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What is molecular epidemiology?



Why do we need molecular 
epidemiology of hepatitis viruses?

• Identification of the
– virus (typing)
– sources & transmission routes of infections

• Vaccination (escape mutants)
• Antiviral resistance



Hepatitis A virus

www.expasy.ch/viralzone/all_by_species/94.html

http://www.expasy.ch/viralzone/all_by_species/94.html


HAV genotypes

Genotypes I, II, III and VII are involved in human cases



Turkey: main features of HAV 
infections



• Anti-HAV IgM (+) samples from Istanbul & 
Anatolia (n=50)

• VP1-P2A junction and 5’-NCR region were 
amplified and sequenced



5’-NCR sequences
Genotype IA (n=2)
IS 25 (North Anatolia, 25 yrs)
IS 34 (Istanbul, 58 yrs)

IS18 from Erzurum (HAV HM175)
IS3 from Düzce (HAV MBB)

IB



Results

• RT-PCR targeting 5’-NCR sequences has 
better sensitivity (72% vs 32%) and has 
better LLD (100 IU vs 500 IU) than VP1-
P2A 

• All isolates belonged to genotype I (most 
are IB)

• Children under 10 yrs have more severe 
infection than those older.



Genotype IB
in a patient



Hepatitis B virus

www.expasy.ch/viralzone/all_by_species/94.html

http://www.expasy.ch/viralzone/all_by_species/94.html


HBV genotypes & subtypes



Turkey: main features of HBV 
infections

• Intermediate 
endemicity
– HBsAg (+): 2%-8%%
– Anti-HBs (+): 1/3 of 

population



Turkey: main features of HBV 
infections

• Intrafamilial spread, especially from mother to 
child, occurs. 



Turkey: main features of HBV 
infections

• 70% HBeAg (-)  
• Genotype D
• HDV co/super 

infection 
– 5%-46%% in CHB



LAMR in treatment-naive patients

• YMDD variants detected in 13/71 (18.3%) of 
treatment-naive inactive HBsAg carriers.



LAMR in occult HBV infection
• Occult HBV infection is frequent in treatment-naive 

HD patients (12/33: 36.4%)
• YMDD variants detected in 50% of these patients.



HBV genotyping studies-1
Publication No of cases Study population Genotyping method Result

Bozdayı AM, et al. J 
Clin Virol  2001; 21: 91

67 Chronic HBV Pre-S amp & direct 
seq

All genotype D 
(ayw)

Bozdayi AM, et al. J 
Viral Hepat  2003; 10: 
256

31 Chronic HBV Pre-S amp & direct 
seq

All genotype D 
(ayw)

Bozdayi AM, et al. Arch 
Virol 2004; 149: 2115

59 Patients from previous 
clinical studies (n=41) +  
Azerbaijan pts (n=6)+ 
Uzbek pts (n=12)

Pre-s and s gene amp 
& direct seq

All genotype D 
except 2 Uzbek pts 
who were infected w 
genotype A

Şentürker-Güldaş N, et 
al. Infection 2004; 32: 
344

23 Chronic HBV S gene amp & direct 
seq & REA

All genotype D 
(ayw2)-

Leblebicioglu H, et al. 
Clin Microbiol Infect 
2004; 10: 537

158 Acute HBV Pre-S amplification 
and REA

D2 (n=122), D1 
(n=5) and D2 + del 
(n=2)

Yalcin K, et al. Infection 
2004; 32: 24

44 Chronic HBV (n=32) & 
inactive HBsAg carriers 
(n=12)

S gene ampl & direct 
sequencing

All genotype D

Eroglu C et al J Virol 
Meth 2004; 119: 183

60 Acute (n=40) and 
Chronic HBV (n=20)

Detection of  33 bp 
deleton in pre-s 
region

All genotype D



HBV genotyping studies-2
Publication No of cases Study population Genotyping method Result

Bozdayı G, et al. J Med 
Virol 2005; 76: 476

11 Treatment-naive chronic 
HBV pts

Full genome 
sequencing

D1 (ayw2) (n=10)
D2 (ayw3) (n=1) 

Sunbul M, et al. World 
J Gastroenterol 2005; 
11: 1976

78 Chronic HBV Pre-s amplif & REA D2 (n=67), D2+del 
(n=7), D1 (n=3), D3 
(n=1)

Serin MS, et al. Diagn 
Microbiol Infect Dis; 
2005; 53: 57-60

50 Chronic HBV S gene amplified & 
sequenced

All genotype D

Özdemir FT, et al. Turk 
J Gastroenterol 2005; 
16: 183

54 Pediatric & adult 
Chronic HBV 

Pre-s amplification 
+ REA

D2 (n=44), D1 
(n=7) and D6 (n=3) 

Aksoy A et al. 
Mikrobiyol Bul 2006; 
40: 215

127 HBV DNA positive 
samples

S gene amp and 
REA

All genotype D

Akarsu M et al J Gastro 
Hepatol 2006; 21: 1783

21 Inactive HBsAg carriers S gene amplified 
and sequenced

Allt type D 



HBV genotyping studies-3
Publication No of cases Study population Genotyping method Result

Özaslan M et al. J 
Genet 2007; 86:195

40 Chronic HBV S gene amplified 
and sequenced

Allt type D and  
ayw3

Ozgenc O. Hepato-
gastroeneterology 
2007; 54: 2319

44 Naive chronic HBV S gene amplified 
and sequenced

Allt type D 

Sertoz RY, et al. New 
Microbiol 2008; 31: 
189

54 Chronic HBV S gene amplified 
and sequenced OR 
REA

Allt type D 

Sayan M et al J Viral 
Hepat 2009; Jun 28

88 Chronic HBV S gene amp &direct 
seq

Allgenotype D

Pinarbasi B, et al. Liver 
Int 2009; 29: 227

13 Occult HBV in female 
sex workers

S gene amp &direct 
seq

Allgenotype D



HBsAg subtypes 
(as determined serologically)

Yalcinkaya KT, et al. Jpn J Infect Dis 2005; 58: 120-122

ayw is pre dominant





• HBsAg & Anti HBc IgM (+) samples from 22 centers 
(n=158)

• Pre-S region were amplified and typed by REA
• D2 (n=122), D1 (n=5) and D2 + del (n=2)



• 11 naive patients w ages 11-54 (mean 35)
• Whole genome cloned into TA vector. 
• Analyzed by direct sequencing.







Vaccine escape mutants

3,5 yrs old boy with ALL who was vaccinated 
3 times during newborn period



Vaccine escape mutants

S143L (“a” determinant)





Genotype A infections in Turkey

• Midilli K, et al. The first report of genotype 
A of hepatitis B in Turkish population. 12th 
Annual ESCV Meeting, İstanbul-Turkey, 27-30 
September 2009, PVI-19
– 3 patients with hematologic malignancies 

treated in the same hospital (possible 
nosocomial infection?)

– 1 full sequence
– All type A1



HBV: conclusions

• Genotype D is dominant (D1 is more 
frequent) but other genotypes (A1 & B) are 
also present

• HBsAg subtype ayw is dominant
– ayw2 is dominant but ayw3 and very rarely 

ayw4 are also present 



HBV: conclusions (2)

• Precore & core promoter mutations are 
frequent

• Vaccine escape mutants exist 
• Naturally occuring MHR variants exist 

– seen mainly in CHB patients 
– may cause diagnostic issues



Hepatitis C virus

www.expasy.ch/viralzone/all_by_species/94.html

http://www.expasy.ch/viralzone/all_by_species/94.html


HCV genotypes



Turkey: main features of HCV 
infections

• Prevalance ~1,8%
– Higher in older 

population
• Health-care related 

infections 



HCV genotypes in Turkey
(1994-2001)

Dusheiko et al 1
Viazov et al 17 1
Abacıoğlu et al 17 67 3 2
Akkız et al 1 63
Sönmez et al 41 3          15
Bozdayı et al 9 57 4 1 1
Okamoto et al 2 32 3
Bozdayı et al 2 18
Türkoğlu et al 14 166 9 10 6 12        22
Özacar et al 17 138 4 1 2 8
Erensoy et al 15 30
Gökahmetoğlu et al 2 93

TOTAL (n=909) 79 723 20 16 11 23       37

(%) 8,7 79,5 2,2 1,8 1,2 2,5      4,1

1a 1b 2 3 4 M        UT



HCV genotypes in Turkey
(post 2001)



HCV genotypes in Turkey
(post 2001)

No rx low dose IFN(3MU)     high doseIFN (6-10 MU)



HCV genotypes in Turkey
(post 2001)



HCV genotypes in Turkey
(post 2001)



HCV: conclusions
• Genotype 1 is 

predominant but type 2, 3 
and 4 viruses also exist.

• Genotype distribution 
between pre & post 2001 
periods seems 
unchanged. 

• Further studies are 
needed in risk groups.

• Is there a pocket of HCV 
type 5 infection in Turkey 
as shown for Syria?



Hepatitis D virus

www.expasy.ch/viralzone/all_by_species/94.html

http://www.expasy.ch/viralzone/all_by_species/94.html


HDV genotypes



Turkey: main features of HDV 
infections



• HDV-RNA + patients 
(HBsAg + pts with delta superinfection from 
southeastern Turkey)

– n= 59
– 39 yrs (18-67)

• Genotyping
– REA (n=59)
– HDAg seqs (904-1210) 

(n:13)
• All genotype I
• Mean nt divergence 

within group: 
2.5% (0%-3.9%)



• HDV-RNA + patients 
(HBsAg + pts from İzmir & İstanbul)

– n= 60
– 42 yrs (17-70)

• Genotyping
– REA (n=60)
– HDAg seqs (950-1232) 

(n:26)
• All genotype I
• Mean nt divergence 

within group: 5.4%



• HDV-RNA + CDH patients 
– n=26
– 44.2 yrs (23-70)

• Genotyping
– HDAg seqs (923-1262)

• All genotype I
• Mean nt divergence within 

group: 
10.2% (3%-16%)



• 10 patients
• Genotyping

– HDAg seqs (923-
1262)

– Full genome sequence 
(n=4)

• All genotype I
• nt divergence within 

group: 
3.7%-12.7%
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HDV-1

HDV-4
HDV-2

HDV-5,6,7

HDV-3

Clustering with Asian, Middle Eastern and European strains



HDV: conclusions

• Genotype I is the only 
type determined so 
far.

• Divergence among 
Turkish isolates can 
be as high as 16%.

• HDV strains are 
related to Asian, 
Middle Eastern & 
European strains. 
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