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Isolates of hepatitis B viruses were collected from 
20 acute and chronic hepatitis patients in a highly 
endemic region of Nigeria. Sequencing classified 
the isolates to the ayw4, as they all contained 
the amino acid variations characteristic for that 
serolype. In the pre-S2 region of five isolates, 
three to seven amino acids were deleted, sug- 
gesting that immune escape mutations pre- 
viously associated only with chronic HBV 
infection may be observed also in acute disease. 
Phylogenetic analysis of the wrnplete pre-SZ/S 
(large S1 genes (831 nt) demonstrated that all the 
viruses belonged to the same genotype E. So far, 
no isolates of genotvpe E have been found in anv 
other region oithe&&rtd,including thehericas'. 
This may suggest a relatively recent introduction 
of this genotype inta humans and would explain 
the relatively low genetic diversity of viruses 
belonging to this genotype. One genotype Evirus 
had baen found previously in a chimpanzee, 
and viruses betonging to the CHIMP genotype 
are related to other genotype E viruses. These 
findings are compatible with a transmission 
of genotype E viruses from chimpanzees to 
humans. J. Med. WroI. 86:46349,200 7. 
0 2001 Wiley-Lias, Inc. 
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rmognition of nine Merent ~rotypes.  S W e a l l y ,  
amino acid chmges at residues 122 and 160 are 
mqmnsible for the e x p s i o n  of two dly and w l r  
subdeteminauts, resptively [Okamtoto et at, 19881. 
The d and y or w and r debrminants are mutually 
exclusive. 

Although the overlapping cading pattern puts a 
substantial constraint on the susceptibility of HBV 
pnornes to variation, involvement of the error-prone 
reverge trmscriptaa wzyme, which lacks pmof-read- 
ing activity in the viral replication cycle, has lead to a 
high degree of genetic variability among! HBV 
circulating worldwide b y e r  et aL, 19921. With a 
d i s h &  geographic distribution, HBV ptrains are 
traditionally cl- into six m o w ,  A to F, on 
the basis of genomic diversity LNorder et al., 19931. 
&ains belonging to gemtype A are found mainly in 
Northweetern Europe, Central Africa, and North 
America Border et  al., 19931. Members of genotgpes 
3 and C predominate in Asia [Okamoto et al., 19881. 
Most HBV strains found in the Americas belong to 
genotype F magmius and Nodes, 19961. ELBV b l a b  
from the Mediterrenean area and the Middie East 
belong to genotype TI. The recently charactmi& 
genotype G has been found in the United States and 
Frame [Shyvm et al., 2UOOl. 
In Africa, vivses belonging to five geno- A to E 

have bean found. An study of genotypes A, B. 
C, and D M a t i n g  in South Africa has been rsportsd 
CBowyer et al., 19911. Genotype D was recenYy 
reported from Tunisia [Borchani-Chabchoub et al., 

INTRODUCTION 
Hepatitis B virus MBV) uses a comulw overhv~im 

coding s t r a w  to pduce  proteins The nudmtids -ease data w d  in this paper have 
replication and of ae gtru&d in* b mbmitted to he& nudm* q m  dab- 

and have beem && tbe numbets AFW617, 
griQ of the virion. The virion envelope surface protein ~ ~ 3 2 3 6 3 6 .  

of three pdypeptidas of 226 (mj0~ s), 281 & m t ~ ~ o f F o r e i g n A f l a k ,  L ~ w .  
(m;ddle S), and 400 (large S) amino acids I S e e p  and to: ~18uda P. ~ u l i e ~ ,  P.O. w ilm, Lioif 
Mason, 20001. Varfins within the *am determinant tuxemhug. EmaiL c laude .mu l l~kL Iu  
and otbsr parts of the mqjor S protein have led to the ~ccaptea 14 May ZM)1 
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20001. The dean of members o f  genotyps E haa 
bitbedo been limited to viruses recovered from human 
and chimpgnzeea in Angola, L i i  Senegal, and 
Central Africa [No* et aL, 13943. Apart fmm these 
mprta, however, infomation on the genotypes Eirrm- 
lating in Africa is very wan@. 

The nuclwtide sequences of twenty H0V &as 
obtained from Nigeria are desmibd. &en in this 
most populou~ country in m; an important cantre 
of commerce and population mhw with a p r e v h  
of hepatitis B virus carriers as high as 10-40% 
IOlubuyide et al., X997l, then8 is no information on 
the genotype of HBV circulating in tbs country. W 
information may be important in predicting the &cacy 
of subunit vaccines and d t i v i t y  of d h g n d c  r e  
agents for the detection of hepatitis B surface antigen 
(HBW in Clinical samples. Partial sequence analysis 
of HBV isolates may &o contribute to a better under- 
standing of the ev01utionary history of B V  strains 
among peoples indigenous to W e n t  parts of the 
world, 

M A W  AND ~ O D S  

Patients 
&a were from cases referred ki the 

depwhent a€ Virolw, University College Hmpital, 
Ibadan, N i l  between June 1996 and September 
1998. Moat of the sera wad in the study (NIE001, 
NIE003, NIEOOQ, NIE006, NEE007, NIEOOQ NIEOlS, 
NIE014, NIEO17, NIE021, NIEOM, NIE023, and 
NO30261 were from cases of acute hepati* @GOT: 
80-1084 i-u.h, SGW: 44.392 i.u.11; bilirubin: 4.1-26 4 
dl. The m n m i h g  sera CNIEDO2, MEOO6. MlW10, 
~ 0 1 $  NIEO24, NEEOSO, and NIEO31) were: obtained 
h m c a s e s r e f d t o t h e d ~ a f f e r F e o q v e F i n g  
from acute hepatitis ss well as from agymptomahc HBV 
h e r s .  Sera positive hr hepatitis B surface antigen 
msAg) by a eommereial Enqmz IPimumssay (EW 
kit Ibnurex, Dartford, UTQ were &red at -20%. Cases 
of hepatitis were regarded as unrelakd when the 
possibili@ of transmimion among the cases could not 
be i n h m d  from the case history. 

DNA hlat ion,  Polymerase Chain Raaotion, 
and C W  sew- 

HBTr DNA was blatad h m  serum using a modifica- 
tion d the method of Boom et al. [1990]. Briefly, 150 fl 
of serum wm mixed with l@s buffer and 10 4 of DNA 
binding =in. After short wrkxing, tbe mixtwe was 
incubated for 1 hr at 37°C and cenbifuged at 13,000 
rpm to pellet the r&. The pellet was waahd t h e e  
timas with washing m, d andbsqumtly with 70% 
ethanol and acetone. Aaer dzying the pellet at 56"C, 
DNA was eluted kom the resin with TE  buffer and 
h d i a f d y  d for polymerrase chain d o n  VCR). 
The complete pwWS gene was amp- ta pisld a 

product of appmbateb 1.4 Bb with sense primere 
2810 and antisew primer 979 h e r  et al., 
1997). Nested primer6 were then d to amplify a 
fragmebt encornpasing the #-end of the p r A 1  we, 
the complete p S 2  region and the S gene flab10 D. 
FCR products were pu33ed usingthe Concertm Rapid 
PCT -ation System ( G i h  Life Tedmalagie~l. The 
products were ssqusnced in both M o m  using the 
ABI Prism@ w e T B b  T & b  Cycle Sequencing 
Ready Reaction kit (Applied Biosphmm WI], Nieu- 
werkerh The Netherlands) using the P CR primers as 
sequencing primers, Sequences were a n a d  wing 
the Sequencing Analysi p m a m  {version 8.0, ABI). 
The Sequence Navigatw program (version 1.0.1; ABD 
was wed to align the forward and rweme sequ- to 
ensure r&abiliQ of the generated mquences and to 
d v e  m b b  ambiol l~  nueleotides. 

Data Aualwh 

Squence alignments were made using CIustalX 
~ o m p m  et d, 19971. The obhiued redts  were 
u e d  f ir  further analysis using the Phylo~netic 
mereme Package PHnJF) mmio113.5 Fdaenskh 
19931. Diatafice cdculations were made the 
-our joining method with the aura-%para- 
meter mods1 of nucldde substitution ( M t i o d  
trarimersion ratio & at 2.0) as impl# in 
D M W  component of PHYLIP. A p e  from thia 
distance matrix method, the sequences were a h  
analysed by maximum LkgLbood 

. . method using tibe 

TABLE I. PCR and *acing Frham 

Primer name Prhw 8emence Position* 

2810. C A C G T A G C ~ - T A ~  mw-2aza 
979. U G A C C W C A A ~ A C A T A C T T K C h l T  1010r977 
N4nmh-P T C O M m A T C r m T T T G T C C  40-477 
FT A C A T T C C A C C A A ~  . 8-27 
FR AGGITCCITGAWAG 647-531 
-2-F MCAAGGTACX:A@WGWGGT 3WQ-3081 
PRES-R T C A A C M W W -  223-199 
S-F GT-mm 5%-317 
S-E GGUGATEATU-GAC 40rl-381 

* h n h m g  is e g  tp the full-hgtb HBV genome dHHvB&& W a n  m d w  B6667. 
aaclntu5b ct oL 11m1. 
h a t  a UQWI. 
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DNAMlL and DNAPARS programmes in the PHYLIP 
package. BootstFap (100 replicates) were VF 
a t e d u s i n g b o t h t h e C h m a N a n d P ) I P L I P m d  
visualid using the llTlEEVIEW prog*am. 

'Ibrenty new isolates of HBV from Nigeria were 
aligned with 49 reference i d a h  reprgsenting all the 
aix h w n  genotppes of HBV across a 831-nt i n e d  
mwmpassing the complete pre-s2 region and the S 
gene. Following cornpariaon of the complete prp$ls 
mne sequences of these new HBY isolates from Ni@a 
with the -type reference sequences, a phylagedc 
tree was produced (Fig. 1). All the 20 Niprim isolates 
h m  the present M y  were shown to belong to 
genotype E although none was eompl- identical to 
a t l y o t h s r a e q u e n e e . w N i ~ H B v ~ a h o w d  
a man diversits of 1.5% while a m a n  divm of 1- 
than 0.4% was gesn amwg genotype E 

~ ~ m m x a o t d l ~ . M 8 l n b e m a € ~ E .  
iduding the Nige- idatem, were dated & 
dosely bo virurrss b ~ p a m e e s  ~Cmm 
gemtype, memean dmerpnm of S.7%), members d 
genotype D (8.081, and m%mbers of genotype C 
t6-4%). While the tree ahowed dishd mbdnsbm 
within the brandm of gemom D and C W ,  no auch 
pattern was found among E. 
In addition, i n h e  ddetim~ ranging from 12 to 21 

nucledides or four to men amino acids in length were 
found in five of the N-an HBV- (Fig. 21. Om 
of the Mates (Wl3410] was also found to contain a 
single amino acid codan deletion at the #-end of the p're 
51 gene. Analysis of mutations within 
the sequences ofthe S protein a h m d  the omsewation 
of the lysine at residue 160 while the lysrine at d d u e  
l ~ w ~ m u t a e d t o a r g i n i n e ( L 1 ~ i n d t h e t w e n t y  
isohtea The leuhe at residue 127 was a h  c o d  
This pattern of mutation chsiiied the i 8 o h  a~ 
s u b t g p e ~ . O f ~ t 6 e h f m t y ~ ~ , o n l y o n e  

I ~ ~ i s a f f i B V ~ 1 a b ~ H ~ ~ ~ s * . a I n o ~ ~ g  
B . ~ ~ ; ~ F w m n & ~ t o B o v y a d 8 i m ~ l . ~ & B A S , ~ ~ ~ 8 6 7 ; ~ &  
Gawtgpe E: IG, bP1gOML 
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@XI30031 showed a mutation b131N) within the *d' 
debmblant of of HB& sequence. Examination of 
~ a c i d ~ i n o t h e r r e g i i m s o f t b e H B s A g  
muenoe apart h m  the h* d m m h m t  showed 
mutations that are unique ta three N i g m h  Mates 
W80S on isolate NIEOI* W3R, HWY, and &loll3 on 
m009; IMN, mw, and 19m ~1~004. 

HBV hhtes obtained frrrm 20 cases of hepatitis and 
chronic HBV camia-8 &om Ibadaq Nigeria were 
~inthepresants tudy .AUmghthe i so la tes  

were obtained in the rmme hospM from patients living 
in the same city, no epiaermiologicd Edmga could ba 
e s Z a b l i s h d a m o n a ~ . ~ , t b e m g t r a i n s  - considered k ba v n t a t i ~ e  of &a shahs 
&dating in the cummunity Wardie and W-Q 
1997). IXBV isolates gemerally share st least 85% 
nu-e sequence hologp.  B a d  on a E 
genome alignment, the genobrpe dmamtion varias 
between 8.5 and 10% [Okamoto et d., 19881. The p 
S2& nucleotide sequences &em&& h m  ahowed a 
mean diver- of 6.&10.4% with refemnca 
m?qumees Monging to genotype A, 8. c, and F, The 
N i d a n  hlaw cluster with gemQw E 
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H3V Genotype in Nigeria 

v h s e s  (1.5% nt divergence) and are, thwefors, 
h i f i e d  ns gem@% E viruses. 

With respect to genotype D, genoiype E f i t s s  
showed a divergem of only 8.0%. This ob~emian is 
similar to that of Kidd-ljunggren st al. 119951 who, m 
the basis of the nueleotide wquenw of the X gene, 
questioned the differentiation of genotype. E as a 
separate monophyletic group distinct from genotype 
D. Them workers ahowed that mwntrers of m m  E 
cod&ent ly  d e e d  with genotype D imapective of 
the phylogenetic methods u d  to anal* t6e X m e .  
Kowwer, recent analysis of complete genome of 
hepatitis B viruses showed that they do form a sepa- 
rate genotm when th envelop w e  was d y &  
despite a greater similarity of other genomic regions 
with genotypa D. This phenomenon was demonstra- 
ted to be due to genome recombination eventa IBowyer 
and Sim, 20001. 

Only a few isolates from Weat W have been 
described so Ear and d of these were assigned to 
genotype E [Norder et al., 19941. So far, genotype E 
Pkvses have been found exclusively in human sera 
&om Angola, Gambia, Liberia, and Senegal and in 
Chimpanzees originating from West and Central &ica 
Border et al., 1994; Kidd-Ljunggmn et d., 199% 
Takahashi et d., 20003. b other parts of-, e.g., 
S o u t h A f r i c a , o n l y t h e ~ A , l 3 , C , a n d D w m e  
found IRivlcha et al., 1988; Chirara and Cbeatsanga, 
1994; B m  et al., 19971. 

F'urtherrzlore, no gendype E virus has been detected 
~a far in the h e r i m s  or any other part of the world 
despite the forced migration of d a m  from W& Africa 
to the New World [Norder et at, 1994; haw-Rub et al.. 
19971. This may suggeat that West Africa was free of 
chronic HBV until genotype E emerged after the slave 
trade subaided in the mid to late nineteenth century. 

Xn this conbxt, it is interesting that g s n m  
E viruses have been isolated from captive and wild- 
born chimpanzees [Takahahi et d., 20001. Although it 
was suggested that thjs could aha be explained by the 
practim of iqjecting human ssrum into chitn-m 
after their capture in Africa mu et d, 20001, NBV from 
West and Central African chimpanzees are related 
closely 0 genotype E (5.7%) {and D; 6.1% 
Fig 1). Similar to the IimiW geograpbic dbtrhtion of 
ge;enoQp~ E, snotgrpe F was found only in the America8 
IBoUygY et al., 1997J. On the ba& of signature pattern 
analysis of amino acids, both genotype E end F viruses 
axe related moat chely to chimpanzee virusss p'aka- 
hashi et d., 20001. Thus, r*limpamees may be a 
possible souroe of separate primah to human b a d  
sion events of B V  both in Swth and West 
Africa. 

Despite the different host specks and geographic 
orinins. a diversiv of less than 1% was obgerved among 
earlier Mlab of genotype E, suggesting that gemtyp 
E m a y b h i ~ e t h a n a t h e r ~ O t b ~  
researchers Bmym and Sim, 20001 showed tbat 
members of genotypn A, B, C, m d  D are diver= 
enough to justify elassif~cettion into subgroups with 

inh-subgroup dhqence of up b 4%. This bigla lewd 
of inb-agenotrpic M t y ,  even among ieolatas found 
within the same city 18- et al., 1997; Mbayed et al., 
19981, has been interpreted as an hdication of @I& 
emiuw and a long natural b b ~ ~  d thee genoWpes 
within their human hosts. In our Wates, wmbined 
with earlier gsnotype E *latee, the d i M t J r  of 
gemtype E re- only 1.5%. The low m t y  of 
thew isolates &om a country for which a hepatitis B 
prevalence of up to 80% has been re@ [Olubuyiae 
& al., 19911 L therehe e a r l y  &%w, and may 
be an additional indimtion of a mom recent inwduc- 
tion of E Piruseg &om a limited 8om. 

HBV is well known tp develop adaptive strabgk~ to 
overcome host immune mechanisms. ks a result, n d  
variants may evolve. M u t a h  within the *a* deter- 
minant of the Wor S prokin have been d e w h d  in 
surface antigen mutants fdowing hepatitis 3 im- 
munoglobuh treatment or vaoeination [zuckmnm 
20001. An analysis of ths variability of the 'd' 
dsterminant of HBdg in the p e n t  study showed 
that none of the vinures eany mutations ~~ 
m c i a t e d  with escape &am nsukdising an-. 
However, we of the t w m ~  iwlates h m  Ni&a 
(NIEOOS) carries a mutation in this important ant@& 
detmmimut, The T131N mutation, within the 
hydmphilk region of the 'ag detE i, al- a 
natural variation of the adw serotype, was -tly 
found in Singaporean p h t s  and v8minees who 
W d  negative for FIB&, but positive for anti-HBV 
core anti- (anti-lI3c) [men and Oon, 20001. These 
workers s h d  that this mutation resultgd in failure 
to detsct E&Ag in the sera of pati~nts by mtigen 
C a p h l r e ~ i m m u ~ l o a a s a y  rn ~ m o n ~  
and polydonal sera directed against the 'a" determi- 
nant. These mutants were also not neutrabd bg levels 
of anti-HBs a n W m  (10 mlUhnl1 that are m a U y  
Wimd b be protective. This mutation did not 
interfere with the d e m o n  of HBaAg by Murw antigen 
capture EIA kit. The apparent dhmpancy Wwmn 
both dudies may be explained by diffmemes in f-ta 
and rntibdies in the in-house [Chen and Don, 20001 
and the c o d d  EIA. 

Although mutations witbin the "a" d&emhmt often 
lead to the e r n e r m  of mutanta that w p e  from 
vaccine induced neuffaking antibodiesI mutatim 
o u ~ d e  the 'ha" &*ant haw a h  been found to 
be v e q  imprtant, especi& in mutants w p h g  h 
antibodies resultingfrom mbral fnfection I M m  
et al., 19911. Other M e r s  [*ken et al., 199% 
Santantonio et d, 1992; Yamam- et d, 19941 have 
wmsistently d W  mutants aho* deletions of 
39-60 nuclaotides in fshe prpS2 regbn with chronic 
 inf fee ti om. Twovbuw (NIEOlO and NIlN24 that 
were colleckd from patients almost one y e  a f k  onset 
of acute hepatitis, had a four-amino acid d & i h  in the 
pre-S2 regiom. Isolate had a mutation that 
abolished the AUG initiation codon, in the @2 
region, for the transhtion of the middle S probin. Thie 
is in agreement with the finding of a high level of 
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mmgemenh  and W v a t i n g  mubtiom in the pre- 
S2 + during p r o p d o n  from acute to cbrpnic 
=v -11 [Gem ee d., 19981. smpmm& 

. . 
howwer, a four- a sevm-w 
was a l l  found in NIB001 and N m ,  two vimw 
& a M  with cases of acute hqmtitia with hi& lev& 
of serum t r b  and b i b d h  The amino 
terminal end of preSa, ryramnM by residues 1-24, 
has been shown to contam potent HLII-1 and IfLA-2 
re* inrmudominant epitopes impwtant in k b  
~rimarJrreapon~taHBVinfi3ctiOll D4eiselet A, 1994; 
Chisari, 19953. It is, therefom, ~onmivable tbat the 
acwrenc% of deletions and mutatiom in th regbn 
wiU codex an advantage on the HBV pmmt in the 
patients even during the acute phase of h inf8ction. 
Thus, deletian mutants may evolve early during ihe 
disease and predominate during Ehronic i d d o n .  The 
hxhg of such mutants in acute hepatitis may 8uggest 
that vlruaes cmryhg immune-induced "m muta- 
Wtbt are genera& twaciatedwith symptom-h 
chronic HBV inktion in nbn-endemte areas may be 

, f w n d ~ i n ~ c a s a s o f h e p a t i t i s i n f m d m i c  
regions. 
A detailed howledge of the variabw w W n  the 

antigenic d-ts of NBV is ' in the 
deign of subunit vaedne. .nd di=-ta lor 
use in the endemic areas af the world E'whmmm, 
phyhgeneticstudieamaytcmkibutetoabethrundep- 
gtandhg d t h e  natural hhtqy ofIfBV s h i n s  c i r m  
la* in west Africa and beyond. 
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