of blood 

screening kits will effectively check HIV transmission through blood transfusions in 

Pakistan. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5.2: Press coverage of HIV transmission through blood transfusion 

(September 2018) 

 

 

 

 

 

 

 

 

 



142 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5.3: Press coverage of HIV infected death through blood transfusion 

(December 2018) 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5.4: Press coverage of HIV infected death through blood transfusion 

(December 2018) 

 

The HIV epidemic is firmly established in the high risk groups as evident in the 

current study. In addition, the migrant workers are also at risk and an increasing number 

of HIV cases are being registered from these workers who are deported from Middle 

East when found reactive for HIV. These workers are being sent back without any 

information to the Health Ministry and the NACP. As these workers are left without 

any monitoring policy, they represent a danger to the community in spreading the virus, 

e.g. the transmission of HIV in Gujrat (Punjab) epidemic in 2010 (Ansari et al., 2013).  
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As a member of the United Nations, Pakistan remained committed to the 

Millennium Development Goals (MDGs). The goal 6 of MDGs states that Pakistan will 

“halt and begin to reverse the spread of the human immunodeficiency virus (HIV) that 

causes AIDS” by 2015. In continuation of MDGs, Sustainable Development Goals 

(SDGs) also advocate a need to end the epidemic of AIDS by 2030 under goal 3 (United 

Nations, 2017). However, the key challenges which hamper this struggle and intensify 

HIV vulnerability and risk in Pakistan are stigmas attached to the disease, 

socioeconomic inequality, illiteracy, economic limitations and a large covert sex work 

industry. The sex workers often receive inadequate attention from both healthcare 

officials and community. Credible data is difficult to gather due to stigma linked with 

sex work. The sustainable development goals (SDGs) have initiated a new global 

development era striving to a healthier and safer world by the end of 2030. The basis 

of SDGs is improving the health and welfare of the global population. But challenges 

persist in achieving the goals are immense. The global fight against HIV/AIDS is 

vulnerable to this fluctuating landscape with the indications that the response may be 

faltering. 
 

The prevalence of syphilis, HIV and its co-infection has been reportedly 

increasing among the sex workers, especially HSWs. An integrated biological and 

behavioral survey (IBBS) was conducted in 19 cities by HASP (HIV-AIDS 

Surveillance Project) in 2011, which established the incidence of HIV among HSWs at 

5.2%, compared to 6.1% in 2008 (IBBS, 2011). Despite a relatively low prevalence 

shown in the survey, more recent surveys (IBBS, 2017) have reported a surge in this 

percentage and indicate diminished level of awareness regarding acquiring HIV and its 

prevention as the major limiting factor in curtailing the epidemic. A research study 

conducted by Raza et al. (2015) documented HIV and syphilis prevalence in this group 

as 23% and 76.9%, respectively in Rawalpindi. An increasing trend of both HIV and 

syphilis among HSWs is seen over the last decade. A study from Indonesia has reported 

the prevalence of syphilis and HIV as 19.3% and 22% among hijra sex workers (Pisani 

et al., 2004). A meta-analysis from USA, six Asia-Pacific countries, five Latin 

America, and three European countries revealed the prevalence of HIV among HSWs 

as 19.1% (Baral et al., 2013). Another group from USA reported the prevalence of HIV 

as 12.0% in 2008 (Schulden et al., 2008). 
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Globally, the female sex workers (FSWs) harbor a huge burden of HIV infection 

regardless of widespread HIV prevention efforts aiming towards FSWs over the past 

many decades (Shannon et al., 2015). Our study reported the prevalence of syphilis and 

HIV in FSWs as 32.67% and 4.95%, respectively. A recent study from China showed 

the prevalence of syphilis and HIV as 15.0% and 4.7%, respectively (Zhou et al., 2014). 

Another group from Bangladesh reported the prevalence for these infections as 45.7% 

and 2.8% (Azim et al., 2001). We observed during sample collection that FSWs have 

good knowledge of the sexual behaviors and attitudes that go with it and use of 

condoms. The Integrated Biological and Behavioral Surveillance ofh Pakistan has 

reported that 29% of FSWs were aware of HIV prevention programmes (IBBS, 2017). 
 

Due to overpopulation, Pakistani jails have turned high risk for communicable 

disease notably AIDS, syphilis, hepatitis and other STIs. Globally, the prisoner 

population has shown a higher prevalence rates for these communicable diseases as 

compared to the general population (Hutchinson et al., 1998; Taylor et al., 1995; 

Spaulding et al., 2002; Wiehe et al., 2015; Shah et al., 2013). Our study has reported 

the prevalence of syphilis and HIV as 31.7% and 2.9%, respectively. In Ghana, the HIV 

seroprevalence was 5.9% while for syphilis it was 16.5% (Adjei et al., 2008). HIV 

prevalence was 2.1% in a national survey from prisons in Iran in 2009 (Navadeh et al., 

2013). A study from Maryland, USA reported the prevalence of HIV among prisoners 

as 3.3% (Kassira et al., 2001). Due to high prevalence of HIV among high risk groups, 

jail prisoners are an essential audience for HIV/AIDS testing, treatment, and prevention 

efforts. HIV infection in jails is together a public health and a human rights matter that 

needs to be discussed on priority to have an effective response. 

Drug abuse and addiction have been intricately associated with contracting HIV 

and syphilis. The infected drug users have the potential to spread it to their sexual 

partners further escalating the epidemic. In India, forty five percent wives of HIV 

positive drug users were tested positive (Panda et al., 2000). Our study has reported the 

prevalence of 6.25% and 14.6% for syphilis and HIV respectively. Some earlier reports 

from Pakistan have reported the syphilis and HIV incidence as 13-16% and 23%, 

respectively (Altaf et al., 2003; Ghauri et al., 2003; Bokhari et al., 2007). Two separate 

studies investigated the prevalence of syphilis as 25.9% while HIV was documented as 

12.4% (Hameed et al., 2010; Samo et al., 2013). International reports on syphilis and 

HIV prevalence in IDUs show 11.33% and 8.66% prevalence in Russia, 23% and 1.4% 
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in Bangladesh, 3.11% and 8.68% in China (Rhodes et al., 2006; Azim et al., 2002; Zou 

et al., 2015). 
 

The prevalence of HIV-1 subtypes in a population follows the evolution of the 

epidemic. HIV-1 is considered highly variable genetically and comprised of four groups 

(M, N, O, and P). For HIV pandemic, M is the major group responsible being further 

sub-classified into numerous subclasses (A to K, excluding E) and a number of mosaic 

strains termed as circulating recombinant forms (Woodman and Williamson, 2009; Lau 

et al., 2013). In sub Saharan Africa, the biggest diversity of the HIV subtypes and 

circulating recombinant forms has been witnessed, but on the global map, the HIV 

subtypes exhibit a specific distribution geographically (Buonaguro et al., 2007; Sharma 

et al., 2017). The A type is the main genotype in central and eastern Africa and in 

central Asia. Genotype B is predominantly prevalent in western and central Europe, the 

North and South America, Australia, and is frequently found in several countries of 

Southeast Asia (Sharma et al., 2017; Buonaguro et al., 2007). Subtype C is the leading 

genetic sub type in southern Africa and India. These two nations harbor more than 80% 

of the worldwide HIV cases. The circulating recombinant forms are the prevalent 

genetic forms in Southeast Asia and in west and central Africa, (CRF01_AE and 

CRF02_AG respectively (Chow et al., 2013; Mumtaz et al., 2011; Buonaguro et al., 

2007). Hemelaar, et al., (2011) investigated the country-specific HIV-1 molecular 

epidemiology data of 65,913 specimens from 109 countries. The analyses of the 

worldwide pattern of HIV-1 subtypes and CRFs specified a largely steady distribution 

with a noteworthy upsurge in the percentage of circulating recombinant forms, a decline 

in the unique recombinant forms and a general rise in recombinants. 

Testing for molecular epidemiology of HIV infection is of paramount 

importance to develop sensitive diagnostic tools, to manage individual infections, and 

also to keep track of transmission pattern, prevalence and evolution of the pandemic 

(Abu-Raddad et al., 2010). Molecular epidemiology investigations are currently in 

infancy phase in Pakistan and has yet to add to well-versed HIV prevention policy and 

strategy.   
 

Our findings confirmed that A subtype is predominant HIV sub-type (91.7%) 

present in our country followed by subtype B (8.3%). This outcome is consistent with 

earlier available reports showing the subtype A as the commonest sub-type in Pakistan 

(Khan et al., 2006; Khanani, 2011; Chen et al., 2016). In the study by Khan et al., 
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(2006), the subtype A was 100% while it was 69.73% as reported by Khanani et al., 

(2011).  The recent study by Chen et al., (2016) reported the prevalence of HIV sub-

type A as 47% with increasing number of recombinant forms. As shown in the figure 

5.5, the national prevalence according to the Los Alamos HIV databases shows a high 

peak for subtype A (73.3%). This is in contrast to the global prevalence trends where 

the prevalent subtype is B (55.8%) as shown in figure 5.6.   
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Fig. 5.5: National distribution of all HIV type 1 sub-types (available at 

http://www.hiv.lanl.gov/) 
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Fig. 5.6: Global distribution of all HIV type 1 sub-types (available at 

http://www.hiv.lanl.gov/) 
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Although, this trend may shift during the course of next few years and more 

subtypes become prevalent in the country. The HIV virus is persistently advancing ever 

since the pioneer case of HIV in Pakistan diagnosed in 1987 (Khanani et al., 1988), and 

our data suggested that the B subtype was not as common in earlier reports as in our 

findings. This is largely because of the migrant workers who are infected and introduce 

new sub types of HIV. These include labourers and commercial sex workers of 

bordering countries such as Afghanistan, Iran or Gulf States (Shah et al., 2006). A big 

number of Pakistani nationals are working in the Gulf States, e.g. KSA, Kuwait, UAE. 

These HIV infected persons then infect their spouses and kids and ultimately placing 

the general public at danger. Because of weak regulatory oversight by the government, 

this practice will lead us to a rapid rise in the incidence of HIV infection and will also 

alter the pattern of different subtypes in Pakistan.  
 

The high prevalence of specific genotypes with restricted sequence variability 

in earlier studies from Pakistan (Khan et al., 2006; Khanani et al., 2011; Chen et al., 

2016; Khan et al., 2018), indicates that HIV infection is being acquired in transmission 

chains that have been proliferating locally for many years. This advocates active high-

risk linkages where HIV is being spread via typical ‘founder effect’, which decodes 

into local epidemic-type clustering in one or multiple risk groups (Rai et al., 2010). This 

development was also observed in Russian Federation, where IDU was the main route 

of HIV/AIDS transmission for an extended period and where subtype A was the major 

subtype fueling the epidemic among intravenous drug users (Thomson et al., 2009; 

Aibekova et al., 2018). 
 

Similarly to Russia, in Pakistan and Iran, there has been a strong confirmation 

for concentrated epidemics among one high risk population group, i.e. IDUs (Massah 

et al., 2016; IBBS, 2017). In Iran, the IDU community was responsible for more than 

half of HIV registered cases by the end of 2014 (National AIDS Committee Secretariat, 

2015). In Pakistan, as discussed already, the IDUs positive cases are rising and were 

responsible for the highest percentage of HIV infections in 2016-17 (IBBS, 2017). The 

resemblances between HIV genotypes in Pakistan, Afghanistan, and Iran indicate that 

HIV strains have been mixing between these countries, possibly through the return of 

Afghani refugees, and may highlight that social networks of drug manufacturers, 

refiners, suppliers and IDU transcend national borders (Sanders-Buell et al., 2009).  
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Over the last 10 years, the HIV/AIDS cases have continuously increased in the 

Pakistan. The phylogenetic analysis of our samples indicated that HIV spread in our set 

up has occurred mostly due to IDU groups and is currently evolving in the FSW, and 

MSW groups. The phylogenetic analysis of our study exhibited a merging of 

phylogenetic clusters that are expected to have ensued due to transmigration with 

neighboring nations including Afghanistan, India, Sri Lanka and some African 

countries namely Kenya and South Africa. Table 5.2 illustrates the prevalence of HIV-

1 subtypes in Middle East and some African countries as reported by previous studies. 

 

Table 5.2 Prevalence of HIV-1 subtypes in different countries 

Country Genes Subtypes (%) Reference   

Afghanistan Pol, Env CRF35_AD (100%) 
Sanders-Buell et al., 

2007 

Algeria 
Tr, Prot, 

Env 

B (56%), CRF02_AG (12.7%), 

CRF06_cpx (4%), Inter-CRF 

recombinants (9.7%) 

Bouzeghoub et al., 

2006 

Djibouti 

Pol, Env 

 

Env 

C (73%), CRF02_AG (18%), D 

(6%), A (3%) 

C (48%), B (33%), A (15%), E (3%) 

Maslin et al., 2006 

Lasky et al., 1997 

Iran 

Gag, Env 

 

 

Gag, Env 

RT, Prot, 

Env 

 

Pol 

 

Pol 

 

IDU: A (100%) 

Haemophiliacs: B (100%) 

 

A (100%) 

CRF35_AD (100%) 

 

CRF35_AD (100%) 

 

A/D recombinants (48%), B (43%), 

A (5%), CRF01_AE (5%) 

Sarrami-Forooshani et 

al., 2006 

Naderi et al., 2006 

Soheilli et al., 2009 

Mousavi et al., 2010 

Hamkar et al., 2010 

Israel/Palestine Env B (98%), A (1), D (1%) Gehring et al., 1997 

Lebanon 
Prot, Gag, 

Env 

A (44%), B (40%), C (4%), D (4%), 

G (4%), 
Pieniazek et al., 1998 

Libya Gag CRF02_Ag (100%) 
de Oliveira et al., 

2006 

Morocco 

NA 

Env, Tat 

Rt, Prot 

 

B (93.5%), A (1%), F (0.5%) 

B (78.6%), A (21.4%) 

B (74.6%), CRF02_AG (15.5), 

CRF01_AE (4.2), G (2.8%), C 

(1.4%), F2 (1.4%) 

Elharti et al., 1997 

Abid et al., 1998 

Bakhouch et al., 2009 

Pakistan Gag, Env A (100%) Khan et al., 2006 

Saudi Arabia 

Gag, Pol, 

Env 

 

 

 

 

C (39.3%), B (17.8%), Inter-subtype 

recombinants (16.1%), CRF43_02G 

(10.7%), CRF25_cpx (7.1%), D 

(3.6%), A (1.8%), CRF02_AG 

(1.8%) 

Yamaguchi et al., 

2008 

 

 

Badreddine et al., 

2007 
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Gag, Env C (58%), B (17%), A (8%), D (8%), 

G (8%)  

Alzahrani et al., 2008 

Sudan Pol, Env 
D (50%), C (30%), recombinants 

(10), A (6.7%), B (3.3%) 
Hierholzer et al., 2002 

Tunisia Env B (95%), CRF02_AG (5%) 
Ben Halima et al., 

2001 

Turkey Env 
B (70.4%), A (14.8%), F1 (7.4%), C 

(3.7%), D (3.7%)  
Yilmaz et al., 2006 

Yemen Pol 
B (47.3%), C (31.6%), D (10.5%), 

A (5.3%), URF (5.3%) 
Saad et al., 2005 

 

Antiretroviral drug therapy (ART) is used for treatment of HIV infections. The 

first antiretroviral agent, AZT (zidovudine, Retrovir) was granted a license in 1987 for 

the treatment of HIV. There are different classes of antiretroviral drugs that act at 

different stages of the HIV life-cycle. The current era of HIV cure arose in 1997 when 

two novel categories of antiretroviral drugs got established, the non-nucleoside reverse 

transcriptase inhibitors (NNRTIs) and the protease inhibitors (PIs). Three drug 

combinations comprising of an NNRTI or a PI and two drugs from the NRTI class were 

proved in the clinical trials (Markowitz et al., 2007). For the first time, these trials 

discovered, that a combination of antiretroviral therapy (ART) may decrease viraemia 

to clinically untraceable levels. The advancement in multi-drug combination therapy 

for cure of HIV infection is considered one of the great endeavors of modern healthcare. 

Currently, 24 ARV drugs are available in six classes and licensed to treat of HIV-1: 6 

nucleoside and 01 nucleotide reverse transcriptase inhibitors (NRTIs), 5 non-nucleoside 

reverse transcriptase inhibitors (NNRTIs), 9 protease inhibitors (PIs), 01 fusion 

inhibitor, 01 CC chemokine receptor 5 (CCR5) antagonist and 01 integrase inhibitor 

(Tang et al., 2012). 
 

The capability of HIV to mutate and replicate itself in the presence of 

antiretroviral drugs is termed HIV drug resistance (HIVDR). The costs of HIVDR 

comprise of treatment failure and further transmission of drug resistant HIV strains. 

This severely compromises the efficacy of the antiretroviral drugs. HIV drug 

resistance has the ability to emerge as a serious threat to the global roll-out of 

antiretroviral treatment schemes. The HIV drug resistance occurs either due to extended 

period of time on therapy, or more frequently, due to suboptimal therapy adherence. 

The new HIV mutations replicates making copies and increasing the viral load 

ultimately resulting in treatment failure. The prevention and management of HIV drug 

resistance is a strategic element of a complete and effective HIV response, and should 
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be merged with comprehensive efforts to guarantee sustainability and maximum effect. 

It is indispensable that activities to monitor, prevent and respond to HIV drug resistance 

are executed at the clinical, programme and policy levels to tackle the many aspects of 

HIV drug resistance.  
 

In Pakistan, as far as we know, only two studies have been conducted in 2011 

(Shah et al., 2011) and 2018 (Khan et al., 2018) to explore the molecular 

characterization of HIV and pattern of drug resistance emplying the pol gene. The 

current study outlined the genetic diversity of HIV and its connection with drug 

resistance using pol gene. When compared with countries like India and South Africa 

where the drug resistance incidence is very high (Hamers et al., 2011; Shah et al., 2011; 

Sen et al., 2007), our sequences showed very little drug resistance (11%) against ARVs. 

Our findings were consistent with earlier national studies and the antiretroviral drug 

resistance rate was on the lower side. Almost 89% sequences showed no mutations, 

which indicates that the virus could be sensitive to the effects of antiretroviral drug 

impeding various replication phases in HIV life cycle. When compared with East Asia 

(7.4%) and Southeast Asia (5.7%) (Shekelle et al., 2017), our results showed a higher 

resistance rate (11%). 
 

Resistance against nucleoside analogue reverse transcriptase inhibitors (NRTIs) 

and non-nucleoside reverse transcriptase inhibitors (NNRTIs) was examined. The drugs 

contained within the NRTI class include stavudine (D4T), abacavir (ABC), zidovudine 

(AZT), lamivudine (3TC), and didanosine (DDI), while the NNRTI class includes 

tenofovir (TDF), efavirenz (EFV), nevirapine (NVP), etravirine (ETR), rilpivirine 

(RPV), and emtricitabine (FTC) (François, 2004). The study also indicated that the 

epidemic is still not at a level compared to Afghanistan, India and African countries. 
 

Some of the sequences showed mutations which are responsible for low - 

intermediate resistance against lamivudine and emtricitabine. There is a strong fear that 

these mutated strains may spread and affect the general population if not controlled at 

this stage. Our findings of drug resistance are still lesser than neighboring country India, 

where Sen et al., (2007) showed at least one HIV drug-resistant mutation in reverse 

transcriptase in 29 (80.5%) ARV-treated patients with confirmation of therapy failure. 

Commonly encountered mutation was M184V and no protease major mutations were 

seen among ARV-treated individuals. Also reported by the same research that out of 75 

HIV-1 sequences, 73 were HIV-1 subtype C and remaining belonged to subtype 
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A1. The possible cause for lesser rates of ARV resistance mutation in our study may be 

the late initiation of extensive ARVs in contrast to India. 
 

The plausible reason for the sensitivity observed to ARVs is because many 

patients are not taking ARV drugs as they lack awareness, are poor, and also lack access 

to healthcare services. The patients’ registry is also a dilemma as there is no regulatory 

body to register new cases (Qureshi et al., 2015).  
 

In addition, most individuals choose to hide their HIV positive status because 

of the social stigma attached (Rai et al., 2007). Stigma is an attribute or characteristic 

which is extremely discrediting to the individual possessing the attribute or 

characteristic, in our case, it is HIV/AIDS. According to Herek, 2009, the definition of 

AIDS related stigma is expressed via four key 

elements: prejudice, discounting, discrediting, and discrimination (Herek, 2009). 
 

Irrational fears of HIV infection and negative attitudes and judgments towards 

people living with HIV continue despite decades of public awareness campaigns. So 

therefore as the bulk of the patients do not chose to avail the treatment services. Hence, 

the HIV virus widespread in our area does not essentially come across different classes 

of ARVs. This is possibly the logic behind the effective and successful response to first-

line drugs therapy by most patients.  
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CONCLUSION AND RECOMMENDATIONS 
 

The concentrated HIV epidemic in Pakistan could be competently controlled by 

functioning in a targeted manner mainly focusing the vulnerable and high risk groups 

which have high tendency of exposure to HIV. This could minimize the size of 

epidemic impact and could curtail it at an early stage. There is a pressing need for HIV 

prevention plan that should emphasize on raising awareness and promote use of 

condom to limit HIV/AIDS and syphilis infections in HRGs especially among the 

HSWs and FSWs. 
 

Our study demonstrated high prevalence of HIV/AIDS and also HIV-syphilis 

coinfections among high risk groups in Pakistan. The findings of this study warrant 

further research on implementing interventions targeting specific HRGs. High 

prevalence of HIV and syphilis among HSWs underlines need of a multipronged 

approach towards HIV and Syphilis prevention and treatment in this group. The HIV, 

Syphilis epidemics in Pakistan can be curtailed by targeting mainly the vulnerable and 

high risk groups which have high propensity of contracting these sexually transmitted 

infections. This could lessen the size of epidemic impact and could limit it at an early 

stage. This will avert any additional HIV spread or the development of localized and 

concealed HIV epidemic among these at risk population groups. Similarly, a policy 

with reference to HIV screening of deported migrant workers from Middle East must 

be formulated so the socializing of these workers in the general population is checked.  
 

Molecular epidemiology testing for HIV is a key to track pattern of transmission 

and the evolution of the HIV epidemic in the general public. The molecular sequencing 

and phylogenetic analysis showed two key patterns: firstly the dominance of exogenous 

acquaintances in several countries (, e.g. Iran and Afghanistan) and the dominance of 

native epidemic which is clustering in the high risk populations. The current study 

reported drug resistant major mutations through genotypic analysis in both treatment 

naïve and on-treatment individuals. There is probability that these mutations may 

increase in the near future due to lack of drug resistance monitoring. The results also 

highlight the need for regular resistance testing, optimum use of antiretroviral 

combinations and ample education of clinicians treating the HIV patients. More 

research studies and trials in the local patients are needed to eventually state the role of 
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drug resistance testing and monitoring of drug adherence. The data generated will 

ultimately aid in improving the medical management of HIV-infected individuals.  
 

The challenges in managing HIV/AIDS syndrome point out a basic prerequisite, 

i.e. to strengthen HIV prevention and treatment plan, principally for high risk 

populations, who are sidelined and stigmatized within our societies, in order to lessen 

the threat of further transmission. We must also target the younger population for 

advocacy and sensitization on avoiding risky behaviours and protection against HIV 

and other STIs. We must devise strategies and policies which primarily suit our settings, 

our values and our religious principles and must have an extent of reach and 

conduciveness to felicitous implementation. 
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The prevalence of HIV/AIDS and syphilis is rapidly increasing among high risk groups (HRGs) in 
Pakistan leading it away from achieving the 6th millennium development goal of halting and reversing 
HIV/AIDS epidemic. Syphilis increases the risk of HIV transmission by two to five times, and this co-
infection is common among HRGs. The objective of this study was to investigate the prevalence of 
HIV/AIDS and syphilis among selected HRGs. During a period from September 2015 to February 2016, 
community-based sampling was done from 134 Hijra sex workers (HSW), 101 female sex workers (FSW), 
104 jail prisoners and 48 intravenous drug users (IDUs) through community outreach, peer referring and 
field sampling. Blood samples were tested for syphilis and HIV infections after pre-test counseling and 
receiving informed written consent. Initial testing was performed by rapid devices approved by World 
Health Organization (WHO) and confirmed by Chemiluminescence Immunoassays (CLIA). Of total 387 
respondents, 149 subjects tested positive for syphilis (38.5%), whereas 37 tested positive for HIV (9.6%). 
Syphilis co-infection was found in 22 of the HIV infected subjects (59.5%; odd ratio 2.53; p=0.008). Co-
infection was most prevalent among HSW group (90.9%; OR 8.67; P=0.005) followed by FSW group 
(20%) and IDUs (14.3%). There is a pressing need for HIV prevention plan that should emphasize on 
raising awareness and promote use of preventive measures to limit HIV/AIDS and syphilis infections in 
HRGs especially among the HSWs and FSWs.

INTRODUCTION

As the world enters the fourth decade of human 
immunodeficiency virus (HIV) epidemic, AIDS has 

emerged as one of the most serious public health problems 
in the developing countries. According to WHO, 1.2 million 
people died of AIDS in 2014 alone and an estimated 36.9 
million people were living with HIV by the end of 2014 
(WHO, 2015). The situation is very depressing in countries 
with low human development index (HDI) scores, where 
the magnitude of the epidemic is continuously expanding.

In Pakistan, the first case of HIV was diagnosed in 
1986 and was reported in 1987 (UNO, 2016). Since then, 
the number has increased dramatically. According to the 
national estimates, there are 102,000 people infected with 
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HIV (NACP, 2016). Due to high prevalence of HIV in high 
risk groups, the country is now classified into concentrated 
phase of the epidemic (Bokhari et al., 2007). The mode 
of transmission largely remains heterosexual (52.55%) 
followed by blood transfusion (11.73%) (Baqi et al., 1998; 
Bhurgri, 2006). The country is placed among 12 countries 
which account for more than 90% of the infected people 
living with HIV and is one of the 12 countries bearing more 
than 90% of new HIV infections in Asia region (UNAIDS, 
2013). Globally new HIV infections have dropped by 0.7% 
during last decade, but in sharp contrast, the incidence 
and disease burden of HIV is continuously growing at 
an alarming pace in Pakistan. The latest report on global 
disease burden (GBD) of HIV shows 17.6% increase in 
annual incidence of HIV in Pakistan compared to 2.2% 
for the rest of the world (The Lancet, 2015). The situation 
is further aggravated by low coverage (5.87%) of anti-
retroviral treatment (ART) in Pakistani patients, which is 
second only to Afghanistan and Madagascar. This resulted 
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in a staggering 14.4% increase in HIV-related mortality 
rate. The wide-ranging impact of HIV/AIDS in Pakistan 
deserves renewed attention and additional research.

The probability of acquiring HIV infection is 
increased many folds in the presence of other sexually 
transmitted infections most notably, syphilis. There has 
been a strong interaction between very early HIV infection 
and syphilis. Despite the low reported incidence of HIV 
infection (<0.1%) in adult Pakistani population, the 
epidemic is becoming established among high risk groups 
(HRGs) including intravenous drug users (IDUs), female 
sex workers (FSWs), men who have sex with men (MSM) 
and transgenders (a.k.a. Hijra sex workers or HSWs). This 
group is repeatedly termed as the “vectors of disease” and 
“core transmitters” (World Bank Report, 2013).

The objective of this cross-sectional study was to 
investigate the prevalence of HIV/AIDS and syphilis 
among selected high risk groups in five cities of Pakistan. 

MATERIAL AND METHODS

High risk group
A community-based sampling was carried out from 

four high risk groups: Hijra sex workers (HSW), female 
sex workers (FSW), jail prisoners and intravenous drug 
users (IDUs) from September 2015 to February 2016, 
through community outreach, peer referring and field 
sampling. The sampling was carried out from 5 major 
cities of Pakistan, including Islamabad (IDUs), Rawalpindi 
(FSWs, HSWs), Faisalabad (FSWs, HSWs), Mirpur (Jail 
Prisoners), and Kotli (Jail Prisoners).

Hijra sex workers (HSW)
They live and work under the command of senior 

Hijras known as ‘Gurus’ whom they respect and follow 
(Nanda, 1990). The Guru patronizes his followers, 
trains them in singing and dancing and facilitates their 
commercial sex work. Our study team identified and 
approached the Gurus in Rawalpindi and Faisalabad and 
convinced them to participate in the study. The house of 
the Guru was used as the sampling site. Eligibility criteria 
included willingness to participate on the study. 

Female sex workers (FSW)
These participants were enrolled through respondent-

driven sampling (RDS), used for hidden subjects or 
difficult to reach (Heckathorn, 1997). The business 
settings for FSWs included brothels, hair/beauty salons, 
hotels, and private homes, and were either identifiable or 
otherwise. Samples were collected at their sites, already 
mapped though coordination with their representatives 
or ‘managers’. The inclusion criteria included: the FSW 

must be involved in commercial sex for money or goods 
during the past 2 months; and was aged ≥16 years; and was 
willing to participate in the study by providing informed 
consent.

Jail prisoners
The sampling was carried out from selected 

population of jail prisoners known to have high risk sexual 
behavior. The sampling was carried out at two district jails 
(Mirpur and Kotli). A meeting was organized at each of 
these prisons with superintendent of prison prior to the 
study. Approval was granted by the Superintendent of 
Police. During the process of collecting the samples and 
individual consent, no jail officer was involved in order to 
avoid any pressure to the prisoners.

Intravenous drug users (IDU)
Field sampling was carried out at the public places 

where these drug users used to gather for the activity. 
Many of them were homeless street dwellers and jobless. 
Inclusion criteria included subjects taking drugs for 
recreational/non-therapeutic purposes and through sub-
dermal route at least once during the past month.

Sample collection and testing
Blood samples (about 5 ml) were collected after 

pre-test counseling from each participant for HIV and 
syphilis testing using the standard protocol. Samples 
were transported to the testing facility maintaining cold 
chain, centrifuged, and serum was frozen at -40oC until 
testing. All study participants gave informed written 
consent. The results of the testing were kept confidential 
and were made available only to participating subjects. 
Initial HIV testing was carried out by rapid HIV devices 
(Alere Determine™ HIV-1/2, Alere North America Inc. 
USA) approved by WHO and re-tested by the Architect 
Anti-HIV-1/2 chemiluminescence immunoassay on the 
Architect i2000 system (Abbott Laboratories, Abbott Park, 
IL, USA). The result was considered positive only if the 
second confirmatory test was also positive. Rapid plasma 
reagin (RPR) test was performed for screening antibodies 
to syphilis (Spinreact, SA/SAU, Ctra. Santa Coloma, 
Spain) and confirmed by anti-TP chemiluminescence 
immunoassay on the Architect i2000 system (Abbott 
Laboratories, Abbott Park, IL, USA) and the result was 
considered positive only if the second confirmatory test 
was also positive.

All initial screening and confirmatory tests were 
conducted at the Department of Blood Transfusion 
Services, Shaheed Zulfiqar Ali Bhutto Medical University, 
Islamabad. Statistical analysis was carried out using 
SPSS 20.0. The frequencies of HIV and syphilis results, 
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odds ratios (OR) and 95% confidence intervals (CI) 
were calculated. A p value of ≤0.05 was considered to 
be significant. The research protocol was reviewed and 
approved by the Ethical Committee of Shaheed Zulfiqar 
Ali Bhutto Medical University dated March 26, 2015. 

Table I.- Frequency of HIV and syphilis in high risk 
groups (N=387).

Syphilis 
Negative

Syphilis 
Positive

Odd 
Ratio

95% CI P value

Transgenders /HSW (n=134)
HIV Neg 52 60 8.67 1.93-38.85 0.005
HIV Pos 2 20
Female sex workers/FSW (n=101)
HIV Neg 64 32 0.5 0.054-4.65 0.54
HIV Pos 4 1
Jail Prisoners (n=104)
HIV Neg 68 33 0.29 0.015-5.82 0.42
HIV Pos 3 0
Intravenous Drug users/IDUs (n=48)
HIV Neg 39 2 3.25 0.25-41.6 0.36
HIV Pos 6 1
Overall HRGs (n=387)
HIV Neg 223 127 2.53 1.3-5.1 0.008
HIV Pos 15 22

RESULTS

A total of 387 subjects from selected high risk groups 
agreed to provide blood samples and written consents. 
The overall refusal rate to participate in the study was 
7%. Among responders, there were 134 hijra sex workers 
(HSWs), 101 female sex workers (FSWs), 104 jail 
prisoners with high risk behavior and 48 intravenous drug 
users (IDUs). The median age in HSW group was 29 years 
(range 19-45 years). The FSWs were aged between 17 and 
35 years with a median age of 22.5 years. All jail prisoners 
included in the study were male with a median age of 34 
years (range 23-51 years). All IDUs were also males with 
a median age of 31.5 years (range 21-49 years).

Of 387, a total of 149 subjects tested positive for 
syphilis (38.5%), whereas 37 tested positive for HIV 
(9.6%). Syphilis co-infection was found in 22 of the HIV 
infected subjects (59.5%; odd ratio 2.53; p=0.008). The 
prevalence of HIV among hijra sex workers (HSWs) was 
found to be 16.4%, followed by 14.6% in intravenous drug 
users (IDUs), 4.95% among female sex workers (FSWs) 
and 2.9% in jail prisoners. 

Likewise, syphilis infection was found to be 59.7% 

among HSWs, followed by 32.7% in FSWs, 31.7% among 
jail prisoners and 6.25% in IDUs. HIV co-infection was 
90.9% among HSWs, followed by 20% in FSWs, 14.3% 
among IDUs, while none of the jail prisoner had HIV-
syphilis co-infection. Table I shows prevalence of HIV and 
syphilis among different risk groups.

DISCUSSION

Pakistan is a signatory to the Millennium 
Development Goals (MDGs); goal 6 of which states 
that Pakistan will “halt and begin to reverse the spread 
of the human immunodeficiency virus (HIV) that causes 
AIDS” by the year 2015. In continuation of the MDGs, 
the Sustainable Development Goals (SDGs) also advocate 
a need to end the epidemic of AIDS by 2030 under goal 
3 (United Nations, 2017). However, the key challenges 
which hamper this struggle and intensify HIV vulnerability 
and risk in Pakistan are stigmas attached to the disease, 
socioeconomic inequality, illiteracy, economic limitations 
and a large covert sex work industry. The sex workers 
often receive inadequate attention from both healthcare 
officials and community. Credible data is difficult to gather 
due to stigma linked with sex work.

The prevalence of syphilis, HIV and its co-infection 
has been reportedly increasing among the sex workers, 
especially HSWs. An integrated biological and behavioral 
survey (IBBS) was conducted in 19 cities by the HIV/
AIDS Surveillance Project (HASP) in 2011, which 
established the prevalence of HIV among HSWs to be 
5.2%, compared to 6.1% in 2008. Despite a relatively low 
prevalence shown in the survey, more recent surveys have 
reported a surge in this percentage especially in the cities 
of Rawalpindi and Karachi. A survey conducted by Raza et 
al. (2015) documented HIV and syphilis prevalence in this 
group as 23% and 76.9%, respectively in Rawalpindi. An 
increasing trend of both HIV and syphilis among HSWs 
is seen over the last decade. A study from Indonesia has 
reported the prevalence of syphilis and HIV as 19.3% 
and 22% among hijra sex workers (Pisani et al., 2004). A 
meta-analysis from USA, six Asia-Pacific countries, five 
Latin America, and three European countries revealed the 
prevalence of HIV among HSWs as 19.1% (Baral et al., 
2013). Another group from USA reported the prevalence 
of HIV as12.0% in 2008 (Schulden et al., 2008).

Female sex workers (FSWs) harbor a large burden of 
HIV infection worldwide despite extensive HIV prevention 
efforts targeting FSWs over the past decades (Shannon et 
al., 2015). Our study reported the prevalence of syphilis 
and HIV in FSWs as 32.67% and 4.95%, respectively. 
A recent study from China showed the prevalence of 
syphilis and HIV as 15.0% and 4.7%, respectively (Zhou 
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et al., 2014). Another group from Bangladesh reported the 
prevalence for these infections as 45.7% and 2.8% (Azim 
et al., 2001). We observed during sample collection that 
FSWs have good knowledge of the sexual behaviors and 
attitudes that go with it and use of condoms. The Integrated 
Biological and Behavioral Surveillance, Round 2 of the 
Ministry of Health Pakistan has reported that 11.4% of 
FSWs were aware of HIV prevention programmes (IBBS 
Round 2, 2007).

Due to overpopulation, Pakistani jails have turned 
high risk for communicable disease notably AIDS, 
syphilis, hepatitis and other STIs. Globally, the prisoner 
population has shown a higher prevalence rates for 
these communicable diseases as compared to the general 
population (Hutchinson et al., 1998; Taylor et al., 1995; 
Spaulding et al., 2002; Wiehe et al., 2015; Shah et al., 
2013). Our study has reported the prevalence of syphilis 
and HIV as 31.7% and 2.9%, respectively. In Ghana, the 
HIV seroprevalence was 5.9% while for syphilis it was 
16.5% (Adjei et al., 2008). HIV prevalence was 2.1% in 
a national survey from prisons in Iran in 2009 (Navadeh 
et al., 2013). A study from Maryland, USA reported the 
prevalence of HIV among prisoners as 3.3% (Kassira et 
al., 2001). Due to high prevalence of HIV among high risk 
groups, jail prisoners are an essential audience for HIV/
AIDS testing, treatment, and prevention efforts. HIV in 
prisons is both a public health and a human rights issue that 
needs to be addressed urgently for an effective response.

Drug abuse and addiction have been intricately 
associated with contracting HIV and syphilis. The infected 
drug users have the potential to spread it to their sexual 
partners further escalating the epidemic. In India, 45% of 
the wives of HIV positive IDUs were tested positive (Panda 
et al., 2000). Our study has reported the prevalence of 
6.25% and 14.6% for syphilis and HIV respectively. Some 
earlier reports from Pakistan have reported the prevalence 
for syphilis and HIV as 13-16% and 23%, respectively 
(Altaf et al., 2003; Ghauri et al., 2003; Bokhari et al., 
2007). Two separate studies investigated the prevalence of 
syphilis as 25.9% while HIV was documented as 12.4% 
(Hameed et al., 2010; Samo et al., 2013). International 
reports on syphilis and HIV prevalence in IDUs show 
11.33% and 8.66% prevalence in Russia, 23% and 1.4% 
in Bangladesh, 3.11% and 8.68% in China (Rhodes et al., 
2006; Azim et al., 2002; Zou et al., 2015). 

CONCLUSION

Our study demonstrates high prevalence of HIV/
AIDS and syphilis co-infections among high risk groups 
in Pakistan. The findings of this study warrant further 
research on implementing interventions targeting specific 

HRGs. High prevalence of HIV and syphilis among HSWs 
underlines need of a multipronged approach towards 
HIV and Syphilis prevention and treatment in this group. 
The HIV, Syphilis epidemics in Pakistan can be curtailed 
by targeting mainly the vulnerable and high risk groups 
which have high propensity of contracting these sexually 
transmitted infections. This could lessen the size of 
epidemic impact and could limit it at an early stage.
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