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ABSTRACT 

Hepat iti s C virus (HCV) is a life- threatening virus that infects 177 million people 

g loball y. The virus has high prevalence and persi stent HCV infection shows potentially 

seri ous complications . A severe form of infection leads to cirrhosis, hepatoce llul ar ca rcinoma, 

and end-stage liver disease. All HCV genotypes have their parti cular geographi ca l distribution 

pattern s and a s li ght change in v iral popul ation has been observed in some parts of the world. 

The genotype of the infecting quas i species plays an important rol e in the investigation of 

many aspects of HCV infection including ep idemiology, pathogenesis, and response to 

anti v ira l treatment. This study was conducted to assess the various HCV genotype frequencies 

in infected pat ients from districts of Khyber Pakhtunld1wa and Punj ab and their poss ible route 

of transmi ss ion . Serums samples of 6 1 0 randomly se lected pati ents subj ected to reverse 

transc riptase (RT-PCR) and nested PCR were included in th is study. T he age d istri bution 

ran ged fro m 12 to 80 years w ith mean age of 43.6 yea rs. The frequency of different genotypes 

amo ng pati ents was assessed acco rdin g to gender, age, and geographi ca l region. Out of 6 1 0 

serum samples, type spec ifi c fragments were observed in 544 samples. Genotypic distributions 

of the typable sample were determined as follows: 5 10 (72.4 1 %) Genotype 3a, 34 

(5.6 1%) Genotype3 b, 13( 1.93%) Genotype2a,5 1 (8.7 1%) 3a+3b mix genotype, 1(0.15%) 

genotype 4. HCV RNA positive sample was not typed in 3 1 (5.57%) patients by 

thi s genotyping system . Tn Punj ab and Khyber Pald1tunJd1wa, genotype 3a was the most 

freq uent. This genotype 3a was hi ghl y prevalent in female pati ents above 40 years of 

age. Most of the infected pat ients had a hi story of surgery and shaving by barbers. Thi s set of 

data is a s li ght indi cation of genotypi c di stribution in few distri cts of Punjab and KP and 

endorse the results of prev ious studi es. However, nat ionw ide studi es are required to access the 

actua l genotypic di vers ity ofHCV in the country. 
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CHAPTER 1 

INTRODUCTION AND REVIEW LITERATURE 

1.1. Vira l hepatitis 

Hepatiti s is an inflammatory liver di sease caused by certain drugs, tox ins, some liver 

diseases, the heavy amount of alcohol intake; bacterial and viral infect ions. (Protzer et al., 

20 12) . Infection with five di fferent viruses is the cause of viral hepati tis (Liang el al., 2000). 

These viruses are Hepatiti s E virus (HEY), Hepatiti s C virus (HCY), Hepatiti s A Yirus 

(HA Y), Hepatiti s B virus (HBY) and Hepatiti s D virus (J-IDY). 

Yiral hepatiti s is considered as one of the bi g medical issue on the earth influencing 

thousands of individuals around the world . Yiral hepatiti s is one of the signi ficant reasons for 

dea th and di smalness uni versa ll y in the human popu lation. The morta li ty rate of viral hepatitis 

is hi gh due to acute infec tion in case of hepatiti s B, C, and D whi ch leads to the clu'o ni c acti ve 

hepati tis and cirrhosis. Hepatoce llul ar carcinoma has 5.6% of total cancer preva lence 

wo rldwide and hepatit is B-medi ated HCC is more common than HCY mediated carcinoma 

(Owiti el a/. , 2015). The high proportion of HCY -related hepatocellular carcinoma di ffe rs with 

a diverse geographical area of the wo rl d. 

1.2. Hepatitis C Virus 

A form of hepatiti s was recogni zed over 30 years ago whi ch was not hepatiti s A or 

hepatiti s B. This fo rm of hepatiti s named as non-A non-B hepatiti s. Before the di scovery of 

HCY in 1989 by Choo screening test fo r transfusion-associated hepatiti s indi cated that the 

cases of post-transfusion hepatiti s still in significant number and caused by one other unknown 

infec ti ous agent. With the help of thi s test, it was cleared that HCY was the cause of non-A, 

non-B Hepatiti s (Pawltosky et al., 20 IS). I-ICY was identified by antibody screening of a 

phage lib ra ry in 1998 . 

It is esti mated by WHO (20 16), 177 million people around the wo rld have HCY 

in fec ti on with the annual ra te of 0. 7 mill ion. HCY is commonly characterized as ' silent 

pandemic ' by economi st in telligence unit (EIU) because it is asymptomatic and cannot be 

1 
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recognized at earl y stages (Lemoine et al., 20 J 3). Earl y diagnosis ofJ-ICV can help in the 

avo idance of majo r health problems, but awareness and treatment are ve ry low in third world 

co untri es. WHO termed HCY as ' viral time bomb due to its hi gh preva lence, asymptomatic, 

low diagnosis and slowed treatment (Cse te ef aI. , 2008). 

HCY belongs to fami ly Flav iridae and genus Hepacivirus. HCY is a small circular 

enve loped, positive-sense and single-stranded ribonucleic acid (RNA) virus with a diameter of 

SO nm. The total length of RNA genome is about 9000 nucleotide in length with one open 

read ing frame (ORF) whi ch harboring 10 viral proteins. 5 and 3 untranslated regions (UTRs) 

at both edges of the open reading frame (Wan ef al., 2016). 5 UTR helped in genotyping and 

evo luti onary studies because it is a conserved part of HCV genome, (W J e/ al.,201 5) . ORF 

encodes a polyprotein, consisting 10 viral proteins named as Core (C), E I, E2, P7, NS2, NS3 , 

NS4A, NS48 , NS5A and NS58 (Fig. 1). Three structural proteins (C, E1, and E2) while P7, 

NS2 , NS3, NS4A, NS48 , NS5A, and NS58 are 7 non-structural protei ns. (Wu e/ aI. , 2016) . 

1.3. Epidemiological characteristics of HeV 

It was estimated by WHO, about 177 milli on people around the world infected with 

hepatiti s C and prevalence is 2.5% (Petruzziello e/ aI. , 20 16) . Prevalence of chronicall y 

infected children is still unknown. The prevalence of HCY infecti on va ri es clearly in the 

geograp hical area. The estimation of WHO is based on the number of people exposed to the 

vi rus and HCY antibody pos iti ve test (Gower ef al., 20 14). 

In Central As ia 5.4% the prevalence of anti -HCV, 5.3% in Central Afri ca, 4.2% 

Western Afri ca, 3.3% in Easte rn Europe, 3% in the Midwest of North Africa region. The 

region where prevalence is at intermediate level includes Australia (1.4%), Southern Sub

Saharan Afri ca (1.3%), Central Europe (1.3%) and Latin America (1 %-2%). The region which 

has been low prevalence is Western Europe 0.9%, Caribbean 0.8%, Oceania with 0.1 %. The 

countries which have the hi ghest rates of HCY are Egypt 22. 1 %, Paki stan 4.9%, and China 

3.3%. Avail ab le data about HCV prevalence is in 138 countries while 25 countries have the 

2 
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highest proportion almost half of the total infections. Most of the world 70% infection is in 

C hina, India , Pakistan, Egypt, Nigeria, and Russ ia. HCY prevalence is not available in 19 

co untri es , 4 in Asia, 4 in Americas, 5 in No rth Africa/Middle East Area and 6 in Europe. No 

data available about I-ICY genotyp ic frequency present in Malaysia, Bangladesh and North 

Korea (Petruzzie llo ef al. , 20 16). 

It has been observed from 1995 to 2005 the preva lence ofHCY decreased from 2.8% 

to 2.5% and the number of HCY -infected patients decreased from 185 to 177 million 

(Hanafi ah et al. , 20 13). A huge increase observed in some low-income areas such as Central 

As ia (+2.0%) and Central Africa (+3.7%) since the most significant decrease has been 

reported in the hi gh-income zones, especially in (-1.5%) Western Europe, (-1.2%) Southern 

Africa and (-0.9%) Australasia (Gower et al. , 20 14).The most prevalent genotype g lobally is 

Genotype I (49.1 %) followed by Genotype 3 (17.9%), Genotype 4 (16 .8%), Genotype 2 

( 11 .0%), Ge notype 5 (2 .0%) Genotype 6 (1.4%) and Undefined or mixed genotypes ( 1.8%) of 

the tota l HCY infections (Petruzziello ef al., 20 16). 

Genotype 1 and Genotype 3 together causes almost 67% of total I-ICY infection, other 

genotypes are hi gh proportion in underdeve loped countri es, as Genotype 2 in West Afri ca 

(62 .9%) and in few regions of South America, possibly caused by mi gration (Smith ef al. , 

20 14).In Central and Northel11 Africa, genotype 4 and genotype 6 are highl y present (82.9% 

and 65.3%).The high prevalence of genotype 4 and genotype 6 in Southeast Asia 

(30.8%). Infections in a few states offormer USSR and Northern E urope and in Ita ly are 

caused by genotype 2 (Petruzziello el al. , 2016). 

The high proportions of genotype 1 is found in 83.0% the Caribbean, 74.3% Latin 

America, 66.3% North America, and Europe (64.4%) respectively. Infections in North Africa 

and the Middle East caused by genotype 4 (65.3%) and hi gh proportions of genotype 4 in 

Egypt (93. 1 %) . If Egypt is excluded from this region the percentage of genotype 4 is 32.3% of 

a ll infec ti ons and then genotype 4 dominated in this region 48.3%. In Asia has a large 

genotype 1 and genotype 3 population (46.6% and 22.4%) whil e in South Asia the most 

preva lent genotype 3 (66.7%). In Pakistan and India, the common genotype is genotype 3a 

(54.4% and79%) whi ch shows the percentage in the Asia (Petruzziello et al., 20 16). The 

genotype (55 %) and genotype 3 (25.5%) are hi gh proportion in Australas ia. 

4 
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1.4 . Epidemiology of Hey in Pakistan 

HCY infec ti on is a criti ca l health issue in Paki stan. The world sixth densely populated 

coun try, improper hea lth care system and poor hyg ieni c and so the chances of acquiring 

the coinfec ti on and superinfec tion are very hi gh. Scienti st, doctors, and pati ent tri ed to limits it 

Pak istan is the second hi ghest endemi c co untry fo r HCY. Around 10 milli on were 

screened and 4% seroprevalence of HCY was reported to be (Saeed e/ al., 201 4; Saleha et aI. , 

20 14; Ali e/ al., 201 4). 

Waheed and associates concluded from the results of ten studi es that HCY is 4.95 % 

prevalent in general adult population. Blood donors can also be compared to the healthy 

population because blood donors are often the healthier among the community (Waheed et aI. , 

2009) . High prevalence of HCY 'vvas reported in South East As ian countries while in Pakistan 

its prevalence was estimated to be 6.7 % and 1.3 % in women and children (Khan et al., 

2010). 

HCY preva lence was reported in Punjab 6. 7 %, fo llowed by Sindh 5 %, Baluchistan 

1.5 % and Khyber Pakhtunkhwa (KP) 1.1 %. In males , the high preva lence was reported as 

compared to fe male. In people with ages greater than 60 years, HCY is more common, 

fo ll owed by people with ages fa lling between 40-60 years (Bas it e/ al., 2014). 

HCY prevalence is not consistent across the country; many regions have the higher 

prevalence. For example, in Mardan HCY positive serology has been reported as 11.7 %, 

Lahore 15.9 % and Gujranwala it is even hi gher, 23.8 % (Ali e/ al. , 2014). When compared 

with I-ICY serofrequency of neighboring countries like India (0. 66%), Iran (0.87%), China 

(1 %) and Afghani stan (1.1 %), HCY serofrequency is quite high (4.7%) in Pakistan (Khan et 

al. , 2011 ). 

Knowledge about the genotype of infecting virus is indispensable for understanding 

di sease progress ion, treatment and response to anti -viral therapy and is of immense 

importance to curb the di sease effecti ve ly. Genotype 3a is the most preva lent genotype 

foll owed by 3b and majority of populati on studies (Idrees and Riazdduin 2008). 

5 
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The commonest HCY genotype in Pakistan is genotype 3 with 79.43 % prevalence. In 

their review, Khan, and co-authors concluded that among all observed genotypes the 

genotype 3a is the most overrid ing genotype with highest prevalence rate followed by 

genotype la, 3b, and mixed genotypes. Genotype 3 is ubiquitous in all regions of Pakistan 

with highest overall prevalence. The positive side of the dreadful picture is that genotype 

3 can be to curb easi ly with a shorter treatment duration (Khan et ai. , 20 11 ). From 2010 to 

20 14 seventeen reports ofHCY genotype distribution in Pakistan were pub li shed (Table l.1) 

1.5. Importance of epidemiology 

Epidem iological studies help doctor physicians to get the root of health problem and 

outbreak in a population. And it also prevents from future outbreaks by vaccination . 

Epidemiological study helps to create awareness about hygiene and take preventive measures. 

The evaluation of national HCY prevalence and modes of transmission open the door for 

national authorities to give importance to preventive measures. The roles of risk factors and 

li festyle conditions linked to HCY spread in worldwide. Epidemiological studies on the role of 

potential risk factors such as injections for medications, medical procedures, immunizations, 

intravenous drug user, tattooing, and scarification method , have shown wide geographical 

disparity with the major indication for local populations and potential prevention and control 

programs (Lavanchy 20 11 ). 

In order to lower HCY burden ; prevention programs are needed. Such projects need to 

guarantee that donated blood is free of contamination , and that protected infusion techniques 

are used. In developing countries the use of non-reusable injections for immunization is 

crucial. Risk-education counseling for professionals and the public is of vital importance to 

decrease the HCY infections. Medicinal services experts and people, in general, should be 

made aware of transmission risk (HCY, HBY, and HIY) by contaminated injection and other 

medical equipment, as we ll as by traditional medical therapeutics or practices (Zanetti and 

Remo 1999) and ought to get proper. Counseling and guidance regarding the significance of 

controll ing 

6 
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Table: 1.1. Frequency of genotypes distribution in Pakistan 

1- ---r-
- - - .~- - -r--' - - ---. 

2 ') 4 5 6 i Mixed Untypab I Sample I References 
I 1 J i 

I I I Ie I . __ __ .; _____ 
f-. _----'-_ .l.._._ _ . 

l T3b 4a i 4b 5a ' 6a 
I 

I 1 a Ib 2a 2b 3a I I 
I 

.~ I +---b-~ I ' ') ') 0.8 2.1 0.2 61 ! 8.9 ' -- --- O. I I O. 1 4.7 17.8 20 552 . Butt et al 20 I 0 J.J 
I 

>--- ---- 60~8--1 Ijaz et al 2011 12.1 1.2 1.2 0.4 64.5 6.4 6.7 i 0.6 0.5 0.4 3.2 2.4 
I -r--- ~ 

5.3 5.1 24.9 6.1 39.4 6.3 : 2.4 2.4 2 - 5.7 2941 Khan et al 2014 

3.5 0.8 1 -- 88.1 3 -- I -- I -- I -- 3.6 -- 1537 Aziz et al 2013 
I 

7.4 5.8 13.2 6.6 26.4 16.5 - - I _ - 4.1 17.4 1419 Alietal2014 

23.6 - - - 55.9 3.2 12.5 1.2 !-- -- 1.2 2.5 1364 Ahmad et al 2010 
.- -

2.6 0.8 0.3 0.2 82.6 0.2 --- -- 10.1 - 2.4 10.8 995 Afridi et al 2014 

4.3 -- -- -- 73 .9 13 -- --- -- I -- 4.3 4 .3 824 Khan et al2011 

0.5 l.5 10.3 l.2 68.3 2.6 I -- --- I -- -- -- 15.6 736 I Afza1 et al 2014 

6.1 6 15.1 6.1 42.3 12 .1 - - - - - 12.1 590 Rauf et al 2011 
! 

0.9 0.9 7.4 0.9 66.1 2.6 -- -- -- -- 2.2 18.8 537 Khan et a12014 

0.72 0.72 80.26 6 6.73 27.88 415 Ali et a12010 

8.8 3 6.5 1 45.5 16 0.8 -- - - -- 16 2.2 400 Muhammad et a1 2011 

14.3 3.6 8.9 l.8 32.1 17.8 l.8 -- -- - -- 10.7 8.9 384 Khan at al2011 
2.9 l.5 -- -- 70.3 5.5 -- -- -- -- 2.6 15.1 344 Akhund AA et a12014 

l.3 0. 7 -- -- 82.1 13 .9 -- -- -- -- 2 -- 320 Nabi et a12013 

6.8 4.6 1.3 -- 54.4 8.2 -- -- -- -- 8.2 16.4 305 Ali et al 2011 
I 
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such di seases in all therapeutic, surgical and dental clinics, safe inj ection practices, suitable 

cleansin g procedures , and high-l evel disinfection, avo iding the re-utili zing and sharing of 

contaminated eq uipment suppli es, and evading contamination of multi -utili zed supplies, such 

as med ication vials (Perz et aI. , 20 10). 

1.6. Genotypic variation in Hey 

I-ICY is characteri zed by a hi gh degree of genetic diversity (Choo el al.. 199 1) and it is 

similar to RNA viruses . The 1110st heterogeneous region of I-ICY genome is E l and E2 . The 

first hypervariable region (HYR1) is the most diverse region present in the N-terminus of E2 

gene and the second hypervari ab le region is present 3' of HYR 1 (Weiner el af .. 1991). 

Genotypes, subtypes, isolates quasi-speci es are f'our hierarchical strata on which HCY has been 

class ified. The nucleotide sequence var iab ility of l-fCY has many genotypes and subtype 

\",hi ch is related to hi gh rate of replication and inabi li ty of RNA po lymerase to proofread the 

sequence. HCY strains ditTer 30-35% nucleotide variation is class ified into different genotype. 

l-fCY strains belongin g to same subtype differ < 15% degree nucleotide variat ion (Mess ina et 

0/. ,20 14). A total of six major genotypes. named according to the order of their discoveryl - 6 

have been identifi ed (S mith el aI. , 201 4) and ove r 67 subtypes have been described (a,b,c) on 

the amount ofnuclcotidc vari ation (Niu el al. ,201 6). 

The ge notype wh ich di scove red yet are genotype 1 a, 1 b, geno type 2a,2 b,2c,2d, 

gcnotype3 a,3b.3c.3d.3e.3f genotype 4a,4bAcAdAe,4f,4g,4h,4i,4j , genotype 5a,genotype 6a. 

Different genotype has different geographi ca l location as mention above. Some J-{CY subtypes 

are \", icl ely di stributed across the globe so they are known as an ep idemic subtype. Theses 

ep idemic SUbtypes account for the comparatively large proportion of HCY infections. These 

include I a, 1 b, 2a and 3. In contrast, some are "endemic strains" confined to specific regions 

for a longer period (Smith el aI. , 2014). 

Quas ispecies is 91 -99% simi lar to the conserved region but different in more variab le 

regions HYR 1 and HYR2. The role of these Quas ispecies popU lations is twofo ld. The first ro le 

of Quas ispecies is increased viral fitness due to hi gh mutation rates. Second, Yi ral Quasispecies 

escape frol11 host immune system and viral persistence (Dom ingo el aI. , 20 12). The hi gh 
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\'(l riabil ity of the HCY virus hns the biggest problem for the development of an effecti ve 

vaccine or anti viral drug. 

1.7. Common modes of transmission of HCY 

Hey is transmitted by multipl e routes .H eY is transferred by transfusion of blood, 

blood products, and the trans pl antation of organs and via the sharing of contaminated need les 

(Karoney ('/ (f/. , 20 13). HeV is a blood-borne infect ion which is transmitted Iat rogen ic, 

sexua ll y. vertica ll y; occupa ti onal, cu ltu ral and recreat iona l activities. The Iatrogen ic 

trnn smiss ion includes therapeuti c inj ec tions, unsafe transfu sions acup uncture. Recreational and 

cultural ac ti viti es include Intravenous drug use, scarificat ions, tattoo ing. ear piercing may 

spread Hey it may also be transmitted by need le-sti ck injuri es (Lavanchy, 20 11 ). 
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1.8. Objectives 

• Patient sample co llection and compi lation of demographic profi le. 

• Optimize genotyping ofI-ICV using patient sera. 

• Analys is of genotypic variation from random samples received from cities of Punjab 

and KP. 

• To determine major ri sk factors based on patient's demographic profile. 
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CHAPTER 2 

MATERIALS AND METHODS 

2.1. Sample and acquisitions of data 

This research work has been done in collaboration with BioTech Lab Rawalpindi. The 

total of610 HCV-positive serum samples were received from the two provinces of Pakistan 

through our collaborator in Islamabad, Rawalpindi Sargodha, Faisalabad, Peshawar, Mardan, 

Swabi, Gujrat and Jhelum. The period of research is 4th August 2016 to 1st June 2017. The age 

of patients was between 12 to 80 years. All the samples were stored at -70°C. 

2.1.1. Demographic profIle 

The total number of samples were 610 out of which 568 (93.11 %) were from Punjab, 42 

(6.8%) samples from Khyber Pakhtunkhwa, There were 265 (43.44%) males and 345 (56.55%) 

females. the age of patient was 12 to 80 years; therefore, we distributed the samples in three 

groups, first age group «20) contains 14 (2.2%) samples and second age group (21- 40) 

contains 261 (42. 78%).The third age group (41-60) contains 279 (45.73%).The fourth age 

group (60<) contain 56 (9.1%). 

2.2. Viral RNA extraction 

HCV RNA was extracted from 100Jll serum by QIA Viral RNA Mini Kit (GenePro) 

with minor modifications. In ACD Vacutainers fresh blood 5cc was gathered and centrifuged at 

3000rpm for 10min. In 1.5ml Eppendorftube ,100Jll serum was separated and kept at-

20°C.AVL Buffer 100Jll from GenePro Viral RNA Mini Kit, 20Jll of Proteinase K and 7.5Jll of 

carrier RNA was pipette into a 1.5ml Eppendorf tube. In A VL-carrier RNA buffer containing 

the Eppendorf tube, 100 Jll serum was added and mixed by pulse vortexing for lOs Incubated at 

room 70°C for 10mins. To get rid of drops within the cap the tube was centrifuged for 

10seconds. 140Jll of ethanol (96-100%) was included in it and blended by pulse vortexing for 

15s. After that, the Eppendorftube was centrifuged at 8000rpm for lOs. The prepared 

lysate was moved into the QIAamp Mini column and embedded in the collection tube. The 

column was centrifuged at 8000rpm for lmin. The step was repeated whole lysate was passed 

through the column. Buffer AWl of 250Jll was added to sample containing column tube and 
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centrifuged at 8000rpm for 1min. In Q1Amp Mini Column Buffer AW2 of300J.l1 was included. 

The cap was closed then centrifuged at 800pm for 1min. The purification column containing 

sample was placed into a new collection tube and old collection tube was discarded. The 

column was centrifuged at 12000rpm for 2mins and left for 1min to dry. The QlAmp Mini spin 

column consisted of the sample was placed into a clean 1.5ml micro centrifuge tube. 

the QlAmp Mini column was carefully opened and add 50J.lI of AVE buffer was added 

equilibrating to room temperature. The cap was closed and kept for Imin incubation at room 

temperature. Centrifuged at 8000rpm for 1min and kept at -20°C. Same protocol was used for 

all the HCV samples. 

2.3. Complementary DNA (cDNA) synthesis 

Viral RNA was reversed transcribed by utilizing M-MLV Reverse Transcriptase 

(Enzynomics, Catalogue # RTOOI5) with the slight adjustment. The total reaction volume was 

20J.lI as given in Table 2.2. After making reaction mixture, the contents of tube was blended 

delicately and incubated for lOmin at 25°C following by 55min at 37°C and 15min at 70°C. 

Finally, after incubation, cDNA was stored at -20°C. The amplified cDNA have been used as a 

template for amplification in PCR. The total reaction volume was 20J.lI as given in Table 2.2 

2.4. PCR 

The cDNA was amplified by polymerase chain reaction. HCV fragments were 

amplified in a reaction 20J.lI volume 2J.lI cDNA included. In first round, PCR 5'UTR plus core 

region is amplified. Outer sense primer and antisense primer were used in the 1 st round PCR 

reaction and then inner primers were used in a 2nd round nested PCR. PCR product of 1 st 

round was used as a template for the 2nd round nested PCR. The type-specific primers were 

separated into groups because we tried to detect 12 different HCV types. Therefore, in the 

second-round PCR the sample was separated into two mixes (Mix 1, Mix2). Mix-1 consist of 

primers for genotypes 2a, 3b, 2b, 3a, 2 and Mix-2 contained the la, 4, 3a, 5a, and 6a primers. 

The final reaction volume was 20J.lI as mentioned in Table 2.3. 

2.5. Detection of peR amplicons by agarose gel electrophoresis 
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I % agarose gel was prepared by weighing O.Sg of agarose powder on weighing balance 

and adding it in 30rnllX TAB buffer. The crude mixture was heated in the oven for almost 

2minutes, in a glass bottle dedicated to gel preparation, to get a clear gel solution. It was kept at 

room temperature until its temperature was dropped to 60°C. I Olll Ethidium bromide was added 

and gel solution was poured off onto the gel casting tray (which was already affixed with the 

appropriate comb) and allowed to set. Gel tray containing solidified gel was placed in 

an electrophoresis tank containing the suitable amount of IX TAB buffer to let the gel 

completely dip into it (a thin layer ofthe buffer should be formed on the gel surface, most 

precisely). lOX loading buffer (2S% Ficol, 0.4% bromophenol blue and 0.4% 

xylene cyanol FF) was mixed with DNA samples and loaded into wells of agarose gel along 

with 1000 base pair (bp) Ladder (Thermo Fisher Scientific). It was run at 100V for 30-

4Sminutes.UV transilluminator is used to visualize the PCR products on the gel. DNA 

fragments length was defined by comparison with the standard molecular weight that had been 

loaded and run on the same agarose gel. 

2.6. Statistical analysis 

Epi Info 7 (Center for Disease Control, GA, USA) was used for the data analysis and the 

summary statistic. The 9S% confidence intervals (9S% CI) of prevalence were expected using 

the Mid-p algorithm. The p values less than O.OS were considered to be statistically significant. 
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Table: 2.1. Demographic profile of patient's data 

Region Female Male Total 

Attock 2 2 4 

Faisalabad 65 59 123 

Gujranwala 61 41 102 

Hangu 2 1 3 

Islamabad 45 46 91 

Jehlum 56 21 77 

Jhang 4 3 7 

Mardan 5 7 12 

Multan 2 0 2 

Peshawar 5 7 12 

Rawalpindi 71 61 132 

Sargodha 15 12 27 

Sawabi 10 5 15 

Total 345 265 610 

Table: 2.2. First strand cDNA synthesis optimized concentrations 

Reagents Quantity 

10mMdNTPs 2J.lI 

dH20 2J.lI 

lOX Buffer RT 4J.lI 

Primer C 1 J.lI 

M-MLV 1 J.lI 

RNA Sample 10J.lI 

Total Volume 20J.lI 
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Table: 2.3. Nested PCR (Round 1) 

Reagents Quantity 

25mMM I gC 2 2.41l1 

dH20 8.21l1 

10XBuffer 2111 

100mMdNTPs 1 III 

Primer Forward (01) 1 III 

Primer Reversed (02) 1 III 

500UTaqPolymerse 0.41l1 

cDNAsample 4111 

Total volume 2Oll1 

Table: 2.4. Nested PCR (Round 2) 

Mix 1 Mix 2 

H2O 3.21l1 H2O 3.21l1 

25mMMgCh 2.41l1 MgCh 2.41l1 

10XBuffer 2111 10XBuffer 2111 

100mMdNTPs 1 III 100mMdNTPs 1 III 

Primer 6111 Primer 6111 

Taq Polymerase 0.41l1 Taq Polymerase 0.41l1 

cDNASample 5111 cDNASample 5 III 

Total volume 2Oll1 Total 2Oll1 

The six primers are added in each mix, each primer volume is llli 
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Extension 

94 °C 94 °C 
Annealing 

72 °C 72 °C 

3 min 25 sec 64 °C 25 sec 5 min 

25 sec 

A 
25cycles 

94 °e 94 °C Annealing 
72 °e 72 °C 

3 min 25 sec 52°e 25 sec 5min 

25 sec 

B 

25cycles 

Figure: 2.1. Nested peR conditions 

A) Nested PCR conditions for round 1 ,B) Nested PCR conditions for round 2 .Figure was constructed by Coral 

Draw X7 showing different cycles ofPCR 
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Figure: 2.2. Patient information Performa in Urdu 
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PATIENT QUESTIONNAIRES: HEPATITIS C 

I. Blood Sample Number: ----------------

2. Sex: Male 0 Female 0 
3. Age: ------------------

4. Marital Status: Married 00 Unmarried 0 0 

5. Permanent Residence: ---------------

6. Cwrent Residence: ---------------

7. Ethnicity: Punjabi 00 

Others 0 0 

Sindhi 00 Balochi 0 0 Pakhtoon 00 

Rural Area 00 Urban Area 0 0 

~. How many fa mily members do you have? ----------------

9. How many individuals live in a room? -----------------

10. Education: Uneducated 0 

II . Religion: Islam 0 0 

O Educated 

Hindu 0 0 

12. Do you have some other disease? 

00 

Sikh 00 

Skills 0 0 

Christian 0 0 

Materials and Ylethod! 

Simiki 0 0 

Others 00 

Jaundice 0 00 

Hemophilia 00 

Thalassemia 00 AlDSoO Kidney Disorder 0 0 

13. Did you ever have medical surgery? Yes 0 0 No 00 

14. When did your di ease being diagnosed? --------------

IS. Did you visit yow specialized doctor? Yes 00 No 00 

16. Have you ever received blood? Yes 0 0 No 0 0 

17. Have you ever had wound followed by stitches? Yes 0 0 No 

18. Have you ever visit dentist? Yes 0 0 0 0 0 

19. Do you visit doctor during illness? Yes 0 0 No 00 

20. Have anyone have hepatitis in family? Yes 0 0 No 0 0 

If yes, name the relation with the family member. ----------------

2 1. What do you think about the cause of your disease? ----------------

FOR MEN 

0 0 

I. Have you ever use syringe for intoxication? Yes 0 0 No 00 

2. Do you use your own comb while visiting barber? Yes 00 0 0 0 

3. Does barber change blade every time? Yes 00 No 00 

FOR WOMEN 

I. Have you ever pierce nose or ear? Yes DO No 0 0 

2. Do you go to beauty parlour? Yes 0 0 No 0 0 

3. Did you give birth at home? Yes 0 0 No 00 

4. Have you received blood during delivery? Yes 0 0 o 0 0 

Figure: 2.3.Patient information Performa in English 
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Table: 2.5. List of HeV primer for eDNA synthesis and genotyping 

Cl 5' ACTGGCAAGCACCCTATCAGGCAGTAC3 

Gl 5'GGGAGGTCTCGTAGACCGTGCACCATG 3' 

G2 5'GAGMGGKATRTACCCCATGAGRTCGGC 3' 

G3 5' AGACCGTGCACCATGAGCAC3' 

G4 5'T ACGCCGGGGTCAKTRGGGCCCCA3' 

G5 5' AACACTAACCGTCGCCCACAA3' 

G6 5CCTGCCCTCGGGTTGGCTAR3' 

G7 5'CACGTGGCTGGGATCGCTCC3 ' 

G8 5'GGCCCCAATTAGGACGAGAC3 ' 

G9 5'CGCTCGGAAGTCTTACGTAC3 ' 

GI0 5 'GGATAGGCTGACCTCTACCT3' 

G11 5 'GCCCAGGACCGGCCTTCGCT3' 

G12 5 'CCCGGGAACTTAACGTCCAT3' 

G13 5 'GAACCTCGGGGGGAGAGCAA3' 

G14 5 'GGTCATTGGGGCCCCAATGT3' 
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CHAPTER 3 

RESULTS 

A total of 610 samples were collected from Punjab and Khyber Pakhtunkhwa (KP) that 

were screened for HCV infection by PCR. Among them, 575 samples were detected positive 

for HeV infection while 35 were HCV negative and 31 samples did not specific genotypic 

band. Of these 544 HCV RNA positive individuals, 241 (44.30%) were males and 303 

(55.33%) were females. Age group 41 to 60 years was found to be more infected with 

HCV. Ohno et al. method was used for genotyping based on HCV core region-specific 

primers. Genotypes 2a, 3b, 3a, and were identified, and in some cases, a mixed infection was 

found. In our study, 4 genotypes of HCV were identified. HCV genotype 3a was in high 

proportion (81.80%), superseded by genotypes 3a+3b (9.375%), 3b (6.25%), 2a (2.38%) and 4 

(0. 18%).Overall, the rate ofHCV infection was comparatively higher in Females (55.33%) 

than males (44.30%) (Figure 2). Most of the patients were unaware of infection source and 

major causes of infection concluded from the current study were the Surgery and Barbershop. 

3.1. Overall prevalence of HeV infection 

In the current study, out of610 (245 males and 365 females) patients, ranging in age 

from 12-80 years and above, 544 individuals (241 males and 303 females) were positive for 

HCV infections. Nested PCR was used for HCV RNA genotyping .. 

In our subject population, 51 cases of co infection were found. Our results 

clearly, speculate that HCV 3a genotype was more prevalent in Punjab and KP 

genotype 3a was found to be most dominant HCV RNA among patient with 81.80% (n=445) 

prevalence abide by genotype 3a+3b with 9.375 % (n=51) prevalence, genotype 2a with 

2.38% (n=13) prevalence and genotype 3b with 6.25% (n=34) genotype 40.1 % (n=l) 

prevalence. Tabular representations of the results are shown in Table.3.1. 

3.2. Regional prevalence of HeV infection ---

In our study, 544 samples were HCV positive out of which 507 (93.19%) were from 

Punjab and 37 (6.8%) samples from Khyber Pakhtunkhwa. In this study cities Sargodha, 
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Jhelum, Gujranwala, Faisalabad, Muitan, Attock, Jhang, Rawalpindi and Islamabad are 

included from Punjab Province and from KP Peshawar, Hangu, Sawabi, and Mardan. The 

results are shown in Table 3.2 

3.2.1. Prevalence of HeV genotypes in Punjab 

To investigate the burden of HeV genotype in Punjab Five hundred and seven 

patients (93.19%) samples were genotyped, 282 male and 225 were female. The 

HeV genotype distribution from Punjab province is shown in Table 3.1. The most 

common genotype was 3a 421(83.03%), followed by 3a+3b mix 45 (8.8%), 3b 27(5.3%), 2a 

11 (2.1%),41(0.18%). 

3.2.2. Prevalence of HCV genotypes in KP 

The HeV distribution genotyped investigated in 37 (6.8%) subjects from Khyber 

Pakhtunkhwa, 20 were female and 17 males. The frequency of 3a genotype is 22 (59.45%), 2a 

genotype 2 (5.4%), 3a+3b mix 6 (16.21 %) and 3b genotype 6 (16.21 %). 

3.3. Prevalence of HCV on the basis of age disparity 

To evaluate the burden of disease total 610 samples have been screened for Hev by 

peR. Only14 (2.4%) samples were positive for HeV infection from ftrst age group «20). 

From the second age (21 to 40 years) 248 (43.13%) samples were positive for HeV infection . . 

In the third group age (41 to 60 years) 266 (46.26%) were positive for HeV infection. The 

Fourth Age group (60<) contain 53 (9.2%) positive samples. The age distribution ranged from 

12 to 80 years with mean age of 43.6 years. 

3.4. Gender wise distribution ofHCV genotypes 

To evaluate the burden of Hev disease, the total of 610 samples were collected from 

Punjab and Khyber Pakhtunkhwa (KP) that were screened for HeV infection by peR. The 

total 544 samples were HeV positive, 241 (44.30%) and 303 (55.33%) female. 

3.5. Association of HCV prevalence with marital status 
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When distributed on individual's marital status, out of 544 HeY-positive 369 (67.8%) 

were married and 175 (32.1 %) were unmarried. Thus, Hey rate of infection was higher in 

married than unmarried. 

3.6. Possible modes of HeV transmission 

Detailed analysis of questionnaires filled during sampling was done to chart out 

potential risks related to Hey transmission. Our data depicts that 40.8% of all Hey positive 

patient reported that they had undergone dental or general surgery in the near past, 2.08% 

dialysis, 1.2% reported exposure to multiple injections, 20.1 % indicated routine barber shop 

shaving, 2.6% indicated blood transfusion and 6% indicated the previous contact with 

hepatitis patient. The aforementioned results are represented in Table 3.2. All these risks are 

avoidable through awareness. 
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Table: 3.1. Region-wise distribution of genotypes 

Attock 0 3 0 1 0 0 0 4 

Faisalabad 2 94 11 5 1 5 6 124 

Gujranwala 1 82 7 3 0 4 6 103 

Hangu 0 0 1 1 0 1 0 3 

Islamabad 2 57 10 7 0 11 4 91 

Jehlum 2 59 3 5 0 5 3 77 

Jhang 0 5 2 0 0 0 0 7 

Mardan 0 7 2 2 0 0 1 12 

Multan 0 2 0 0 0 0 0 2 

Peshawar 0 7 2 0 0 1 2 12 

Rawalpindi 3 100 10 6 0 4 10 133 

Sargodha 1 21 2 1 0 0 2 27 

Sawabi 2 8 1 3 0 0 1 15 

TOTAL 13 445 51 34 1 31 35 610 
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HCV 3b Genotype HCV Genotype 
HCV Genotype 2a 34 (6.25%) 4 

13 (2.38%) 

3a,3b Mix Gunnlr\lnU 

51 (9.37%) 

Results 

Total HCV positive samples 544 

• 3a Genotype 

• 3a,3b Mix Genotype 

• 2a Genotype 

• 3b Genotype 

. 4 Genotype 

Figure: 3.1. Genotypic distribution of HCV in genotyped samples 
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A 
HCV 2a Genotype 

10 (3.3%) 

HCV 3a,3b Mix genotyp 
27 (8.9%) 

HCV 2a Genotype 
3 (1.24%) 

HCV 3a,3b Mix genoty 
24 (9.9%) 

HCV 3b genotype 
5 (4.9%) 

HCV 3b genotype 
9 (7.8%) 

Results 

Female 
Total sample 303 

• HCV 3a Genotype 

• HCV 3a,3b Mix 
genotype 

• HCV 2a Genotype 

• HCV 3b genotype 

Male 
Total sample 241 

• HCV 3a Genotype 

• HCV 3a,3b Mix 
genotype 

• HCV 2a Genotype 

• HCV 3b genotype 

Figure: 3.2. Gender wise genotypic distribution of HeV in genotyped samples 

A Female B) Male 
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- -- -- ---- ---- -- - -------- ------- -------
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Age wise distribution of HCV genotypes 

52.25% 49.44% 

10.8% 

O ~~~--~~--~~--~~ 
<20 years 21- 40 years 41-60 years 60< years 

Figure: 3.3. Age wise distribution of HeV genotypes in areas of Punjab and KP 
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Peshawar 
Mardan 

Sawabi 

• HCV 3a Genotype 

• HCV 3a 3b Mix Genotype 

• • HCV 3b Genotype 
HCV untypable 

HCV 2a genotype 
HCV 4 genotype 

Figure: 3.4. Regional distribution of HCV genotypes 

Results 

Gujranwala 

The map was constructed using Coral Draw X7.Colors showing the distribution of genotypes in Punjab and KP 
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--------------- - ---------

30.00% 

25.00% 

20.00% 

15.00% 

10.00% 

5.00% 

Figure: 3.S. Possible modes of transmissions 

Table: 3.2. Statistics of possible modes of transmissions 

Mode of transmission Frequency 

Major surgery 129 

Minor surgery 17 

Previous with HeV 35 

Dental invasive 89 

Barbor Shop 116 

Blood transfusion 15 

Multiples use of syringes 7 

Dialysis 15 

Unknown 154 

Results 

. Seriesl 
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CHAPTER 4 

DISCUSSION 

Pak istan is a country that has low socio- economic status and is highly endemic for 

hepatiti s due to poor hygienic and improper health care system so the chances of acquiring co

infection and superinfection are quite hi gh. The reasonable data publi shed from Pakistan 

report the epidemi ology of HBY and HCY from different population groups across the 

country (Owiti el al. , 20 15). But in most of the reports, ELISA is used for screening of the 

sampl es. So the actual prevalence of ac ti ve infection circulating community cannot be 

determined based on these reports. These reports also focus on specific small groups of 

di ffe rent clini cs or hospitals and do not cover the sampl es from the co-infection and 

superinfection of these blood-borne viruses in a specific cohort. 

The government and concerned authorities should pay attention to the risk factor that is 

responsible for the spread of infection . There is also a need for conducting a vast no of 

epidemiological or phylogenetical studies to identify the actual prevalence of acti ve infections 

and to eva luate the ri sk factors as well as the origin of the spread of infection. Detection of the 

infecting virus genotype is significant for the investigation of numerous aspects of HCY 

in fecti on, including pathogenesis, response to antiviral therapy and epidemiol ogy. The clinical 

status of HCY infect ion all over the world is elucidated by focused on the mass screening of 

population . The studi es on the di stribution of HCY genotype help in preventive strategies and 

treatment opti ons (K han e/ al .. 20 14). Furthermore, di stribution patterns of 

I-ICV genotypes differ considerabl y among different nations and areas of the same country 

(Mess ina el al. , 20 15 ). Therefore, conducting studi es on the di stribution pattern of 

HCV genotypes in Pakistan is critical for better understanding ofHCY infection. 

In our study, we processed 610 sampl es with HCY infection from two provinces of 

Paki stan (Punjab Pakhtunkhwa) to find di stribution patterns of HCY genotypes within this 

population. Genotype 3a, 3b, 2a, 3a+ 3 b, 4 and untypable were identified. The most 

predominant genotype of HCY 3a followed by 3a+ 3b mix and 3b. Genotype 3a shows the 

wide geographic di stribution in Pakistan. In India, Nepal , Bangladesh, 

Afghanistan genotype 3a is prevalent (Messina et al., 20 15). In China and Iran genotype la 
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and 1 b were predominant (N ui et al. , 2016). These results are also in agreement with the 

results of the stud y conducted by Saleha and colleagues in their studied population of 

di strict Bannu (Saleha el aI. , 20 14). Simi lar results were reported by Ali and co lleagues in 

whi ch genotype 3a was reported to be most prevalent among all observed genotypes abide 

by genotype 3b (A li el al., 20 14). 

In amull ah and work fe llows also reported the highest prevalence of genotype 3a among all 

observed genotypes in their studied population (Inamullah ef aI. , 20 11 ). 

The stud y conducted by Sajid and Ayaz in di stri ct Mardan showed that genotype 3a 

(26.44%) and genotype 3b (16.52%) is widespread (Ali ef aI., 2014). In other study conducted 

by Idrees and Riazuddin on 335 1 patients, the most prevalent 3a genotype 1664 (49.7%) 

1'01 lowed by 3b genotype 592 ( 17.7%), 1 a genotype 280 (8.4%), 2a genotype 252 (7.5%), 

Ib genotype 101 (3.0%), and 4 genotype 50 ( 1.5%). 

In our study report, 1. 8% of genotype 2a was fo und in serum samples of infected 

indi viduals. Our results are consistent with Aziz el at. , who reported 1 % proportion of 

2a genotype (Aziz ef al., 2013). The 2a genotype is rare in Pakistan, but studies from 

bordering country Indi a reported the low incidence of2a genotype. This verdict is not 

unex pected. These less preva lent genotypes spread in Pakistan by other regions where these 

genotypes are endem ic. Tn our stud y 1 sample from Faisalabad is genotype 4 whil e in a study 

carri ed out by I-Iafsa reports genotype 4 is absent in Pakistan. 

In our study, mi xed infections were observed in 8.28% of samples. In a study 

by I-I afsa mi xed genotype distribution occurred 55 (3.6%) infected persons. These details 

recommend that an indi vidual infected with one genotype ofHCV also has a chance to acquire 

other genotypes of HCY (Aziz el al. , 20 13). We compare our findings with Idress 

and Riazuddin results, who report showed the proportion of mixed HCY genotype 4.8% 

infections in Pakistan. 

In both provinces, Punjab and Khyber Pakhtunkhwa genotypes distribution ofHCY 

was same, ,,,,here the 3a genotype was predominant. In our study, distribution of 

HCY genotypes was same in both female and male while in Libya, gender wise vari ation was 
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found. Genotype 4 was common ly fo und in females , whereas genotype 1 was predominant in 

males (E lasifer ef al. , 20 10). 

We observed that 5% of samples are untypable, which is inconsistent with previous 

findings that showed 20.16% samples are untypab le in KP (A li et al., 20 14). We observed 5% 

of HCV samples are untypable. In addition to that a study reported by (B utt el at. , 20 10) based 

on the result of samples population size 20552 patients in a period of 2000-2009 showed that 

17% samp les were untypable. With the passage of time, the untypab le genotype is going to 

increase . Quasi- spec ies are constantly reported in infected patients. Genotyping is done from 

the E I and NSB5 highly conserved part of HCV genome comparin g their genetic diversity is 

accepted method for genotyp ing (W u et at. , 20 16). If the hi ghl y-conserved region of HCV 

genome mutated resu lt in loss of genotypi ng capab ility of this method. Many factors invo lved 

in the changing pattern in HCV-like host immunological pressure, hi gh genome mutation rate, 

drug force , changes in transmission route, viral/host immune escape mechanism, migration 

and a lot of other factors (Afza l et al., 20 14) . 

More research has been conducted to cons ider potential risk factors for the spread of 

I-ICV for successfu l execution of preventive strategies to decrease ado lescent exposure to 

HCV infection. We concluded that the present data indicates HCV genotype 3a is the 

frequent ly present in Pakistan followed by 3b. The need for periodical investigations of 

HCV genotypes , knowing the distribution patterns of genotypes would provide the key 

informatio n for HCV spreads as well as treatment options. 

31 



Chapter 5 References 

CHAPTER 5 

REFERENCES 

Afridi , S. Q" Zahid , M. N. , Shabbir, M. Z., Hussain , Z., Mukhtar, N" Tipu, M, y., ." & Yaq ub, T. 
(20 13). Preva lence of HCV genotypes in distri ct Mardan, Virology Joul'l1al , 10(1), 90. 

Afzal, M, S" Khan, M, Y. , Am mar, M., & Anjum , S, (20 14), Diagnostica ll y untypable hepatitis C 
virus variants: it is time to reso lve the problem, World Journal a/Gastroenterology: 
N<!G. 20(46). 17690, 

Ahmad, \V. , Jjaz, B" .l aved , F, T. , l ahan, S. , Shahid , 1. , Khan, F, M., & Hassan, S. (20 I 0) , J-ICV 
ge notype di stribution and poss ible transmission ri sks in Lahore, Pakis tan. World J 
Gastroenterol. 16(34), 432 1-4328, 

Akhund . A. A , Akhtar, R" Husain Naqvi, S, Q. , & Kama l, M. (20 14) , Chronic hepatiti s; HCY 
genotypes in correlation with alan ine aminotransferase leve l in pati ents in interior of 
sindh, PI'ofess ional Medical JOllrnal , 21(3), 

Ali . A. , AhlTled. H" & Idrees, M, (2010), Molecul ar epidemiology of Hepatiti s C virus genotypes 
in Kh yber Pakhtoonkhaw of Paki stan . Virology Journal , 7(1),203 . 

Ali . S. , Ahmad , A,. Khan, R. S" I( han, S" Hamayun , M" Khan, S. A" '" & Baig, A H, (20 14), 
Genotyping of HCV RNA revea ls that 3a is the most prevalent genotype in Mardan, 
Pakistan. Advances in Virology, 201 4. 

Ali , S. , Ali , 1. , Azam, S. , & Ahmad, B, (20 11 ), Frequency di stribution ofHCY genotypes amon g 
chron ic hepatiti s C pati ents of Khyber Pakhtunkhwa. Viro logy Journal, 8(1), 193. 

Aziz. H. , Raza, A" Murtaza , S" Waheed, Y. , Kha lid , A, Irf~1l1 , l , ." & Athar, M, A. (20l3), 
Molecular epid emi ology of hepatitis C virus genotypes in di fferent geograp hi ca l regions of 
Punj ab Province in Paki stan and a phylogenetic analys is. International Journal o/111fectious 
Diseases. /7(4). e247-e253 , 

Basil. A" Rahim, K. , Ahmad, I. , Shafiq , M. , Mushtaq, S. , Shaheen, H. , & Khan, I. (20 14), Preva lence 
of hepat itis Band C infectio n in Pak istan. Journol c?f'h1lection Mo lecular Biology. 2(3), 35-8. 

Butt, S" Idrees, Moo Akba r, 1-1 " ur Rehman , I. , Awan, Z" Afza l, S. , ." & Rafique, S, (20 10), The 
changing epidemiology pattern and freq uency di stribution of hepatiti s C virus in 
Pakistan. iI1/ection, Genetics, and Evolution, J 0(5), 595 -600 , 

Chen, S. L. , & Mo rgan, 1'. R. (2006). The natural hi story of hepatitis C virus (I--fCY) 
infection. International Journal of Medical Science , 3(2), 47-52. 

Chevaliez, S" & Pawlotsky, .J. M, (2007), Hepatiti s C virus: virology, diagnosis, and management of 
anti viral therapy, World Journal (~/gastl'Oenterology, 13(17), 246 1. 

34 



Chapter 5 References 

Choo, Q. L. , Kuo , G. , Weiner, A.J ., Overby, L. R. , Brad ley, D. W. , & Houghton, M. ( 1989). Iso lation 
of a cDNA clone deri ved fro m a blood-borne non- A, non- B viral hepatitis genom 
e. Science, 244, 359-362. 

Choo. Q. L., Richman, K. 1:-1 ., Han, .I. H. , Berger, K. , Lee, e., Dong, C. , '" & Barr, P. J. (1991 ). 
Genetic organ i zati on and d i versi ty of the hepatiti s C virus. Proceedings oft he National 
Acudemy (~lSc iences. 8R(6) , 245 1-2455. 

Csete, J. , Elli ott, R., & Fischer, B. (2008) . " Viral Time Bomb ": Hea/th and Human Rights Challenges 
in Addressing Hepatitis C in Canada. Centre for Addictions Research of Be. 

Dom ingo. E. , Sheldon, .I. , & Perales, e. (201 2) . Viral quas ispecies evolution. Microbiology 
oml Mo /ecular Biology Reviews, 76(2), 159-2 16. 

Elas il.'er, H. A., Agnnyia, Y. M ., AI-A lagi, B. A., & Daw, M. A. (2010). Epidemi ological 
manifes tat ions of hepatiti s C virus genotypes and its assoc iation with potenti al ri sk fac tors 
among Libyan pa ti ents. Vir%gyjournal, 7(1), 3 17. 

Gowe r. E .. Estes. c.. Blach. S .. Razav i-S hearer, K .. & Razav i, H. (201 4) . Global Epidemi ology and 
genotype distribution oCthe hepatiti s C virus infection . Journal q/Hepa/%gy, 6J(1), S45-
S57. 

Idrees. M .. & Riazucldi n, S. (2008). Frequency distribu tion of hepatiti s C virus genotypes in different 
geographical regions of Pakistan and their possibl e routes of transmi ssion. BAdC Tnlectiou.y 
Diseases, R, 69. 

[jaz, B .. Ahmad, W. , Javed, F. T. , Gull , S. , Sarwar, M. T., Kall sar, B., ... & Sumrin , A. (2011 ). 
Assoc iat ion of laborato ry parameters with viral factors in patients with hepatiti s e. Virology 
Journal. 8( 1), 36 1. 

Imran, M., Manzoor, S. , Khattak, N. M. , Tariq , M. , Khalid , M ., Javed, F. , & Bhatti , S. (201 4). 
Correlati on of OAS 1 gene polymorphi sm at exon 7 splice acceptor site with interferon-based 
therapy of HCY infec ti on in Paki stan. Viral immunology, 2 7(3), 105- 111 . 

Inam ull ah. /. , [drees. M ., Ahmed , H. , Ali . M., Ali , L. , & Ahmed, A. (2011 ). Hepatiti s C virus 
genotypes circul ating in di stri ct Sv,rat of Khyber Pakhtoonkhaw, Pakistan. Virology 
JOllrnal. 8( 1), 16 . 

.fu, W. , Yang, S. , Feng, S., Wang, Q., Liu , S. , Xing, I-!.. .. . & Cheng, 1. (201 5). Hepatiti s C virus 
genotype and subtype di stributi on in Chinese chronic hepatiti s C pati ents: nationwide spread 
on-ICY genotypes 3 and 6. Virology journal, 12( 1), 109. 

Karoney. fVI . .1. , & Si ika , A. M. (20 13). Hepatitis C virus (HCY) infect ion in Afri ca: a 
rev iew. Pan A/i'ican Medical Journal, J 4(1). 

Khnn , N. , Ahm ed , S. M .. Khalid , M. M. , Siddiqui , S. B. , & Merchant, A. A. (2010). Effect of gender 
and age on the knowledge, attitude and practi ce regarding hepatiti s Band C and vaccination 

35 



Chapter 5 References 

status of hepatiti s B among medical students of Karachi. Pakistan. Journal q/Pakaistan 
j\;fedical Associate. 60(6) , 450-5 . 

I( han. N .. Aklnal. M. , Hayat, M., Umar, M. , Ullah , A, Ahmed , 1. , ... & Saleha, S. (20 14). Geographic 
distribution of hepatiti s C virus genotypes in Paki stan. Hepatitis monthly , 14( 1 0). 

Khan. S .. Attaullah , S., A li . I. , Ayaz, S .. KJ1an, S. N. , Siraj , S. , & Khan, .1. (2011). Rising burden of 
Hepatiti s C Virus in hemodial ys is pati en ts. Viro!ob,ry Journal , 8(1), 438. 

Khan. S., Attaullah , S., Ayaz. S .. Khan , S. N. , Shams, S .. Ali , 1. , ... & Siraj , S. (2011). Molecu lar 
epidemiology of hcv among hea lth ca re workers of Khyber Pakhtunkhwa. Viro!ob,ry 
Journal. 8(1), 105. 

Khan , T. M. , Mehr, M. T. , Ullah, H. , Khan, 1-1., & Iman. N. U. (20 14). Frequency of hepatitis C virus 
genotypes in the north of Pakistan. Gomal Journal ofMedicu! Sciences , 12(2). 

La vanchy, D. ( 1999). Globa l surveillance and contro l of hepatitis C. Report ofa WHO Consultation 
organized in co ll aboration wi th the Vi ral Hepatitis Prevention Board, Antwerp, 
Be lgium. Journal (~/vi/'al hepafitis , 6( 1). 35-47 

L,wanch y. D. (20 11 ). Evo lving ep idemiology of hepatiti s C virus. Clinical Microbiology and 
Infection , /7(2), 107- 11 5. 

Lemo ine, M. , Nayagam, S., & Thursz, M. (2013). Vi ral hepatiti s in resource- limited countries and 
access to antiviral therapies: cunent and future chall enges. Fufure Viro logy, 8(4), 37 1-380. 

Li ang, T. .1. . Rehermann, B. , Sedf, L. B. , & Hoofnagle, J. H. (2000) . Pathogenes is, natural history, 
treatment, and prevention of hepatitis C. Annals (~/inleJ'/1a! medicine, 132(4),296-305 . 

Mahmood, K. , Mohammad, N., & Abidu llah, A. (20 11 ). Genotype variation of hepatitis C virus in 
District Buner Swat. Journal ofAyub Medical College Abbottabad, 23(4 ). 

Mess ina, J. P., Humphreys , I. , Flaxman, A. , Brown, A. , Cooke, G. S. , Pybus, O. G. , & Barnes, E. 
(20 15). Global distribution and prevalence of hepatitis C virus genotypes. Hepatology, 61 (1), 
77-87. 

Mohd Hanafiah. K .. Groeger, .I. , Flaxman , A D .. & Wiersma, S. T. (2013). Global epidemiology of 
hepatiti s C vi rus infection: New estimates of age-spec ific antibody to HCV 
sc ropreva lence. I-Iepafology. 5 7( 4) , 1333-1342. 

Muhammad, N., & Jan. M. A (2005). Frequency of hepatiti s" C" in Buner, NWFP . .fournal of the 
College of Physicians and SlIJ'ge ons--Pakis fan: JCPSP, J 5(1), 11-1 4. 

abi , S. G., Zatfar, G. , Sheikh , N. 1. , Hassan, K. , & Hassan, U. (2013). Hepatitis C virus genotypes: a 
plausible association with viral loads. lndianJourna! ofPatholob,ry and Microbiolob,ry, 56(4), 
384. 

36 



Chapter 5 References 

No urc)Z. F .. Shaheen, S. , Mujlaba, G., & Noreen, S. (2015). An overview of hepatitis C virus 
genotypes and its control. t~'Sypt ian Journal of Medical Human Genetics , / 6(4), 29 1-298. 

Niu , Z. , Zhang , P., & Tong , Y. (2016). Age and gender distribution of Hepatitis C virus prevalence 
and genotypes of individuals of physical examination in WuHan , Central 
Ch ina. SpringerPlus, 5( 1) , 1557. http://doi.org/10.1186/540064-0 16-3224-z 

Ohno, O.,M izokami , M. , Wu, R . R., Saleh, M . G., Ohba, K. I. , Orito, E ., & Lau , J. Y. 
( 1997). New hepatiti s C virus (HCY) genotyping system that allows for id entifi cation 
of Hey genotypes I a, 1 b, 2a, 2b, 3a, 3 b, 4, Sa, and 6a. Journal of clinical 
microbiology, 35( 1),201-207. 

Owiti , J. A ., Greenhal gh, T. , Sweeney, L. , Foster, G. R .. & Bhui , K. S. (2015). Illness 
pe rceptions and ex planatory models of viral hepatiti s B & C among immigrants and refugees: 
a narrati ve systematic rev iew. BioMed Centralpublic health , 15(1 ), 151. 

Pawlotsky, J. M. , Aghemo, A., Back, D. , Dusheiko, G., Forns, X ., Puoti , M. , & Sarrazin , C. (20 15). · 
EAS L recommendations on treatment of hepatiti s C 2015. Journal ofHepatology, 63( 1), 199-
23 6. 

Perz . .1. FOo Thompson, N. D., Schaefe r, M. KOo & Patel. P. R. (20 10). US outbreak investi gations 
highli ght the need for sa fe injection prac ti ces and basic infection control. Clinics in liver 
diseu.Ye, 14(1), 137-1 51. 

Protzer. U., Maini, M. K., & Kno ll e. P. A. (20 12) . Living in the li ver: hepatic infections. Nature 
Reviews 1111l11unology, / 2(3),20 1-2 13. 

Petruzziello, A. , Marigli ano, S., Loquercio, G. , Cozzo lino, A., & Cacciapuoti, C. (2016). Global 
epidemiology of hepatiti s C virus infection: an up-date of the distribution and circulation of 
hepatiti s C vi rus genotypes. World Journal of Gastroenterology, 22(34) , 7824. 

Qureshi , 1-1. , Arif, A. , Ahmed , W. , & Alam, S. E. (2007). HCY exposure in spouses of the index 
cases. JPMA . The Journal of the Pakistan ll/fedical Association 

Ra ul'. A., Nadeem, M. S., Ali , A., Iqbal , M. , Musta fa , M. , Muzamma l Latif, M. , Oo ' & Shakoori , A. R. 
(20 10). Prevalence of hepatiti s Band C in internall y di splaced persons of "val' aga inst 
terrori sm in Swat, Paki stan . The EUl'OpeanJollrnal qfPlIblic Health , 2/(5), 638-642 . 

Saeed, l)Oo Waheed. Y., & Ashraf. M. (20 14). Hepatiti s B and hepatitis C viruses : a review of viral 
genomes, viral induced host immune responses, genotyp ic di stributions, and worldwide 
epidemio logy. Asian Pacific Journal oj'Tl'Opica/ Disease, </(2), 88-96. 

Saleha. S .. Kama l, A. , Ull ah, F., Khan, N. , Mahmood , A ., & Khan , S. (201 4). Prevalence of hepatitis 
C virus genotypes in di strict Bannu, Khyber Pakhtunkhwa, Pakistan. Hepatitis esearch and 
treatmenl ,201-+. 

37 



Chapter 5 References 

Smith . D. B .. Bukh , .I. , Kuiken . c., Muerhoff, A. S. , Rice, C. M. , Stapleton, J. T. , & Simmonds, P. 
(2014). Expanded Classifi cat ion of hepatiti s C virus into 7 genotypes and 67 subtypes: 
updated criteri a and genotype assignment web reso urce. Hepat% ,{,'Y, 59( 1) , 318-327. 

ur Rehman , L .. Ull ah , I. , A li , 1. , Khan , I. A. , Iqbal , A., Khan, S. , ... & Jahangir i, A. T. (20 11 ). Active 
hepatiti s C infection and HCV genotypes prevalent among the rDUs of Khyber 
PakJltunkhwa. Viro logy Journal , 8(1),327. 

Waheed, Y .. Shaft , T, Satl, S. Z., & Qadri , I. (2009) . Hepatiti s C virus in Pakistan: A systematic 
rev iew of prevalence, genotypes and ri sk factors. World Journal o/Gastroenterology: 
W.JG , J 5(45), 5647- 5653 . http ://doi .org/ l 0.3748/wjg. 15.564 7 

Wan , Z .. Chen. Q., Chen, X. , Duo, L. , Li , P., Zheng, Y. T , & Zhang, C. (2016). HCV Diversity 
among Chinese and Burmese lDUs in Dehong, Yunnan, China. PloS one, J J(9) , e0163062. 

Weiner, A. J. , Brauer, M. J. , Rosenblatt, .I. , Richman , K. H., Tung, .I. , Crawford, K. , ... & Han, 
.I. H. ( 199 1). Variable and hypervariabl e domains are found in the regions ofT-ICV 
correspo nding to the fl av ivirus enve lope and NS 1 proteins and the peslivirus envelope 
glyco pl'Oteins. Vil'Ology. J 80(2) , 842-848. 

Wu , T. Xiong, L. , Wang, r. , Xu, x., Wang, 1. , Lin , r. , ... & Zhou, Y. (20 16). A unique pattern of 
HCV genotype di stribution on Hainan island in China revea led by evolutionary 
analys is. Cellu/or Physiology and Biochemistry, 39(1),3 16-330. 

Ya hya. K. M. , Khan, R. R., Aziz, U., & Hussain, S. A. (201 2) . Frequency of various hepatitis C virus 
(i-ICV) genotypes in Faisa labad and surrounding districts. Methodology. 

Zanetti, A. R. (1999). Global surveillance and contro l of hepatitis C. Repoli of a WHO Consultation 
organized in collaborati on with the Viral Hepatitis Prevention Board, Antwerp, 
Belgi Lim . Journal o./viral hepatitis, 6(1), 35-47. 

38 



,\ppcndi Sample details 

APPENDIX 1 

Table: HeV samples details used in this study 

Age Gender Labcode Result Region 
29 Female 678 Hey 3a Genotype Rawalpindi 
45 Female 165 Hey 3a Genotype Gujranwala 
56 Female 162 Hey 3a Genotype Islamabad 
30 Female 1590 Hey 3a Genotype Rawalpindi 
62 Male 1898 Hey 3a Genotype Gujranwala 
55 Female 911 Hey 3a Genotype Rawalpindi 
32 Female 420 Hey 3a Genotype Sawabi 
50 Female 2207 Hey 3a Genotype Sargodha 
38 Male 3272 Hey 3a Genotype Rawalpindi 
33 Female 896 Undetectable Genotype Gujranwala 
40 Male 1035 Hey 3a Genotype Attock 
37 Female 955 Hey 3a,3b Mix Genotype Rawalpindi 
35 Female 2479 Hey 3a Genotype Rawalpindi 
26 Male 3554 Hey 3a Genotype Islamabad 
40 Male 147 Hey 3a Genotype Faisalabad 
60 Male 183 5 Hey 3a Genotype Peshawar 
52 Female 501 Hey untypabl e Genotype Jeblum 
45 Female 320 Hey 3a Genotype Faisalabad 
23 Male 2231 Hey 3a Genotype Rawalpindi 
60 Male 39 Hey 3b Genotype Jehlum 
30 Female 3695 Hey 3a Genotype Jehlum 
41 Female 577 Hey 3a Genotype Rawalpindi 
33 Male 3572 Hey 3a,3b Mix Genotype Sawabi 
37 Male 785 Hey 3a Genotype Faisalabad 
48 Male 2628 Hey 3a,3b Mix Genotype Rawalpindi 
54 Male 1371 Undetectable Genotype Jehlum 
45 Male 2540 Hey 3b Genotype Faisalabad 
45 Male 1 Hey 3a Genotype Islamabad 
55 Female 1625 Hey 3a Genotype Gujranwala 
40 Male 2742 Hey 3a Genotype Mardan 
51 Mal e 3027 Hey 3a Genotype Jbang 
29 Female 678 Hey 3a Genotype Rawalpindi 
45 Female 165 Hey 3a Genotype Gujranwala 
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18 Male 2073 Hey 3a Genotype Rawalpindi 

29 Female 2954 Hey 3a Genotype Gujranwala 

78 Female 3067 Hey 3a Genotype l ehlum 

28 Female 566 Hey 3a Genotype Faisalabad 

50 Female 3 171 Hey 3a Genotype Islamabad 

43 Female 190 Hey 3a Genotype Gujranwala 

52 Male 990 Hey untypable Genotype Fa isalabad 

40 Female 2641 Hey 3a Genotype Multan 

52 Female 346 1 Hey 3a Genotype Gujranwala 

50 Female 2476 He y 3a Genotype Rawalpindi 

35 Male 399 Undetectable Genotype Rawalpindi 

42 Male 1593 He y 3a Genotype Rawalpindi 

23 Male 2231 Hey 3a Genotype Sargodba 

35 Male 3751 Hey 3a Genotype Faisalabad 

50 Male 348 Hey 3a Genotype Is lamabad 

50 Male 149 Hey 3a Genotype Faisa labad 

55 Female 1760 Undetectable Genotype Islamabad 

70 Female 25 14 Undetectable Genotype Rawalpindi 

39 Male 3 11 He y 3b Genotype Sargodha 

28 Female 487 Hey 3a Genotype Fa isalabad 

29 Ma le 1669 Hey 3a Genotype Rawalpindi 

36 Male 1576 Hey 3a Genotype Gujranwala 

56 Male 3238 Hey 3a Genotype Sawabi 

29 Male 123 Hey 3a Genotype Faisalabad 

48 Female 1187 Hey 3a Genotype Sargodba 

36 Male 2699 Hey untypabl e Genotype Islamabad 

45 Female 347 Hey 2a Genotype Islamabad 

42 Male 3248 Hey 3a Genotype Faisalabad 

59 Fema le 1205 Hey 3a Genotype Faisalabad 

60 Female 3454 Hey 2a Genotype l ehlum 

29 Female 2 17 Hey 3a Genotype Rawalpindi 

40 Female 37 Hey 3a Genotype Rawalpindi 

42 Male 4140 Undetectable Genotype Gujranwala 

45 Female 2520 Hey 3a Genotype Faisalabad 

45 Male 2879 Hey 3a Genotype Gujranwala 

70 Male 419 Hey 3a,3b Mix Genotype Rawa lpindi 

36 Fema le 6 12 Hey 3a,3b Mix Genotype lbang 

28 Female 820 Hey 3a Genotype Gujranwala 

45 Female 1769 Hey 3a Genotype Rawalpindi 
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60 Female 833 Undetectable Genotype Rawa lpindi 

50 Female 2 18 Hey untypable Genotype Jeblum 

17 Fema le 539 He y 3a Genotype Rawalpindi 

47 Fema le 204 1 Hey 3a Genotype Gujranwa la 

80 Male 859 Hey 3a,3 b Mix Genotype Fa isa labad 

60 Female 11 80 Hey 3b Genotype Guj ranwala 

36 Female 1170 Undetectab le Genotype Rawa lpind i 

3 1 Ma le 806 Hey 3a Genotype Sargodha 

48 Female 25 12 Hey 3a Genotype Gujranwala 

40 Male 320 Hey 3a Genotype Gujranwala 

60 Male 1762 Hey 3a Genotype Islamabad 

40 Mal e 892 Hey 3b Genotype Islamabad 

47 Female 2066 Hey 4 Genotype Fa isalabad 

60 Fema le 3743 Hey 3a,3 b Mix Genotype Fa isa labad 

4 1 Female 40 1 Hey 3a Genotype Sargodha 

50 Male 963 Hey 3b Genotype Faisalabad 

33 Fema le 2697 Hey 3a Genotype Rawa lpindi 

47 Male 2 194 Hey 3a,3b Mix Genotype Fa isa labad 

43 Female 2608 Hey 3a Genotype Fa isa labad 

35 Female 3406 Hey 3a Genotype Fa isa labad 

40 Female 3064 Undetectab le Genotype Gujranwa la 

47 Male 2 189 Hey 3a Genotype Guj ranwa la 

42 Female 125 Hey 3a Genotype Fa isa labad 

60 Ma le 1073 Hey 3a Genotype Jehlum 

44 Female 1922 Hey 3a Genotype Jehlum 

56 Female 1739 Hey 3a Genotype Gujranwala 

33 Female 2308 Hey 3a Genotype Jehlum 

28 Female 372 Hey 2a Genotype Sawabi 

48 Male 172 Hey 3a Genotype Gujranwala 

45 Male 38 Hey 3a Genotype Jehlum 

49 Female lOSS Hey 3a Genotype Sargodha 

46 Male 26 10 Hey 3a Genotype Gujranwa la 

68 Male 694 Hey 3a Genotype Islamabad 

56 Mal e 907 Hey 3a Genotype Is lamabad 

24 Female 4232 He y 3a Genotype Rawa lpind i 

55 Male 2537 Hey 2a Genotype Sargod ba 

5 1 Male 1230 Hey 3b Genotype Sawab i 

25 Male 1504 Hey 3a Genotype Islamabad 

5 1 Male 323 Hey 3a Genotype Rawa lpindi 
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65 Fema le . 11 96 Hey 3a Genotype Islamabad 

45 Fema le 732 Hey 3a Genotype Faisa labad 

35 Male 534 Hey 3a Genotype Gujranwala 

42 Femal e 782 Hey 3a Genotype Gujranwala 

45 Femal e 231 Hey 3a Genotype Guj ranwala 

72 Female 5 12 Hey 3a Genotype Gujranwala 

52 Male 2601 Hey 3a Genotype Rawalpindi 

5 1 Male 3517 Hey 3a Genotype Islamabad 

60 Male 404 Hey 3a,3b Mix Genotype Gujranwala 

32 Female 2688 Hey 3a Genotype Is lamabad 

28 Fema le 3068 Hey 3b Genotype Hangu 

50 Male 3187 Hey 3a Genotype Rawalpindi 

36 Ma le 19 Hey 3a Genotype Faisalabad 

49 Male 1185 Hey 3a Genotype Sargodha 

52 Male 963 Hey 3a Genotype Gujranwala 

35 Male 293 1 Hey 3a Genotype Mardan 

26 Female 48 Hey 3a Genotype Faisalabad 

50 Male 633 Hey 3a Genotype Rawalpindi 

50 Male 149 Hey 3a Genotype Faisalabad 

40 Ma le 445 Hey 3a Genotype lehlum 

70 Female 342 Hey 3a,3b Mix Genotype Peshawar 

46 Ma le 11 95 Hey 3a Genotype Gujranwala 

70 Female 1078 Hey 3b Genotype lehlum 

19 Femal e 13 16 Hey 3a Genotype Faisalabad 

40 Femal e 2222 Undetectable Genotype lehlum 

39 Male 352 Hey 3a Genotype Rawalpindi 

3 1 Female 2707 Hey 3a Genotype Islamabad 

30 Male 3462 Hey 3a Genotype Gujranwala 

32 Fema le 455 Hey 3a Genotype lehlum 

34 Female 1636 Hey 3a Genotype lhang 

37 Male 2781 Hey 3a Genotype Faisalabad 

37 Female 27 Undetectable Genotype Sargodha 

42 Female 1737 Hey 3a Genotype Gujranwala 

23 Female 3555 Hey 3a Genotype Islamabad 

60 Female 350 Hey 3a Genotype Faisalabad 

25 Female 2896 Hey 3a Genotype Faisalabad 

63 Male 359 Hey 3b Genotype Islamabad 

30 Male 2733 Hey 3a Genotype Rawalpindi 

40 Female 4 1 Hey 2a Genotype Rawa lpindi 
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45 Male 580 Hey 3a Genotype Ihang 

70 Female 333 Hey 3a Genotype Rawa lpindi 

2 1 Ma le 4153 Hey 3a Genotype Fa isa labad 

4 1 Male 11 7 Hey 3a Genotype Gujranwala 

48 Female 172 1 Hey 3a Genotype l ehlum 

52 Female 50 1 Hey untypab le Genotype lehlum 

40 Female 41 Hey 2a Genotype Rawalpindi 

50 Female 2466 Hey 3a Genotype Fa isa labad 

66 Female 507 Hey 3a Genotype lehlum 

68 Male 694 Hey 3a Genotype Is lamabad 

30 Ma le 158 Hey 3a Genotype Peshawar 

4 1 Male 2 18 Undetectabl e Genotype Faisalabad 

49 Male 190 Hey 3a Genotype Is lamabad 

36 Female 475 / Hey 3a Genotype Gujranwala 

60 Female 962 Hey 3a Genotype Gujranwala 

22 Female 3 129 Hey 3a Genotype leh lum 

55 Fema le 16 10 Hey 3a Genotype Mardan 

40 Male 326 1 Hey 3a Genotype Faisalabad 

72 Male 16 1 Hey 3a Genotype Islamabad 

45 Female 827 Hey untypab le Genotype Is lamabad 

45 Fema le 2759 Hey 3a Genotype Faisalabad 

45 Female 101 Hey 3a Genotype Faisalabad 

40 Female 3636 Hey 3b Genotype Gujranwala 

40 Female 11 35 Hey 3a Genotype leh lum 

70 Ma le 2440 Hey 3a Genotype Gujranwa la 

40 Female 3725 Undetectabl e Genotype Gujranwala 

60 Female 469 He y 3a,3b Mix Genotype Is lamabad 

52 Female 3 156 Hey 3a Genotype Rawalpindi 

57 Femal e 2663 Hey 3b Genotype Sawabi 

48 Male 3599 Hey 3a,3b M ix Genotype Islamabad 

39 Male 3 1 Hey 3a Genotype Sargodha 

50 Male 8 15 Hey 3a Genotype Faisalabad 

33 Female 15 86 Hey 2a Genotype Is lamabad 

46 Male 808 Hey 3a Genotype Sargodha 

30 Female 199 Hey 3a Genotype Islamabad 

42 Female 3500 Hey 3b Genotype lehlum 

25 Female 2755 Hey 3a Genotype Faisa labad 

45 Female 458 Hey 3a Genotype lehlum 

50 Male 563 Hey 3a Genotype Gujranwala 
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36 Female 6 12 Hey 3a,3b Mix Genotype lhang 

24 Female 1464 Hey 2a Genotype Sawabi 

49 Female 2603 Hey 3a Genotype Fa isa labad 

56 Fema le 228 Hey 3a Genotype Islamabad 

45 Female 54 Hey 3b Genotype Mard an 

55 Male 898 Hey 3a Genotype Rawa lpindi 

36 Femal e 2439 Hey 3a Genotype Rawa lpind i 

64 Ma le 3045 Hey 3a Genotype Rawa lpind i 

66 Ma le 2975 Hey unlypabl e Genotype Is lamabad 

55 Femal e 3065 Hey 3a Genotype l ehlum 

56 Female 9 12 Hey 3a Genotype Rawalpindi 

57 Female 1132 Hey 3a Genotype lehlum 

48 Male 80 1 Hey 3a Genotype Islamabad 

64 Female 668 Hey 3a Genotype Multan 

43 Ma le 8 Hey 3a Genotype Faisa labad 

56 Female 280 1 Hey 3a Genotype Sawabi 

30 Female 1233 Hey untypable Genotype Faisalabad 

45 Female 3410 Hey 3a,3b M ix Genotype Faisa labad 

60 Female 1053 Hey 3a Genotype Mardan 

66 Male 343 Hey 3a Genotype Islamabad 

35 Female 2 10 Hey 3a Genotype l ehlum 

55 Female 24 14 Hey 3a Genotype Rawalpindi 

52 Fema le 3084 Undetectable Genotype Rawalpindi 

50 Male 1208 Hey 3a Genotype Rawalpi ndi 

37 Ma le 2573 Hey 3a Genotype lehlum 

58 Fema le 1283 He y 3a Genotype Fa isa labad 

48 Female 2955 Hey 3a Genotype Gujranwala 

50 Female 309 1 Hey 3a Genotype Faisalabad 

50 Male 273 1 Hey 3a,3 b Mix Genotype Rawalpindi 

20 Female 2035 Hey 3a Genotype Islamabad 

40 Male 3584 Hey 3a Genotype Gujranwala 

25 Male 284 1 Hey 3a Genotype l ehlum 

45 Female 6 17 Hey untypabl e Genotype Rawalpindi 

35 Female 1352 Hey 3b Genotype Rawalpindi 

68 Female 11 73 Hey 3a Genotype Rawalpindi 

55 Female 25 Hey 3a,3b Mix Genotype Gujranwala 

55 Ma le 3460 Hey 3a Genotype Gujranwala 

27 Female 56 Hey 3a Genotype l ehlum 

30 Female 1367 Hey 3a Genotype leh lum 
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46 Female 323 Hey 3a Genotype Rawalpindi 

75 Female 1244 Hey 3a,3b Mix Genotype Jehlum 
42 Female 2433 Hey 3a Genotype Rawalpindi 

35 Male 2 188 Hey 3a Genotype Gujranwala 

45 Male 2 133 Hey 3a Genotype Faisa labad 

60 Female 109 1 Hey 3a Genotype Rawalpind i 

50 Male 8 14 Hey 3a,3 b Mix Genotype Peshawar 

45 Male 270 Hey untypabl e Genotype Hangu 

40 Female 224 Hey 3a Genotype Rawa lpindi 

42 Female 125 He y 3a Genotype Faisa labad 

40 Female 1020 Hey 3a Genotype Islamabad 

30 Male 513 Hey 3a Genotype Gujranwala 

42 Male 2536 Hey 3a,3b Mix Genotype Sargodha 

60 Male 404 Hey 3a,3b Mix Genotype Gujranwala 

25 Female 2940 Hey 3a Genotype Rawalpindi 

50 Mal e 1709 Undetectabl e Genotype Rawalpindi 

30 Female 3655 Hey 3a Genotype Faisalabad 

50 Fema le 37 17 Hey 3a Genotype Gujranwala 

18 Male 465 Hey 3a Genotype Rawalpindi 

38 Male 1174 Hey 3a Genotype Rawalpindi 

60 Female 14 Hey untypabl e Genotype Gujranwala 

75 Male 568 Hey 3a Genotype Rawalpind i 

42 Female 1734 Hey 3a Genotype Rawalpindi 

45 Male 38 Hey 3a Genotype leh lum 

23 Mal e 2569 Hey 3a Genotype Islamabad 

45 Female 732 Hey 3a Genotype Faisa labad 

60 Male 367 Hey 3a Genotype Gujranwala 

45 Female 63 Hey 3a Genotype Faisa labad 

70 Fema le 1240 Hey 3a Genotype Islamabad 

40 Female 248 Hey 3a Genotype Peshawar 

55 Female 2 12 Hey 3a Genotype l ehlum 

44 Female 32 1 Hey 3a Genotype Sargodha 

38 Female 1079 Hey 3a Genotype l ehlum 

51 Female 11 87 Undetectabl e Genotype Faisalabad 

15 Female 170 1 Hey 3a Genotype Faisalabad 

45 Female 827 Hey untypabl e Genotype Islamabad 

26 Female 990 Hey 3a Genotype Peshawar 

47 Female 2936 Hey 3a,3b Mix Genotype Faisalabad 

62 Female 2 12 Hey 3a Genotype Gujranwala 
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28 Male 2 150 Hey 3a Genotype Faisa labad 

23 Male 3102 Hey 3a Genotype Rawalpindi 

30 Male 772 Hey 3a Genotype Rawalpindi 

39 Male 154 Hey 3b Genotype Rawa lpindi 

36 Female 4144 Hey 3a,3 b Mix Genotype Islamabad 

43 Mal e 84 1 Hey 3a Genotype Gujranwala 

20 Female 3569 Hey 3a Genotype Gujranwala 

36 Female 4026 Hey 3a Genotype Attock 

13 remale 1035 Hey untypab le Genotype Peshawar 

28 Male 2687 Hey 3a Genotype Jehlum 

60 Fema le 3951 Hey 3a,3b Mix Genotype Faisalabad 

30 Female 3093 Hey 3a Genotype Fa isalabad 

23 Male 23 10 Hey 3a Genotype Rawalpindi 

24 Female 2438 Hey untypabl e Genotype Islamabad 

53 Ma le 3393 Hey 3a Genotype Rawalpindi 

45 Female 235 Hey 3a,3 b Mix Genotype Gujranwala 

42 Male 11 67 Hey 3b Genotype Islamabad 

70 Male 230 1 Hey 3a,3 b Mix Genotype Islamabad 

38 Male 324 1 Hey 3a Genotype Faisalabad 

38 Female 4236 Hey 3a Genotype Rawalpindi 

44 Male 2650 Hey 3a Genotype Rawalpindi 

55 Femal e 962 Hey 3a Genotype Fa isa labad 

39 Male 154 Hey 3b Genotype Rawalpindi 

32 Male 3445 Hey 3a Genotype Sargodha 

40 Female 37 Hey 3a Genotype Rawalpindi 

45 Female 1223 He y 3a Genotype l ehlum 

50 Female 309 Hey 3a Genotype Fa isa labad 

5 1 Male Hey 3a Genotype Ihang 

3 1 Female 1975 Hey 3a Genotype Fa isalabad 

32 Male 1227 Hey 3a Genotype lehlum 

43 Female 3082 Hey 3a Genotype Islamabad 

35 Male 283 1 Hey 3a,3b Mix Genotype Fa isa labad 

55 Female 1225 Hey 3b Genotype Rawalpindi 

36 Female 918 Hey 3a Genotype Sawabi 

65 Male 1383 Hey 3a Genotype Rawa lpindi 

30 Female 3 173 Hey 3a Genotype Islamabad 

48 Male 2086 Hey 3a Genotype Islamabad 

3 1 Female 428 Hey 3a Genotype Islamabad 

37 Male 172 Hey 3a Genotype Sargodha 
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7 1 Mal e 36 Hey 3a Genotype Islamabad 

40 Male 147 Hey 3a Genotype Fa isa labad 

65 Female 24 Hey 3a Genotype Gujranwala 

43 Male 8 Hey 3a Genotype Faisa labad 

35 Female 218 Hey 3a Genotype Rawalpindi 

28 Female 249 Hey 3a Genotype Rawa lpindi 

40 Femal e 128 U ndetectabl e Genotype Fa isalabad 

70 Female 818 Hey untypabl e Genotype Gujranwala 

40 Female 1671 Hey 3a Genotype Rawa lpindi 

44 Female 2757 Hey 3a Genotype l ehlum 

40 Female 3 144 He y 3b Genotype Sawab i 

5 1 Ma le 497 Hey 3a Genotype Rawalpindi 

25 Ma le 947 Hey 3b Genotype Fa isalabad 

25 Female 636 Hey 3a Genotype Faisa labad 

42 Male 2536 Hey 3a,3 b Mix Genotype Sargodha 

60 Female 705 Hey 3a Genotype Islamabad 

38 Male 3428 Hey 3a Genotype Sawabi 

55 Female 2892 Hey 3a Genotype Rawalpindi 

42 Female 1645 Hey 3a Genotype l ehlum 

60 Fema le 96 Hey 3a Genotype Rawalpindi 

32 Female :2688 Hey 3a Genotype Islamabad 

30 Ma le 1857 Hey 3a Genotype Faisalabad 

42 Female 8 14 Undetectabl e Genotype Gujranwala 

37 Female 2077 Hey 2a Genotype l ehlum 

50 Male 963 Hey 3b Genotype Faisa labad 

40 Female 1299 Hey 3a Genotype Rawalpindi 

50 Male 563 He y 3a Genotype Gujranwa la 

72 Male 153 Hey 3a Genotype Islamabad 

39 Male 2917 He y 3a Genotype Fa isa labad 

27 Female 56 He y 3a Genotype l ehlum 

30 Female 3196 Hey 3a Genotype Faisa labad 

45 Male 1208 Hey 3a Genotype Rawalpindi 

45 Female 2299 Hey 3b Genotype Rawalpindi 

66 Female 3170 Hey 3a Genotype Rawalpindi 

26 Female 34 Hey 3a Genotype Faisa labad 

50 Femal e 1369 Hey 3a Genotype l ehlum 

65 Female 1438 Hey 3a Genotype Rawalpindi 

20 Male 163 Hey 3b Genotype Islamabad 

30 Fema le 3740 Hey 3a Genotype Fa isalabad 
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45 Female 320 Hey 3a Genotype Faisa labad 

36 Female 3538 Hey 3a Genotype Rawalpindi 

45 Female 2004 Hey 3a Genotype Faisalabad 

34 Female 678 Hey 3a Genotype Rawalpindi 

47 Male 41 Hey 3a Genotype Sargodha 

22 Male 11 66 Hey 3a Genotype Fa isa labad 

17 Male 877 Hey 3a Genotype Faisa labad 

45 Male 794 Hey 3a Genotype Gujra nwala 

28 Male 346 Hey untypabl e Genotype Islamabad 

75 Male 568 Hey 3a Genotype Rawalpindi 

40 Male 1697 Hey 3a Genotype Fa isa labad 

35 Female 906 Hey 3a Genotype Gujranwala 

50 Female 3000 Hey 3a Genotype Gujranwala 

45 Female 164 Hey 3a Genotype Gujranwala 

48 Female 2042 Hey 3a Genotype Gujranwala 

60 Female 833 Undetectable Genotype Rawalpindi 

54 Female 1254 Hey 3a Genotype Rawalpindi 

40 Female 126 Hey untypab le Genotype Faisalabad 

40 Female 133 1 Hey 3a Genotype Gujranwala 

45 Female 3869 Hey 3a Genotype Sargodha 

66 Female 507 Hey 3a Genotype lehlum 

40 Male 34 13 Hey 3a Genotype Faisa labad 

50 Female 2083 Hey 3a Genotype l ehlum 

44 Female 214 Hey 3a Genotype lehlum 

65 Male 2 190 Hey 3a Genotype Gujranwala 

42 Fema le 4268 Hey 3a Genotype lehlum 

36 Male 4269 Hey 3a Genotype lehlum 

70 Female 2 Hey 3a,3b Mix Genotype Islamabad 

40 Male 817 Hey 3a Genotype Peshawar 

25 Female 1479 Hey 3a Genotype Sargodha 

35 Female 3064 Hey 3a,3b Mix Genotype Hangu 

25 Female 3654 Hey 3a Genotype Fa isa labad 

40 Male 4060 Hey 3a Genotype Rawalpindi 

35 Female 1176 Hey 3a Genotype Rawalpindi 

25 Female 1479 Hey 3a Genotype Sargodha 

66 Male 2965 Hey untypable Genotype Islamabad 

3 I Female 2544 Undetectab le Genotype Mardan 

40 Fema le 3725 Undetectable Genotype Gujranwa la 

39 Male 154 Hey 3b Genotype Rawalpindi 
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50 Male 2515 Hey 3a Genotype Rawalpindi 

40 Male 1627 Undetectable Genotype Peshawar 

76 Male 2044 Hey 3a Genotype Gujranwala 

30 Male 626 Hey 3a Genotype Fa isalabad 

48 Female 1940 Hey 3a Genotype Islamabad 

50 Female 939 Undetectable Genotype Islamabad 

32 Fema le 1022 Hey 3a Genotype Gujranwala 

46 Mal e 3677 Hey 3a Genotype Gujranwala 

50 Female 3963 Hey 3a Genotype Gujranwala 

51 Male 3397 Hey 3a,3b Mix Genotype Islamabad 

60 Female 164 1 Hey 3a,3b Mix Genotype Rawalpindi 

40 Female 2595 Hey 3a Genotype Jehlum 

38 Female 156 Hey untypable Genotype Islamabad 

60 Male 155 Hey 3a Genotype Islamabad 

45 Female 1380 Hey 3a Genotype Rawalpindi 

40 Female 128 Undetectable Genotype Faisa labad 

55 Female 2304 Hey 3a Genotype Jehlum 

43 Femal e 1068 Hey 3a Genotype Gujranwala 

30 Male 2228 Hey 3a,3b Mix Genotype Faisalabad 

34 Male 3711 Hey untypable Genotype Gujranwala 

40 Male 2911 Hey 3a Genotype Islamabad 

30 Male 55 Hey 3a Genotype Jehlum 

42 Male 320 Hey 3a Genotype Gujranwala 

40 Female 892 HeV 3b Genotype Islamabad 

39 Male 3667 Hey 3a Genotype Mardan 

45 Female 2209 Hey 3a Genotype Sargodha 

64 Male 4121 Hey 3a,3b Mix Genotype Islamabad 

56 Female 2838 Hey 3a Genotype Islamabad 

30 Fema le 689 Hey 3a Genotype Jehlum 

60 Male 39 Hey 3b Genotype Jehlum 

63 Male 3660 Hey 3a,3b Mix Genotype Rawalpindi 

42 Female 2619 Hey 3a Genotype Gujranwala 

26 Male 2907 Hey 3a Genotype Faisalabad 

46 Fema le 2224 Hey 3a Genotype Jehlum 

23 Mal e 1873 Hey 3a Genotype Islamabad 

33 Male 3242 Hey 3a Genotype Faisalabad 

36 Male 3646 Undetectab le Genotype Rawalpindi 

29 Male 2706 Hey 3a Genotype Islamabad 

45 Female 54 Hey 3b Genotype Mardan 
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35 Female 2370 Hey 3a Genotype Fa isa labad 

35 Female 7 16 Hey 3a Genotype Rawalpindi 

54 Female 1330 Hey 3a Genotype Gujranwa la 

30 Female 506 Hey 3a Genotype Gujranwala 

23 Female 27 Undetectab le Genotype Sargodha 

36 Male 996 Hey 3a Genotype Faisalabad 

50 Male 28 10 Hey 3a Genotype Jehlum 

32 Male 3096 Hey 3a Genotype Faisalabad 
54 Female 291 Hey 3a Genotype 1 ehlum 

36 Male 1077 Hey 3a Genotype Rawalpindi 

58 Mal e 105 Hey 3a Genotype Jehlum 

25 Female 636 Hey 3a Genotype Faisalabad 

33 Male 11 40 He y 3a Genotype Fa isa labad 

50 Male 907 Undetectable Genotype Faisa labad 

40 Mal e 1627 Undetectable Genotype Peshawar 

40 Male 3449 Hey 3b Genotype Attock 

24 Female 278 Hey 3a Genotype Faisalabad 

50 Male 571 Hey 3a Genotype Rawalp indi 

50 Female 3057 Hey 2a Genotype Faisalabad 

50 Male 3279 Hey 3a Genotype Faisalabad 

42 Female 4073 Hey 3a Genotype Rawalpindi 

55 Female 3909 Hey 3a Genotype Jehlum 

29 Female 1680 Hey 3a Genotype Rawalpindi 

48 Ma le 1729 Hey 3a Genotype Islamabad 

57 Male 3744 Hey untypab le Genotype Rawalpindi 

20 Female 188 Hey untypabl e Genotype Is lamabad 

30 Male 626 Hey 3a Genotype Faisalabad 

45 Male 2973 Hey 3a Genotype Islamabad 

50 Male 384 Hey 3a Genotype Gujranwala 

50 Male 57 1 Hey 3a Genotype Rawa lpindi 

35 Female 3035 Hey 3a,3b Mix Genotype lehlum 

22 Male 437 Hey 3a Genotype l ehlum 

35 Female 314 1 Hey 3a Genotype Gujranwala 

17 Male 2933 Hey 3a Genotype Mardan 

34 Male 392 Hey 3a,3b Mix Genotype Mardan 

68 Female 3066 Hey 3a Genotype lehlum 

37 Female 47 Hey 3a Genotype Islamabad 

50 Male 3094 Hey 3a Genotype Fa isa labad 

45 Fema le 254 1 Hey 3a Genotype Gujranwala 
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40 Female 126 Hey untypable Genotype Fa isa labad 

30 Mal e 5 13 Hey 3a Genotype Gujranwala 

60 Female 350 Hey 3a Genotype Faisa labad 

48 Male 1267 Hey 3a Genotype Faisalabad 

39 Male 2878 He y 3a Genotype Gujranwala 

48 Male 2932 Hey 3a,3b Mix Genotype Mardan 

35 Female 2124 Hey 3a Genotype Gujranwala 

59 Male 2542 Hey 3a Genotype Gujranwala 

46 Female 2568 Hey 3b Genotype Islamabad 

37 Female 482 Hey 3a,3b Mix Genotype Islamabad 

38 Female 599 Undetectable Genotype Sawabi 

50 Female 1230 Hey 3a Genotype Faisa labad 

64 Male 4145 Hey 3a Genotype Islamabad 

45 Male 3047 Undetectable Genotype Islamabad 

40 Male 1241 Hey 3a Genotype Rawalpindi 

65 Fema le 2141 Hey 3a Genotype Jhang 

33 Male 1384 Hey 3a Genotype Rawalpindi 

40 Male 4270 Hey 3a Genotype Jehlum 

37 Female 275 1 Hey 3a Genotype Jehlum 

49 Female 3395 Hey 3a Genotype Fa isa labad 

30 Male 4139 Hey 3a Genotype Gujranwala 

70 Female 809 Hey 3a Genotype Sargodha 

60 Male 404 Hey 3a,3 b Mix Genotype Gujranwala 

27 Male 1743 Hey 3a,3b Mix Genotype Islamabad 

45 Female 3522 Hey 3a Genotype Gujranwa1a 

52 Female 204 Hey 3a Genotype Rawalpindi 

1 1 Mal e 4010 Hey 3a,3 b Mix Genotype Gujranwala 

45 Female 320 Hey 3a Genotype Faisalabad 

39 Female 1948 Hey 3a Genotype Rawalpindi 

45 Male 2629 Hey 3a Genotype Faisa labad 

43 Male 272 Hey 3a Genotype Fa isa labad 

45 Female 2478 Hey 3a Genotype Faisa labad 

37 Female 2043 Hey 3a Genotype Sawabi 

30 Male 2698 Hey 3a Genotype Rawalpindi 

24 Female 471 Hey 3a,3b Mix Genotype Gujranwala 

70 Female 104 Hey untypabl e Genotype Rawalpindi 

30 Male 1692 Hey untypable Genotype Faisalabad 

50 Female 2979 Hey 3a Genotype Jehlum 

29 Male 123 Hey 3a Genotype Faisalabad 
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40 Ma le 3 162 Hey 3a Genotype Islamabad 

46 Fema le 5 16 Hey 3a Genotype Sargodha 

50 Femal e 2678 Hey 3a Genotype Gujranwala 

48 Mal e 56 1 Hey 3a Genotype Fa isalabad 

27 Fema le 2696 Hey 3a Genotype Sargodha 

25 Male 45 Hey 3b Genotype Islamabad 

35 Male 11 7 1 Hey 3a Genotype Rawa lpindi 

27 Ma le 372 Hey 3a,3b M ix Genotype Faisalabad 

60 Femal e 452 Hey 3a Genotype Jehlum 

45 Female 307 Hey 3a Genotype Gujranwa la 

37 Female 275 1 Hey 3a Genotype Jeblum 

48 Female 88 Hey 3a Genotype Rawalpindi 

45 Male 532 Hey 3a Genotype Gujranwala 

60 Male 2135 Hey 3a Genotype Gujranwala 

44 Ma le 214 Hey 3a Genotype Jehlum 

30 Ma le 34 15 Hey 2a Genotype Faisalabad 

35 Male 298 Hey 3a Genotype Peshawar 

25 Male 947 Hey 3b Genotype Faisalabad 

36 Female 1573 Hey 3a Genotype Gujranwala 

50 Female 1720 Hey 3a,3b Mix Genotype Rawalpindi 

36 Female 3746 Hey 3a,3b Mix Genotype Rawalpindi 

24 Female 3053 Hey 3a Genotype Rawalpindi 

45 Femal e 651 Hey 3a Genotype Faisa labad 

35 Male 307 1 Hey 3a Genotype Faisa labad 

35 Female 1210 Hey 2a Genotype Gujranwala 

30 Male 55 Hey 3a Genotype Jeblum 

37 Male 3668 Hey 3a Genotype Mardan 

37 Female 47 Hey 3a Genotype Islamabad 

38 Male 222 1 Hey 3a Genotype Rawalpindi 

29 Male 3063 Hey 3a Genotype Rawalpindi 

52 Male 2784 Hey 3a Genotype Gujranwa la 

48 Female 6 13 Hey 3a,3b Mix Genotype Jeblum 

6 1 Female 1694 Hey 3a,3b Mix Genotype Faisalabad 

37 Female 608 Hey untypabl e Genotype Jehlum 

56 Female 228 Hey 3a Genotype Islamabad 

32 Female 346 Hey 3a Genotype Attock 

60 Femal e 1643 Hey 3a Genotype Jehlum 

65 Femal e 24 Hey 3a Genotype Gujranwala 

56 Female 228 Hey 3a Genotype Islamabad 
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60 Female 423 Hey 3a Genotype Sawabi 

25 Female 2964 Hey 3a,3b Mix Genotype Fa isa labad 

49 Fema le 3395 Hey 3a Genotype Faisa labad 

40 Female 2587 Hey 3a Genotype Gujranwala 

34 Female 677 Hey 3a Genotype Gujranwala 

55 Male 2654 Hey 3a Genotype Faisalabad 

30 Fema le 3729 Hey 3a Genotype Islamabad 

35 Male 1257 Hey 3a Genotype Rawalpindi 

66 Male 3259 Undetectab le Genotype Rawa lpindi 

50 Female 1239 Undetectable Genotype Rawalpindi 

50 Female 2752 Hey untypab le Genotype Jehlum 

35 Ma le 534 Hey 3a Genotype Rawalpindi 

48 Male 1353 Hey 2a Genotype Rawalpindi 

32 Male 1766 Hey 3a Genotype Islamabad 

50 Female 11 82 Hey 3a Genotype Sargodha 

55 Male 4 143 Hey 3a Genotype Islamabad 

23 Female 324 Hey 3a Genotype Rawalpindi 

3 1 Female 2098 Hey untypable Genotype Gujranwala 

20 Male 3736 Hey 3a Genotype Faisalabad 

65 Female 1787 Hey 3a Genotype Jeh lum 

42 Female 782 Hey 3a Genotype Guj ranwala 

40 Male 11 64 Hey 3a Genotype Faisa labad 

55 Female 3227 Hey 3a Genotype Gujranwa la 

55 Ma le 299 Hey untypable Genotype Rawalpindi 

46 Male 259 Hey 3b Genotype Guj ranwala 

30 Female 229 Hey 3a Genotype Fa isa labad 

42 Fema le 200 Hey 3a Genotype Islamabad 

67 Fema le 199 Hey untypable Genotype Islamabad 

55 Ma le 198 Hey 3a Genotype Is lamabad 

55 Female 179 Hey 3a Genotype Peshawar 

2 1 Ma le 98 Hey 3a Genotype Faisa labad 
65 Female 58 Undetectable Genotype Islamabad 
35 Male 43 Hey 3a Genotype Rawalpindi 

65 Female 42 Hey 3a Genotype Rawalpindi 

34 Male 36 Hey 3a Genotype Rawalpindi 

47 Male 4129 Hey 3a Genotype Is lamabad 

32 Female 4128 Hey 3a Genotype Islamabad 

41 Female 4055 Hey 3a Genotype Guj ranwala 

32 Female 3954 Hey 3a Genotype Faisalabad 
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30 Fema le 3953 Undetectab le Genotype Fa isalabad 

48 Male 3929 Hey untypab le Genotype Islamabad 

57 Male 3900 Hey 3a Genotype Rawalpindi 
32 Fema le 3877 Undetectable Genotype Jehlum 

50 Femal e 3749 Hey 3a Genotype Faisalabad 
60 Fema le 3683 Hey 3a,3b Mix Genotype Islamabad 
70 Femal e 3875 Hey 3a Genotype Jehlum 

70 Ma le 3873 Hey 3a Genotype Jehlum 

39 Femal e 3853 Hey 3a Genotype Is lamabad 

39 Male 3652 Hey 3a Genotype Rawalpindi 

32 Male 36 19 Hey 3a Genotype Islamabad 

30 Female 3593 Hey 3a Genotype Is lamabad 

50 Female 3522 Hey 3a Genotype Gujranwala 

23 Male 35 15 Hey 3a Genotype Faisalabad 

45 Female 3498 Hey 3a Genotype Gujranwala 
31 Male 3457 Hey 3a Genotype Jehlum 

55 Male 3442 Hey 3a Genotype Rawalpindi 

60 Female 3437 Hey 3a,3b Mix Genotype Rawalpindi 
60 Female 343 1 Hey 3a Genotype Rawalpindi 

3 1 Ma le 3428 Hey 3a Genotype Sawabi 

30 Male 22 11 Hey 3a Genotype Rawalpindi 

65 Male 2709 He y 3a Genotype Rawalpindi 

60 Femal e 2073 Hey 3a Genotype Rawalpindi 

32 Female 2067 Hey 3a Genotype Rawalpindi 

60 Ma le 2074 Hey 3a Genotype Rawalpindi 

50 Female 1950 Hey 3a Genotype Gujranwala 

30 Female 2072 Hey 3a Genotype Rawalpindi 

45 Female 2238 Hey 3a,3b Mix Genotype Rawalpindi 

50 Femal e 2307 Hey 3a Genotype Fa isa labad 

54 Female 2244 Hey 3b Genotype Jehlum 

45 Female 2272 Hey 3a Genotype Jehlum 
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