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CHAPTER I 

INTRODUCTION 





I. HIV and AIDS in Africa 

The first cases of the acquired immunodeficiency syndrome (AIDS) were 

recognized in the United States in 1981," 5> but direct genetic evidence for the 

ex.stence of HIV-1 infection as early as 1959 was obtained from Zaire, Central 

Africa.161 Virus was subsequently isolated from frozen Zairian samples collected 

in 1976 as well.17101 

Originally only few African countries were reported to be affected by HIV, 

mainly localized in central Africa,"114' but the epidemic has spread very rapidly 

and widely in the Western, Eastern, South-eastern, and Southern parts of the 

African continent."5 2" The dramatic evolution of the African HIV epidemic 

over the last fifteen years is illustrated in figure 1, compiled by UNAIDS/WHO. 

Estimated percentage of adults 

(15-4») infected with HIV 

20 0%-36 .0% 

10 .0%-205% 

5.0%-10.0% 

1.0%- 5.0% 

0 .0%- 1 * % 

trend data unavailable 

outside reo;on 

Figure 1. Spread of HTV over time in sub-Saharan Africa, 1984 to 1999 

At present, the number of HIV-infected individuals in Africa is estimated to be 

nearly 23 million. About 70% of all newly infected individuals reside in Sub-

Saharan Africa, where new infections are occurring at a rate of 4 million , 

per year, of which 0.5 million are children.12" 
cases 



LI HIV infection in Ethiopia 

In Ethiopia the first HIV positive sera was found in 1984122' and the first AIDS 

cases reported in 1986[23], the HIV epidemic is a rapidly growing problem, as it 

is for most African countries. 

In 1985-86. the HIV prevalence was 6% among commercial sex workers in 

Addis Ababa, the capital city.124' In the late 1980s. HIV seroprevalence, in 

Addis Ababa, reached 3.6% in antenatal clinic attendants. 6% in prisoners, 2.6% 

among military recruits, and 3.2% in healthy individuals with no identified risk 

behaviour.125"281 In 1991. 1 1-13% HIV prevalence was reported among antenatal 

patients in Addis Ababa.|2y| 

In 1994, data from 1 1 urban blood bank centres across the country reported that 

HIV prevalence ranged from 5 to 20% and was 6.6% in Addis Ababa (National 

Blood Transfusion Service, Ethiopian Red Cross Society, un-published data). 

An age and sex specific HIV prevalence study of 1994 reported seropositivity 

levels of 6% in adult men and 6.9% in women, with peak prevalences in the 25-

-wï [30] 

29 year age group.' 

As early as 1988, the highest levels of HIV prevalence were detected along the 

main trading roads of the country. In that year 17% of commercial sex workers 

and 13% of truck drivers working along these roads were found to be HIV-1 

seropositive.[31"33] Later on dissemination of the epidemic from the urban to 
ural areas was documented. 

In 1998. the National HIV/AIDS Control Program of Ethiopia estimated that 2.8 

million people were living with HIV, and according to UNAIDS/WHO, 

Ethiopia had the third largest HIV-infected population in the world. 



1.2 AIDS in Africa 

Increased exposure to a multitude of highly pathogenic agents, late diagnosis of 

HIV infection, and lack of medical care are important factors contributing to the 

difference in HIV/AIDS disease progression between Africa and Europe or the 

US. Immune activation due to frequent or chronic parasitic infections, sexually 

transmitted diseases (STDs) and other infectious agents - hut also nutritional 

factors - increase the severity of HIV/AIDS in Africa, resulting in faster disease 

progression in Africa than in Europe."7"4*1 

Several studies from Africa have established that the presence of ulcerative and 

non-ulcerative STDs correlates with increased susceptibility of exposed 

individuals to HIV infection.14""" Studies on the association of STDs and HIV 

infection revealed, in addition, that among HIV-infected individuals, the 

presence of STDs increased genital tract shedding of HIV virus and therefore 

the risk to acquire HIV among uninfected sexual partner(s) of these 

individuals.[50>52] Conversely HIV infection affects the susceptibility to other 

STDs and increases the severity of those infections.14""4*"" Likewise, m 

antenatal care clinics in Ethiopia, a higher frequency of bacterial STDs or 

syphilis was reported in association with HIV infection in both commercial sex 

workers and other women.t53"55] 

Among AIDS patients in Africa, the most commonly diagnosed clinical 

manifestations are: cerebral toxoplasmosis, meningitis due to cryptococcus, 

tuberculosis, as well as other bacterial pathogens. Pneumonia due to atypical 

mycobacteria or Pneumocystis carinii and cytomegalovirus diseases like 

retinitis are rare.1'61 Tuberculosis (TB) is the most important HIV-related 

opportunistic infection in Africa. Aside from HIV, the prevalence of TB is 

higher in the developing world compared to the developed world. Increased 

numbers of TB cases have been reported from several developing countries with 

relative frequencies that are directly related to the level of HIV-1 infections in 

I I 



those countries, indicating that HIV infection increased both the risk of TB 

infection and its severity. One study in sub-Saharan Africa showed the 

annual incidence of TB to be much higher in HIV-infected than in uninfected 

individuals.1''11 and other researchers showed high HIV prevalences in 

tuberculosis patients. The most commonly diagnosed clinical 

manifestations among hospitalized AIDS patients in Ethiopia are: oral 

candidiasis. TB and HIV wasting syndrome. Mycobacterium tuberculosis is the 

major cause of morbidity. 

The two kinds of HIV viruses that cause human AIDS, HIV-1 and HIV-2, are 

closely related, with similar receptor requirements and cell tropism, but show 

differences in the rate of disease progression and transmission. During the past 

15 years. HIV-1 accounts for 957c of all infected individuals while HIV-2 

accounts only for 5%; however when the latter reach the stage of advanced 

disease they seem to experience the same spectrum of opportunistic disease as 

persons infected with HIV-1.'56'701 

II. Genetic organization and variation of the virus 

II. 1 HIV and its relatives 

The two distinct types of human AIDS viruses, HIV-1 and HIV-2, belong to the 

genus Lentivirus. This group of retroviruses can infect a broad range of 

mammals, including simians (simian immunodeficiency virus, SIV), cats (feline 

immunodeficiency virus, FIV), sheep (Visna/Maedi Virus), and horses (equine 

infections anemia virus, EIAV).'7" African primates harbour a number of 

lentiviruses, some of which have the potential to infect other species, including 

humans, in their natural habitats.'721 The natural hosts of simian lentiviruses are 

African monkeys and apes, like chimpanzees, but in these animals the viruses 

have not been found to cause any disease manifestations. 

12 



HIV-] and HIV-2 are distinguished on the basis of their genome organizations 

and phylogenetic (i.e., evolutionary) relationships with other primate 

lentiviruses. Reconstruction of the phylogenetic relationships among many 

strains of HIV-1 and HIV-2. as well as related SIV viruses, has lead to the 

conclusion that HIV is of simian origin.172"751 In particular. HIV-1 is related to 

SIVcpz of the subspecies of chimpanzees. Pan troglodytes troglodytes and HIV-

2 is related SIVsm. the SIV of African monkeys known as sooty mangabeys 

together with the SIV of the mandrills and the African green monkeys (fig. 2). 

SIV / HIV 

S l V m n d 

S I V a g m 

H I V - 2 

H I V - 1 g r o u p O 

S I V c p z 

H I V - 1 g r o u p Isl 

HIV-1 g r o u p IVI 

• 11 m e 

Figure 2: Phylogenetic evolutionary relationship of HIV-1 and HIV-2 to SIV. 

As a substantiation of the zoonotic or cross-species origins of the HIV 

viruses'7- 7M, suggestive evidence has been presented that the SIV counterparts 

of HIV-1 and HIV-2 were introduced into the human population no fewer than 

seven times, and possibly more.172'7"7-*"1 Yet the HIV-1 viruses of the M group, 

which are responsible for the great majority of all HIV infections in the world, 

appear to have arisen from just one such cross-species transmission event.172'7'1 

13 



II. 2 Morphology and genetic organization of HIV-1 

HIV-1. like all retroviruses, consists of an enveloped particle of 100 nm that 

contain an icosahedral nucleocapsid and has a single-stranded diploid RNA 

genome of approximately 9 kb in length. It carries an RNA-dependent DNA 

polymerase called reverse transcriptase (RT). that translates the viral genome 

into DNA. which eventually is integrated into the host genome. 

The HIV-1 virion has an outer membrane formed by a lipid bilayer derived from 

the host-cell membrane (figure 3). In the outer-membrane, the transmembrane 

protein (gp41 ) is incorporated.18'1 The gp 41 proteins are associated with the 

surface protein (gpl20) that protrude from the virion surface18" , and with the 

matrix proteins (gag p 17) inside the virion. The inner core of the virion is 

composed of capsid proteins (gag p24)[86'87] and contains the two positive RNA 

strands and the pol gene (protease PR p9, polymerase RT, RNAse H RNH p66. 

and Integrase IN p32). 

Figure 3: HIV-1 virion. On the left, a schematic representation and on the right, an electron 
micrograph. 



The above mentioned viral proteins are encoded by the three typical retroviral 

genes: gag, pol. and env. Gag encodes for the four structural proteins: the matrix 

protein (pi 7). capsid protein (p24), nucleocapsid protein (p7) and protein p6. 

Pol encodes for the viral enzymes: reverse transcriptase (p66, RT). RNAse H 

(p51 ). protease (Pro. p9) and integrase (IN p32). The external surface envelope 

protein (gp 120) and the transmembrane glycoprotein (gp41 ) are encoded by the 

envelope gene.""N' 0] In addition, the viral genome has open reading frames 

coding for a set of regulatory and accessory proteins: tat. rev. nef, vif. vpr, and 

vpu (figure 4). |y | ' The coding segments are flanked by two identical long 

terminal repeat (LTR) sequences that contain transcription initiation (5'LTR) 

and termination (3'LTR) signals.1921 

. r-ov . I 

Figure 4: Schematic diagram of the HIV-1 genome. The positions of the open reading 
frames are indicated. The Tat and Rev proteins arc encoded on two exons. 

II. 3 Genetic subtypes of HIV-1 

Strains of HIV-1 have been classified into distinct clusters of viruses, or 

subtypes. This distinction is made on the basis of phylogenetic analysis, the 

method used to examine the evolutionary relationships among multiple HIV 

isolates. 4| After sequencing of a fragment or the full-length of the genome, 

alignment of the DNA/RNA or the protein sequences is performed to search for 

maximum similarity. Phylogenetic analysis of the envelope gpl20 sequence, in 

particular the variable V3 region (figure 5) is most informative for 

demonstrating recent genetic relationships among subtypes. The pol gene 

sequences, which are most conserved, are used to investigate long-term 



relationships, but gag sequences as well are used for demonstrating genetic 

inkages among HIV strains. 

Figure 5: HIV-1 envelope gpl20 glycoprotein showing disulfides and glycosylation sites 
(on the left) and the enlarged V3 region (on the right). 

At present, long PCR technologies have made it possible to generate full-length 

HIV-1 genomic sequences, and more than 80 full-length HIV-1 genome 

sequences have been analyzed, establishing the genetic differences among 

subtypes.I%l 

By definition, a subtype should have consistent clustering in all parts of the 

genome and should be approximately equidistant from all previously 

characterised subtypes in all regions of the genome.1* ' The guidelines for 

what should be called a genetic subtype were originally proposed by Myers in 

1994[100] and by Salminen et al. in 19951""1 but recently, Robertson et al.[98] 

proposed that a virus isolate should fulfil the following criteria: 

representative strains must be identified in at least three individuals with 

no direct epidemiological linkage, 

at least three near full-length genomic sequences are preferably available 

and. 
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the subtypes should resemble each other but no other existing subtype 

throughout the genome (which may indicate recombination). 

At present, the existence of three distinct HIV-1 virus groups are known: M 

(main), O (outlier), and N (not-M-not-O). The major group M (figure 6) has 

been further divided into nine nucleotide sequence-defined subtypes denoted A, 

B. C. D, F, G, H. J. and K.[98'102'103] The parental "pure" E and I viruses have not 

yet been found. 

HIV -1 g r o u p M 

B « 

B 

I n t r a s u b t y p e 
d i v e r s i f i c a t i o n 

Figure 6: Evolutionary phylogenetic relationship among the HIV-l subtypes based on the 
envelope V3 region. 

The envelope amino acid sequence variation within group M ranges from 3 to 

23% among members of the same subtype, and from 20 to 30% among 

members of different subtypes and is. on average. 15% for the gag gene. 

Isolates from groups M, O, and N differ from each other from 35 to 
5 0 % [14,95,104-106] 

II. 4 Recombination among HIV-1 subtypes 

The majority of HIV strains cluster consistently in phylogenetic trees. That is, 

they fall into the same subtype regardless of the region of their genome that is 

analyzed. However, phylogenetic studies revealed that a considerable fraction of 

17 



HIV strains exhibit discordant handling orders in phytogenies interred from 

different parts of their genomes, pointing to recombination events. 

Recombination is an event that requires two distinct viruses replicating within 

the same host-cell. There is evidence of recombinant HIV-1 viruses in 

nature.11"'1 and the diploid character of the RNA genome suggests that, during 

reverse transcription, recombination may take place as an important aspect of 

the replication and genetic evolution of HIV-1. Mixed infections with two 

highly divergent groups of HIV-1 (M and 0) or with HIV-1 and HIV-2 have 

been reported,'1""""21 demonstrating that co-infection may regularly occur. 

With the co-infection of one cell, two heterologous RNA strands could be co-

packaged in one virion.'1081 In the subsequent replication cycle, the heterozygous 

virions would then form recombinants, resulting in a mosaic HIV genome 

containing genetic information from both parental RNAs.'" 

In vitro studies indicate the possible existence of recombination hot spots in the 

HIV-1 genome, and that recombination events can occur several times during a 

replication cycle.'">l27 ' Thus far, approximately \0CA of the sequenced HIV-1 

strains appear to possess mosaic genomes composed of different HIV-1 

subtypes,1109-"0'113-115"1271 and there are reports estimating that 20-25% of HIV-1 

infections are due to inter-subtypes recombinant strains in areas where several 

, • , . [109,110,115,119,121-123.126.127] 

subtypes co-circulate. 

According to the HIV-1 subtype nomenclature and recombinant 

classification, circulating recombinant forms (CRFs) are those viruses of 

recombinant virus lineage that play an important role in the HIV-1 

pandemic.'"s| Figure 7 shows the genome structure of four major CRFs: 

CRF01_AE (CM240), CRF02_AG (IbNG), CRF03_AB (KAL153), and 

CRE04_cpx (94CY032). Meanwhile, a very large number of studies 

report recombination events between various HIV viruses such as C/A. 

A/D. C/D B/C. B/F and even M/O."09J2s""" 

18 
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Figure 7: Genome structure of the major circulating recombinant forms (CRFs) world-
wide.The parental subtype components are shown. 

III. Geographical distribution of HIV subtypes in Africa 

The HIV-1 epidemic in north/south America, Europe, and Australia is caused 

mainly by subtype B and in India and China by subtype C, whilst the 

recombinant form CRF01_AE is dominating in Thailand/121,125,132"1411 

In sub-Saharan Africa, more than 15 years after the beginning of the HIV/AIDS 

epidemic, all known HIV-1 subtypes are found to circulate in different regions, 

with different relative frequencies.|2(U l(U4;M44J 

As illustrated in figure 8, circulation of several subtypes has been reported from 

countries like Cameroon, Nigeria, Gabon, Ivory Cost, Guinea Bissau, Central 

African Republic, and Zaire.[20,97,106,110-124,127,142-150] 

Subtype A is the most prevalent in western African countries, with sporadic-

cases due to subtypes G and H.|2(U271 

In East African countries, such as Uganda, Rwanda, Kenya and Tanzania, the 

epidemic has involved mainly subtypes A and D.|2() 1M"IM1 Subtype C 

predominates in southern African counties like Zimbabwe, Zambia, Malawi, 
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Botswana, and South A f r i c a . 1 — - * Subtype B is not normally found in 

sub-Saharan Africa, with the exception of South Africa.1158-1591 

D H 
A F 

Figure 8: HIV-1 subtype distribution in Africa. 

The major circulating recombinant form. CRF02_AG (IbNG), is found in West 

and West-Central A f r i c a . " — ' m addition, other recombinant strams have 

been reported from several African countries, such as, A/C D/C and A/D in 

Tanzania and in Kenya, and M/O in Cameroon.|I()9J2SJ29J601 

Groups O and N of HIV-1 are confined to geographical areas of western Africa 

and have low p r e v a l e n c e . ' - ™ — I HIV-2 also has low prevalence and is 
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restricted to the North-western part of Africa. Guinea-Bissau and Ivory 
r^ ,. [51,111.147-1501 

Coast. 

The distribution of the HIV subtypes has been dynamic rather than static 

throughout the epidemic. Subtype C is the major contributor to distribution 

change and appears to be of increasing concern, since it has spread most rapidly 

and extensively in the eastern and southern parts of Africa. Increasing 

incidence of subtype C infections has been observed in countries where 

originally other subtypes dominated the epidemic.[ •' -1 ] The recombinant 

form A/G is an increasing problem in the western part of Africa, and the 

recombinant strains A/C, A/D, D/C are also reported recently but have not 

spread epidemically. 

IV. Cellular tropism and biological phenotype of different HIV-

1 subtypes 

HIV-1-infected individuals harbour a swarm of genetically closely related 

viruses that have been shown to differ in biological properties such as 

replication rate, cell tropism and syncytium-inducing (SI) capacity.'"' 

HIV infects CD4+ cells, including monocytes, macrophages and T lymphocytes, 

and enters cells through an interaction of the envelope glycoprotein of the virion 

with the CD4 molecule and specific a and ß chemokine receptors on the target 

cellmembrane. |l6M7"1 

Macrophage-tropic or non-syncytium-inducing (NSI) HIV-1 strains use 

primarily CCR5, whilst T cell-tropic or syncytium inducing (SI) strains use 

CXCR4 and in some instances other CC-chemokine receptors such as CCR3 or 

CCR2b. In many cases, primary SI variants are capable of using both 

CCR5 and CXCR4.'177 7X| SI variants appear m the later stage of the infection 

and for subtype B, this biological phenotype was proven to be a prognostic 
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marker for disease progression, with individuals harbouring SI viruses 

progressing faster. 

The primary determinants for this differentia] tropism are the positively charged 

ammo acids of the gpl20 V3 region at positions 1 1 and 25, as well as the 

overall V3 domain positive charges,1 l7lMS3i as shown in figure 9. 

=7 tt .tf 

^>, 
H / R 

1 0 0 

oJJ 

I | N S I 

A B C D E F 

I g u r e 9 . D.stnbution ol SI and NSI viruses in AIDS patients in relation to subtypes. The proportion ol 
individuate harbouring SI viruses is not the same for all subtypes <right), although there are no amino-acid 
sequence deferences in the V3 region „I the envelope, a major determinant of the viral phenotype (left). 

Although for most subtypes high charges are correlated with the SI phenotype, 

the incidence of SI viruses is not the same for all subtypes as shown in the 

figure 9. However there is not enough data to conclusively argue that SI 

incidence reflects differences in rate of disease progression as wel]. | lx,ux4-lx7i 

V. Viral load and subtype differences in disease progression 

The course of HIV infection is characterized by an acute and a chronic 

phase."'1] The virus replicates to peak levels during primary infection. 

coinciding with a dip in CD4+ cell numbers .I,s<Mg4' Within the first year after 

acute infection, the viral load declines to set-point levels that varies among 

individuals.11' '' The viral load set-point, i.e. when steady levels of virus 

22 



production are reached, most likely is determined by interactions between the 

virus and the host immune system."94' The viral load at set-point was shown to 

be a strong predictor for disease progression.'Is' ' Higher initial viral 

load correlates directly with faster CD4+ cell decline, disease progression, and 

j . • r A TT^.C [195,196] 

time to diagnosis of AIDS.1 

During the longer asymptomatic phase of the HIV infection, the viral load in the 

periphery gradually increases,"89'971 and in all cases whilst the viral load is 

rising, subsequent CD4+ lymphocyte loss is observed.1188"190'195'1961 Again, the 

rate of CD4+ loss correlates with progression to AIDS. Approximately 5% of 

HIV-infected individuals (slow progressors) will progress slowly to disease 

during 10-15 years post-infection."981 The majority (intermediate progressors) 

will develop AIDS within approximately 10 years, and 10-25% of individuals 

(rapid progressors) will develop AIDS in less than 5 years post-infection.119' 

Whether there are differences in disease progression and whether viral load has 

the same predictive value among different HIV-1 subtypes is far from resolved. 

According to one study conducted in ethnic Africans and Swedes infected with 

different HIV-1 subtypes, no difference was seen in disease progression, ' J ) l ' but 

another study concluded that, individuals infected with non-A subtypes are 

more likely to develop AIDS than those infected with subtype A.'202' In women 

with advanced stage of immuno-suppression in Kenya, comparison of subtype C 

to subtypes A and D, showed that the C-infected women had higher plasma 

viral RNA levels with significantly lower CD4+ lymphocyte numbers and faster 

disease progression."601 Moreover, higher plasma viral loads with faster CD4+ 

cell decline has been observed in infants infected with HIV-1 subtype C in 

Malawi, compared to North American infants infected with subtype B. In 

addition. CD4+ cell depletion was associated with elevated blood and seminal 

plasma HIV-1 RNA concentrations in HIV-1 subtype C infected men in 

Malawi.'2041 
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VI. Specific features of HIV-1 subtype C 

Subtype C had a low prevalence in the early phase of the HIV epidemic but is 

now spreading rapidly world-wide. At present. HIV-1 subtype C has been 

estimated to account for more than 50% of HIV-1 infections world-wide, and it 

is the major subtype in both Eastern and Southern Africa.[,4,I9"2U54"1S9'205-2"] 

Ninety percent of new HIV infections are emerging in Asia and Africa. In 

several counties there, about 25c/r of adults are infected by HIV-1 subtype 

C ' "and it is the major component of heterosexual transmission.119'21'154-'59'205-

" According to previous studies, subtype C circulates more than other 

subtypes in the general population rather than in particular risk groups.[2(u54" 
159.205-211] u . , . 

However, recently an explosive spread of this subtype has been 

documented among drug users of Nepal.12'21 The incidence of recombinant HIV-

1 strains with subtype C is higher than with other subtypes."2" 129'160] 

Subtype C viruses have unique features compared to other subtypes. In line with 

their non syncytium-inducing characteristic, subtype C viruses have a 

preference for the CCR5 co-receptor. Scarcity of CXCR4 usage and a 

remarkably low frequency of SI phenotype in advanced stages of HIV-1 disease 

are shown.120' ' 2 U | Higher plasma viral RNA and lower CD4+ lymphocyte 

levels were found among infants and women infected with HIV-1 C subtype 

than infants and women infected with other subtypes."6"2"1 

Subtype C has three or more NFkB motifs in its LTR region unlike other 

subtypes that have one or two. and the presence of the extra NFkB site has been 

associated with enhanced promoter activity.[2l6-2|y| Lack of a potential N-linked 

glycosylation site at the bottom of the gp 120 V3-loop has been reported in cases 

of pregnant women infected with HIV-1 subtype C in Malawi."5"1 In addition, 

the Nef protein of subtype C (as subtype E) has an extra cysteine residue that 

would be expected to alter the protein folding.'22022'1 
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VII. Scope of the thesis 

Ethiopia is one of the many African countries heavily affected by the HIV-1 

epidemic that started in the mid-80s.[22,231 The first viruses introduced spread 

initially among commercial sex workers and truck drivers along the main 

trading roads of Ethiopia, as shown by the high HIV prevalence in those 

areas. '" Early studies on samples collected mainly in Addis Ababa, the 

capital city, showed the circulation of HIV-1 subtype c.[205'2111 

The aim of the present study is to investigate in detail: I) the genetic subtype(s) 

circulating in different Ethiopian population groups and towns, II) to estimate 

the year of the country's first HIV-virus introduction, and III) to assess the 

biological phenotype and co-receptor usage of the predominant circulating virus 

in Ethiopia. 

Chapter II describes the distribution of HIV-1 subtype(s) in three different risk 

groups: commercial sex workers (CSVVs), pregnant women and blood donors 

among asymptomatic HIV-1 positive subjects from Addis Ababa from 1989 to 

1995. Chapter III presents confirmation of our findings in chapter II, using 

analysis of sera from sex workers of Addis Ababa sampled in 1997 and 

validating an algorithm for HIV-1 subtyping in an Ethiopian context. Chapter 

IV addresses the geographical distribution of HIV-1 subtype! s) and the 

identification of a distinct genetic sub-cluster of HIV-1 subtype C (C) in two 

risk groups (CSVVs and blood donors) living in seven Ethiopia towns in 1988 

and 1996/7. Chapter V presents estimates on the year of HIV-1 subtype C 

introduction in Ethiopia on the basis of genetic analysis of early samples, dated 

1984 and 1985, and subsequent virus diversification between 1984 and 1997. 

Chapter VI estimates the timing of the introduction into Ethiopia of the 

subclusterC' of the HIV-1 subtype C on the basis of genetic analysis of samples 

and subsequent virus diversification between 1988 and 1999. Chapter VII 

describes the distinction and characterization of circulating viruses belonging to 

25 



subtype C based on phylogeny of a 2600 nt (Gag/half RT) DNA fragment and 

analysis of intra-subtype C recombination among samples collected from seven 

towns in 1988 and 1996/7. Chapter VIII presents the frequencies of syncytium-

inducing (SI) and non-syncytium-inducing (NSI) viruses and the coreceptor 

usage of HIV-1 isolates from Ethiopian AIDS patients. General discussion is 

presented in Chapter IX, followed by a summary in Chapter X. 
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HIV Type 1 Subtype C in Addis Ababa, Ethiopia 

ALMAZ ABEBE,1 CARLA L. KUIKEN,2 JAAP GOUDSMIT,2 MARGREETH VALK,2 

TSEHAYNESH MESSELE,1 TEFERA SAHLU,' HAILU YENENEH,' ARNAUD FONTANET,1 

FRANK DE WOLF,2 and TOBIAS F. RINKE DE WIT' 

HUMAN IMMUNODEFICIENCY VIRUS TYPE 1 variants in dif

ferent geographic regions have been phylogenetically clas

sified into several distinct genetic subtypes (A-I and 0) on the 

basis of sequence differences in the V3 regions of their gpl20 

envelope genes.'J In Africa the existence of all genetic subtypes 

except subtype I has been confirmed. The presence of this mul

titude of subtypes indicates the extensive divergence HIV-1 has 

accumulated in the African continent.5'5 This study describes 

the distribution of HIV-1 subtypes in Ethiopia, East Africa. The 

first Ethiopian AIDS case was reported in 1986 and the AIDS 

epidemic is a rapidly growing problem in Addis Ababa, the 

capital city with more than 2 million inhabitants.6 In Addis Ab

aba the HIV-1 seroprevalence is estimated to be 10-27% in 

pregnant women (PW), 47-59% in commercial sex workers 

(CSWs) (ENARP sentinel surveys 1995 and 1996) and 7% 

among blood donors (BDs) (Ethiopian Red Cross Society, Na

tional Blood Transfusion Service [ERCS-NBTS], unpublished 

data, 1994). In the countries neighboring Ethiopia subtypes A 

(Djibouti, Kenya). C (Kenya, Djibouti. Somalia), and D (Ken

ya) are present.17 Preliminary sequence data on a limited number 

of samples have indicated the presence of subtype C in Addis 

Ababa in 1988.' To assess the distribution of HIV-1 subtypes 

in Addis Ababa in more detail, 94 sera were analyzed, collected 

from 3 different risk groups over 1989-1995 (Table I). 

HIV-1 RNA was isolated from the collected sera according 

lo a standard procedure.' Viral RNA was converted to cDNA 

and then subjected to a nested polymerase chain reaction (PCR) 

amplifying a 284-bp fragment covering the V3 region of the 

gpl20 gene (positions 785-1069, HIV-1 subtype B consensus 

database, Los Alamos, 1993). First and second PCR conditions 

were as follows: 35 and 25 cycles of, respectively, 1 min at 

95°C, 1 min at 55°C, and 2 min at 72°C, followed by a final 

incubation for 10 min at 72°C. The amplified products were 

sequenced directly by automated cycle sequencing with dye ter

minators, using an ABI (Foster City, CA) 370 A system. Se

quence alignments and comparisons were performed by using 

CLUSTAL and the neighbor-joining algorithm.10" Figure 1 

demonstrates the results of neighbor-joining sequence compar

isons, clearly indicating that the vast majority of sequenced 

samples (93 of 94) are of the C subtype. The prevalences of C 

and A subtypes among the 57 samples analyzed from 1995 

were, respectively, 56 of 57 (98.2%) and 1 of 57 (1.8%). In 

addition, our data show that the C subtype is highly abundant 

in samples collected before 1995. 

The Ethiopian subtype C sequences tend to differ slightly 

from the consensus C sequence (HTV-1 subtype C consensus 

database, Los Alamos, 1995). Within the Ethiopian sequences, 

a subcluster could be identified that is fairly homogeneous. Il

lustrating this homogeneity, pairwise nucleotide comparisons 

revealed a 7.4% difference within this subcluster, as compared 

to an 11.5% difference within the remaining sequences. The 

latter are more related to HIV-1 subtype C sequences from dif

ferent countries (Fig. 1). Statistical comparisons, using a pre

viously published method,'2 revealed significant sequence dif

ferences between the main group and the subcluster at positions 

270, 272, 278, 286, and 294 (Fig. 2). The presence of a sub-

cluster of the C subtype may suggest an independent introduc

tion of the HIV subtype C virus in Addis Ababa. However, the 

subcluster could not be detected with significant preference in 

TABLE 1. STUDY SUBJECTS, NUMBER OF SERA SEQUENCED, 

AND YEAR OF SAMPLE COLLECTION 

Year Subjects Samples tested 

1989 Commercial sex workers 1 
1990 Commercial sex workers 6 
1992 Commercial sex workers 24 
1995 Commercial sex workers 19 
1995 Pregnant women 9 
1995 Blood donors 29 

Total: 94 

'Ethiopian-Netherlands AIDS Research Project (ENARP), Ethiopian Health and Nutntion Research Institute (EHNRI), Addis Ababa, Ethiopia. 
:Human Retrovirus Laboratory, Department of Human Retrovirology, University of Amsterdam, 1105 AZ Amsterdam, The Netherlands. 
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samples collected in a certain year, risk group, or site, giving 
no information regarding possible independent introductions of 
these sequences. 

Figure 2 presents the amino acid sequence alignment of die 
Ethiopian samples, subdivided into main group and subcluster. 
All V3 loops are 35 amino acids long and show the character
istic C-subtype pattern of GPGQT at the apex. The single Ethi
opian A-subtype sample shows at the apex a C-like GPGQT 
motif, instead of the consensus A subtype apex (GPGQA). The 
Ethiopian C-subtype sequences show a high frequency of me

thionine at position 306, as compared to other C isolates.15 This 
is particularly true for the subcluster (30 of 32 sequences, 94%) 
as compared to the main group (26 of 62 sequences, 42%). The 
biological consequences of this mutation remain to be eluci
dated. On the basis of previous studies the amino acid positions 
305 and 319 determine the non-syncytium-inducing (NSI) ver
sus syncytium-inducing (SI) phenotype of HIV-1 strains.'4-' 
According to the amino acids predicted at these positions in the 
sequenced Ethiopian isolates, 93 of them would be NSI and 
possibly 1 would be SI (B95032). Because the majority of sam-
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FIG. 2. Continued. 

pies collected in this study are from asymptomatic HIV-I-

infected individuals, this would be expected. 
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Summary: In this study, we have investigated the diversity of the current HIV-1 
strains circulating in Addis Ababa, Ethiopia; in addition, we have evaluated the ap
plicability of peptide enzyme-linked immunosorbent assay (ELISA) and heteroduplex 
mobility assay (HMA) for HIV-1 subtyping. Previous studies have indicated that 
HlV-1 subtype C is the major subtype present in HIV-positive samples collected from 
various risk groups between 1988 and 1995 in Addis Ababa. To assess the possible 
influx of new HIV-1 subtypes, 150 commercial sex workers (CSW) reporting in 1997 
to two Health Centers in Addis Ababa were enrolled in an unlinked anonymous 
cross-sectional study. Subtyping was performed according to the World Health Orga
nization algorithm of peptide ELISA, followed by HMA and DNA sequencing. As a 
result, the HIV-1 prevalence among these CSWs was found to be 45% (67 of 150). Of 
the 67 samples, 66 contained HIV-1 of subtype C and only one was of subtype D. This 
confirms the persistent overall presence of HIV-1 subtype C in Addis Ababa and a low 
influx of other subtypes into this location. Key Words: HIV-1 subtype—Ethiopia-
Commercial sex workers. 

The HIV-1 genome is characterized by extensive 

variation, especially in the gpl20 env gene. DNA se

quencing and phylogenetic analyses have led to the iden

tification of at least 10 different subtypes (A-J) within 

the major group of HIV-1 viruses, group M (1-3). Fur

thermore, highly divergent viruses can be identified 
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within the outlier group of HTV-1 viruses, group O (4). 

Between subtypes, the nucleotide sequence divergence 

of env is up to 30% (1). The spread of the different HIV 

subtypes around the world is a dynamic process. In Af

rica, existence of all genetic subtypes has been con

firmed, with a preference for subtypes A, C, and D (1,5). 

The presence of this multitude of subtypes indicates the 

extensive divergence that HTV-1 has accumulated in the 

African continent (6-9). This implies a serious challenge 

for future vaccine-based prevention efforts. 

In Ethiopia, since the first report of HTV-1-positive 

sera in 1984 (10) and the first AIDS cases m 1986, the 

epidemic has spread to reach a prevalence in 1997 of 

between 14% and 20% in urban pregnant women, 47% 

and 59% in commercial sex workers (CSW; Ethio-

Netherlands AIDS Research Project [ENARP] sentinel 

survey 1997) and 7% in blood donors (Ethiopian Red 

57 

http://telecora.net.ct


Cross Society, National Blood Transfusion Service 
[ERCS-NBTS], unpublished data, 1994). 

The Ethiopian HTV-1 epidemic has been shown to be 
dominated by subtype C (11-19). The presence of sub
type C in Addis Ababa was revealed first in 1991, by 
preliminary DNA sequencing of gag and env on HIV-1 
isolates of ARC/AIDS patients in Addis Ababa (11,12). 
Other studies done by using peptide ELISA (13-15) and 
DNA sequencing (16) further confirmed the presence of 
subtype C as the major HIV subtype in Addis Ababa. 
Recently, the sequencing of 94 viral isolates collected 
between 1989 and 1995 from various risk groups in Ad
dis Ababa showed again only HIV-1 C subtypes, with the 
exception of one subtype A HIV-1 isolate from a preg
nant woman in 1995 (17). Furthermore, within these 
cited 93 HTV-l subtype C isolates, two different subclus-
ters were detected, suggesting the possibility of two in
dependent introductions of HIV-1 C subtype viruses into 
Ethiopia (17). A full-length Ethiopian HIV-1 subtype C 
sequence of a 1986 isolate was published in 1996, re
vealing the existence of three potential transcription fac
tor binding sites (16,18). Finally, another full-length 
Ethiopian sequence was recently published, documenting 
the first evidence of a subtype A/C recombinant in a 
sample from Addis Ababa, collected from a 34-year-old 
man in October 1991 (19). 

The present study assesses the molecular characteris
tics of the env genes of 67 HTV-l-positive plasma 
samples collected in 1997 from CSWs in Addis Ababa. 
The rationale for this study was twofold. First, it was 
intended to gain an insight in the possible influx of new, 
non-C HIV-1 subtypes in Addis Ababa. CSWs were se
lected, because they are likely to be the first targets of 
possible introduction of new subtypes into the population 
of Addis Ababa. Second, the applicability of the WHO 
algorithm for HTV-1 subtyping, namely, gpl20 V3 pep
tide ELISA, followed by HMA and finally DNA se
quencing, was tested in an Ethiopian context. 

METHODS 

Study Population 

Blood samples treated with ethylenediaminetetetraacetic acid of 150 

CSWs seen for symptoms of sexually transmitted diseases at Tekle-

Haimartot (n = 75) and Kazanchis (n = 75) Health Centers in Addis 

Ababa were collected. Age and number of years spent as a CSW were 

recorded at the time of blood collection. Study subjects were enrolled 

in order of arrival (convenient sampling) and HIV-1 tests were per

formed in an unlinked anonymous way, according to WHO guidelines 

(20). Samples collected were coded 97K* (for Kazanchis, 1997) or 

97T* (for Tekle-Haimanot, 1997). Syphilis serology was performed 

by Treponema pallidum particle agglutination assay (TPPA, Sero-

dia-TPPA, Fujirebio, Japan) and rapid plasma reagin assay (RPR, 

BioMerieux, France), according to the manufacturers' instructions. 

Syphilis results were returned to the Health Centers and benzathnV 

penicillin treatment was provided to the study participants for free. 

HIV Screening and Confirmatory Assays 

HIV screening was performed by HIV-SPOT (Genelabs Diagnostics, 

Singapore) and ELISA (Vironostika HIV Uni-Form II, Organon 

Teknika, The Netherlands). Discrepant results were confirmed by a 

Western Biol Assay (HIV BLOT 2.2, Genelabs Diagnostics, Sin-

Peripheral Blood Mononuclar Cell Isolation and 
DNA Extraction 

Peripheral blood mononuclear cells (PBMCs) were separated on a 

Ficoll-Hypaque density gradient. After two washes in Earles' heparin 

new bom calf serum (EHN) medium, cells were pelleted and stored at 

-80°C. DNA was extracted as previously reported (21). 

Peptide Enzyme-Linked Immunosorbent Assay 

Four peptides derived from the V3 loop region of HTV-1, from the 

WHO EVA program were used as antigens (Fig. 1 ). A fifth peptide was 

a tailor-made Ethiopian subtype C peptide, based on previous sequenc

ing data (17). The amino acid sequences of the peptides were as 

follows: subtype A, KSVHIGPGQAFYAT; subtype B, KSIHIGPG-

RAFYTT; subtype C, KSIRIGPGQTFYAT; subtype C (Ethiopia), 

KSIRMGPGQTFYAT; and subtype D, QRTHIGPGQALYTT. Ninety-

six-well microplates (Nunc-Immuno Plate, Maxisorp Surface, Life 

Technologies, Roskilde, Denmark) were coated with 100 ng of peptide 

per well in 100 u.1 phosphate-buffered saline (PBS) overnight at room 

temperature (RT). Nonspecific binding sites were blocked with 150 

ul/well of blocking buffer (PBS, 7% skimmed milk, 0.3% Tween-20) 

and incubated for 5 hours at 37°C. Plasma samples of 100 ul, diluted 

1:100 with blocking buffer were dispensed in duplicate and incubated 

for I hour at 37°C. Bound antibodies were detected by goal anti-human 

horseradish-peroxidase-labeled conjugate (Kirkegaard and Perry Labo

ratory, Inc.), diluted 1:10,000 in PBS, 7% skimmed milk (100 u,l/well) 

and incubated for 1 hour at 37°C. Substrate was added: orthophenyl-

enediamix dihydrochloride (Abbott Laboratories, Abbott Park, IL, 

U.S.A.), 100 ^I/well and incubated for 10 minutes. The reaction was 

stopped with 100-11.1 IN HiSO, and the opticial density (OD) was 

measured at 450nm. 

The cutoff OD value of the stated peptide ELISA is 0.700 on samples 

from HrV-1-positive white persons, but because of high plasma levels 

of nonspecific antibodies in Ethiopians (22), the cutoff values were 

increased to OD > 0.900, based on control experiments. Those reac

tions with OD readings between 0.700 and 0.9O0 were considered as 

indeterminate and those below 0.7 were considered nonreactive. 

Polymerase Chain Reaction and Heteroduplex 
Mobility Assay 

Genomic DNA (5 u.1, equivalent to 100,000 cells) was first amplified 

using the primers ED3/14 ind/or ED5/12 (22), under the following 

cycling conditions: 94°C, 55°C, and 72°C for 1 minute (5 cycles), 94°C 

for 15 seconds, 55°C for 45 seconds, and 72°C for 1 minute (30 cycles) 

and 72°C for 5 minutes (1 cycle). The second round amplification was 

performed with 2 ut of the first round product, using primers ED5/12, 

ED31/33, and/or ES7/8 (23) and the same cycling conditions except 
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ÏIIRSENLTN NVKTIIVKLN ESVEIVCTRP NNNTRKSIRI GPGQTFYAÎG DIIGDIRQAH CNISK7KWN? TLO.KVSKKLA EHFPN-KTI 
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FIG. 1. Alignment of predicted HIV-1 gp120 V3 amino acid sequences of 17 bulk plasma samples drawn in 1997 from commercial sex 

workers (CSW) in Addis Ababa (GenBank accession numbers: AF16O813-AF160829), compared with 13 bulk plasma samples from 

1989/1990 CSW (labeled with year of sample collection (89* or 90'), followed by sample identification), as published (17). CONST, Los 

Alamos 1998 subtype C consensus sequence; dot (.), identical residue as consensus sequence; dash (-), gap; question maris (?), 

ambiguous residue. The apex of the V3 loops are in bold. 

that the five cycles were reduced 10 three and the 30 cycles increased 

to 32 cycles. Reaction conditions were 10 pmol of each primer, 0.2-mM 

deoxynucleotide (dNTP), 3-mM MgCI 2, 1» MgCI,-free polymerase 

chain reaction (PCR) buffer (Promega, U.S.A.) and 2.5 U Taq-DNA 

polymerase (Promega, Madison, WI, U.S.A.) in a final volume of 50 

|il. The algorithm for nested PCR was as follows: 

1. ED3/14 followed by ED31/33 

2. (On all negative results of PCRs of step 1): ED5/12 followed by 

ED31/33 

3. (On all ambiguous results of steps 1 and 2): ED3/14 followed by 

ED5/12 

4. (On all negative results of PCRs of step 3): ED5/12 followed by 

ES7/8. 

Heteroduplex molecules were obtained by mixing the PCR-

amplified DNA fragments of study subjects with PCR amplifiâtes of 

reference strains. Denaturation was at 95°C for 2 minutes and renatur-

ation by rapid cooling on wet ice. The reference strains used in this 

study were Al (RW20, Rwanda), A2 (IC144, Ivory Coast), A3 (SF170, 

Rwanda), Bl (BR20, Brazil), CI (MA959, Malawi), C2 (ZMI8, Zam

bia), C3 (IN868, India), C4 (BR25, Brazil), Dl (UG21, Uganda), D3 

(UG46, Uganda) and El (Ui21, Thailand). The reaction was per

formed in IM NaCI, 100 mM Tris-HCI (pH = 7.8), and 20 mM 

ethylenediaminetetraacetic acid (EDTA) in a final volume of 11.1 u, I. 

The hetcroduplex formation was assessed by nondenaturing Polyacryl

amide gel electrophoresis at 250 V for 2.5 hours for ED31/33 or ES7/8 

PCR products or at 200 V for 4 hours for ED5/12 products. Gel com

position: 5% Polyacrylamide i n 1 » TBE buffer (88mM Tris-HCL, 

89mM boric acid, and 2mM EDTA), staining with ethidium bromide 

(0.5 ug/ml). 

DNA Sequencing and Phylogenetic Analysis 

HIV-1 RNA was isolated from plasma according to a standard pro

cedure (21). Viral RNA was converted to cDNA using a reverse tran

scription (RT) kit (Promega) and then subjected to a nested PCR with 

SP6 and T7 tagged PCR primers (17). The 264 base pair amplified 

products were directly sequenced with the use of dye-labeled primers 

(SP6 and T7, Dynamic Direct Cycle Sequencing Kit, Amersham Life 

Sciences, Foster City, CA, U.S. A.) and run on an automatic sequencer, 

ABI 373 A system. Phylogenetic analysis was carried out by using the 

neighbor-joining method (24) and the PHYLB? package, including the 

programs DNADIST, NEIGHBOR (under the Kimura two-parameter 

model), DRAWTREE, SEQBOOT (for 100 sets), and CONSENSE 

(25). GenBank accession numbers of the obtained sequences are 

AF160813-AF160829. GenBank accession number of the 1989/1990 

CSW sequences used for comparisons are as follows: sequence 

89*1653 = U88727, sequence 89*1361 = U88784, sequence 89*229 

= U 88728, sequence 89*2781 = U88729, sequence 89*2841 = 

U88781, sequence 89*2733 = U88782, sequence 89*1896 = U88783, 
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sequence 90*589 = U88732, sequence 90*1290 = U88779, sequence 

90*1001 = U88730, sequence 90*1296 = U88731, sequence 90*601 

• U88778, and sequence 90*1252 = U88780. 

RESULTS 

Among 150 CSWs who were seen at Addis Ababa 
Kazanchis and Tekle-Haimanot Health Centers, 67 
(45%) were HIV-1-positive. The age of these HTV-1-
positive CSW ranged from 17 to 40 years (mean, 25 
years). Some 37% (25 of 67) of them had a history of 
syphilis infection, as determined by a positive TPPA re
sult and 12% (8 of 67) reported with a recent syphilis 
serology, as determined by a positive RPR test result. 

As presented in Table 1, HTV-1 subtyping by peptide 
ELISA of the 67 HIV-positive plasma samples unam
biguously showed 46% (31 of 67) exclusively reacting 
with either one or both subtype C peptides. Within these 
samples, 3% (1 of 31) were reactive with the WHO con
sensus subtype C peptide only, 16% (5 of 31) with the 
Ethiopian subtype C peptide only and 81% (25 of 31) 
with both C peptides used. A relatively large percentage 
of plasma samples (30%; 20 of 67) showed cross-
reactivity between subtype A and subtype C peptides. 
Plasma samples with other reactivities were: 2 of 67 
(3%) with peptides representing subtypes A, C and D; 1 
of 67 (2%) with subtypes B and D and 1 of 67 (2%) with 
subtypes C and D. Nine percent of the samples (6 of 67) 
were found to be indeterminate (OD = 0.700-0.900) 
whereas another 9% (6 of 67) were nonreactive (OD < 

TABLE 1, Comparison of peptide EUSA and HMA test results on 
67 HlV-1-positive plasma samples from commercial sex workers 

Subtype Subtype by HMA 

by peptide 
ELISA A B c D NT Total 

A 0 0 0 0 0 0 
B 0 0 0 0 0 0 
C 0 0 29(4) [1] 0 2 31 
D 0 0 0 0 0 0 
A/C 4 0 15(1) 0 1 20 
A/C/D 0 0 2 0 0 2 
C/D 0 0 1 0 0 1 
B/D 0 0 0 1 0 1 
1 0 0 6 0 0 6 
NR 0 0 5 0 1 6 
Total 4 0 58 1 4 67 

' Numbers of samples reactive with the Ethiopian consensus C pep
tide only arc indicated in parentheses; the numbers of samples reactive 
with the WHO consensus C peptide only are indicated in square brack
ets; all other samples reacted positively with both HIV-1 C peptides in 
the peptide ELISA. 

ELISA, enzyme-linked immunosotbent assay; HMA, heteroduplex 
mobility assay; NT, nontypable by HMA; I, indeterminate; NR, non-
reactive. 

0.700). No sample reacted exclusively with peptides rep
resenting HIV-1 subtypes A, B or D. 

For HMA, different combinations of primers, as de
scribed in the Methods section, resulted in the successful 
amplification of all 67 (99%) HTV-1-positive samples 
(Table 2). HMA identified 87% (58 of 67) as subtype C, 
6% (4 of 67) as subtype A and 2% (1 of 67) as subtype 
D; 6% of the PCR products (4 of 67) could not be typed 
by this method. 

When peptide ELISA results for the 67 specimens 
were compared with HMA, there was only 43% (29 of 
67) agreement (Table 1). HMA characterized the major
ity of the peptide ELISA A/C cross-reactive samples as 
subtype C (15 of 20), a sizable fraction as subtype A (4 
of 20) and 1 A/C cross-reactive sample could not be 
typed (97T*.9). All the peptide ELISA A/C/D cross-
reactive, C/D cross-reactive, nonreactive and indetermi
nate samples were determined subtype C by HMA. The 
B/D cross-reactive sample (Table 1) appeared to be sub
type D by HMA. 

The plasma samples that could not be subtyped by 
peptide ELISA or HMA (n = 3), or that gave ambiguous 
results when comparing these methods (n = 4), were 
selected for DNA sequencing of the HTV-1 gpl20 V3 
regions. In addition, 9 plasma samples unambiguously 
typed HTV-1 C-subtype by HMA and the 1 sample typed 
HTV-1 D subtype by HMA were sequenced for confir-
mational purposes. Results are shown in Figure 1, in 
comparison with gpl20 V3 sequences obtained from 
CSW from the same locale 7 to 8 years earlier (16). This 
comparison illustrates the accumulation of mutations in 
the gpl20 V3 regions of CSW HTV-1 isolates over time. 
Figure 2 shows an unrooted phylogenetic analysis of the 
gpl20 V3 nucleotide sequences, in conjunction with con
sensus sequences obtained from Los Alamos, USA (1) 
and gpl20 V3 sequences from CSW from the same lo
cales in 1989/90 (n = 13), 1992 (n = 24), and 1995 (n 
= 19). Of the 17 sequenced plasma samples 16 clustered 
with HTV-1 consensus C and 1 (97K*71) with consensus 
D. There was no clustering of samples collected from 
1997 CSW with samples from CSW collected at any 
earlier time point. Rather, the HTV-1 gpl20 V3 se
quences had a completely mixed topology as regards 
year of sample collection. 

More in detail, the phylogenetic analyses revealed that 
the 4 samples determined to contain HTV-1 subtype A 
viruses by HMA (97K»12, 97K*20, 97K*26 and 
97T*66) did in fact contain HTV-1 subtype C virus (Fig. 
2). Of the 4 samples, which could not be typed by HMA 
(97K*32, 97T*9, 97T*10, 97T*53), 3 could be deter
mined as HTV-1 subtype C by sequencing (Fig. 1); only 
97T*53 plasma could not be PCR amplified with the 
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TABLE 2. HMA results on il HlV-l-positive plasma samples from commercial sex workers 

PCR primer 
combinations 

Amplication 
frequency 

HMA result (subtype) 

First-round PCR Second-round PCR 

Amplication 
frequency A B C D NT 

ED3/14 ED31/33 
ED5/12 ED31/33 
ED3/14 ED5/12 
ED5/12 ES7/8 
Total subtypes by HMA 

43/67(64%) 
24/24(100%) 
15/23 (65%) 

8/8 (100%) 

0 
0 
0 

4/8 
4/67 (6%) 

0 
0 
0 
0 

0/67 (0%) 

35/43 
8/24 

15/15 
0 

58/67 (87%) 

1/43 
0 
0 
0 

1/67 (2%) 

7/43 
16/24 

0 
4/8 

4/67(6%) 

" Polymerase chain reaction (PCR) results are shown in order of the nested PCR algorithm used for this study, as described in the Methods section. 

HMA, heteroduplex mobility assay; NT, nontypable by HMA. 

primers used for sequencing. However, this sample gave 
unambiguous peptide ELISA results, with strong reac
tivities (OD > 2.300) on C subtype peptides ai:d com
plete absence of reactivity on any other peptide tested. 
The plasma sample determined as HIV-! subtype D by 
HMA (B/D by ELISA) was confirmed to be of subtype 
D by DNA sequencing (97K*71). Finally, for quality 

control of HMA, 9 random samples were sequenced 
(97K*08, 97K*13, 97K*41, 97K*63, 97T*08, 97T*14, 
97T*33,97T*56 and 97T*72) and all were confirmed to 
contain HIV-1 subtype C virus (Fig. I). In conclusion, 
among the 67 HIV-1-positive plasma samples of this 
study, 66 appeared of subtype C and only I of subtype D. 
Thus, using DNA sequencing results as a gold standard 

97K*32 

Cons1 

97K'7I 

89*2841 

97K*63 
5T'9 90*1001 

_t jïOT'21 

\ 89*2733 

90*1252 

S 

90*1290 

FIG. 2. Unrooted phylogenetic 
tree analysis of HIV-1 gp120 V3 
regions of bulk plasma sequences 
from commercial sex workers 
(CSW) In Addis Ababa, collected 
in 1997 (in bold, labeled 97K'for 
Kazanchis or 97T* for Tekle Haim-
anot; n - 17), 1995 (labeled 95K* 
for Kazanchis or 95T' for Tekle 
Haimanot; n = 19), 1992 (labeled 
92K' for Kazanchis or 92T* for 
Tekle Haimanot; n = 24) and 1989/ 
1990 (labeled 89* Of 90*; n = 13), 
in conjunction with HIV-1 subtype 
consensus sequences from the 
Los Alamos sequence database 
(labeled Cons'X) (1). The se
quences were aligned manually. 
Pairwise evolutionary distances 
were estimated using Kimura's 
two-parameter method (40). Phy-
logenetic trees were constructed 
by the neighbor-joining method 
(24), and the reliability of the 
branches was estimated by per
forming bootstrap analysis using 
100 replicates (25). The values at 
the nodes indicate the percentage 
of bootstraps in which the down
stream cluster was found. 
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and HMA results when sequencing results were not 
available, the sensitivity of the peptide ELISA for iden
tifying HTV-1 subtype C strains was 54 of 66 (82%). 

Table 3 puts the overall diversity of the gpl20 V3 
regions of the 17 Addis Ababa CSW from 1997 in the 
context of diversity calculated from previously se
quenced HTV-1 from CSW from the same locale. Data 
were included from a previous study performed by our 
group (17). It can be concluded that there is a significant 
increase over time of the overall means of both the pro
portion of synonymous substitutions per potential syn
onymous site (dS) and the proportion of nonsynonymous 
substitutions per potential nonsynonymous site (dN). 
Thus, the HTV-1 C subtype epidemic in Addis Ababa is 
still accumulating diversity in 1997. 

DISCUSSION 

The present study demonstrates that HTV-1 subtype C 
continues to predominate in Addis Ababa, Ethiopia. The 
presence of subtype C is also reported in the neighboring 
countries of Ethiopia (Kenya, Somalia, and Djibouti) 
(26). However, in these countries HTV-1 subtype C rep
resents only a fraction of the prevalent subtypes (27). 
The situation in Addis Ababa parallels the situation in 
countries with relatively recent HTV-1 epidemics, like 
India and South Africa, where again HTV-1 subtype C 
predominates (28). The cumulative data presently avail
able on Ethiopia, where the estimated number of HTV-
1-infected individuals is approximately 2.6 million 
(Ethiopian Ministry of Health, 1997), indicate that the 
HTV-1 epidemic is most probably to a large extent of the 
C subtype (11-19). According to UNAIDS, 48% of HTV-
1-positive individuals in the world (equivalent to an es
timated 14,680,000 subjects) were infected with HTV-1 
subtype C by the end of 1997, making subtype C the 
most prevalent worldwide (Q. Abdool Karim, Geneva 
AIDS Conference, 1998). Altogether, the above data un

derline the general importance of vaccine development 
targeting specifically HTV-1 subtype C. 

This study presents the first evidence of a HTV-1 D 
subtype in Addis Ababa. This subtype was identified 
from a 25 year old CSW attending the Kazanchis Health 
Center. In a previous study we demonstrated the pres
ence of HTV-1 subtype A virus in a 23 year old pregnant 
woman reporting at the Tekle-Haimanot Health Center in 
1995; all other 93 sera from various risk groups from 
Addis Ababa contained HIV-1 subtype C viruses (17). In 
summary, these findings indicate the presence, though at 
substantially low frequencies, of HTV-1 subtypes A and 
D in Addis Ababa. In contrast, studies in neighboring 
Kenya, Djibouti and other East African countries, like 
Uganda (29) and Tanzania (30) have found subtypes A 
and D to be the most prevalent HTV-1 subtypes (26,30-
32). 

The reason for the predominance of subtype C in Ad
dis Ababa cannot be given with absolute certainty. How
ever, it can be speculated that this subtype, when intro
duced into the country in the early and mid-1980s, has 
first rapidly saturated the CSW network. In support of 
this, already in 1988, only 4 years after the first HTV-1-
positive sera were detected in Ethiopia (10), a HTV-1 
prevalence of 30% to 38% was found in CSW from 
towns along the main road from the Assab harbor on the 
Red Sea, to Addis Ababa (33). And in 1989 the HTV-1 
prevalence in CSW from Addis Ababa (44%) was iden
tical to the one detected in the present study of 1997 
(45%), again indicating a rapid spread. Subsequently, it 
can be assumed that the CSW network, being very mo
bile, has contributed to a large extent to the transmission 
of HTV-1 into the general population, mostly via its male 
clients. Finally, no other risk group-related subtype-
specific TÏÏV epidemics could be identified in Ethiopia so 
far, as were described in South Africa (homosexual, sub
type B; heterosexual, subtype C) (34) or Thailand (intra
venous drug users, subtype B; heterosexual, subtype E) 
(35). 

TABLE 3. Accumulate M ofHIV-l diversity n samples from commercial sex workers from Addis Ababa collected at various timepoints 

Year of sample 
collection 

No. of 
samples 

Mean dS 
(standard error) p Value' 

Mean dN 
(standard error) p Value' 

1989/1990 
1992 
1995 
1997 

13 
24 
19 
17 

0.1166(0.0239) 
0.1405(0.0256) 
0.1310(0.0233) 
0.1979(0.0328) 

.25 

.50 
<.01 

0.1091(0.0114) 
0.1168(0.0102) 
0.1407(0.0115) 
0.1564(0.0140) 

.06 
<.05 
<.01 

For each year of sample collection, the overall means of the proportion of synonymous substitutions per potential synonymous site (dS) and the 
overall means of the proportion of nonsynonymous substitutions per potential nonsynonymous site (dN) were calculated with Jukes-Cantor corrcctio n 
using MEGA software (39). 

1 p value expresses statistical significance of the difference between mean dS or mean dN values of samples collected at various time points 
compared with the oldest timepoint (1989/1990). These values were computed using Student's t test with infinite degrees of freedom, as previously 
described (39). 
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In this study, the WHO algorithm for HIV-1 subtyp-
ing, which includes initial screening of plasma by sub
type specific V3 peptide ELISA, followed by HMA and 
finally DNA sequencing (36) was performed for the first 
time in Ethiopia. In our hands, the use of a tailor-made 
"Ethiopian consensus" C peptide partly increased the 
peptide ELISA sensitivity: 54 of 66 (82%) C subtypes 
were identified, as compared to 50 of 66 (76%) by the 
WHO consensus peptide. On the other hand, 1 sample 
reactive with the WHO consensus C peptide was missed 
by the Ethiopian C peptide. In general, the peptide 
ELISA results showed a high rate of serum cross-
reactivity, 24 cf 67 (36%), with the panel of V3 peptides 
tested. This appears to be inevitable, sin« gpl20 V3 
sequence homologies between different subtypes have 
been demonstrated (37). Especially, this study confirms 
the wide cross reactivity between gpl20 V3 subtype A 
and C peptides used for ELISA, as reported earlier 
(37,38). The increase of OD cut off value from 0.700 to 
0.900, based on higher antibody titers in Africans, did 
not significantly influence the interpretation of our pep
tide ELISA results. In a previous study (17) the only 
HTV-1 subtype A sample identified (as confirmed by V3 
sequencing), was incorrectly diagnosed as subtype C by 
peptide ELISA (Abebe A, personal communication, Feb
ruary 3,1999). Thus, we conclude that the use of peptide 
ELISA is not recommended in areas where subtype A 
and C HTV-1 epidemics coincide. Since there are very 
few examples of areas with either HTV-1 subtype A or 
HTV-1 subtype C epidemics, the general use of peptide 
ELISA for HIV-1 subtyping should be questioned. 

With HMA, a more definitive determination of HTV-1 
subtypes was achieved. This method unambiguously 
identified 58 of 67 plasma samples as subtype C and 1 of 
67 as subtype D. Four samples were wrongly identified 
as subtype A (as demonstrated by DNA sequencing) and 
another four could not be subtyped. The incorrect A sub-
typing results are attributed to the use of the PCR primers 
ES7/ES8, which indeed were reported to cause some 
subtyping errors in discriminating HIV-1 subtype A from 
C pelwart E, personal communication, December 12, 
1995). DNA sequencing on nine random samples con
firmed all HMA data and identified three of four HMA 
untypable samples to be of subtype C. The fourth HMA 
untypable sample was unambiguously determined of 
subtype C by peptide ELISA. Although DNA sequencing 
remains the standard criterion for HIV-1 subtyping, this 
technology is not always practical in a developing coun
try. Therefore, the application of HMA is recommended 
for Ethiopia. Based on the results obtained in this study, 
the following algorithm for HMA aided HTV-1 subtyping 
in Ethiopia can be proposed: 

1. Primers ED3/ED14 followed by primers ED31/ED33 
2. Primers ED5/ED12 followed by primers ED31/ED33 
3. Primers ED3/ED14 followed by primers ED5/ED12. 

Use of ES7/8 primers is not recommended. 
When the HTV-1 gp 120 V3 diversity of 1997 Addis 

Ababa CSW samples was put in the context of diversity 
found in CSWs from the same city in previous years, it 
could be concluded that diversity increases over time. In 
other words, there is no evidence as yet that HTV-1 
gpl20 V3 diversity, within subtype C, has reached a 
plateau in the Addis Ababa CSW population. In addition, 
phylogenetic analyses performed in the present study 
demonstrated that there is no clustering of HTV-1 gpl20 
V3 sequences of CSW according to date or locale of 
sample collection. This indicates that the accumulation 
of diversity of HTV-1 gp 120 V3 in Addis Ababa CSWs, 
although increasing, is not in a certain direction over 
time and in addition, that there is substantial mixing of 
HTV-1-positive populations in this locale. 

Finally, given that this study was carried out only in 
Addis Ababa CSWs, further work is required to assess 
the existence and distribution of other subtypes in other 
parts of Ethiopia, especially along its borders. Knowl
edge about the genetic diversity and geographic distri
bution of HTV-1 subtypes in Ethiopia can contribute to 
the efficacy of future vaccine implementations. 
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Abstract: We ami others have previously shown thai subtype C is the predominant HIV-1 

subtype and the major cause of AIDS in Ethiopia. The present study shows that subtype C in 

Ethiopia has a genetic sub-cluster, designated C" that docs not increase in frequency, nor 

spreads geographically over the period 1988 ( ^ C =23/33) to 1996/7 (%C'=26/50), There is 

no association oi the HIV-1 subtype C or sub-cluster C' with géographie location, time of 

sample collection or risk group in Ethiopia. Out of 105 randomly collected samples 

representing 7 dînèrent towns in Ethiopia, all but two (one subtype A from Addis Ababa, 

I9l)7 and one subtype D from Dessie, 1996) belong to subtype C. 

Results and discussion: Human immunodeficiency virus type one (HIV-1 ) subtypes are 

distributed unevenly across Africa nations ' : \ In East and Central African countries such as 

I ganda, Kenya and Tanzania, the HIV-1 epidemic involves mainly two HIV-1 subtypes. A 

and I) -, In contrast, subtype C has dominated the rapidly expanding epidemic in Botswana. 

South Africa and Ethiopia " . HIV-1 subtype C is on the rise, possibly gradually replacing 

subtype D viruses in Eastern African countries ''. 

I he relative roles played by virological, beha\ ioral, and host determinants in the epidemic 

expansion ol any particular HIV-1 subtype are unclear. Careful surveillance of genetic 

subtypes in a given population is presently a particularly important approach for better 

understanding the biological properties of different HIV-1 subtypes. 

The first Ethiopian HIV-1 positive sera were detected in 1984 '" and the first Ethiopian AIDS 

case was reported in 1986 in Addis Ababa the capital city with presently more than 3 million 

inhabitants . A national surveillance performed in 1988 amongst commercial sex workers in 

23 towns and cities in Ethiopia revealed an HIV-1 prevalence o\' \", to 38'/ l2. In 1994 the 

scro-prevalence was 795 among blood donors '3. Sentinel surveillances performed m 1995, 

1996 and 1997 in Addis Ababa report HIV-1 prevalence ranging from 14 to 209? in pregnant 

women ' \ Recent studies performed m 1997 and 1998 reveal an HIV-1 prevalence of 45-

•4' i in commercial sex workers in Addis Ababa (Aklilu M, personal communication). Finally. 

sequence data on sera and plasma samples collected in Addis Ababa, demonstrated that the 

majority of the circulating viruses belong to subtype C M ' \ These Ethiopian subtype C 

sequences differ slightly from the consensus C sequence and there was some hint of the 

presence of a separate sub-cluster within the main C group. Nevertheless, the presence of 

such sub-cluster was not supported by a significant bootstrap value in phylogenetie tree 

analysis. To assess the geographical distribution in more detail and the possible influx of 
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HIV-] subtype(s) in the whole of Ethiopia, 105 scrum samples were analysed which have 

been collected from seven different towns and two risk groups. Figure 1 shows the map of 

Ethiopia, the number of serum samples sequenced, the town and the year of sample 

collection. 

SUDAN 

KENYA 

SOMALIA 

Town 

Total 

Number of samples collected 
1988(0') 1996/7(C') 

1. Addis Ababa 7(4) 11(6) 
2. Gondar 7(5) 9(3) 
3. Dessie ÏÏV 5(2) 
4. Dire Dawa 9(2) m 5. Jimma 7(2) 10(7) 
6. Arba Minch 9(7) 7(5) 
7. Assab 7(2) 0 

53(23) 50(26) 

Figure l: Map of Ethiopia and Eritrea. The numbers in the map indicate the different towns included in the 
study. The samples shown in the table were collected from commercial sex workers in 1988 and blood donoi il 
1996/7. The numbers in the parenthesis indicate the number of isolates that belong to the sub-cluster C' 
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The procedures of HIV-1 RNA isolation, reverse transcription and direel sequencing were 

described earlier . The C2-V3 region of the envelope gpl20 glycoprotein gene was 

sequenced and sequence alignmenl was performed manually according to the Los Alamos 

reference-sequences used for subtyping. The nucleotide alignments were subjected to 

phylogenetic tree analysis using neighbor joining and maximum likelihood method 

implemented in the Phylip package programs "' and using kimura-2-parameter distances. The 

bootstrap option in the MEGA program was used to determine the reliability of the clusters in 

the ph) logenetic trees. A bootstrap value equal or greater than 75$ was considered 

significant . The synonymous and non-synonymous nucleotide substitution distance matrix 

was generated using the MEGA program by the Jukes and Cantor method '8. Multivariate 

principal co-ordinate analysis was done with the PCOORD software '9 and amino-aeid 

sequence comparisons were done using the VESPA program :". 

f igure _: Phylogenese nvc analysis ol Ethiopian HIV-1 sequences b) neighbor-joining algorithm (17) The 
sub-cluster is indicated as sub-cluster C' in the nee The HIV-1 subtype A(AA97206) .nul subtype D 
(DE96050) isolates found in this study are shown, clustering with the subtype A i (T9500I I and the subtype I) 
i KS S967 I ! lion, our previous studies I 1 <>.2 I I Sequences have heen indicated by codes: AA = Addis \bab i 
AM - \.ha Mmch AS . Assab, DD = Dire Dawa, DE = Dessie, JM = Jima and GO = Gondar The first two 
digit number following these codes indicate the year of sample collection the next three digits indicate sample 
number. IhcGcnBank accession numbers are AF245518 to AF24566I3. Numbers by the branches represent 
bootstrap values out of a 100 replications. 
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The phylogenetic analysis depicted in Figure 2 clearly shows that subtype C is widely 

distributed and dominates the HIV-1 epidemie in Ethiopia. Among the 105 samples, two 

sequences clustered with previously published subtype A and subtype D sequences from 

Addis Ababa l4. Sample AA97026 of Addis Ababa showed homology with TP95001 

(subtype A. pregnant women. Addis Ababa. 1995). while DE96050 from Dessie clustered 

with KS39671 (subtype D. commercial sex worker. Addis Ababa. 1997). All serum samples 

collected in 1988 contained subtype C virus. Although both HIV-1 subtype A and D isolates 

were collected in 1996/7. there is evidence for an earlier introduction of HIV-1 subtype A in 

Ethiopia, in or even before 1991 "" . 

10 
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- 1 1 I I 1 1 1 1 1 1 1 1 1 - j — 1 — 1 — 1 — 1 1 1 1 1 1 1 1 1 
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1 0 
dimension 1 

Figure 3: Result ol the multivariate principal co-ordinate analysis (PCOORD) for the main group C and the 
sub-cluster C'. Axes arc the two dimensions that were first extracted; together they cover 24% of the total 
difference between the two groups The first ten axes cover 539S of variation. The arrow points ihe subtype ( 
reference C2220. Two reference sequences of subtype A and D were included, noted as such. 
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Within the Ethiopian sequences a sub-cluster (named C' ) could be identified with a 

significant bootstrap value (bootstrap IT/, ). The Ethiopian isolate C2220 from 1986. used as 

a C reference, does not belong to the C' sub-cluster. The prevalence of both the sub-cluster 

t " and the mam group C viruses appears equally distributed, as this study indicates that 489; 

of the analysed scrum samples contain a C' virus and 52<% a C virus. The sub-cluster was 

confirmed by maximum likelihood phylogenetic analysis (data not shown) and by 

multivariant principal co-ordinate analysis (Figure 3). 

The Ethiopian sub-cluster C' viruses are grouped together, independent of any variable 

considered in this study, which includes geography, risk group and time of sample collection. 

The two groups co-circulate with similar prevalence, although the rate of synonymous and 

non-synonymous nucleotide variation amongst the sequences of the C group is higher than in 

the C' group. These differences are statistically significant (p<0.0001) for the two time point 

ol sample collection. 

The VESPA software was used for the amino acid sequence comparison of the Los Alamos 

data base (3) subtype C sequences (LsA C) and the two subgroups C (Eth C) and C' (Eth C' ) 

circulating in Ethiopia. Both groups C and C' show significant amino-acid differences when 

compared to the database or to each other but the main group C is genetically closer to the 

data base sequences than to the sub-cluster C' ones (Figure 4). 

J . |275 ±300 i-325 J-350 
LSA C • IIIRSENLTimAKIIIVQLNEPVEINCTRPmWRKSIRIGPGOTFYATGDIIGDIRQAXCNISRTKWNKTLQKVKEKLAEHFPNKTI 

E t h c . E GEN R--KK 

II. 
LSA C : TIIRSEm.TNNAKIIIVQLNEPVEINCTRPNNNTRKSIRIGPGQTFYATGDIIGDIRQAHCNISRTKWNKTLQKVKEKI.AEHFPNKTI 
Eth C' : -V H-K V M  

;s 

-EKA E-GK--Çl-

III. 
Eth C • IIJRSEm.TmmKIIIVOLNEPVEINCTRPNNNTRESIRIGPGQTFYATGDIIGDIRQAHCNISGENWNKTLQKVREKLKKHFPNKTI 
E t h C : -V H-K V K-M EKA E-GK--QE 

Figure 4: VESPA supported amino-acid sequence comparison between the Los Alamos data-base subtype C 
(LsAC) sequences and theC (I) andC'(II) groups in Ethiopia indicated as Eth C'and Eth C' respectively. 

The presence in the C' group of a Lysine (K) at position 304 instead of a Glutamic acid (E) 

affects the number of positive charges in V3 loop and a Valine (V) instead of an Asparagine 

(N) al position 294 leads to the loss of a potential N-glycosylation site. We do not have 

evidence that there are significant biological differences between the groups C and C'. 

although it is known that the number of charges and glyeosylation in the V3 loop can affect 
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cellular tropism and neutralisation ability of antibodies . Further studies and follow-up of 

the epidemic are needed to answer these questions. 

We conclude that viruses circulating in Ethiopia over the last 10 years cluster with the main 

subtype C. but a significant sub-cluster C' was noted in multiple analyses. This sub-cluster of 

subtype C (C) was m a fifty-fifty equilibrium with the main subtype C in Ethiopia in the last 

10 years ol' the epidemic. 
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ABSTRACT 

Objective: To derive the year of introduction of HIV-1 subtype C into Ethiopia from 

sequence information on early samples and subsequent virus diversification in the course ot 

the epidemic (1984-1997). 

Design: A set of 474 serum samples obtained in Ethiopia in 1982-1985 was tested for HIV-

1 antibodies. From positive samples. HTV-lenv gpl20 V3 and gag or pol regions were 

sequenced and analyzed together with sequences obtained in Ethiopia during later stages ot 

the epidemic. 

Results: None of 98 serum samples from 1982-1983 contained HIV-1 antibodies. One of 

193 (0.5%) samples from 1984 as well as one of 183 (0.5"% ) samples from 1985 were HIV-

1 positive. Phylogenetie analysis of virus sequences obtained from both samples revealed 

hat they belonged to the Ethiopian C. - and not C' -. cluster in all genomic regions 

analyzed. Analysis of 81 Ethiopian C V3 sequences from 1984-1997 revealed that the 

consensus sequence of the Ethiopian virus population is stable in the course ol the 

epidemic. Both the 1984 and 1985 V3 sequences had no synonymous substitutions 

compared to the reconstructed common ancestor of the Ethiopian C virus population, in 

contrast to only 3 of 27(1 1%) of the 1988 sequences and none of 51 (()</! ) of the 1992-1997 

iequences. A highly significant correlation between the synonymous distances of the V3 

sequences and their sampling years was demonstrated. 

Conclusions: We confirmed a low prevalence of HIV-1 infection in Ethiopia in the early 

I980's and the close distance of the 1984 and 1985 sequences to the reconstructed common 

ancestor of the Ethiopian C virus population. The increasing genetic heterogeneity together 

with stable consensus sequence of the Ethiopian HIV-1 C population demonstrate that 

evolution of virus population is characterized by an unbiased expansion around a stationary 

consensus sequence. Based on the rate of virus diversification within the Ethiopian 

population, we were able to estimate 1983 (95$ CI: 1980-1984) as the year of HIV-1 C 

introduction into Ethiopia, which is in agreement with the seroepidemiological data. 

KEYWORDS: HIV-1 epidemic. Ethiopia. HIV-1 genetic characterization. HIV-1 subtype 

C, molecular clock. 

INTRODUCTION 

As most countries of Sub-Saharan Africa. Ethiopia has been experiencing a severe HIV-

JDS epidemic during the last 15 years. Intensive retrospective seroepidemiological 
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studies, the results of which are summarized in Table I. have revealed the absence ol HIV-1 

in rural or urban Ethiopian populations prior to 1984 ' . The first ease of HIV-1 infection in 

Ethiopia has been registered in 1984 in the capital city Addis Ababa, when serum samples 

of 167 hospitalized patients have been tested for anti-HIV-l antibodies . The first AIDS 

cases in Ethiopia have been registered in 1986 in hospitals in Addis Ababa . In 1986-1988, 

a high prevalence of HIV-1 has been demonstrated along the mam trading roads of the 

country, varying from 1 39! among truck drivers to an average ol' 1795 among commercial 

sex workers (CSW) in 1988 . In 1994. data from eleven urban blood banks showed that the 

prevalence of HIV varied from 595 to 20%, being 6.69? in Addis Ababa (National Blood 

Transfusion Service. Ethiopian Red Cross Society. 1994. unpublished). Among antenatal 

care attendants in Addis Ababa. 1 1-1395 of individuals were found to be HIV-1 seropositive 

in 1991 ''.compared to 18$ in 1996 7. A recent study among CSW of Addis Ababa 

demonstrated an HIV prevalence of 7495 (Aklilu M. el aL submitted). 

Earlier, we and others have reported that the HIV-1 epidemic in Ethiopia is caused by 

subtype C viruses '. Among the Ethiopian env gpl20 V3 sequences, two phylogenetic 

clusters can be distinguished and are designated C and C" ' .It has been shown, that both C 

and C' viruses have been circulating over the last decade among the same risk groups and 

geographical areas 

In this study, we report the identification of two HIV-1 positive serum samples from Addis 

Ababa, which have been obtained from HIV-1 seropositive individuals sampled in 1984 and 

1985. To study whether these two viruses are genetically close to the founder virus which 

has been originally introduced into Ethiopia, we obtained and analyzed genetic information 

for these two earliest Ethiopian viruses in conjunction v. ith sequence data from later years, 

obtained in the same geographic area. 

MATERIALS AND METHODS 

Clinical samples 

Four hundred and seventy lour serum samples, obtained in the period of 1982-1985 from 

hepatitis B virus (HBV) infected patients who visited the former National Research Institute 

of Health (NRIH) Virology laboratory for routine diagnosis of HBV infection, were used 

for our study. These 474 samples were tested lor the presence of HIV-1 antibodies by 

ELISA (Vironostika Uniform II. Organon Teknika. The Netherlands) ami Western Blot 

(HIV Blot version 2.2. Genelabs Diagnostic Biotechnology. USA) according to the 
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manufacturer's instructions, 

1 he samples selected for the linear regression analysis (n=81 I belong to the mam C group 

[Abebe A. et al in press] and originated from the period of ll)84-l W7. Sera were collected 

from; HBV and HIV-1 positive samples (n=2). Addis Ababa, in 1984 and ll)85. an AIDS 

patient. (n=l ). Addis Ababa 1986; commercial sex workers, pregnant women, and blood 

donors (n=26). Addis Ababa, over 1992-1995; and commercial sex workers and blood 

donors of seven different Ethiopian towns including Addis Ababa (n=52), in ll)88 and 

1996/7. 

.Sequencing 

For HIV-1 positive samples. RT-PCR of three genomic regions (env gpl20 V3, gag 

pl7/p24, and pol protease/partial RT) was performed. Briefly. RNA was extracted from 

OOul of serum by the silica-based method 2". After washing and elution from the silica with 

lOOul of sterile water. Kkil of the eluate was used in a reverse transcription reaction with 

avian myeloblastosis virus reverse transcriptase. A region of 287 bp of the HIV-1 envelope 

. ! region was amplified with C2-V3 primers and further amplified with a nested PCR. The 

iter primers were 3'-V3-NOT (5'-GCGCGGCCGCCCCCTCTACAATTAAAACTGTG-

i ...id 5'-V3-NOT (5'-GCGCGGCCGCACAGTACAATGTACACATGG-3'); the inner 

primers were 5'-V3-SP6 (5'-GATTTAGGTGACATATAG-3') and 3'-V3-T7 (?'-

i AATACGACTCACTATAGGG-31), as described earlier21 : \ bor amplification of a 743 

fragment of the gag gene (complete pi 7 and partial p24), outer primers 3'-SK39 (5'-

GCATTCTGGACATAAGACAAGGACCAAA-3') and 5'-GAG-l (5' GCGAGAGCGTCA 

GTATTAAGC-3') and inner primers 5'-GAG-2-SP6 (5'-GGGAAAAATTCGGTTAAAGG 

3') and 3'-GAG-AE3-T7 (5'-TAGGACCCTAATTTATTTTATCA-3'), «ere used as 

described earlier24;25. For the amplification of the pol region ( I 178 bp including the 

protease and 297 amino acids of the RT gene), the first PCR reaction was performed with 

the outer primers .V-p,otFM (5'-CAAGGGAAGGCCAGGGAATTT-3', HxB2 positions 

2111-2130) and 3'-halfRT (5'-TGACCCATCAAAAGACTTAATAGCAGAAATA, HxB2 

positions 3505-3535). Subsequently. DNA was amplified in three nested PCR reactions 

l fragments A. B and C). covering the region. The inner primers used were: for fragment A. 

5'-SP6-prot/RT (5'-CTTTAACTTCCCTCAGATCACT-3'. HxB2 positions 2242-2263) and 

3'-T7prot (5'-CCTATTGAAACTGTACCAGTA-3', HxB2 positions 2558-2578); lot-

fragment B. 5'-SP6p66/out (5'-GACCTACACCTGTCAACATAAT-3', HxB2 positions 

2484-2505) and 3'-endprotT7 (5'-TGGAAAGGATCACCAGCAATATT-3', HxB2 



positions 3005-3027): for fragment C. 5'-SP6p66 (5'-AGATATCAGTACAATGTGTT-3\ 

HxB2 positions 2975-2994) and 3'-halfpol (5'-AAGCAGAGCTAGAACTGGCAGA-3\ 

HxB2 positions 3441-3462) using the conditions described earlier :". 

Both strands ol the nested-PCR fragments were directl) sequenced by using the SP6 and T7 

primers. Sequencing was performed with Taq dye primers (Applied Biosystems. Foster 

City. Calif.) and the ThermoSequenase fluorescence-labeled primer cycle-sequencing kit 

(Amersham International. Little Chalfont, England). The sequence products were analyzed 

on an automatic DNA sequencer (model 373A Applied Biosystems, Foster City, CA). 

Sequence analysis 

Nucleotide sequences obtained in this study were aligned manuall) together with 79 

sequences obtained from Ethiopia in earlier studies ;' •'". Positions containing an alignment 

gap were excluded from pairwise sequence comparisons. The most recent common ancestor 

for the Ethiopian subtype C epidemie was reconstructed as the common node of 81 

Ethiopian C sequences using several phylogenetic methods. Phylogenetic trees were 

constructed by using the neighbor-joining (NJ) and maximum-likelihood algorithms (ML) 

as implemented in PHYLIP package (NEIGHBOR and DNAML, respectively) 

(http://evolution.genetics.washington.edu/phylip.html). DNAML method was based on 

empirically found base frequencies and transition/transversion ratios, considering different 

rates ol evolution at different positions. The neighbor-joining method was based on gamma 

distances for the Jukes-Cantor method. For both methods, reference sequences of H1V-1 

subtypes other than C, provided by the Los Alamos database (http://hiv-web.lanl.gov), were 

used to root the trees. Subtype C sequences from other countries were also included. 

Subsequently, neighbor-joining phylogenetic trees based on synonymous (Ds. Nei-Gojobori 

method with Jukes-Cantor correction) evolutionary distances were build by usina the 

MEGA package " . For all methods, evolutionary distances of individual sequences to the 

most recent common ancestor were calculated and analyzed by using several statistical 

approaches. 

Statistical methods 

All statistical calculations were done by using the SPSS/PC+ software (version 5.0. SPSS 

Inc.. Chicago. Illinois. USA). The relationship (correlation) between sampling years ol' 

individual H1V-1 séquences and their synonymous distances to the most recent common 

ancestor was examined h\ using linear regression analysis. Each sequence was considered 
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to be statistically independent. The distance data were studied by using linear regression 

analysis in two ways. In the first method, the distances of all individual sequences to the 

common node were analyzed in relation to their sampling year (all sequences equally 

contributed to the analysis). In the second approach, the mean distances calculated per year 

were used (all years equally contributed to the analysis). For each analysis, 959? confidence 

intervals for the time of virus introduction into Ethiopia, has been calculated (CI for X-

intercept). 

RESULTS 

\ total of 474 serum samples, collected from 1982 to 1985 from Ethiopian individuals, 

were tested by ELISA and Western Blot for HIV-1 antibodies. Among samples obtained in 

1982 (n=44) and 1983 (n=54), none were found to be HIV-1 positive. One of 193 (0.595 ) 

samples from 1984 as well as 1 of 183 (0.5%) samples from 1985 were found to contain 

anti-HIV-1 antibodies (Table 1 ). These samples were obtained from a 26- and a 41-years 

old male, respectively. 

vcar risk group location n HIV+ 

1982 hepatitis B AA 44 0(0%) 
1982-83 (ref.2) hospital patients AA, AS. HA. YI, NE 500 0(0%) 
1983 hepatitis B AA 54 0 W< ) 
1983 (ref.2) blood donors AA IV) 0(0%) 

|<)84 hepatitis B AA 193 1 (0.595 ) 

1984 (ref.2) Bell's palsy + controls Ethiopia 267 2(0.7r/r) 

1985 hepatitis B AA 183 1 (0.5%) 

1985-87 (ref.2) liver diseases AA 528 13(2.5%) 

Table 1. Early HIV-] seroprevalence in Ethiopia (1982-1987). The tabic summarizes earlier published data 
j I and those from the present study. AA - Addis Ababa. AS - Asmara. HA - Harar, YI - Yirgalem, NE -

'inte, n - number of serum samples tested 

From these two samples, virus-specific RNA was isolated, and RT-PCR was performed for 

the HIV-1 env. pol, and gag genetic regions. While amplification of the gp 120 V3 region 

was possible for both samples, the gag region was successfully amplified for the 1984 

sample, and the pol region was amplified for the 1985 sample only. Since both gag and pol 

unis are generally more conserved compared to the env V3 region, it is likely that 

negative results of amplifications are related to longer size of these fragments. The 

predicted amino acid sequences of the V3 regions of the 1984 and 1985 samples are shown 

in Figure I. 

83 



1 10 20 30 40 50 60 ~0 

I I I I I I I 
CONSENS_84-96 I : 

; _ 8 4 K.P T...7.R...E .. 
1985 85 ?.E A K T D G.?R -... 

:.20„86 T...F T....S E QK 
:: : : 4-86 ? ?.?...? 

CONSENS_88 R.... ? 
CONSENS_92 T ? K E. . . 'TV . . . . E? . . E . . . . 

T K •• • 
ONSEN 16 . ? ? ' 

CONSENS_97 R R  

Figure 1: Predicted amino acid sequences of the env gp!20 V3 regiem oi the Ethiopian 1984 ami 1985 
samples The sequences aie shown in comparison with the Ethiopian consensus sequences. Dots indicate 
amino acid identities, dashes indicate deletions. Question marks represenl cases when two or more amino acid 
were the most often ones at dial positions, should be included The consensus sequences lor several periods ol 
the Ethiopian epidemic aie also shown. 

Phylogenetic analysis revealed that both the 1984 and 1985 viruses belong to the C cluster 

of Ethiopian subtype I' viruses in the gpl20 V3 region (Figure 21. The gag region of the 

1984 and the pol region of the 1985 samples also clustered with the C sequences, and not 

with the C' sequences (data not shown).To analyze whether the consensus sequence of the 

V3 region of the subtype C epidemic in Ethiopia is changing in the course ol' the epidemic, 

we calculated consensus sequences for six periods of the epidemic based on 81 sequences 

obtained in this and earlier studies 3 ' ' '": consensus 1984-1986 (based on 3 sequences 

sampled between 1984 and 1986). 1988 (27 sequences sampled in 1988), 1 992 (6 

sequences). 1995 (20 sequences). [996 ( l l ' sequences), and 1997 (6 sequences) (Figure I ). 

For each sequence position, the most often amino acid was included in the consensus, even 

il it was not present in the majority of sequences (question marks represent eases when two 

or more amino acids were the most often ones at this position). Our analysis revealed that. 

during the HIV-1 epidemic in Ethiopia, its consensus sequence has remained stationary. We 

observed that, while there were differences among consensus sequences of different periods 

o\' the epidemic, at neither position an amino acid that was absent or in minority among 

early samples, became consistently dominant among late samples. Differences between the 

consensus sequences of the six periods of the epidemic were observed at fourteen positions, 

and all but one different amino acids were seen in one consensus sequence only. At the only 

sequence position (position 36). an amino acid difference was seen in the consensus 

sequences of two periods of the epidemic. At this position, the early consensus sequences 

( 1984-1986 and 1988) had an E (glutamic acid), while in the consensus sequences of 1992 

and 1995 a K (lysine) was the most prevalent amino acid. Yet, the latest consenst 

sequences ( 1996 and 1997) again contained an F at this position. 
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ligure 2: Neighbor-joining phylogenetic tree of the Ethiopian 1984 and 1985 V3 sequences 
rlier obtained Ethiopian C and C' sequences, as well as sequences of HIV-1 subtypes other than C and 
type C sequences from India and Brazil, are also included. All reference sequences are labeled as in the 
mal studies. The I984 and 1985 sequences are boxed. The reconstructed most recent common ancestor ol 
Ethiopian C epidemic is marked by a closed circle. The C' and C' clusters are indicated Bootstrap values 
shown C/i of 100 replications). In the gag and pol regions, the sequences of the 1984 and 1985 samples 
i belonged to the C' cluster (not shown). 

( )ur subsequent analysis of the amino acid distribution at this position among individual 

sequences revealed that both early and late sequences had various amino aetds tit this 

, s i t i o n ( 1 9 8 8 - 2 5 E , 2 K ; 1 9 9 2 - 1 E . 4 K . I R; 1 9 9 5 - 7 E, I 0 K , 3 R ; 1 9 9 6 - 1 2 E . 5 K , 

I R. I N, 1997 - 3 E, 1 K. 2 R).To lest whether the l l)S4 and 1985 V3 sequences are close 
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to the founder C virus which had originally been introduced into Ethiopia, we reconstructed 

the most recent common ancestor ot the Ethiopian C epidemic as the common node (Figure 

2) of 8] Ethiopian V3 sequences with known sampling years, which were obtained over a 

period nt' 1984-1997 and belonged to the C cluster. This genomic region was used because 

intensive longitudinal sequence data for the V3 region are available from Ethiopia. 

Subsequent analysis of the evolutionary distances of the I 984 and 1985 sequences to the 

reconstructed common node of the Ethiopian C epidemic revealed that these sequences are 

closer to the founder virus, compared to later sequences. The difference in distances ol the 

1984-1985 and later samples to the reconstructed founder virus was especially manifest 

when only synonymous substitutions were analyzed, with both the 1984 and 1985 samples 

i 1009a ) having a /.cm synonymous distance to the node. Among later samples (1986-1997), 

only 3 of 79 sequences (4c7t ) had zero synonymous distances to the node. All three later 

samples with zero distances to the node were obtained in 1988 (3 of 27 sequences, 1 ]%), 

while none of 51 sequences (09? ) from 1992-1997 had a zero distance to the reconstructed 

founder virus. The mean synonymous distances (±SE) of later samples to the node were: 

1988 - ().()40±().007. 1992 - 0.063±0.013. 1995 -0.094±0.012, 1996 - 0.094+0.013, and 

1997 - 0.098±0.030. The mean nucleotide distance of the 1984-1985 sequences to the node 

calculated by using the NJ method was also lower compared to those ot samples taken 

during any of later periods: 1 984-1985 - 0.040±0.024, 1986 - 0.049 (one sample. SE cannot 

be computed). 1988 - 0.063±().0()5. 1992 - 0.088±0.018, 1995 - 0.1 1 2±().()()9. 1996 -

0.093±0.007, 1997-0.115+0.01 I (1986-1997 -0.090±0.043). Similar results were also 

obtained by using the ML method (data not shown). 

Regression analysis of evolutionary distances of 81 Ethiopian V3 sequences revealed that, 

there is a highly significant (p<().()()()()()() 1 ) positive correlation between sampling years of 

mdi\ idual sequences and their synonymous distances to the reconstructed common ancestor 

of the Ethiopian C epidemic (Figure 3). The extrapolation ol the regression line of 

synonymous distances hack lo the dale when no synonymous heterogeneity was present in 

the Ethiopian HIV-I C population allowed to estimate 1983 (9595 CT: 1980-1984) as the 

year of HIV-I C introduction into Ethiopia. Similar results were obtained when regression 

analysis was based on the mean synonymous distances of all sequences sampled in each year 

(Figure 3). This approached resulted in a marked increase ol correlation (r=0.99. r=0.97) 

between the mean synonymous distances of sequences and their sampling years. 
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Figure 3: Synonymous distances of the Ethiopian V3 sequences to the reconstructed common ancestor of 
the Ethiopian C epidemic in relation to sequence sampling years. The regression analysis is performed lor all 
81 individual sequences (closed circles, solid regression line) as well as lor the mean distances per sampling 
sear (open circles, dotted regression line, error bars arc shown). Dashed lines indicate 95% confidence 
intervals calculated based on 81 individual sequences. Statistics: lor individual sequences - r=0.56, r =0.31, 
slope 0.008, X-intercept - 1983, p<0.000000l : for the mean distances - r=0.99. r =0.97, slope 0.007. X-
intercept - 1983 p<0.()01 The table summarizes earlier published data (2) and those from the present study. 
AA - Addis Ababa, AS - Asmara, HA - Harar. Yl - Yirgalem. NE - Nekemte, n - number of serum samples 
tested. 

DISCUSSION 

In the present study, we were able to demonstrate and further confirm a very low prevalenee 

of H1V-1 m Addis Ababa. Ethiopia, in the early 1980s. Among the 474 samples from 1982-

1985 tested in our study, only two were found to be positive for anti-HIVT antibodies. 

None of the 98 samples from 1982 and 1983. that were obtained from hepatitis B patients in 

Addis Ababa, were HIV-1 positive. Only in 1984. the first HIVT positive samples were 

identified, resulting m a low prevalence of 0.5'; ( 1 of 193 samples). This prevalence has 

remained unchanged in 1985. when one of 183 samples (0.5%) were found to be HIV-1 

positive. Our data are in agreement with previously published data on the prevalence ol 

HIV-1 in Ethiopia in the early I980's ':2. When taken together with HIVT prevalence n\' up 

to 38c/r among CSW in 23 cities in Ethiopia in 1988 5, the above data indicate an extremely 

rapid spread of HIV-1 infection through the country between 1984 

and 1988. From both the 1984 and 1985 HIV-1-positive samples, we were able to obtain 

genetic information for the env gpl20 V3 and pol or gag regions of the HIV-1 genome. To 

the best of our knowledge, these two samples represent the earliest sequences available lor 
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the Ethiopian epidemic. Phylogenetic analysis revealed thai both samples belonged to the 

Ethii ipian c '. and nol to C', cluster. 

To stud} virus diversification within the Ethiopian C epidemic, we analyzed a set ol 81 V3 

sequences obtained in the period of 1984-1997 for this and earlier studies. We were able to 

demonstrate thai the amino acid consensus sequence of the Ethiopian H1V-1 C population 

has remained stationär) in the course of the epidemie. While we did observe ammo acid 

variations between consensus sequences ol different periods ol the epidemie, none of these 

differences was consistent (Figure 1 I. In other words, none of the ammo acids, that were 

absent or in minorit) among early Ethiopian \ iruses. has been subsequently selected for 

during the course of the epidemic. This observation is similar to earlier findings tor the 

subtype 13 epidemic : s :". Together with increasing genetic heterogeneity among individual 

sequences over time, which we showed in this study, this observation demonstrates that 

evolution ol HIV-1 C virus population in Ethiopia is characterized by an unbiased 

expansion around a stationary consensus sequence. 

I'o test whether the ll)S4 and 1985 V3 sequences are close to the virus which had originally 

been introduced into Ethiopia, we used several phylogenetic methods to reconstructed the 

most recent common ancestor ol the Ethiopian C' epidemic. Our comparison of evolutionary 

distances of the 11>S4 and 1985 sequences with those ol sequences obtained later in the 

epidemic revealed thai the ll)S4-l')S? sequences are closer to the ancestor. While being 

e\ ident for nucleotide distances, this difference was especially pronounced for synonymous 

distances, with both the ll)S4 and 1985 sequences, compared to 1 1<;! of the 1988 and ()'.£ of 

the 1992-1997 sequences, having zero synonymous distances to the ancestor. This 

observation agrees with previous data for other epidemics which indicate that (synonymous) 
28-32 

genetic heterogeneity of virus populations is increasing in the course ol the epidemic 

B\ analyzing the synonymous distances of the Ethiopian sequences to the ancestor in the 

course ol the epidemic ( I 984-1 lM7 i. like it has been done earlier for the US and Dutch 

HIV-1 epidemics (Lukashov, V.V and Goudsmit, J., in preparation), we were able to 

demonstrate their highl) significant correlation with the sequence sampling years (Figure 

3). The extrapolation of the regression line back to the dale when no synonymous 

heterogeneit) was present in the Ethiopian HIV-I C population allowed us to estimate 1983 

civ , cd: 1980-1984) as a year of HIV-1 C introduction into Ethiopia (Figure 3), which is in 

agreement with seroepidemiological data (Table 1 ). 
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ABSTRACT: To analyze genetic diversification within the HIV-1 C' population in the 

course of the epidemic in Ethiopia, we analyzed 165 env gpl20 V3 sequences obtained 

between 1988 and 1998. We observed a highly significant positive correlation between 

sampling years of individtial sequences and their synonymous distances to the reconstructed 

common ancestor of the Ethiopian C' epidemic. The extrapolation of the regression line of 

synonymous distances back to the date when no synonymous heterogeneity was present 

among the Ethiopian HIV-1 C' population allowed to estimate 1982 (959? CI: 1980-1983) as 

the year of the onset of HIV-1 C' genetic diversification and expansion in Ethiopia. These 

results are in agreement with retrospective epidemiological and serological data, which 

demonstrated the absence of HIV-1 epidemic in the Ethiopian population in the early 1980's. 

RESULTS AND DISCUSSION: More than 15 years have elapsed since the HIV/AIDS 

epidemic in sub-Saharan Africa became evident. While all known HIV-1 genetic subtypes are 

found in Africa, subtype C is becoming increasingly prominent m terms of its geographical 

distribution and the total number of infections caused, especially in the eastern and southern 

parts of the continent | 1 -1 1 |. 

In Ethiopia, retrospective serological studies revealed the absence of HIV-1 in rural or urban 

populations prior to 1984 [12.13]. The first case of HIV-1 infection has been registered in 

1984 in the capital city Addis Ababa, when scrum samples of 167 hospitalized patients have 

been tested for anti-HIV-l antibodies [ 13]. The first AIDS cases in Ethiopia have been 

registered in 1986 in hospital in Addis Ababa [ 14|. Since 1986. an increasing prevalence of 

HIV-1 has been demonstrated. In 1994. data from eleven urban blood banks showed that the 

HIV-1 prevalence varied from 5c/< to 20%, being 6.6'/; in Addis Ababa (National Blood 

Transfusion Service, Ethiopian Red Cross Society, 1994, unpublished). Among pregnant 

women in Addis Ababa, 1 1-13% was found to be HIV-1 seropositive in 1991 [15], compared 

to 18% in 1996 [16]. Among commercial sex workers (CSW). HIV-1 prevalence increased 

from b7< in 1985-'86 [17] to 74',4 in 1998 (Akhlu M. et al., submitted). 

Previous molecular epidemiological studies revealed that the HIV-1 epidemic in Ethiopia is 

caused by HIV-1 subtype C viruses [ 18-28]. Phylogenetic analysis of Ethiopian env gp 1 20 

V3 sequences demonstrated circulation of two genetically different subtype C virus 

populations in Ethiopia, designated C and C' [18]. It has been shown, that both C and C' 

viruses have been circulating over the last decade among the same risk groups and 

geographical areas [Abebe A. et al. submitted], 
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In the previous study, we obtained and genetically characterized the earliest HIV-I strains 

that have been present in Ethiopia in 19X4 and 1985 [Abebe A. et al. submitted]. 

Subsequently, we analyzed the evolution of the Ethiopian HIV-I C population over a period 

of 1984-1998, and observed a significant increase of synonymous distances of HIV-1 C 

sequences to their reconstructed common node in the course of the epidemic. Our analysis of 

the relation between synonymous distances of HIV-1 C sequences to the common node and 

their sampling years, supported epidemiological and serological data that current HIV-1 C 

epidemic in Ethiopia is resulting from virus introduction and subsequent expansion in the 

Ethiopian population in the early 1980's [ 13. Abebe A. et al. submitted|. 

In the present study, we performed similar analysis for the C' virus population in Ethiopia. A 

set of 165 C' V3 sequences was obtained from serum samples collected in Ethiopia over a 

period between 1988 and 1998 under the framework of the national-wide HIV-1 surveillance 

project. The samples were obtained from CSW. blood donors, hospital patients, pregnant 

women, and factory workers in several Ethiopian cities and towns: Addis Ababa. Arba-

Minch. Assab. Dire Dawa. Dessie. Gondar. Jimma. Akaki. and Wonji. 

To analyze whether the consensus sequence of the V3 region of the subtype C' epidemic in 

Ethiopia is changing in the course of the epidemic, we calculated consensus sequences for 

seven periods of the sequences obtained in this and earlier studies [25]; consensus 1988 (n = 

23). 1989-90 (n = 1 1 ). 1992 (n = 17). 1995 (n = 39), 1996 (n = 22). 1997 (n = 56) and 1998 

(n= 15) (Figure I ). For each sequence position, the most often amino acid was included in 

Consens 88-9S : IVIRSENLTNNAKIIIVHLKEPVEIVCTRPNmiTRKSMPiapGQTFYATGDIIGDIRQAUCNISEKTWNETLQEVGKKLaEHFPNKT 
Consens 88: V K Y  
Consens 89-90: K O-v K  
Consens 92 : V A--K  
Consens 95 : 0 K  

Consens 96: K EA--K  
Consens 97: T EK E  
Consens 98 : Q Q  

l'ïgure 1: Predicted consensus amino acid sequences of the envelope gpl 20 V3 region for seven periods of the 
subtype C' epidemic in Ethiopia. The sequences are shown in comparison with the overall C' Ethiopian 
consensus sequence Dashes indicate amino acid identities. 

the consensus, even if it was not present in the majority of sequences. Differences between 

the consensus sequences of the seven periods ol the epidemic were observed at eleven 

positions, and all but four different amino acids were seen during two or more consecutive 

time-periods. At the sequence positions 12. 21. 66 and 70 an ammo acid that was present 

amoiiii carls samples, was changed among late samples. The valine (V) at position 12 of the 
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early period. SS to 92, changed to an Alanine (A) for the period of 95 to 98. Likewise the 

88-95 Lysine (position 66) changed to a Glutamic acid (E) in 96 -97. The Lysine (K) 

(position 21 ) of the period 88 to 90 changed to a Glutamic acid m 92 to 95 turned back to a 

Lysine in 96 to finally become Glutamic acid for 97-98 and the glutamic acid of 88 - 90 

bacame a Lysine during 92 -96 only to turn back during 97 - 98. 

All sequences were aligned, and their most recent common ancestor o1 the Ethiopian C' virus 

population was reconstructed as the common node of the C' cluster in the neighbor-joining 

phylogenetie tree, constructed by using PHILIP package. Ethiopian C sequences and 

sequences of HIV-1 subtype other than C were used as an outgroup. The synonymous 

distances of the 165 sequences to their common node were calculated (Ds, Jukes-Cantor 

correction). Additionally, the mean synonymous sequence distances per each sampling year 

(± SE) were calculated. All statistical calculations were done by using the SPSS/PC+ 

software (version 5.0. SPSS Inc.. Chicago. Illinois. USA). The relationship (correlation) 

between sampling years of sequences and their synonymous distances to the most recent 

common ancestor was examined by using linear regression analysis [29,30]. Lach sequence 

was considered to be statistically independent. The distance data were studied h\ using linear 

regression analysis in two ways. In the first method, the distances of all individual sequences 

to the common node were analyzed in relation to their sampling year (all sequences equally 

contributed to the analysis). In the second approach, the mean distances calculated per year 

were used (all years equally contributed to (he analysis). Ninety-five percent confidence 

intervals for the time of introduction of C' viruses into Ethiopia has been calculated (CI for 

X-intercept). 

Regression analysis of evolutionary distances of 165 Ethiopian C' V3 sequences revealed that 

there is a highly significant (p<0.()00()()0()l ) positive correlation between sampling years of 

individual sequences and their synonymous distances to the reconstructed common ancestor 

of the Ethiopian C' epidemic (Figure 2). The extrapolation of the regression line of 

synonymous distances back to the date when no synonymous heterogeneity was present 

among the Ethiopian HIV-1 C' population (X-intcrcept) allowed to estimate 1982 (95$ CI: 

1980-1983) as the year of the onset of HIV-I C' genetic diversification in the Ethiopian 

population. Similar results were obtained when regression analysis was based on the mean 

synonymous distances of all sequences sampled in each year (Figure 1 ). This approached 

resulted in a marked increase of correlation (r=0.98, r=0.97) between the mean synonymous 

distances of sequences and their sampling years. The synonymous evolution rate of C' viruses in 
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our studs was similar to those observed earlier for HIV-I subtype B populations circulating in 

the US and among injecting drug users and homosexual men in the Netherlands i 0.004 versus 

0.004; 0.005; 0.00? ) respectively [29,30]. 
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Figure 2: Synonymous distances of i65 Ethiopian C' V3 sequences to the reconstructed common ancestor of the 
Ethiopian C' epidemic in relation to sequence sampling years. 
The regression anal) sis is performed for all 165 individual sequences (closed circles, solid regression line) as 
well as for the mean distances per sampling year (open circles, dotted regression line, error bars are shown). 
Dashed lines indicate 95' - confidence intervals calculated based on 165 individual sequences. 
Statistics: for indh idual sequences - r=0.45, r2=0 20. slope 0.004. X-intercept - I 982, p<0.0000000l ; for the 
mean distances - r=0.98, r=0.97, slope 0.007. X-intercept - I982, p<0.00001. 

These results, together with our earlier study on HIV I C epidemic in Ethiopia [Abcbe A. et al. 

submitted] indicate that, the trends in genetic heterogeneity among the C and C' virus 

populations are supporting the concept that the current HIV-l epidemic in Ethiopia is resulting 

from at least two HIV-l introductions and subsequent virus expansion in the early 1980 s. Our 

genetic results are in agreement with retrospective epidemiological and serological data on the 

absence of the HIV-l epidemic in Ethiopia before 1984-1985. 
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ABSTRACT 

Wc studied thirty randomly selected HIV-1 subtype C infected sera collected from several 

Ethiopian towns. The phylogenetic analysis of the 5'gag (including the pi 7 and 134 ammo-

acids of the p24 protein) and their respective C2V3 envelope regions showed evidence that 

five isolates are intra-subtype recombinants between the two groups ii\~ \ iruses, C and I", co-

circulating in Ethiopia. To substantiate this finding 16 isolates, including those suspected to 

he recombinants, were selected for further analysis. A 2600 nucleotide fragment comprising 

the gag and part of the pol (including protease and the 5'half ofRT) genes was sequenced 

along with the respective V1V2/C2V3 envelope regions. By phylogenetic and bootscan 

analysis we have identified six intra-subtype recombinant viral isolates indicating that the 

recombination rate between the two groups of subtype C viruses is approximately 209?. All 

six recombinant viruses share the envelope regions of the C' group strongly suggesting dial 

the C' group envelope has a biological advantage over the envelope of the C group. The 

neighboring-joining phylogenetic analysis of the 30 5'gag sequences showed that in Ethiopia 

two different groups of subtype C viruses are circulating as previously shown by the C2V3 

sequence analysis. Furthermore, maximum likelihood sequence analysis of the 2600 

nucleotide fragment together with the VI V2/C2V3 envelope regions established (lie genetic 

distinction between the two groups. 

INTRODUCTION 

Africa has been heavily affected by the human immunodeficiency virus Type 1 (HIV-1 ) 

pandemic with many of the known virus subtypes identified, including group M (subtypes A 

- K). group N and group O viruses. " with group M subtype C being most prevalent 

UNAIDS/WHO-2000 has reported that in sub-Saharan Africa there are approximately 24 

million individuals infected with HIV-1 of which ten million are from countries where 

subtype C dominates. Recently the high incidence of subtype C infection has been reported in 

. • 9;10 i u . / - i i . i 9:11-13 

countries where non-subtype C viruses previously dominated 

In Ethiopia the HIV/AIDS epidemic is believed to have originated in the early-1980s with the 

earliest HIV positive sera samples being collected in 1984 , and this incidence has increased 

dramatically ever since. The prevalence of HIV-1 infection was estimated in 1988 at \7c/t 

amongst commercial sex workers and 13% amongst truck drivers ' , at \\c/c amongst 

pregnant women in Addis Ababa in 1991 and at 18% in 1997 '7. In 1998 the prevalence 

amongst the commercial sex workers of Addis Ababa had risen dramatically to 74'7< (Aklilum, 

M; personal communication). Unlike many other African countries the Ethiopian HIV-1 epidemic 
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is dominated exclusively In subtype C viruses with at least two distinct strains co-circulating 

C and C" . The co-circulation ol different viral strams within the same population can 

lead to co-infection and viral genome recombination and there have heen man) descriptions 

ol recombinant viral genotypes world-wide J l~'. A report In Salminen ei al. has provided 

evidence that recombination is likel) to he an ongoing process since variant recombinant 

viruses could he identified at different time points from an individual infected with two 

different strains o( HIV-I " . It has also heen reported that differences in the RNA 

dimmerization signal of the HIV-1 genome does not impede the co-packaging of two 

heterologous RNA strands into one virion , suggesting that recombination during co-

infection is likely. Approximate!) 109? of all sequenced HIV-I strains are composed of 

genetic material derived from the recombination between different subtypes " and m 

some areas the incidence is estimated to he as high as 20-259? 21;22:27;34--%
j 

In addition it has been shown that some recombinant viral isolates are mosaics of several 

subtypes . Several inter-subtype recombinant viruses have also been shown to cause local 

epidemics like the AE (CM240) recombinant virus identified in Southeast Asia 22:28 the AG 

(IbNG) virus from West and West Central Africa ; is. the AGKCY032) virus 2I in Cyprus 

and the AB virus in Russia ' . 

In this study we analysed HIV-I amino acid sequences in sera isolated from 30 infected 

individuals across seven Ethiopian towns of broad geographic distribution. The presence of 

the two distinct co-circulating viruses in Ethiopia. C and C'. was confirmed by the 

ph\ logenetic analysis of their 5' gag and the corresponding C2V3 envelope fractions of the 

genome, [ntra-subtype recombination between the two co-circulating strains of virus was 

demonstrated. The frequency and pattern of recombination was found to he similar to that 

previously reported between two different subtypes. All the intra-subtype C/C" recombinants 

identified shared the envelope of the C' group indicating a transmission advantage for the C' 

envelope. 

MATERIALS AND METHODS 

Study subjects and virus selection: Stored sera samples collected from 30 HIV-1 infected 

individuals residing in different Ethiopian towns from 1988 and from 1996/7 were used in 

this study. The 1988 samples were collected from commercial sex workers and the 1996/7 

samples were from blood donors. All samples were analysed for the C2V3 envelope and Gag 

region DNA sequences with sixteen samples selected for further analysis. 
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Isolation and PCR amplification of Gag, Pol and envelope regions: RNA was extracted 

from lOOul of scrum by the Boom method40, RT conditions were performed as previously 

described '" and the cDNA amplified by a nested PCR protocol. The outer primers used for 

amplification of the C2-V3 region of the envelope were; 5'V3 NOT. 5'-

GCGCGGCCGCACAGTACAATGTACACATGG-3' (HxB2 positions 6995-70201 and 3'-

V3 NOT. 5'GCGCGGCCGCCCCCTCTACAATTAAAACTGTG-3' (HxB2 positions 7390-

7412). The inner primers were 5'V3-SP6, 5'-AATGGIAGICTAGCAGAA-3' (HxB2 

positions 7050-7070) and 3'V3-T7 5'-AATTTCTIGITCCCCTCCIG-3' (HxB2 positions 

7368-7388). using the conditions previously described ". The outer primers for the VI V2 

region of the envelope were; 5'-TGTGTACCCACAGACCCCAACCC-3' (HxB2 positions 

6476-6498) and 5'-ATTCCATGTGTACATTGTACTG-3' (HxB2 positions 6991-7023) and 

the inner primers were; 5'-GAGGATATAATCAGTTTATGGGA-3' (HxB2 positions 6538-

6592) and 5'-TCAAAGGATACCTTTGGACAIGC-3'(HxB2 positions 6833-6855) using the 

conditions previously described 42. The outer primers used for the amplification of 5' 

fragment of the Gag gene (including the p17 and 134 ammo-acids ol the p24 protein) were; 

3'SK39, 5'-GCATTCTGGACATAAGACAAGGACCAAA-3' (HxB2 positions 1630-1658) 

and 5' Louw-IGAG, 5'-GCGAGAGCGTCAGTATTAAGC-3' (HxB2 positions 795-815). 

The inner Gag primers were; 5GAG-2-SP6. 5'-GGGAAAAATTCGGTTAAAGGCC-3' 

(HxB2 positions 835-856) and 3'GAGAE3-T7, 5'-TAGGACCCTAATTTATTTTATCA-3' 

(HxB2 positions 1587-1612) using the conditions previously described . For the 

amplification of 3' fragment of the Gag gene (including the 3' end of the p24, p7 and p6 

proteins, that has 49 nt. overlap with the 5'Gag fragment and 49 nt. with the Pol gene) the 

outer primers were 5'- GGGGAAGTGACATAGCAGGAACTA-3' (HxB2 positions 1483-

1506) and 5'- TAATACTGTATCATCTGCTCCT-3' (HxB2 positions 2329-2350). the inner 

primers were 5'-GTGGGAGAAATCTATAAAAGATCG-3' (HxB2 positions 1561-1583) 

and 5*-TACTGTGACAAGGGGTCGTTGCCA-3' (HxB2 positions 2267-2290) using the 

conditions described previously 24. For amplification of the Pol region (including the protease 

and 297 amino acids of the RT gene) the DNA was amplified by three nested PCR reactions 

(A. B and C) covering the full length of the region following the first PCR reaction. The 

outer primers were; 5'ProtFM. 5'-CAAGGGAAGGCCAGGGAATTT-3' (HxB2 positions 

21 11-2130) and 3'halfRT. 5'-TGACCCATCAAAAGACTTAATAGCAGAAATA-.V (HxB2 

positions 3505-3535). The inner primers used were; for A 5'SP6-prot/RT. 5'-

CTTTAACTTCCCTCAGATCACT-3 , (HxB2 positions 2242-2263) and 3T7prot, 5-

CCTATTGAAACTGTACCAGTA-3' (HxB2 positions 2558-2578). for B 5'SP6P66/out. 5'-
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GACCTACACCTGTCAACATAAT-3'(HxB2 positions 2484-2505) and 3'endprotT7, 5'-

TGGAAAGGATCACCAGCAATATT-3'(HxB2 positions 3005-3027) forC 5'SP6P66, 5'-

AGATATCAGTACAATGTGTT-3' (HxB2 positions 2975-2994) and 3'harfPol, 5'-

AAGCAGAGCTAGAACTGGCAGA-3' (H\B2 positions 3441-3462) using the conditions 

previously described "" . 

DNA sequencing and analysis: The amplified DNA was directlj sequenced on an ABI 

373A automated sequencer (Applied Biosystems, hosier City. CA) using the Thermo 

Sequenase fluorescence-labelled primer cycle-sequencing kit (Amersham International. Little 

Chalfont, England) according to the manufacturers instructions. All nested primers were 

extended with the SP6 and T7 sequences and the PCR products were sequenced with the dye-

labelled Primers SP6 (5'GATTTAGGTGACATATAG 3') and T7 (5' 

TAATACGACTCACTATAGGG 3'). The alignment of the sequences was performed 

manually based on the alignment of the Los Alamos database reference sequences for 

subtyping. Phylogenetic analysis of the aligned sequences was performed using the neighbor-

joining method of MEGA 44 and the DNADIST. NEIGHBOR and DRAWTREE options of 

the PHYLIP software package . The distance matrix was generated by Kimura's two-

parameter estimation . A bootstrap value equal to or greater than 70% was considered 

significant based on one hundred replications 46'47. Other sequences obtained from the Los 

Alamos database were included as reference-sequences. Phylogenetic trees were constructed 

using the neighbor-joining and maximum likelihood options of the PHYLIP package 

programs ' \ The hootscanning method was used to study the recombinant viruses as 

implemented m the SIMPLOT program. Our analysis was performed by calculating the 

distances for a sliding window of 200 nucleotides of the test sequences moving along the 

alignment of a panel of reference sequences by increments of 20 bp '. One hundred 

replications were generated by the bootstrap method for each window and the percent 

bootstrap values were plotted with the nucleotide position of the sequence of the reference 

panel. 

RESULTS 

Phylogenetic analysis of the Gag and C2V3 envelope sequences. Based on the 

phylogenetic analysis of the C2V3 envelope region wc have previously identified in Ethiopia 

the presence of two different subtype C groups, which we termed C and C'. No associations 
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were found between the géographie location or the different risk groups into which the 

individuals were divided '. 

Figure 1: Gag (A) and C2V3 envelope (B) phylogenetic tree analysis of Ethiopian HIV-1 sequences using the 
neighbor-joining method of the DNADIST. NEIGHBOR and DRAWTREE options of the PHYLIP software 
paekage. The sub-cluster is indicated as sub-cluster C'. The sequences from the different towns have heen 
indicated by eodes: AA = Addis Ababa. AM = Arba Minch, AS = Assah. DD = Dire Dawa, DE = Dessie, JM = 
.lima and GO = Gondar. The first two digit number following these eodes indicate the yeai oi sample collection, 
the next three digits indicate sample number The subtype A ( UG455, KEO-.^IV). subtype D ( 94UG1 14. 
84ZROS5) and subtype B ( HxB2R, USJRFL) references aie used. Numbers by the branches represent bootstrap 
values out ol one 100 replications. 
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To further study this observation vvc randomly selected thirty HIV-1 infected individuals 

from seven Ethiopian towns and used their stored sera samples to analyse the 5' fragment ol 

the Gag gene (pi 7 plus 134 amino acids of the p24 protein) together with the respective 

C2V3 envelope region of their viruses. For both regions studied the neighboring-

joining/kimura-2-parameter phylogenetic analysis demonstrated that there is indeed two 

genetically distinct subtype C groups co-circulating in Ethiopia, illustrated in ligure 1. The 

presence of the genetic subcluster C' is supported by significant bootstrap values ol' 93 lor the 

Gag region and 97 for the C2V3 envelope region. Analysis of the C2V3 region shows fifteen 

sequences belonging to the C group and fifteen to the C' group whilst the analysis of the gag 

region reveals nineteen viruses belonging to the C group with only ten in the C' group, with 

one gag sequence. GO88052, interspersed between the two. 

Intra subtype C/C' recombination: Since four isolates (AM96146, GO96009, JM9611 1. 

DE96043) belong to the C' group with respect to their C2V3 envelope sequence (figure IB) 

but switch to the C group for their gag sequence (figure 1 A) we believed that recombination 

between the two groups of viruses may be occurring. The isolate GO88052 (figure 1 A) was 

believed to be a recombinant virus with a crossover event somewhere within the region ol the 

genome analysed. The majority of the isolates we expected to be recombinants were 

collected in 1996 opposed to 1988 which is in accordance with the fact that recombination is 

more likely to have occurred as the HIV-1 prevalence increases. Based on the phylogenetic 

analysis of the 5'gag and C2V3 sequences we found evidence of C/C' recombination for five 

out of thirty isolates ( 16.69; ) indicating a high recombination incidence. 

In order to substantiate the presence of viral recombination and to further strengthen the 

genotypic distinction between the C and C' groups we selected sixteen isolates lor further 

analysis. We included the predicted recombinant isolates AM96146, GO88052. JM961 1 1. 

GO96009 and DE96043, the C group isolates JM88420, DE96054, DD88379. DD88477. 

DE88404 and AS8865 I and the C' isolates lor both their 5'gag and C2V3 envelope regions 

JM96125, JM96102, AM96I48. AA97202 and AA88055. A 2600 bp fragment of the HIV-1 

genome comprising the gag gene, the protease and the 5' half of the RT genes together with 

the respective V I V2 and C2V3 regions ol' the envelope was sequenced and analysed. In 

figure 2 we illustrate how the phylogenetic analysis indicates recombination for four of the 

studied viruses. 

The analysis ol the Gag region (pl7 and 134 amino acids of p24) show that the isolates 

DE96043, JM961 I 1 and AM96146 are grouped with the main group C viruses while 
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GO88052 is indeed interspersed. For the Pol region (including the protease and 293 ammo 

acids of RT). the isolates GO88052 and DE96043 switched sequence to the subeluster C' 

whilst for the C2V3 envelope region of all lour viruses are grouped with the C' subcluster. 

G a g 

c t 
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C L 
r~'DD88379 

E n v 

C' 
9 9 J — A M 9 6 1 4 B 
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•c 
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D E 9 6 0 4 3 

A M 9 6 1 4 6 

Figure 2: Gag (A). Pol (B) and Envelope (C) phylogenetic tree analysis ol Ethiopian HIV-I sequences using 
the neighbor-joining method of the of MEGA software package **. The sub-cluster is indicated as sub-cluster 
C'. The C/C' recombinant HIV-I isolates are underlined. DE96043, JM961 l I and AM96I46 are grouped with 
C in Gag while GO88052 is outlier. JM961 11 and AM96I46 are grouped with C in Pol while DE96043 and 
GO88052 are grouped with C'. In the envelope all four are grouped with C'. Sequences codes have been 
indicated in figure I. Numbers by the branches represent bootstrap values out ol 100 replications 

Additionally if the phylogenetic analysis is extended to larger fragment ol the genome, the 

genetic distinction between C and C' becomes more apparent. The maximum likelihood tree 

in figure 3A illustrates the analysis of the 2600 nt fragment and thereby strengthens the 

evidence for the presence of the two different C and C' strains in Ethiopia. Concurrently the 

neighboring joining / K.imura-2-parameler analysis demonstrates that both virus-groups C 

and C' are separated into two distinct clusters by statistically significant bootstrap values of 

one hundred. The same result was obtained for the VI V2/C2V3 region (fig 3B). The strains 

found to be only C or C' for the 2600 gag/pol fragment but also for their respective V l V2 

and C2V3 envelope regions were considered the parental sequences for the boot scan 

analysis of isolates believed to be recombinants. 

I I 
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Figure 3: Maximum likelihood tree of the gag/pol 2600 nucleotide fragment ( A) and the V IV2/C2V3 
envelope region (B) showing the two subtype C subgroups (C and C') of HIV-1 viruses circulating in Ethiopia. 
The bootstrap values aie based on one hundred replications estimated by the Kimura-2-parameter method using 
the neighbor-joining method ol MEGA. 

Recombination pattern analysis: While Phylogenetic analysis can lead to strong evidence 

lor recombination, alone it does not provide information about the recombination profile that 

is achieved by boolscan analysis. In the figure 4A we illustrate the bootscan analysis of the 

2600 nucleotide fragment for the isolate JM96I 1 1 clearly demonstrating that recombination 

has occurred. The nucleotide sequences coding lor the pi 7 and the RT proteins belong to C 

group whilst the sequence coding for the p24 and p7 proteins belongs to the C' group with 

two crossover points, one between the pi 7 and p24 proteins and one at the 5'end of the Pol 

gene. The isolates D88477 (of (he C group) and JM96102 (of the C' group) together with 

U455 (Subtype A). RF (Subtype B) and SE6165 (Subtype G) were used as reference viruses 

and the results of (he analysis were identical with any other C and C' reference sequences 

(data not shown). For a 250 nucleotide segment at the 3' end of the 2600 nl sequence the 

bootscan analysis was inconclusive and we could not determine whether (his isolate belonged 

to the C or the C' group previously with the (figure 4A). 
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For sonic isolates this region, together with one between the p l 7 and the p24 proteins and 

one at the common sequence of the gag and pol genes it was difficult in determining their 

t? ^*£L~ 'I*>*:.<L.L 

• *2 

N u c l e o t i d e P o s i t i o n 

i>17 I p24 D7 I p6 1 P o l 

G a g P r o t III K I 

Figure 4: Analysis of C/C' mosaic isolates by bootscanning, based on the neighbor-joining tree and Kimura-
2-parameter methods with bootstrapping. The bootstrap values that support the clustering of the sample 
sequences with the references are plotted. The chosen window size is 200 nt. moving in steps of 20 nt along the 
alignment. (A) Plot analysis of the isolate JM961 1 i illustrating two crossover points, one between pi 7 and p24 
and the other at the 5'end of the Pol gene. The region noted by a solid line belongs to C' and the region noted by 
a broken line belongs to C'. (B) Plot analysis of the isolate AM96148 shown as C'. ((') Plot analysis of the 
isolate DD88379 are shown as C. The isolates DD88477 of the C group and AA96I02 ol the C' group together 
with U455 (subtype A ). RF (subtype B ) and SE6165 (subtype G) were used as references. 
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affiliation to the C or C" groups (figure 5). This same difficult) has been encountered 

analysis oi recombination between different subtype viruses " . Figures 4B and 4C illustrate 

the analysis ol two ol the parental strams. DD88379 of group C and AM96148 of group C'. 

The strong affiliation to their respective groups along the whole length of the DNA sequence 

analysed is demonstrated, supporting the results from the phylogenetic study. Combining the 

phylogenetic and bootscan analysis further demonstrated that six oui of the thirty sera 

analysed contained C/C' recombinant viruses (AM96146, GO88052, JM961 11.GO96009, 

I >E96043 and AA88055). The Isolate AA88055 was found to be recombinant only after a 

longer DNA fragment was sequenced and the bootscan analysis was performed. Even though 

the full length of the viral genome was not analysed our results indicate that the incidence ol 

recombination between the two co-circulating groups is equal or greater than 2(Y'/i. 

In figure ? we summarise the recombination patterns of the six C/C' recombinant strains and 

the recombination crossover points that we have identified. Although several crossover 

points can be found and some isolates are mosaics, we found the crossover sites more 

frequently at the region 3'pl7/5'p24 of the Gag gene and at the Vend of the Pol gene. Among 

the numerous recombination studies between different subtypes these crossover points have 

been frequently documented 

Interestingly, all the recombinant viruses carry the V1V2 and V3 sequences from the C 

group suggesting that the envelope ol' the C' subeluster may have some phenotypic advantage 

over the envelope ol the mam C group. Based on the analysis ol the C2V3 envelope region. 

both here and m a previous study ls. the prevalence ol' the two subtype C groups of viruses 

co-Circulating in Ethiopia appears to be similar. Nevertheless when larger numbers ol 

sequences are considered to include all the Ethiopian strains isolated over the years there is 

evidence that the prevalence of the C strains is increasing comparatively to that of the C 

strams. During the period 1984-92 s 18;,9:49;50 55e/, of the viruses analysed (n=109) belong to 

the sub-cluster C' while lor the period 1995-97 8;18;l9;51 65V, (n=180) were found to be C. 
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Figure 5: (4) Map of the sequence of the HlV-l genome. (B) Summarv o! the bootscan and phylogenenc 
analysis of the C/C recombinant isolates. Regions Blustering with the C group are shown as • and regions 
clustering with the C' group are shown as » Regions that could not be determined are in white boxes. The 
numbers at the axis indicate the nucleotide positions in HxB2. 
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DISCUSSION 

The gencue variation observed with retroviruses and their capacity for rapid adaptation poses 

a serious challenge for the successful development of anti-fflV-1 chemotherapeutic and 

vaccine reagents. For this reason the identification and surveillance of the viruses that are 

either transmitted or circulating in the population is necessary and especially in areas with a 

high incidence of HIV-1 infection. Subtype C HIV-1 viruses require special attention because 

it remains unclear as to why this subtype has gained such a dominant foothold in certain 

regions of the world. Subtype C viruses account for one third of total infections and 50% of 

all new infections in Africa and therefore a better understanding of its biology and the means 

to slow down ils spread are urgently required. The HIV-1 epidemic in Ethiopia has been 

dominated by subtype C whilst in other east-African countries the epidemic has been 

dominated by the subtypes A and D which have been found to be co-circulating at variant 

proportions " " '52;53. However, the monophyletic nature of the Ethiopian epidemic is only 

apparent since we have shown that although subtype C alone is responsible for the HIV-1 

epidemic there are two genetically distinct subtype C viruses co-circulating m the country 

without either geographic or risk-group inference ls. The distinction between C and C' was 

shown by the neighbor joining / Kimura-2-parameter phylogenetic analysis of the Gag region 

o\' the genome as well as the C2V3 envelope regions. Furthermore, the maximum likelihood 

tree based on the 260» nucleotide sequence including the Gag and half of the Pol genes 

confirmed that indeed in Ethiopia there are two distinct strains which belong to the C 

subtype. In support of our data it has been reported based upon the sequence analysis of the 

envelope V3V4 sequence that in Nepal two Subtype C viruses are co-circulating ' . 

We have shown in this study that even though the two co-circulating subtype C strains in 

Ethiopia can evolve independently creating two sub-epidemics they can also result in the 

appearance of new recombinant viruses. Recombination within the same subtype is often 

difficult to detect because the genetic distance among the circulating strains in one population 

is often not significant. However, our data demonstrates that recombination can occur not 

only among the different subtypes of HIV-1 but also within one subtype. In this study we 

identified six Ethiopian individuals carrying C/C' recombinant viruses amongst the 30 

individuals that wc studied. The bootscan analysis demonstrated that all the six recombinant 

strains had more than one recombination crossover point per genome. One in Gag (between 

the pi7 and the p24 peptides) and one at the 5'end of the Pol gene and. although we have not 

proven it. the data indicates that there may be one at the 5' end of the envelope gene as well. 
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This intra-subtype recombination pattern is in agreement with previously reported inter-

subtype recombination :4 ; ' indicating that recombination follows the same rules whether it 

happens between different subtypes or within the same subtype. 

Despite the fact that the number of virus sequences analysed was low and full-length 

genomes were not studied in our analysis we have shown that the recombination frequency is 

approximately equal to 20% . Frequencies of approximately 20-259? have been calculated for 

recombination between different subtypes, much in accordance w,th what we sec for the 

intra-subtype recombination 27;36:37;55. If we speculate that recombination can happen amongst 

all the circulating viruses the occurrence of recombination m areas of high prevalence must 

be a common event with the only prerequisites the diploid character of the H1V-1 genome 

and the geographic co-localisation of the parental strains. Indeed, in vitro studies showing 

that recombination events can occur two to three times during each replication cycle would 

support this conclusion 56. The high incidence of intra-subtype recombination may well 

challenge the classic understanding that the high divergence rate observed in HIV-1 infection 

primarily results from a high replication rate in combination with the error prone nature of the 

reverse transcriptase protein S7;'s with significant implications for the comprehension of the 

evolution of the virus. Intra-subtype recombination provides a mechanism whereby two 

replicating viruses within the same host and each carrying a different selective advantage 

may be able to recombine to generate progeny virus that carry both the advantageous 

phenotypes. 

A striking observation in this study is that all the recombinant viruses identified carried the 

envelope of the C' virus suggesting that this envelope may be more efficient for virus 

transmission than the envelope of subgroup C. This is supported by the finding that the 

prevalence of the C' group envelope m comparison to the C group is increasing ON er time and 

that neither the C nor the C' group is restricted by geography or confined to one risk group. 

Concomitantly inter-subtype recombination can also be unidirectional. In Tanzania where a 

high number of A/C and D/C inter-subtype recombinant viruses were identified 59 the ones 

with the subtype C envelopes were only found, suggesting an increased fitness of the subtype 

C enveloped viruses circulating in that area. The (Circulating Recombinant Form) CRF-AE 

virus carrying the subtype E envelope was found to have created the epidemic in Southeast 

Asia whilst the parental subtype E or AE recombinants with the subtype A envelope were 

never found. While this must be further investigated, evolution under the light of 

recombination can lead to the hypothesis that a recombinant progeny if robust could spread 

faster and more efficiently than the parental viruses, thereby heightening the epidemic. 



The subtype C HIV-] pandemic is spreading alarming]) fast with no explanation to-date as to 

why. Several studies have linked the three Nl'-Kb sites o\' the subtype C long terminal repeat 

sequence with rapid replication rates '''"''and it has been reported that the viral loads of 

individuals infected with subtype C are in general higher than individuals infected with the 

other subtypes • . A high incidence of intra-subtype C recombination may he another factor 

to be taken into consideration when monitoring the spread of this subtype and when 

considering HIV-1 vaccine development. 
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Objective: To assess syncytium-inducing (SI) and non-syncytium-inducing (NSI) 

frequencies, coreceptor usage and gpl20 V] sequences of HIV-1 isolates from 

Ethiopian AIDS patients. 

Patients: Cross-sectional study on 48 hospitalized AIDS patients (CD4 T cells 

< 200 x 106 cell/1) with stage III or IV of the WHO staging system for HIV-1 infection 
and disease. 

Methods: Peripheral blood mononuclear cells (PBMC) from all 48 patients were 

tested by MT-2 assay to determine SI/NSI phenotypes. Lymphocyte subsets were 

enumerated using Coulter counting and FACScan analysis. Viral load determination 

used a nucleic acid sequence-based amplification assay (NASBA). Coreceptor usage 

oi HIV-1 biological clones was measured using U87 CD4/chemokine receptor 

transfectants and phytohemagglutimn-stimulated PBMC of healthy donors with wild-

type CCR5 and homozygous mutation CCR5A32 (a 32 base-pair deletion in CCRS). 

Reverse transcriptase polymerase chain reaction sequencing was performed on the 

third variable region (VJ) of the HIV-1 gene gp720. Sequence alignments were done 

manually; phylogenetic analyses used PHYLIP software packages. 

Results: SI viruses were detected for 3/48 (6%) AIDS patients only Lower mean 

absolute CD4 counts were determined in patients with SI virus compared with NSI 

IP = 0.04), but no differences in viral load were observed. All patients were found to 

be infected with HIV-1 subtype C, based on V3 sequencing. NSI biological clones 

used CCR5 as coreceptor, SI biological clones used CXCR4 and/or CCR5 and m 

CCR3. 

Conclusions: Ethiopian patients with HIV-1 C-subtype AIDS harbour a remarkably 

low frequency of SI phenotype viruses. Coreceptor usage of these viruses correlates 

with their biological phenotypes. 
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Introduction Materials and methods 

HIV-1-infccted individuals harbour a swami o] dosel) 

rclarcd viruses These HIV-1 variants have heen shown 

to differ in biological properties such as replication rate. 

cell tropism and syncytium-inducing capacity (SI) 

|1-4|. Viruses isolated in the earh asymptomatic phase 

or infection are predominantly slow-replicating, 

macrophage tropii and do not haw a syncytium-

inducing capacity (NSI) in vitro [3,5] During progres

sion to disease, rapidly replicating I cell tropic viruses 

appear in about 50-70% ol individuals infected with 

various HIV-1 subtypes. These viruses are associated 

with tlie appearance ol SI HIV-1 variants [6-8]. 

Emergence of these SI HIV-1 variants is a predictor tor 

accelerated progression towards AIDS [3,6-10]. 

The genomic diversity underlying the above pbeno-
typic diversity ol HIV-1 has heen mainly assigned to 
the \ ariable regions of the gene gp 1211 tor the envelope 
protein gp120 [11-13], Sequence analysis of the V3 
regions of HIV-1 SI isolates trom subtype H viruses has 
indicated that positively charged amino acids at posi
tions 11 and 2S are associated with the SI phenotype 
112.14] Several studies hase confirmed this m subtype 
B and in subtypes A. I). E and O [8,14-16], However, 
lor HIV-1 subtypes C, F, G, H. I and | this association 
has not heen confirmed to date. 

The interest in Sl/NSI phenotvpes revived when it was 
shown that macrophage-tropic NSI HIV-1 strains use 
primaril) the ß-chemokine coreceptor CCR5 and T 
cell-tropic SI strains the a-chcmokinc coreceptor 
CXCR4 as coreceptors tor infection ot ('1)4 cells 
[17—19]. Additional ß-chemokine receptors, such as 
l CR3, CCR2b and STRL33. have also been shown 
to function as coreceptors tor some, hut not all. pri
mary strains of HIV-1 [17-20] 

The first Ethiopian HIV-1 positive sera were detected 
in 1984, the tust Ethiopian AIDS ease was reported in 
1986 and the epidemie is a rapiellv growing problem m 
Addis Ababa, the eapital city with more than 2 million 
inhabitants [21.22]. Earlier studies have indicated the 
predominant presence ot HIV-1 C subtype [23—25] in 
Addis Ababa, but the distribution ol NSI versus SI 
viruses m the Ethiopian HIV-1 epidemie is not docu
mented. More information on biological characteristics 
of subtype C strams is ol importance since, according 
to UN AIDS. 4S '.. of HIV-1-positive individuals 
worldwide (equivalent to an estimated 14 680 000 sub-
[ects) were infected with HIV-1 subtype C by the end 
of 1997 [26], This study assesses SI/NSI frequencies, 
coreceptor usage and underlying genetic features of 
gpl2U I'd of HIV-1 isolates from Ethiopian AIDS 
patients 

Study subjects and sample collection 
Forty-eight hospitalized Ethiopian patients with AIDS 
(CD4 "I cells < 2011 x in'1 cells/1) and clinical stage III 
or IV of"the WHO staging system for HIV-1 infection 
and disease |27] were studied. Venous blood was drawn 
m I DIA vacutainer tubes (Becton \ Dickinson:. 
plasma was separated In' centritugation and peripheral 
blood mononuclear cells (PBMC) were isolated In 
Ficoll Hypaquc density centrifugation tor 20 min at 
room temperature and 2200 r p.m. 

Enumeration of lymphocyte subsets 
Lymphocyte subsets were enumerated m whole blood 
usine; Simultest monoclonal antibodies (niAbs) combi
nations CD4/CD45, CD3/CD19, CD3/CD4, 
CD3/CD8 and CD3/CD16+56 and isotypc controls 
with Simulset software on a FACSCAN flow cytome-
ter (Becton Dickinson, USA), according to the manu
facturer's recommendations. In brief 100 gl 
EDTA-treated blood was incubated with each combi
nation ol niAb for 15 to 20 min at room temperature 
in the dark Red blood cells were lysed by adding 2 ml 
lysing solution per tube (FACSlyse, Becton Dickinson 
and incubating tor In nun at room temperature in the 
dark. The cells were centrifuged at 300 x g tor S mm 
and then washed twice with Isoton (Becton 
Dickinson) Stained cells were analysed by FACScan 
usine, Simulset software on a minimum of 2500 
acquired events, according to CDC' criteria ot quality 
control tor enumeration ot Ivinphocvtc subsets [28], 

Viral load determination 
Plasma viral load was measured using a nucleic acid-
based amplification assay (NASBA. Organon Teknika. 
the Netherlands) on 100 pi samples, as described [29]. 
In brief RNA was extracted trom plasma using an 
established guanidinium isothiocyanate-based method 
[30] and isothermally amplified in the presence of three 
RNA standards using NASBA kits (Organon Teknika). 
Detection ol amplified RNA was performed on a 
NucliSens reader (Organon Teknika), using the RNA 
standards for calibration and calculation ot viral loads. 
Results were presented as log,,, RNA copies/ml 
plasma 

Assay for MT-2 and p24 ELISA 
For the MT-2 assay. I X l(l'" fresh PBMC were eoctilti-
vated with 1 X |o' MT-2 cells, as described [6], When 
absolute whole blood CD4 T cell counts of a given 
subject were less than 50 x 111" cells/1, 5 x It)'' fresh 
PBMC were incubated with 1 X H)1, MT-2 cells. The 
cultures were maintained at 37°C for 3 weeks and 
checked twice a week under an inverted microscope 
(X 4 magnification) tor the presence of syncytia. Virus 
replication was measured by enzyme-linked 
immunosorbent assay for HIV-1 p24 antigen (ELISA, 
Vironostika, Organon Teknika) on culture supernatants 
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at die time point ol syncytium formation or alter a 

maximum of 3 weeks ol » oi ulturing. 

HIV-1 biological cloning 
Biological HIV-l clones were isolated under limiting 

dilution conditions, as described |31.32J, from all three 

patients harbouring SI as well as trou: a random selec

tion of seven patients harbouring NSI. Graded numbers 

ol'patient PBMC (range 1-2 X 104 cells/well) «ere 

cocultivated in 96-well plates, with 1"' phytohaemag-

glutinin (PHA)-stimulated PBMC from healthy blood 

donor volunteers lor each patient PBMC, 4fS parallel 

micro-cocultures were performed. Fresh medium with 

intcrleukin 2 and PHA-stimulated donor PBMC were 

added every week Virus replication, as reflected by the 

presence of HIV-l p24 antigen in the culture super

natant, was determined by an in-house p24 capture 

ELISA. The SI capacity of the virus Jones was deter

mined by cocultivation of l 'BMC with MT-2 cells, as 

above flic proportion ( 0 ot infected cells was deter

mined accord ing ro the formula lor Poisson 

distribution F = -ln(F„), where /•'„ is the fraction ot 

negative cultures. Only virus Jones that were obtained 

from ,i dilution of patient PBMC that gave rise to 

progeny virus in not more than 33' , ol parallel cultures 

were considered clonal and used for further analysis. 

These clones weic transferred to 25-ml tissue culture 

flasks containing 5 x lu" PHA-stimulated PBMC m 5 

ml culture medium to grow virus stocks, for each 

patient. n l i - M s x II)'1 PBMC (dependent on availabil

ity) was used as starting material lor isolation ot biolog

ical clones. 

Cell lines and analysis of HIV-1 coreceptor 

usage 
Human astroglioitu US 7 cell hues stably expressing 

C D 4 and i o p p r e s s i n g ( C R I. C C R 2 b , C C R 3 , 

C C R 5 or C X C R 4 chemokmc receptors [33] were 

grown in Iscove's medium supplemented with [Q°A 

fetal calf serum, 3 i ig/ml Po lybrene , 100 U / m l 

penicill in, I t l l lug /ml s t reptomycin and 1 gg /m] 

puromycin. The UX7.CD4 single iransfect.ini control 

cell line was grown in the same medium hut without 

puromycin. As determined by FACS analyses, the 

C C R 5 and C X C R 4 U87 C D 4 cotransfectants 

expressed the correct coreceptors. To determine core

ceptor usage of biological HIV-l clones, first the hall-

maximal tissue-culture infectious dost- (T(.'ll)s,j was 

determined by titration on PHA-stimulated PBMC of 

a healthy blood donor expressing homozygous wild-

type CCR5. Then, the determined T C l D ^ x If)2 was 

added in 0.2 ml volume to a 24-h culture of HI cells ot 

the various UX7.CD4 cotransfect mts m 96-well plates. 

The infected cells were incubated for another 24 h. 

washed with phosphate-buffered saline and 0.2ml fresh 

medium was added. At day 7. cells were detached by 

trypsinization and transferred to 24-well plates and cul

tured further Supernatants harvested at day 7, 14 and 

21 were analysed lor the presence of HIV-l In p24 

El ISA The p24-positivc culture snpcrii.u.inis were 

considered indicative of the virus using the pertinent 

transfected i oreccptor(s) lor infection 

Finally, PHA-stimulated PBMC from a healthy blood 

donor with a homozygous Î2 base-pair (bp) deletion in 

I l R.i ( C C R 5 A S 1 ' ss.is inocula ted wi th a I t ID, , X 

in dose of virus and the same procedure as above was 

used to analyse coreceptor usage other than CCK3 in a 

more phvsiologic.il background 

RNA and DNA isolation and sequencing 
The extractions Ol R.NA from 100 U.1 plasma samples 

and 10(11 M l - 2 coculturc supernatants, as well as of 

DNA from clonal isolates, were performed by tin. 

giiamdnuiim isothiocynatc silica method, as described 

|30] , A region of 287 bp of the HIV-l envelope, 

including the t 'W-" ' * region, was amplified by nested 

polymerase chain reaction (PC R: as described [16,23| 

The products were directly sequenced using the 

dideoxy chain termination method with scqucnasc 

(Amersham, Life Sciences, I ittle Chalfont, Bucks, UK), 

according to instructions from the manufacturer and 

analysed with an automatic sequencer Alii 370 A 

system (foster City, CA) 

Phylogenese analysis 
Alignments of sequences were performed manually. 

Phylogenetit analyses were carried out by using 

PIIYEIP software packages including the programs 

DNADIST, N E I G H B O R , a neighbouring-joining 

method under the Kimur.i two-parameter model 

[34,35], DRAW [REF.. SEQBOOT (for Hi" sets! and 

CONSLNSE [36] For comparison representative con

sensus sequences of HIV-1 Subtypes (A-H) from the 

Los Alamos data base (version 1998) were also included 

m the analyses. 

Statistical analysis 
The distribution of continuous variables (viral load. 

CD4 cell count) was compared between patients witll 

different viral phenotypes (SI/NSI) using non-paramet

ric methods (Mann-whitney L' test). Proportions were 

compared using two-sided Fisher's exact test. 

Results  

Immunological and virological characteristics 
Of the 4« patients wnh AIDS studied, the mean age-

was 33 years, both for females (20) and tor males (28). 

The absolute CD4 T cell counts in whole blood varied 

between 2 / 111' and 194 x Hi' cells/1 with a median 

value of 34 x In" cells/1. The absolute CD« E cell 

counts in whole blood varied between 60X HI' and 

1989 X 111" cells/1: C D 4 / C D 8 ratios ranged between 

0.0 and O.S. Viral loads varied between 4.2'. and 7.08 
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Table 1. Cil il ictei 

mtl HIV-1 subtypeC 
i' Ethiopian patients with AIDS 

Biological phenotype PBMC 

M ' n - ~ i NSI n = 4 ; 

Mi • igi . . . -

( D4 cells meat 
CO8C1 mean i x l ells 
CD4/CD8 ratio, mean 
HIV load, mean log 1 opies ml 

"• '. igi 
CCR1 
( CR2b 
CCR3 
CXCR4 

1 I R! 

a c R 4 + ccRj 

CXCR4 + CCR 

67 j I ,;i 26/45] 
35 35 

67(2/3 84 18/45 
78 

589 626 
0,20 

5.-10 ] 72 

1(0/19 

0 0 59 

63(12/19 
18158/59 

-'• 9 0,0-VII 
• i 19 0 

< 

Percentage ol patients a! stage IV 01' WHO clinical definition u( 
Hl\ ' nfe tii 1 251 "Rei lib of studies m 19 SI and 59 NSI clonal 

• I n parentheses Unknown coreceptor used for successfu 
' 0 infection ol PHA-slimulated PBMC 'P = 0.04,Mann-

"'"""'•• I tesl PBMC, peripheral blood mononuclear cells; SI 
syncytium-inducing phenotype; N i l , non-syncytium-inducing 
phenotypi 

og RNA copies/ml plasma, with median 

RNA copies/ml. 

( oculaires of patient PBMC with MT-2 cells resulted 

in syncytium formation lor only 3/48 (6%) subjects: 

patients 030, Ü74 and 079 The remaining 45/48 (94' 

.'i PBMC from patients did not harbour any Sl-induc-

ing viruses, as determined by the M T - 2 .1ss.1v AN 

shown m Table I. the mean «hole blood U ) 4 count 

ol the Si-positive patients was lower (2.1 x 106cells/l) 

than th.it of the patients with NSI {7S x 106 cells/1) 

I' - 0.04: Hie viral loads tor patients with NSI and SI 

HIV phenotypes did not significantly differ: 5.72 

SD o us,, log,,, RNA copies/ml for NSI versus 5.30 

SD 0.54) log,,, RNA copies/ml for SI (/>>().05). N o 

significant correlation was detected between viral load 

and gender, age, clinical stage or am lymphocyte sub

set including CD4 T cells. 

Biological clones and coreceptor usage 
In order to continu the MT-2 results, HIV-1 biological 

clones «ere generated from PBMC of all three Sl-

harbouring patients and from PBMC of a random 

selection of seven patients earning solely NSI HIV-1 

t oreceptor usage of these clones was determined by 1» 

vitro infection of U87 cotransfectants as well as PHA-

stimulated PBMC A p2d ELISA was performed on 

culture superratants to establish productive infection 

Table 1 shows the results from 78 biological HIV-1 

clones derived from the above patients The CCR.5 

coreceptor «as used solely m 58/59 (98%) NSI clones, 

this usage «as continued m PHA-stimulated PBMC 
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Irom wild-type (wt /wt) and homozygous CCRS 

A32/CCR5A32 donor PBMC (data not shown). One 

NSI clone did not produce viruses (p24 negative) when 

tested on any of the chemokinc receptor cotransfec

tants. Ho«eve r , this d o n e readilv infected PHA-

stimulatcd PBMC (p24 positive] 

The coreceptor usage h\ SI clones «as m o r c heteroge

neous 12 clones used solch CXCR4, live «ere dual 

tropic for C C R 3 and C.XCR4. one was dual tropic for 

C C R 5 and CXCR4 and one used CCRS only. Except 

101 1:1c I.K, [he t.t R5 independence of these SI clones 

was confirmed by the fact that they could successfully 

infect homozygous CCR5 M2/CCR5 A32 PHA-

stimulated PBMC (data not shown) 

Sequencing of gp120V3 

Sequencing ofgpUO I'd «as performed on P C R -

amplified clonal UNA (cDNA) derived Irom all patient 

plasma samples In addition. PCR-ampIified i D N A 

from PBMC /MT-2 coculture supernatants and DNA 

trom 23 biological HIV-1 clones domed from three 

patients harbouring SI HIV -patient 030, n = (., patient 

'174. 11 = 1(1. patient 079, 11= 7) «as sequenced. The 

clones «ere also tested for coreceptor usage. The çpl20 

of 5.5'/ log I '* sequences are available from the authors on request 

and have been submitted to Genbank under accession 

numbers AF158843-AF158915. 

In total. 73gpl20 I d sequences were determined. 20 

Irom SI viruses and 53 from NSI s 11 uses, and used to 

predict the structure of the viral protein gpl20. The 

mean net charge of the predicted gp!20 I'd loop was 

significant!) higher 111 SI sequences (6+) than 111 NSI 

sequences (3+) (ƒ> < 1) (JOl). In NSI sequences, the pre

dominant predicted motif of the apex of the V3 loop 

«as GPGQ (51/53: 94°/l I, while in SI sequences there 

was a positively charged residue replacing Q (H or R) 

lor two ot the three patients. Furthermore, the poten

tial N-linked glycosylation site at position 6-8 of the 

V3 loop (relative to the first cysteine at position 1) was 

affected 111 most SI sequences and intact 111 NSI 

sequences. Either this glycosylation site was lost [in 

13/20 (65%) of SI sequences and only 111 1/53 (2%) of 

NSI sequences] or the site was shifted to position 

5-7 [in 6/20 (30%) of SI sequences versus 0/53 ((1%) of 

NSI sequences). Finally, the positively charged amino 

acids at positions 11 and 25, documented to determine 

SI biological phenotype m HIV-1 subtypes A. B. D 

and £, were absent from the SI sequences obtained 

trom the Ethiopian HIV-1 C subtype viruses Instead, 

the combination of positively charged amino acids at 

positions 8 or 21/ of the V3 loop appeared to correlate 

with 18/20 (90%) of the SI sequences and only 1/53 

(2%) of the NSI sequences. 

Phylogenese analysis 
Phylogenetic analysis was performed on all 73 HIV-1 

gp120 I'd sequences. Figure I is an unrooted phyloge-

http://1ss.1v
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Fig. 1. Unrooted phylogenetic tree analysis of the 73 pre
dicted ammo arid sequences for the HIV-1 gpl20 V3 
region derived from 48 Ethiopian patients with AIDS. The 
patients are indicated in three-digit codes. Clonal isolates 
are in code suffices, e.g. A l l , B6, etc. Sequences from SI 
clonal isolates and from MT-2 culture supernatants (suffix 
MTi are in bold. Los Alamos consensus sequences are 
abbreviated CONS- followed by subtype assignment. 
Numbers (bold and underlined) by the branches represent 
bootstrap values out of 100 replications. 'For 47 plasma 
samples, the direct sequence data were unambiguous. Only 
the plasma sequence from patient 079 showed a mixed 
pattern. Therefore, the MT-2 culture supernatant sequence 
of 079 is shown instead. 

nctic tree in conjunction with Los Alamos 1998 con
sensus sequences tor H1V-I subtype A-H gpl20 Vi 
regions. From this figure it can be concluded that .ill 
H1V-1 gp120 Vi sequences derived from 
our Ethiopian patients cluster with significant bootstrap 
values with the consensus C subtvpe sequence 

The sequences from patients 030 and 074 harbouring 
the SI virus cluster away from the bulk plasma 
sequences of the patients harbouring NSI virus, with 
bootstrap values of 90 and 100%, respectively The 
sequences from the third patient (079) harbouring SI 
virus arc more interwoven with the NSI bulk plasma 
sequences For all three patients harbouring SI virus, 
the SI sequences cluster separately from the NSI 
sequences, with bootstrap values of 85-100", 

HIV-1 phenotype variability plays an important role in 
the pathogenesis of AIDS. The presenci ol SI variants 
in > 50% of HIV-infected individuals has been associ
ated for various HIV-1 subtypes with accelerated 
decline of CD4 T cells and progression to AIDS 
[3,7-9,30], In this studs, .i remarkably low frequency of 
SI phenotypes was observed (only 3/48: 6%) m HIV-1 
subtvpe ( viruses m Ethiopian hospitalized patients 
with AIDS. 

Biological phenotype was determined using a MT-2 
assis [6] where the absence of syncytium formation is 
interpreted as indicating a NSI phenotype 
Consequently any other factors that could also give this 
result were excluded as far as possible by increasing the 
input PBMC to 5X 10''for subjects with CD4 sell 
counts of < So x 111'' cells/1 whole blood, by con
firmative p24 ELISA on eoculture supernatants, by 
biological cloning of HIV-1 from In different patients 
and repeating the MT-2 assays on these clones and. 
finally, by checking coreceptor usage of these HIV-1 
clones. All these experiments confirmed the finding 
that only three Ethiopian patients harboured SI viruses. 

In general, it should be emphasized that the ill vitro 
result of a MT-2 assay does not neccssaril) reflect the m 
vivo situation. Subjects harbouring NSI viruses h\ MT-
2 assay can harbour CD4 syncytia, as determined by 
high-resolution microscopy and immunofluoresccnt 
staining [37]. However, given the above evidence, the 
under-representation of SI variants in Ethiopian 
patients infected with HIV-1 C-subtypc compared 
with patients infected with other HIV-1 subtypes 
appears substantial. A low prevalence of SI viruses m 
subjects infected with HIV-1 subtype C has also been 
reported m other parts of the world [38] HIV-1 sub
type CI viruses seem to be, m general, rarely of the SI 
phenotype; the reasons tor this are not clear. 

It could be speculated that expression of CCR5 is 
higher on cells of subjects living m countries where the 
HIV-1 C epidemic is present thus providing less selec
tive advantage to the virus lor mutation to CXCR4 
tropit variants ( '( 'RS reportedly is preferentially 
expressed on activated and incrnor) T tells and 
( \ ( R.4 on naive T cells [39) In the African context, 
because of highly prevalent infectious diseases, there is 
substantial immune activation [40-43], This may result 
in persistent increased CCR5 expression and. thus, less 
selective loree tor HIV-1 to mutate away from its NSI 
phenotype. Along these lines, it has been reported that 
individuals infected with the HIV-1 1) subtvpe have 
lower CCR5 expression levels parallelling delayed 
conversion from NSI to SI |44| However, the HIV-1 
subtvpe (. epidemic is widespread m many countries, 
Ethiopia. Djibouti, India. China. Brazil. South Afrit a. 
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and most HIV-1 subtype C isolates from then' coun
tries arc of NSI phenotype [23-25,45-49). A recent 
stud) has confirmed the rants of the SI phenotype in 
HIV-infected Caucasians in Djibouti [50]. It is highly 
unlikel; that subjects from such diverse genetic and 
environmental backgrounds have identical immunolog
ical tenures favouring the persistence of HIV-1 NSI 
variants only. 

( onsequendy, it might not be the host bm merely the 
virus that determines the low emergence of SI variants 
m HIV-1 subtype ( infections. It could be speculated 
that the structural constraints for HIV-1 C subtype 

i" change from NSI to SI phenotype .ire more 
demanding In tins light, it is remarkable that the 
amino acid positions ] 1 and 25. »inch determine NSI 

SI phenotype in many other subtypes 
[8,12,14-16], do not seem to have this role in C sub
type viruses. Data from the present study suggest that 
two new amino acid positions (8 and/or 2'); might cor
relate with HIV-1 subtype C SI phenotype. However, 
thest data were collected on only three individuals and 
should be considered carefull) and need further confir
mation. 

He. HIV-1 NSI clonal isolates studied (except one. 
trom patient 072) used solely CCR5 as a coreceptor 
and the SI clonal isolates {except one, from patient 030) 
used CXCR4, as reported elsewhere [36,51-53]. The 
exceptional clone from patient 072 might use a core-
ceptoi other than CCR1, CCR2b. CCR3, CCR. or 
CX! K4, since it successfully infected wild-type I'HA-
sinniilatcd PBMC. The CCR5 usage of the excep
tional SI Jone trom panent 030 might be reflected b) 
its ç/>/-'" V3 sequence, suggesting this clone represents 
a transitional stage of mutation from NSI to SI, 

In conclusion, this study shows a remarkably low fre
quency of HIV-1 subtype C SI variants amongst 
Ethiopian patients with AIDS. In addition, CCR5 « is 
identified as a major HIV-1 coreceptor in Ethiopians, 
To what extent the SI plienotvpcs ofEthiopian HIV-1 
subtype C viruses correlate with distinct in vivo biologi
cal properties, needs further study, 

Ad<n(wlei^mer)ts^ 

the Blood transfusion Sen:, e 't I B). \mstcrdam, the 
Netherlands 
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CHAPTER IX 

General Discussion 





Since the first cases of AIDS were diagnosed in the early 1980s. HIV-1 has 

caused a world-wide pandemic, with the continent of Africa »ready affected. 

Ethiopia is one of the African countries where the HIV-1 toll has been very 

high. Although the epidemic started relatively late, in the mid-1980s [ , it has 

spread rapidly and has dramatically affected the productive and active age 

groups in society, those individuals essential for the sustained economic growth 

of a developing country.' " ] The urgent need for the characterization and further 

investigation of the HIV strains contributing to the epidemic within Ethiopia 

provided both the input and basis for this project. The major goal was to study 

the diversification amongst the circulating HIV strains in the different towns 

and population groups within Ethiopia, as well as to analyze virus evolution 

over time. For a pathogen like HIV-1 with such an extremely high mutation 

rate, its effective surveillance and control is a challenge for the developing 

countries of the world, where the public health resources are limited. The short 

replication cycle, large numbers of viral progeny, missing proofreading 

mechanism for the reverse transcriptase enzyme, and both DNA and RNA 

recombination have together resulted in the emergence of multiple HIV-1 

subtypes with the capacity to evolve independently. The African continent is an 

HIV battlefield where not only are most subtypes widely distributed but also 

there is the emergence of an increasing number of recombinant viral strains. 

Three different groups of individuals within Ethiopia believed to be at risk from 

HIV-1 infection commercial sex workers (CSWs), pregnant women and blood 

donors were studied. The CSWs were likely to be the first target-group for the 

influx of the HIV infection into the population, and generally it is this group 

that has the highest prevalence of HIV-1 infection. It has been shown amongst 

the CSWs in Addis Ababa that the seropositivity prevalence was 25% in 1989 

and 74% in 1998, a dramatic increase over a relatively short period of time.1'' 

Aklilu M . et al submitted] 
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Moreover, pregnant women and blood donors are population groups that need 

active surveillance, with the mother-to-child infection incidence resulting in 

large numbers of HIV-positive children in Africa and blood transfusions being 

the main cause of nosocomial HIV infect ion. 
[10-1 

HIV-1 subtype(s) circulating in Ethiopia 

Chapter II and chapter III describe an epidemiological study focusing on the 

molecular characterization of the HIV strains circulating in the capital, Addis 

Ababa. Three different groups of asymptomatic HIV-1 infected individuals 

described above (CSWs, pregnant women and blood donors) were studied 

between 1989 and 1997. It was found that subtype C is the most dominant HIV-

1 strain circulating in Addis Ababa. Analysis of the C2-V3 region of the gpI20 

envelope protein revealed that 159 of the 161 sera samples included in the study 

contained subtype C viruses. Only two non-C subtype isolates were found: one 

subtype-A and the other subtype-D. This finding is in agreement with a number 

of previous reports, but here larger numbers of samples provide more solid data. 

The presence of subtype C in Addis Ababa had been demonstrated by sequence 

data on a few AIDS patients1"11?1 and peptide ELISA and DNA sequencing 

studies1"1 ;!1 had revealed subtype C as the major HIV subtype in Ethiopia. 

Taken together, these results demonstrate that sequencing of DNA isolated from 

cells or cDNA derived from genomic RNA in serum can be an extremely useful 

for HIV-1 subtyping as well as the most accurate method. In addition, the first 

full-length HIV-1 subtype C sequence published was from a 1986 isolate from 

Addis Ababa.12"1 

In order to gain insights into the HIV-1 epidemic in Ethiopia, it was important 

to carry out studies in other urban areas of the country as performed in the 

capital. Addis Ababa. This aim is addressed in Chapter IV, which describes the 

study of the genetic diversity and geographic distribution of HIV-1 strains from 

several Ethiopian towns including the capital city. This study utilized sera 
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containing HIV-1 antibody and virus that was collected in 1988 and in 1996/7 

from two HIV-1 risk-groups, CSWs and blood donors. It was found that of the 

104 viruses analysed in the C2-V3 region of the gpl20 envelope protein, all but 

two were subtype C. These two viruses were from the 1996/97 period and, as in 

the Addis Ababa study described in chapter II and chapter III, one was subtype 

A and the other subtype D. This finding confirmed the data from the Addis 

Ababa study showing that subtype C is the predominant cause of the HIV-1 

epidemic in Ethiopia as a whole. Also important in this study was our finding 

that the circulating subtype C viruses could be separated phylogenetically into 

two sub-groups, which have been designated main group C and subcluster C'. 

These two groups are significantly different and distinguishable in their nucleic-

acid as well as in their amino acid sequences. 

Both virus groups C and C' showed significant amino acid differences when 

compared to all database sequences of subtype C although, the main C group 

was genetically closer than C' to the data base C consensus sequence. The C 

and C" groups were equally distributed regardless of geographic location, time 

of sample collection, or risk group(s) in Ethiopia. It is an interesting observation 

that in Ethiopia the prevalence of non-C HIV-1 subtypes is extremely low. 

whilst in the neighboring countries more than one subtype can often be found in 

relatively high frequencies.1"'" '2:i1 Moreover, for the first time, two distinct 

subtype C strains were identified to spread throughout the same country. 

Year of HIV-1 introduction into Ethiopia 

Our determining of the years in which the HIV-1 subgroups C and C' viral 

isolates were initially introduced into Ethiopia is described in chapter V and VI. 

The calculations were carried out separately for the main C group and the 

subcluster C' group. We compiled the C2-V3 sequences from all our studies, 

1988 to 1999, and included in this study the oldest sequences that belong to the 

C group from 1984 and 1985. 
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The synonymous sequence-distance of the C2-V3 envelope region of the 

Ethiopian C strains to the reconstructed common ancestor was shown to 

increase in the course of the epidemic, as was observed with the subtype B 

epidemic.1"' 7| Based on this observation, evolutionary distance analysis of 

samples collected in 1984 and 1985 revealed that they were close to the 

reconstructed common ancestor. Additionally, as in subtype B epidemics'2*11 a 

highly significant correlation was observed between the synonymous distances 

of the C2-V3 sequences to the common ancestor and the sequence sampling 

years. With extrapolation of the regression analysis back to the date when no 

synonymous heterogeneity was present in Ethiopian HIV-1 subtype C 

populations, we were able to estimate 1983 as the introduction year for the main 

group C and 1982 for the subcluster C'. This finding strongly agrees with 

serological data showing that the first HIV-1 seropositive sera identified in 

Ethiopia were from 1984, with more than 1500 sera being analysed between 

1982 and 1984 for that study."1 The synonymous evolution rate of the C2-V3 

region in the C' viruses is shown to be two times lower than that observed with 

the C viruses. A possible explanation could be that there are differences in the 

replication rates between the C and C' viruses. However, if this were the case, 

the C virus would be expected to predominate, which was not found to be so. A 

more detailed comparison of the biological function of the two virus envelopes 

might provide an answer. 

Comparison of' the two subtype C strains by phylogenetic analysis 

All the above studies were based upon the cDNA sequence analysis of the C2-

V3 gpl20 envelope region. To confirm our results on the C2-V3 env region a 

study described in chapter VII compared different regions of the viral genome 

(gag. pol and env) of viruses randomly selected among the isolates included in 

the national survey described in chapter IV. Phylogenetic analysis confirmed 

the existence of two distinct virus populations for all regions analyzed. 
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Furthermore, a number of viruses, whilst clustering with the main group for the 

gag region, switched to the C' subcluster for the V1-V2 and V3 regions, 

indicating intra-subtype recombination. Based on the phylogenetic results of 30 

gag sequences, 16 viruses (including those suspected to be recombinants and 

representative samples from the main C and subcluster C' groups) were selected 

for further analysis. A 2600bp segment of the HIV-1 genome comprising of the 

gag and part of the pol (protease and half of the RT) genes were sequenced and 

analysed together with the respective VI V2/C2V3 regions of the envelope. Six 

isolates were found to be C/C' intra-subtype recombinants, and whilst they all 

have different recombination patterns, often the recombination crossover points 

were the same as the ones described for the inter-subtype recombinants.'1 

Furthermore, we identified one crossover point in the p24/pl7 region of gag, 

one in the 5'end of the Pol gene. 

Possibly one of the most interesting observations is that all C/C' recombinant 

viruses carry the variable VI/V2 and V3 regions of the C' group, indicating that 

the C' envelope maybe advantageous for the survival of the recombined 

progeny. This finding suggests that upon recombination, the genes or gene 

fragments that provide competitive advantage are selected. A similar 

phenomenon has been reported for A/C and D/C recombinants, which all carry 

the subtype C envelope.',4' In addition to the two independently evolving C and 

C' groups, viral recombination can occur and might increasingly occur between 

these two groups to create new viruses. 

The features of the Ethiopian HIV-1 epidemic are unique, not only because it is 

composed predominantly of subtype C viruses but also because the few non-C 

isolates turn out to be subtype-C recombinants (data not shown). The findings 

from our study are in complete agreement with a previous study reporting on 

A/C, and A/D/C recombinant viruses from Ethiopia. ] 
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Biological phenotypes of the HIV-1 viruses circulating in Ethiopia 

Chapter VIII describes a study on the biological phenotypes of the HIV-1 

viruses circulating in Ethiopia, compared to other subtypes. The frequency of 

syncytium-indueing (SI) versus non-syncytium-inducing (NSI) viral isolates 

and the coreceptor use of these different viral isolates from 48 Ethiopian AIDS 

patients were investigated. All patients had abnormally low CD4+ lymphocyte 

numbers and were shown to be infected with HIV-1 subtype C, but only three of 

the 48 patients were found to harbour SI viruses. From these three individuals, 

biologically cloned SI and NSI viruses were generated. The NSI clones were 

shown to use CCR5 as their coreceptor, whereas the SI clones used CXCR4, 

CXCR4/CCR5 or CXCR4/CCR3. Our finding of the low emergence of SI 

variants and the predominant usage of CCR5 as the HIV-1 coreceptor in HIV-1 

subtype C infections in Ethiopia is in agreement with previous reports.'37 3X| 

Further studies will be required to identify the cause of this unique feature of 

subtype C viruses. 

Investigation of the virologie aspects of the HIV-1 epidemic in Ethiopia has 

revealed that subtype C viruses dominate the epidemic and that two different 

subgroups termed C and C\ co-circulate throughout the country. The increasing 

genetic heterogeneity of these two virus populations together with their 

expansion around a stationary consensus sequence has enabled us to estimate 

1982/3 as the beginning of the HIV-1 epidemic in Ethiopia. Since then both 

strains have rapidly spread, saturating the high-risk group network and 

preventing the introduction of other subtypes. The discovery of intra-subtype 

recombination and the fact that all recombinants carry the C' subgroup V 1-V2 

and C2-V3 region of the envelope points to a competitive advantage for viruses 

with a C' envelope, possibly related to more efficient transmission in the 

population. Other subtypes entering Ethiopia in the early 1990s have 

recombined with subtype C , perhaps because this was the only way to survive 

in an environment dominated by C viruses. 
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The frequency of HIV-1 subtype C SI (CXCR4-using) variants in Ethiopian 

patients in late stage of HIV infection is found to be very low but it remains to 

be determined whether this phenotypic difference from the other subtypes 

correlates with any of the in vivo biological properties of the subtype C virus. 

In general the HIV-1 epidemic in Ethiopia is a serious public health problem for 

the country, especially considering the rapid spread of the predominant viral 

strains. What is needed in Ethiopia, as in many other countries around the 

world, is an increase in public awareness, along with surveillance of the 

circulating HIV-1 strains in the population and the early detection of new and 

possibly more virulent viral strains, in order to curtail or combat this devastating 

epidemic. 

Now that we know more about the viruses circulating in Ethiopia, the next stage 

will be the development of a vaccine that is effective particularly against HIV-1 

subtype C. Diagnostic tools to monitor subtype C infection and the response of 

these viruses to anti-retroviral therapy will be a crucial step on the way. 
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CHAPTER X 

Summary 
Samenvatting 





SUMMARY 

In one of our work, we present the results from several studies that were 

performed to characterize the HIV-1 epidemic in Ethiopia. The studies were 

performed on serum samples that were isolated from asymptomatic HIV-1 

positive individuals from different risk groups in the capital city Addis Ababa 

and several other Ethiopian towns, between 1989 and 1997. We found that the 

predominantly circulating HIV-1 subtype C could be subdivided in the 

subclusters C and C'. The study also showed that the influx of other subtypes is 

very low (Chapter II and Chapter III). 

The co-circulation of viruses from the two HIV-1 subclusters C and C' in all 

studied Ethiopian towns was established. We found a similar prevalence 

distribution of both subclusters across the Ethiopian HIV/AIDS epidemic 

(Chapter IV). The Ethiopian subcluster C' viruses were grouped together like 

the main C group independently of the considered variables, like geography, 

risk group or time of sampling. 

Our sero-epidemiological data demonstrated a low prevalence of HIV in 

Ethiopia in the early 198()'s. Sequence distance calculations estimate 1983 as 

the year of introduction of HIV-1 subcluster C and 1982 as the year of 

introduction of HIV-1 subcluster C' into Ethiopia (Chapter V and Chapter VI). 

To our knowledge, the samples from 1984 and 1985 were the earliest available 

for the Ethiopian HIV-1 subtype C epidemic. We observed an increasing 

genetic heterogeneity together with a stable consensus sequence of the 

Ethiopian HIV-1 C subtype over time, indicating that the evolution of the virus 

population is characterized by an unbiased expansion around a stationary 

consensus sequence. 

For the first time the existence of intra-subtype recombinants within the 

Ethiopian subtype C strains (C/C) was shown (Chapter VII). Finding of C 

envelope in all intra-subtype recombinants indicates it might be needed for 
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existence and more efficient transmission. The fact that there is a very low 

prevalence of non-C subtype viruses might indicate a difficulty of their 

existence in an environment where i ibtype C viruses dominate. 

Remarkably low frequency of HIV-i ;ubtyp< C SI \ iria tmongst Ethiopian 

patients with AIDS was found p • /II] m addition, coreceptor use of 

HIV-1 subtype C correlated with theii biological phenotypes. 

We have observed that the Ethiopian HIV-1 epidemic is dominated by subtype 

( ' viruses. These viruses can he subdivided in two genetically distinct 

subclusters that are co-circulating and form recombinant viruses. By surveying 

the direction that circulât! ibinant strains are spreading and 

developing within the HIV-1 epidemic, fut cil e studies can be adapted to 

this information. 
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SAMENVATTING 

In dit proefschrift beschrijven we de resultaten van de studies die we hebben 

verricht onder HIV-1 geïnfecteerde personen uit verschillende risicogroepen in 

Addis Ababa en een aantal andere Ethiopische steden. Alle personen waren 

tussen 1989 en 1997 geïnfecteerd en vertoonden nog geen symptomen van 

ziekte. We ontdekten dat subtype C het dominante subtype was en dat deze kon 

worden gesplitst in de twee subclusters C e n C ' . Daarnaast constateerden we dat 

er vrijwel geen virussen van een ander subtype aanwezig waren (hoofdstuk II en 

III). 

De virussen die behoren tot de subclusters C en C' hadden zich op vrijwel 

identieke wijze verspreid over de verschillende Ethiopische steden. De 

prevalentie van de virussen uit de beide subclusters was ongeveer gelijk binnen 

de Ethiopische HIV/AIDS epidemie (hoofdstuk IV). 

De Ethiopische subcluster C' virussen vormden één genetische groep, die niet 

werd beïnvloed door variabelen als de plaats waar de virussen vandaan kwamen 

of de risicogroep waartoe de geïnfecteerde personen behoorden. 

In één van onze studies (hoofdstuk V) toonden we met behulp van sero-

epidemiologisch onderzoek aan dat aan het begin van de 80-er jaren de 

prevalentie van HIV zeer laag was in Ethiopië. Door de verschillen vast te 

stellen in de genetische samenstelling van het HIV genoom in de loop der tijd 

(genetische afstand), konden we terugrekenen dat de subcluster C' virussen in 

1982 in Ethiopië waren geïntroduceerd en de subcluster C virussen in 1983 

(hoofdstuk VI). Voor zover bekend zijn in 1984 en 1985 de eerste virussen in 

Ethiopië gevonden. Ondanks een toename in de genetische afstand voor de 

subcluster C virussen gedurende het verloop van de epidemie, veranderde de 

consensus sequentie niet. De evolutie van deze viruspopulatie werd dus 

gekarakteriseerd door een uitbreiding van de genetische populatie echter 

rondom een stationaire consensus sequentie.Het was voor het eerst dat het 
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bestaan van intra-subtype recombinatie werd aangetoond met behulp van 

virussen van de Ethiopische subclusters C en C' (hoofdstuk VII). Bij alle intra-

subtype recombinanten werd slechts één type envelopeiwit gevonden, namelijk 

dat van het C' subcluster. Dit doet vermoeden dat dit C' envelop eiwit gunstiger 

bijdraagt aan de transmissie van deze recombinanten. Zoals eerder vermeld, 

hebben we in Ethiopië slechts weinig non-C subtype virussen gevonden, 

hetgeen een indicatie kan zijn dat deze non-C subtype virussen moeilijk gedijen 

in een omgeving waar subtype C virussen dominant zijn. 

Tenslotte hebben we aangetoond dat opmerkelijk weinig HIV-1 subtype C SI 

varianten voorkwamen bij Ethiopische AIDS patiënten (hoofdstuk VIII). 

Bovendien viel vast te stellen dat er een sterke correlatie bestond tussen het 

biologische fenotype en het soort co-receptor dat werd gebruikt door de HIV-1 

subtype C virussen. 

Samengevat kunnen we vaststellen dat subtype C dominant is binnen de 

Ethiopische HIV-1 epidemie. De virussen die behoorden tot subtype C konden 

worden verdeeld in twee genetisch subclusters, die naast elkaar konden bestaan 

en recombineren. Door de verspreiding en ontwikkeling van de circulerende 

stammen en recombinante virussen in kaart te brengen, kunnen toekomstige 

vaccin studies worden aangepast aan deze epidemiologische data. 
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