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What is molecular epidemiology?



Why do we need molecular
epidemiology of hepatitis viruses?

e |dentification of the

— virus (typing)
— sources & transmission routes of infections

e Vaccination (escape mutants)
e Antiviral resistance



Hepatitis A virus



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

HAV genotypes
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Turkey: main features of HAV
infections



Acute Hepatitis A Virus infection in Turkey

e 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)

1S18 from Erzurum (HAV HM175)
1S3 from Duizce (HAV MBB)




Results

« RT-PCR targeting 5’-NCR sequences has
petter sensitivity (72% vs 32%) and has

petter LLD (100 IU vs 500 IU) than VP1-
P2A

 All Isolates belonged to genotype | (most
are 1B)

e Children under 10 yrs have more severe
Infection than those older.
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Hepatitis A outbreak in a group of Danish tourists returming from Turkey, October 2005

Michael Howitz (howd@ssi.dk), Anne Mazick and Kare Malbak

Table. Selected esposure factars, hepatitis A outbreak in a group of Danish tourists returning
fram Turkey, October, 2005

Exposed Unexposed .
Relative

Food Attack rate Attack rate . 95% CI

Cases Total Cases Total risk

2o 2o

Ice cream served in open containers 4 & 67 0 8 0 Infinite
Dried Fruit 3 4 75 1 12 a 0 1.3-63.9
Muts and other unpackaged snacks 3 5 G0 1 11 g 6.6 0.9-48.8
Cocktails < = 50 1 8 0 Infinite
Food outside the resort 4 13 31 1] 3 0 Infinite



Hepatitis B virus



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

HBV genotypes & subtypes



Turkey: main features of HBV
infections

e 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.
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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 HBsAQ 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

Bozdayi AM, et al. J 67 Chronic HBV Pre-S amp & direct All genotype D
Clin Virol 2001; 21: 91 seq (ayw)
Bozdayi AM, et al. J 31 Chronic HBV Pre-S amp & direct All genotype D
Viral Hepat 2003; 10: seq (ayw)
256
Bozdayi AM, et al. Arch 59 Patients from previous Pre-s and s gene amp | All genotype D
Virol 2004; 149: 2115 clinical studies (n=41) + | & direct seq except 2 Uzbek pts
Azerbaijan pts (n=6)+ who were infected w
Uzbek pts (n=12) genotype A
Senttirker-Guldas N, et 23 Chronic HBV S gene amp & direct | All genotype D
al. Infection 2004; 32: seq & REA (ayw2)-
344
Leblebicioglu H, et al. 158 Acute HBV Pre-S amplification D2 (n=122), D1
Clin Microbiol Infect and REA (n=5) and D2 + del
2004; 10: 537 (n=2)
Yalcin K, et al. Infection 44 Chronic HBV (n=32) & | S gene ampl & direct | All genotype D
2004; 32: 24 inactive HBsAg carriers | sequencing
(n=12)
Eroglu C et al J Virol 60 Acute (n=40) and Detection of 33 bp All genotype D

Meth 2004; 119: 183

Chronic HBV (n=20)

deleton in pre-s
region




HBV genotyping studies-2

Publication

No of cases

Study population

Genotyping method

Result

Bozdayi G, et al. J Med 11 Treatment-naive chronic | Full genome D1 (ayw2) (n=10)
Virol 2005; 76: 476 HBYV pts sequencing D2 (ayw3) (n=1)
Sunbul M, et al. World 78 Chronic HBV Pre-s amplif & REA | D2 (n=67), D2+del
J Gastroenterol 2005; (n=7), D1 (n=3), D3
11: 1976 (n=1)

Serin MS, et al. Diagn 50 Chronic HBV S gene amplified & | All genotype D
Microbiol Infect Dis; sequenced

2005; 53: 57-60

Ozdemir FT, et al. Turk 54 Pediatric & adult Pre-s amplification | D2 (n=44), D1

J Gastroenterol 2005; Chronic HBV + REA (n=7) and D6 (n=3)
16: 183

Aksoy A et al. 127 HBV DNA positive S gene amp and All genotype D
Mikrobiyol Bul 2006; samples REA

40: 215

Akarsu M et al J Gastro 21 Inactive HBsAg carriers | S gene amplified Allt type D

Hepatol 2006; 21: 1783

and sequenced




HBV genotyping studies-3

Publication

No of cases

Study population

Genotyping method

Result

Ozaslan M et al. J 40 Chronic HBV S gene amplified Allt type D and
Genet 2007; 86:195 and sequenced ayw3

Ozgenc O. Hepato- 44 Naive chronic HBV S gene amplified Allt type D
gastroeneterology and sequenced

2007; 54: 2319

Sertoz RY, et al. New 54 Chronic HBV S gene amplified Allt type D
Microbiol 2008; 31: and sequenced OR

189 REA

Sayan M et al J Viral 88 Chronic HBV S gene amp &direct | Allgenotype D
Hepat 2009; Jun 28 seq

Pinarbasi B, et al. Liver 13 Occult HBV in female S gene amp &direct | Allgenotype D

Int 2009; 29: 227

sex workers

seq




HBsAQ subtypes

(as determined serologically)

ayw Is pre dominant

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






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

* Pre-S region were amplified and typed by REA

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

Patients




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






Prevalence and virological features of occult hepatitis B virus infection in

Table 1. Demographical, serological and wirological data of the hepatitis B viral DNA-positive fernale sexworkers

o o - o

8 31 Turk ey I‘-.Iéa Neg Meg Pos 115 Mag MNeg D
9 23 Russia Meg Meg Meg Meg 30 Meg Meg D
1L FAN) AL o b= s s s a= = =" L
13 20 Turk ey Meg Pioss Fos Pos 54 Meg Meg D

CP. core promaoter; HBc, hepatitis B core; HBe, hepatitis B envelope; HBs, hepatitis B serum; HBs.Ag, hepatitis B surface antigen; HBY, hepatitis B virus;
Meg, negative; PC, precore; Pos, positive.



Vaccine escape mutants

Iat, Imntrogen LSA). Ten clones were sequenced by using
cycle sequencing on an automatic analyzer (ABIL USA). The
sequence of eight clones yielded the most common vaccine
escape muitation pattern. ghycine to argimne change at codon
145 (G143A). One clone displayved a sequence change at
codon 142 from proline to senmne (F1425). There was a dual
amuno acid change 1n qust 1 clone; P14.25 + threonine 1o stop
codon at codon 143 (T143stop codoa). The last pattern seems
to be a novel vaccine escape mutation pattern.

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



Vaccine escape mutants

aa 101 aa 130

A¥721605 CAAGGTATGTTGCCCGTITGTCCTCTAATTCCAGGATCTICGACCACCAGCACGGGACCATGCAGAACCTGCACGACTCCTGCTCAAGGA
Qg ¢ M L PV C PLI PGS &§TTSTOGPCRTOCTT?PAAG QG

HBVFA L i e e e Ll e e e o L M et A LR fal T
E 6 M L P VCPLIUPG /T TR RGO &R T CTTP R Q G

2 S143L (“ a” d“et“eaniaaﬁt)h

RY721605 HCCTCTHTETRTECCTEETGTTGETGTAEE&A&EE@TC ICCTGGGCTTICGGARAR
T &§ ¥ ¥ P &8 C C C T K P. EE b GN CTCTIUPTIUP S S5 W A PF G K
HBvFi # B & F & ¢ & B F B & b F F FEFE G E R R R ER R RE l--l:+TE-i++ # B & F & B & B+ F & BB F R FHEFE R R R FEF R F R FRFE R R FEFEFEF R

T &§ M ¥ P § C C C T K PE l.D G N ¢ T CTI P I P S S W AU F G K
:II:

A¥721605 TTICCTATGGGAGTGGGCCTCAGCCCGTTTICTCCTGGCTCAGTITTACTAGTGCCATITGTITCAGTGGTICGTAGGGCTTTCCCCCACTGTT
F L W E W A 8 A RFF &8 WL & 5LUL VYPFV QWU FUVY GL S P TV

HBvFH & B 4 B & BB F R BEEE®EEESEIE S EEEAEAEREREREEFEEREFEFEFE SRR F R E SRR REEEESEFE R R R EEEFEREEREEEEEEEEREEEEEE

F L W E WA S5 ARVFS ¥ L SILL VY PP FVQWTFVYGEIL S PTUVY
aa 161 aa 190



Group A inactive carriers: Group B, chronic hepatitiz B patients.



Genotype A infections In Turkey

o Midilli K, et al. The first report of genotype

A of hepatitis B in Turkish population. 12th

Annual ESCV Meeting, Istanbul-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 Al



HBV: conclusions

e Genotype D Is dominant (D1 is more
frequent) but other genotypes (Al & 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

e Vaccine escape mutants exist

e Naturally occuring MHR variants exist
— seen mainly in CHB patients
— may cause diagnostic Issues



Hepatitis C virus

IV

www.expasy.ch/viralzone/all by species/94.html



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

HCV genotypes

U | 2a,2b, 2¢,
| 3Ja, 4

'




Turkey: main features of HCV
infections

e Prevalance ~1,8%

— Higher in older
population

 Health-care related
Infections

afla _

|




Dushelko et al
Viazoy. et al
Abacioglu et al
Akkiz et al
Sonmez et al
Bozdayi et al
Okamoto et al
Bozdayi et al
Turkoeglu etal
Ozacar et al
Erensoy et al
Gokahmetoglu et al

TOTAL  (n=909)

(%)

HCV genotypes In Turkey
(1994-2001)




HCV genotypes In Turkey
(post 2001)



HCV genotypes In Turkey
(post 2001)

low dose IFN(BMU)  high doselFN (6-10 MU)



HCV genotypes In Turkey
(post 2001)



HCV genotypes In Turkey
(post 2001)

Distribution of hepatitis C virus genotypes in patients
with chronic hepatitis C infection in Western Turkey



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



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

HDV genotypes

HOV-T

HDW-1




Turkey: main features of HDV
infections

HDV Prevalence [ #
O High \"

Intermediate

[ |

B Low A

m .
|

Very Low N
No Data

CLINICAL STUDIES

Seropositivity for delta hepatitis in patients with chronic hepatitis B
and livercirrhosis in Turkey: a meta-analysis
Halil Degertekin', Kendal Yalcin?, Mustafa Yakut? and Cihan Yurdaydin?®
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HDV-RNA + patients
(H BsAg + pts with delta superinfection from I
southeastern Turkey) I—
— n=59 I
— 39 yrs (18-67) D
Genotyping I

— REA (n=59)

— HDAg seqs (904-1210)
(n:13)
All genotype |
Mean nt divergence B

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



HDV-RNA + patients

(HBsAg + pts from Izmir & istanbul)

— n=60

— 42 yrs (17-70)

Genotyping

— REA (n=60)

— HDAg segs (950-1232)
(n:26)

All genotype |

Mean nt divergence
within group: 5.4%

Ic
DO Z EYLUL THIWVEE ITE T
ITF FRETLIET
IMTEOENYTLOT WVE FLOI BT FEOENTLOTL
AITARILIN DATT

HEPATIT DELT A VIRUS RINA'SININ
SAPTANMASI VE GENOTIPLENMESI

Dr. SIBFL OFSUCAYMAT

UZMANLIK TEZI

TELIIR 2004



HDV-RNA + CDH patients
— n=26

— 44.2 yrs (23-70)
Genotyping

— HDAg seqs (923-1262)

All genotype |

Mean nt divergence within

group:
10.2% (3%-16%)



DIVERSITE GENETIQUE DU VIRUS DE L'HEPATITE DELTA DAMNS L"EST DE LA TURQUIE

o

Oryrmak (1), F. Le Gal (2), O, Gnel (1), P, Deny (2), S, Badir (1), E. Gaullt (2]
1} Laboratsire de Yirslogie al d'Immunalogia, Universil® d Tslanbul, Facull® da Médesine d'lstansul, Istanbul, Turglis
Sarvice da Bactarnolzge-imlogie-Hyglene, Carre Malicnal de RafGrarnca da FHépatia Dslia
{Gpitad Avicenna, AP-HP, UPRES 3406, Linkarsié Pards 13, Bobigny, France
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ODIVERSITE GENETIQUE DU VIEWS DE L'HEFATITE DELTA DANS L'EST DE LA TUKGQLUIE

3. Oymak (1), F. Le Gal (2], D ©nel (1), P. Denay (2), 5. Badiir (1), E. Gaull (2)
{1} Laboratsire de Virslogie al d'Immurolagie, Uaiversild d Telanbudl, Faculls da Médesine d'stanbul, 1stanbul, Turguia
£ Sarvica da Bactaralkrgs-Ylologe-Hyglena, Camire Mational de Rafaramse ds FHepatike Dalia

Hispital Avicenna, AF-HP, UPRES 3406, Uniwarsig Pards 13, Bobigny, Franco

Fig.2: Analyse phylegénétique de la région R
N rouge: Notre SILds, en vert aisde Bozdayl ¢ al

T N°  Origine CVHDV* CVHBy* 9°nobpe

HBV
1TK Van 3.78 2.84 D
2TK Erzurum  6.00 4.76 D
3TK Hakkari  5.38 <2.00 NA**
ATK Hakkari  6.90 <2.00 D
5TK Hakkari  7.76 <2.00 NA
6TK Mardin  5.15 3.85 D
7TK  Sivas 4.96 <2.00 NA
8TK Kars 3.2 <2.00 B
9TK Kars 5.94 >5.30 D
10TK Istanbul  6.79 >5.30 D

*log,, copies/ml
*NA: non amplifiable

Clustering with Asian, Middle Eastern and European strains



HDV: conclusions

e Genotype | is the only
type determined so
far.

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

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

Fig.5: Analyse phylogénétique du génome complst de
4 igalats HOW tures (en rouge)
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