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Summary.  - Eleven human immunodeficiency virus 1 (HIV-1) isolates from Ghanaian acquired immun­
odeficiency syndrome (AIDS) or AIDS-related complex (ARC) patients obtained by our serosurvey in 1986-
1994 were genomically analyzed and phylogenetically compared with other known strains. A phylogenetic 
tree constructed by analyzing the env region indicated that heterogeneous HIV-1 strains were circulating in 
Ghana and the majority of them (9 of 11 isolates) belonged to clade (subtype) A which is now furiously 
epidemic in Africa. Another isolate (1 of 11) belonged to clade D, and the remaining one (1 of 11) belonged to 
"clade G". This "clade G "  virus grouped by the env analysis belonged to clade A by its pol sequence, suggest­
ing an A/G intersubtype recombinant. The characteristic sequences in the V3 tip which have not yet been 
reported were observed in these Ghanaian isolates, which should be taken into account for future vaccine 
programs. 
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The  A I D S  epidemiology in West Afr ica  has  characteris­

tics o f  a coexistence o f  both  types  o f  HIV, HIV-1 and HIV-2. 

O u r  serosurvey carried out  in  G h a n a  in 1986 indicated that  

there  we re  bo th  HIV-1 a n d  HIV-2 infect ions a n d  that  t he  

latter w a s  predominant  (Kawamura  et al., 1989). However,  

in  ou r  fo l low-up surveys in  1990 a n d  1992, HIV-1 infect ion 

w a s  m o r e  frequently detected a m o n g  Ghanaian A I D S  pa­

tients (Hishida  et al., 1994). To f i n d  a bet ter  w a y  t o  control 

the  disease in  West Afr ica ,  i t  i s  essential t o  c lar i fy  which  

clades o f  HIV-1 have  b e e n  circulating i n  t he  area.  In this  

study, w e  investigated the  molecular  epidemiology o f  HIV-1 

in Ghana .  

'Corresponding author. 
Abbreviations: AIDS = acquired immunodeficiency syndrome; 
ARC = AIDS-related complex; HIV-1 = human immunodeficien­
cy virus 1; IFA = immunofluorescence assay; PBMC = peripheral 
blood mononuclear cells; PCR = polymerase chain reaction; 
RT = reverse transcriptase 

Study populations were recruited in selected Ghanaian hospi­
tals in Accra, Koforidua, Agomenya, Asin Fosu, Nkawkaw, Tama-
leandKumasi in 1986, 1990, 1992 and 1994. The subjects (1986-
1992) enrolled in this study were serologically characterized as 
described (Hishida et al., 1994) and five specimens collected from 
HIV-1-seropositive patients in 1994 were added. Peripheral blood 
mononuclear cells (PBMC) taken from seropositive patients were 
separated by Ficoll gradient sedimentation, and co-cultivated with 
virus-free human PBMC or a humanT-lymphoid cell line, Molt4#8 
(Kikukawa et al., 1986) or M8166 (Clapham et al., 1987). The 
cultures were periodically checked by immunofluorescence assay 
(IFA) for expression of viral antigens using autologous and refer­
ence anti-HIV-1 sera. Antigen-positive cultures were subsequent­
ly examined for virus production by measuring reverse transcriptase 
(RT) activity in the supernatants as previously described (Willey 
etal., 1988). From the seropositive patients, one HIV-1 strain (GH3) 
was isolated in 1986, five HIV-1 strains (GH8, 9, 11-13) were 
isolated in 1992, and another five HIV-1 strains (GH14-18) were 
isolated in 1994. Chromosomal DNA was extracted from the vi­
rus-infected cells using glass milk powder (Prep-A-Gene DNA 
purification kit; Bio-Rad, Hercules, CA), and a part of the gp l20  
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n u c l e o t i d e  s u b s t i t u t i o n s  

0.1 
GenBank accession numbers of respective nucleotide sequences 
used in this study are U67049 to U67054 and U75457 to U75461. 

L A I ( F r a n c e )  -

- M N ( U S A )  

T B 1 3 2 (  T h a i l a n d )  

R F ( H a l t l )  -

M A M Z a l r e )  -

•|GH3(Ghan10l 
E L I ( Z a l r e )  

• Z2Z6( Zaire)  

N D K ( Z a l r e )  -

clade B 

c lade D 

1 0 0 I —  C M 2 4 0 ( T h a i l a n d )  -g|— ľ 
T N 2 4 3 ( T h a l l a n d )  -

clade E 
L B V 2 1 - 7 ( G a b o n )  -

lGH8(Ghana)l 
V I 5 2 5 ( G a b o n )  -

clade G 

B Z 1 2 6 ( B r a z l l )  " 

i=E - B Z l 6 2 ( B r a z l l )  

N O F ( S o u t h  A f r i c a )  -

D747(lndla)  

• D1044<lndia) -

-|GH16(Ghana) |-

Iclade F 

c lade C 

-jooj— 
iGHSMGhanail 

U 4 5 5 ( U g a n d a )  

Z 3 2 t ( Z a i r e )  

E

—lGH12(Ghana) I 
LGHLLtGhana)J 
- lGH13.(Ghana)l 

I [GHIB(Ghana) ] 
1 lGH14(Ghanäľ1 

-|GH17(Ghana) I 
—IGH15(Ghana)l 

D667(Qhano) 
l U N G ( N l g o r l a )  

clade A 

- C A 1 3 ( C a m e r o o n )  

VI557(Zalro)  -
I c lade H 

F i g .  1 
Phy logcnet ic  tree  o f  v a r i o u s  III V-1 isolates o f  g r o u p  M 

The tree w a s  constructed from a part o f  the env sequences (approximately 
3 9 0  bp). Isolate SIVcpzGAIi  (Gabon) w a s  used a s  outgroups to root the 
tree. Cladcs (subtypes) arc indicated by  brackets, and the Ghanaian isolates 
arc boxed. 

gene of HIV-1 covering one-fourth of the C2, the V3 domain and 
the whole length of the C3 region corresponding to nt 6613-6999 
in HIV-1 |A | was amplified by polymerase chain reaction (PCR). 
Two oligonucleotide primers, FI (5'-CAACTCAACTGCTGT-
TAAATGG-3') and RI (5'-CCCTCATATCTCCTCCTCCAGG-3') 
were used. The purified PCR products were subcloncd into the 
Swell site of pUCI 19 and sequenced by the didcoxy chain termi­
nation method using an automated DNA sequencer (373A; Ap­
plied Biosystcms, Foster City, CA). We verified the mutations, 
caused by a misincorporation by Tth DNA polymerase (Toyobo 
Co. Ltd., Mishima, Japan), by sequencing at least five clones of 
the respective PCR products. DNA sequences were aligned by the 
ODEN program package at the National Institute of Genetics, To­
kyo, Japan. Nucleotide substitutions were estimated by the six-
parameter method (Gojobori el ill., 1982), a phylogcnetic tree was 
constructed by the neighbor-joining method, and its reliability was 
estimated by 100 bootstrap replications (Felsenstcin, 1985). The 

A phylogenetic t ree based o n  sequences  o f  the  central 

portion o f  g p l 2 0  gene  is given in Fig. 1. A s  shown in the  

tree, n ine  (GH9,  GH11-18)  o f  eleven HIV-1 isolates be­

longed t o  c lade A ,  t he  geographical  distribution o f  which  

ranges widely throughout  Central  and  West Afr ica .  M e a n ­

while, isolate G H 3  belonged t o  c lade D, w h o s e  distribution 

is rather limited t o  Central  Afr ica .  T h e  other  isolate ( G H 8 )  

was  characteristic because  it belonged t o  c lade G ,  an  iden­

t if ied subgroup isolated f r o m  G a b o n  (Janssens  et al., 1994). 

Fig. 2 shows all o f  the  deduced amino  acid sequences  

f r o m  the  analyzed nucleotide sequences  in the  env region. 

For convenient comparison,  the results a re  compiled b y  each 

clade. The  V 3  loops o f  all Ghanaian  HIV-1 isolates [GH9  

and G H  11-18 (clade A) ,  G H 3  (clade D) ,  and  G H 8  (clade 

G) ]  were  commonly  composed  o f  35  a m i n o  acid residues 

(cysteine to  cysteine).  Characterist ic tetrameric sequences  

o f  the  Ghanaian strains were  observed at the  t ip o f  t he  V 3  

loop. In c lade A o f  the  Afr ican  isolates, G P G Q  w a s  previ­

ously shown t o  b e  a predominant  te t rameric  sequence (My­

ers  et al., 1995). However, t he  sequences  o f  isolates G H 1 1  

and  G H  13 (clade A )  were  c o m m o n l y  G L G H ,  which  has  not  

been reported previously, even in other  c lades .  In addition, 

isolate G H 1 2  (clade A )  had  a un ique  tetrameric sequence,  

G P G H ,  and isolates G H 1 4 ,  15, 17 and  18 (clade A )  pos­

sessed commonly  G L G R ,  both  o f  which  were  rare in this 

clade.  Isolate G H 8  (clade G )  had G T G R ,  which  w a s  very 

rare a m o n g  all the  HIV-1 isolates s o  f a r  analyzed except  

isolate VI525 f r o m  G a b o n  (Janssens  et al., 1994). 

In this study, mos t  o f  the  Ghanaian  HIV-1 isolates were  

grouped into either c lade A o r  D based o n  the  env (V3C3)  

analysis. T h e  s a m e  group ing  w a s  also obtained based on  

the  pol ( integrase) analysis  (data not  shown) .  However, w e  

found  an exceptional case  in which isolate G H 8  belonged 

to  clade G by  its env sequence,  whereas  it w a s  grouped  t o  

clade A by  its pol sequence.  O n e  possible explanat ion f o r  

this discordance is that "c lade  G "  vi ruses  a r e  A / G  intersub-

type  recombinants  between an  " A  v i rus"  and  a " G  v i ru s "  

(while there has  not  yet been any  identif icat ion o f  an  ances­

tral " G  virus") .  In fact ,  s o m e  "c lade  G "  vi ruses  were  report­

ed to  possess  mosaic  env genes  (A /G)  ( G a o  et al., 1996). It 

is likely that "c lade  G "  viruses  are  products  o f  mult iple  re -

combinational  events and  therefore  they  exhibit  complex  

g e n o m e  structures characterized by  mult iple  cross-overs. 

A s  f a r  as  the  env analysis is concerned,  "c lade  G "  vi ruses  

have also been  reported f r o m  Gabon ,  Central  Af r i can  Re­

public,  Uganda,  Rwanda,  Nigeria ,  Bénin, Russia, and Tai­
wan (Myers  et al., 1995), suggest ing that  Central  Af r i can  

viruses m a y  b e  sources  o f  epidemic  infect ions in  other  ar­

eas.  Thus ,  the  origin o f  t he  " c l ade  G "  v i rus  has  b e c o m e  a n  

interesting subject  which requires fu r the r  investigation. 
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F i g .  2 
A l i g n m e n t  o f  d e d u c e d  a m i n o  a c i d  s e q u e n c e s  o f  t h e  V 3  r e g i o n  o f  t h e  G h a n a i a n  i s o l a t e s  

T h e  consensus  a m i n o  acid  s e q u e n c e s  o f  e l a d e s  A ,  D and G based  on the L o s  A l a m o s  database  arc  g i v e n  on the  t o p  line u s i n g  the s ingle-letter  codes .  T h e  
Ghanaian i so lates  a r c  denoted b y  the letters GH. D a s h e s  (-) indicate identities w i t h  the consensus  sequence .  Dots (.) indicate g a p s .  S i g n a l s  ( A )  s h o w  
posit ions  o f  potential  N-linkcd g lycosy la t ion  s i tes  in the consensus  sequence.  T h e  V 3  loop is indicated w i t h  a bar.  

According to the seroepidemiological survey  in Ghana 
in 1986, the number o f  cases  o f  HIV-2 infection w a s  almost 
a 3-fold o f  that o f  HIV-1 infection (Hishida et al., 1994). 
However, the proportion o f  HIV-1 to HIV-2 in Ghana in­

creased thereaf ter  and  HIV-1 infect ion b e c a m e  predominant  

in 1990 a n d  1992. It is likely that HIV-1 was  introduced 

into this  country  later than  HIV-2, and  HIV-2 infection w a s  

overwhelmed b y  HIV-1 infect ion in recent  years  (Hishida  et 

al., 1994; Ayisi  et al., 1995). In fact ,  t he  present  molecular  

epidemiological  f i n d i n g s  m a k e  clear  that  he terogeneous  

HIV-1 strains have  been  circulating in Ghana  a n d  the  m a ­

jor i ty  o f  t h e m  belonged t o  c lade A which  is n o w  fur iously 

epidemic in  Af r ica .  In  addition, t he  analysis o f  t he  HIV-1 

env region has  revealed that  Ghanaian  isolates possess  char­

acteristic sequences in t he  V 3  tip that  have no t  yet  been 

reported, and  w e  have  obtained ev idence  that  such  geno­

types  are spreading in Ghana .  T h e s e  molecular  da ta  con­

cerning the  genetic  variability o f  t he  envelope glycoprotein 

o f  HIV-1 will b e  very  valuable f o r  fu ture  vaccine  studies in  

West Afr ica .  
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