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Abstract 

The aim of thi.s study ,vas to assess the frequencies of syncytlum~tnducing and non~ 

syncytium-inducing HIY -, subtype C isolate. obtained from Ethiopian AIDS patient •. 

Forty.eight hospitalized AIDS patients (CD4 + T cell count. < 100 cel\s/~ll) with WHO 

revised conditions of stagtng system criteria for HIV"'1 i.nfection and disease Hsted in 

stage III and IY were used. The biological phenotype. of the viruses were determined 

by MT5Z cocultivation ,21§say. Lymph.ocyte subsets were enumerated using coulter 

counter and FAC§can analysts. Vi.:ra .• load determination was done by nucleic add 

sequence ba.ed amplification assay (NASBA). HIY -, i.olates with syncytium-inducing 

phenotype were detected only in 3/48(6%) of AIDS patient •. Lower distribution of 

absolute CD4+ cell counts and CD4/CD8 r3t[0 were determined in 51 carriers as 

compared to N§l carders (P=O.04 and 0.03, respectively). However, no difference in 

viral load w.s observed between SI and NSI patients (P>o.OS). SI patients had higher 

di.tribution of irnrnune.complexed dissociated HIY-\ p24 levels than N§I patients 

(P=o.oZ). Both patients with SI and N§I variant. had comparable CDS+ T cell counts 

(P=o.~). This finding suggests that the prevalence of 51 viruses among Ethiopian Co 

SIJIbtype AIDS patients was .ignificantly lower than among AIDS patients infected 

with other subtypes. 
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Abbreviations 

AIDS Acquired imuunodeficiency syndrome 

Ag antigen 

CCR-5 chemokine receptor-5 

CCS cell culture supernatants 

CXCR -4 CXC- chemokine receptor-4 

EHNRI Ethiopian Health and Nutrition Research Institute 

ELISA Enyzme Linked Immunosorbent Assay 

ENARP Ethiopian-Netherlands AIDS Research Project 

env envelope 

gp glycoprotein 

I-lIV -I l-Itunan Immunodeficiency Virus Type I 

ICD-p24Ag -Immune complex dissociated p24 antigen 

M -tropic Macrophage tropic 

MT-2 human T-Iymphotropic-I-transformed CD4+ cell line 

NSI non-syncytium-inducing 

PBMC Peripheral Blood Mononuclear Cells 

ng nanogram 

Rt'lA Ribonucleic Acid 

SI syncytium-inducing 

SDF-I stromal-derived factor I 

T-tropic T-cell tropic 



Chemical composition of reagents used in this study. 

Reagents Chemical Composition 
A. Reagents for HIV-SPOT 
l. Non-reactive control I +.Lyophilized normal human serum non-reactive 

for hepatitis B surface antigen (HbsAg) as well as 
for HIV -I antibodies 

2'. Preservative: 0.05% Thimerosal 
2. Weak-reactive control l. 1+ and 2' 

3. Strong-reactive control l. I +and 2' 

4. Lyophilized buffer l. Tween 20,2. Bovine serum albumin, 3. heat-treated 
normal goat serum, and 4. 0.1 % sodium azide and 2' 

6. Conjugate I. Lyophilized protein A-gold reagent 

B. Reagents for ELISA 
antibody assay 

I. Negative control l. Human serum non-reactive for anti-HIV-I Abs 
2. Preservatives: a) 0.1 gil gentamicin sulphate 

b) 0.2 mill cinnamaldehyde 
2. Anti-HIV-I positive control l. Human serum containing human anti-I-IIV-I 

2. Preservatives: a) 0.1 gil gentamicin sulphate 
b) 0.2 mill cinnamaldehyde 

3. Specimen diluent l. Stabilizing protein 
2. Detergent 
" Preservatives: a) 0.1 gil gentamicin sulphate ~. 

b) 0.2 mill cinnamaldehyde 
5. TMB solution l. Tetramethylbenzidine in citric acid 
6. Urea peroxide solution l. Urea peroxide 

2. Preservative: I gil 2-chloroacetamide 
C. Reagents for HIV-l p24 

antigen ELISA on CCS 
I '. Negative control l. Human serum non-reactive for HIV -I Abs, HBsAg 

andHCV Ab 
2. Preservatives: a) 0.01% gentamicin 

b) 0.02 cinnamaldehyde 
2b. Positive control 1. Human HIV -I Ag: 160 pglml p24 core antigen 

(inactivated) 
2. Preservatives: a) 0.0 I % gentamicin 

b) 0.02 cinnamaldehyde 
3'. Anti-HIV -I conjugate l. Horseradish-peroxidase-Iabeled anti-HIV-I 

2. Preservatives: a) 0.0 I % gentamicin 
b) 0.02 cinnamaldehyde 

4. Disruption buffer l. FD and C red dye no. 2 as coloring agent 
2. Preservatives: a) 0.01% gentamicin 

b) 0.02 cilmamaldehyde 
5d

• TMB solution l. Citric acid diluent 
2. 0.03% tetramethylbenzidine.2HCI 

6'. Peroxide solution l. Citric acid-citrate buffer 
2. 0.04% urea peroxide 



Continued 
7'. Stop solution I. 2N sulfuric acid 

D. Reagents for Vil'onostika 
ICD-HIV-l p24 antigen 

I. Base dissociation buffer I. Sodium hydroxide saline and preservatives 
2. Negative control 0 Human serum non-reactive for HIV -I Abs, HBsAg J. 

and HCV Ab 
4. Preservatives: a) 0.01% gentamicin 

b) 0.02 cinnamaldehyde 
3. Positive control 3. Human HIV-I Ag: 160 pg/ml p24 core antigen 

(inacti vated) 
4. Preservatives: a) 0.01 % gentamicin 

b) 0.02 cinnamaldehyde 
4. Anti-HIV -1 conjugate 0 Horseradish-peroxidase-Iabeled anti-HIV-l J. 

4. Preservatives: a) 0.01% gentamicin 
b) 0.02 cinnamaldehyde 

5. TMB solution 3. Citric acid diluent 
4. 0.03% tetramethylbenzidine.2HCI 

6. Peroxide solution 0 Citric acid-citrate buffer J. 

4. 0.04% urea peroxide 
7. Stop solution l. 2N sulfuric acid 



1. INTRODUCTION 

1. General 

AIDS is the clinical stage of human immunodeficiency virus type 1 or type 2 (HIV -lor 

HIV-2) infection (1). It is an immunosuppressive disorder characterized by the depletion 

of the CD4 helperlinducer lymphocyte sub-population, which is accompanied by a broad 

variety of clinical manifestations related to impaired immunity. AIDS was first reported 

in the USA among homosexuals. The oldest confirmed HIV viruses were isolated from 

serum samples collected in Central Africa in 1959 (2). The first Ethiopian HIV-positive 

case was reported from serum sample collected in 1984 (3) while the first AIDS case 

was reported in 1986 (4) in Addis Ababa. Since then the AIDS epidemic is a rapidly 

growing problem in Addis Ababa and elsewhere in the country (5). AIDS has become 

one of the leading causes of morbidity and mortality in the world (6,7). 

HIV-l virus isolates are phenotypically diverse varying in cytopathicity, replication rate 

and cell tropism (8). The biological phenotype ofHIV-1 isolates can be divided into two 

groups, rapid/high, SI; and slow/low, NSI, based on the ability to infect MT -2 cells 

(CD4+ T cell lines) and induce syncytium formation (9). These differences in the 

biological phenotype of HIV-l isolates are largely determined by the charge of two 

specific amino acids at positions 11 and/or 28 in the V3 loop of the envelope protein 

gpl20 for HIV-l subtypes A, B, D and E (10,11). HIV-I typically evolves from an M­

tropic, noncytopathic, NSI virus at early asymptomatic stages of infection to a T -cell­

tropic, cytopathic and SI virus population as patients progress to AIDS in subtype A, B 

and D infections (1,4,8-10) in 50-70% of cases. The presence of SI HIV-l isolates in 

infected individuals is associated with a rapid decline of CD4+ T -cells (8-10,11-27), an 

increased virus load (8,10,22-24,28-30), rapid disease progression (21-23,30-33), 



reduced survival time after AIDS diagnosis (I7,23,31-34), P24 antigen positivity 

(12,23,25-27,35), higher proportion of infected CD4+ T -cells (7,9, II, 15, 16,29), AIDS­

defining clinical illnesses (14,16,36) as well as with higher cytopathicity (14-18,27,30). 

The SI HIY -I isolate have high cytopathicity and broader tropism for human 

cells/tissues than the M-tropic NSI HIY -I isolate. Moreover, the biological phenotype of 

HIY -I isolates is associated with viral transmission and persistence. The efficacies of 

antiviral therapy and virus-receptor interactions have also been shown to be influenced 

by the biological phenotypes of the HIY-I isolates. Finally, the biological phenotypes 

can be used for in vitro classification ofHIY-1 isolates (9,37). 

Most of the data demonstrating the biological phenotypes of HIY -I isolates and their 

biological consequences are based on studies of subtypes A, B, D and E HIY -I isolates. 

Studies on Ethiopian HIY-I isolates have shown the presence of subtype C (I1,38). 

However, data on the biological phenotypes (SIINSI) are not available for subtype C 

HIY-I isolates circulating in Ethiopia. 

2.0 THE VIRUS 

The human immunodeficiency virus is a retrovirus that belongs to the lentivirus 

subfamily. HIY-I variants have been genetically classified into the major (M) and the 

outlier (0) groups. The M group is further divided into 10 genetically distinct subtypes 

(A- J) based on sequence diversity of the gene encoding the envelope (env) protein, 

gp120, where members of the same subtype differ by less than 10%, and those of 

different subtypes by 15% or more (39,40). The 0 group contains several very 

heterogeneous viruses (40). 
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Figure I illustrates the genomic and biological characteristics of an mv -I virion. Like 

other retroviruses, HIV virions contain at least three reading frames (gag, pol and env 

genes) encoding three structural proteins (41-43) (Figure 2). Gag encodes the pssgag 

precursor protein that is processed into the p24
gag 

(capsid), pl7
gag 

(matrix), p7
gag 

(nucleocapsid) and P6gag mature proteins (43,44). The pol gene encodes enzymes 

necessary for replication in the host cell, PSIIP66poI (reverse transcriptase!RJ."Iase H), 

P34poI (integrase) and PIIpoI (protease). Env encodes the envelope precursor protein, 

gp 160'''v and it is processed by a cellular protease into the two envelope proteins, 

gpl20'"v and gp4l e"V (4S). 

The outer envelope protein, gp120, facilitates viral entry into the host cell by binding to 

CD4, the main cellular receptor for all primate lentiviruses (46,47) whereas the 

transmembrane protein, gp41, is involved in the fusion of viral envelope with the 

cellular membrane (48). In addition to the structural genes, the mV-I genome contains 

several genes (tat, nef, rev, vif, vpu and vpr) encoding regulatory and accessory proteins 

(49-56) (Figure 2). PI4'a' and pl9rev are involved in regulation ofmRNA expression (SO-

S3). P23 vif and PI6vpu are thought to have function in virion assembly and release. 

Although, the exact function of P ISvpr and P27,,,f is controversial, they have been 

described to be important for replication in primary lymphocytes and monocytesl 

macrophages (49). The proviral genome is flanked by long terminal repeats (LTR) 

which contain sequences necessary for initiation and regulation of transcription and 

polyadenylation of mRNA (43,S4). 
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1.1 Biological Phenotypes (SI/NSI) of HIV-l Isolates 

III vitro primary HIV -I isolates can be subdivided into two distinct groups according to 

their biological phenotypes. The two distinct groups of primary HIV -I isolates were 

classified as rapid/high or syncytium-inducing (SI) and slow/low or non-syncytium­

inducing (NSI) isolates based on virus isolates replication characteristics and ability to 

form syncytia in MT-2 cells, respectively (9, 14, 32, 57). HIV-I strains isolated from 

recently infected individuals are predominantly slow replicating, macrophage-tropic (M­

tropic) and NSI ill vitro (32, 33) and they use CCR5 co receptor as entry ports in 

combination with CD4 molecule (58-67). Over the course of HIV-I infection, viral 

phenotype and coreceptor uses broaden to include the appearance of T-cell tropic (T­

tropic) (14, 16, 29, 34). T-tropic strains appear in about 50% to 70% of individuals 

infected with various HIV-I subtypes as patients progress to AIDS (14, 23, 27, 32, 33). 

T -tropic strains induce the formation of syncytia in CD4 cell lines in vitro, infect 

peripheral blood mononuclear cells (PBMCs) faster, and replicate more aggressively 

than do the early M-tropic isolates (27-29). T-tropic, SI HIV-I isolates enter target cells 

by means of CD4 and CXCR4 as a coreceptor (63,68, 69). The early classification of 

biological phenotypes ofHIV-1 isolates based on their in vitro ability to form syncytia 

in MT-2 cells is imprecise and sometime misleading (70). Therefore, it is gradually 

replaced by a new classification system which is based on co receptor use. According to 

this classification scheme virus isolates that use CCR5 but not CXCR4 were termed R5 

viruses, isolates using CXCR4 but not CCR5 were designated X4 viruses and isolates 

that are able to use both coreceptors with comparable efficiency were called R5X4. In 

addition, whether an X4 or R5X4 virus is a cell-line-adapted isolate should be specified. 

5 



The occurrence of T -tropic, SI strains has been reported to be a predictive marker for 

increased progression towards AIDS (22-25) and disease progression to AIDS is faster 

in SI patients as compared to NSI patients (42, 72). The prevalence of distinct biological 

phenotypic variants is reported to be dependent on the stage of infection and is an 

important determinant in the variable clinical course of the infection (33, 71) [Figure 3]. 

NSI isolates can be detected throughout HIV -I infection, SI isolates generally only 

develop in the course of HlV-1 infection and tend to precede the development of AIDS 

in 50% to 70% of patients. Reports from several authors have shown that the majority of 

the viruses isolated from asymptomatically infected individuals are M-tropic and of the 

NSI phenotype (40,42,44-46). In vitro studies suggest that HlV-I isolates obtained from 

patients with advanced immunodeficiency in about 50% of individuals infected with 

subtypes A, B, D and E are SI phenotype (39, 40, 44-46). The risk of a rapid CD4+ cell 

decline and onset of AIDS rises significantly with the appearance of SI variants in the 

peripheral blood of asymptomatic seropositive individuals (44, 72-74) [FigJ]. SI 

variants in general correlate with faster disease progression to AIDS. SI arise after the 

initial loss of CD4+ T cells but precede an accelerated CD4+ T cell decline. The more 

efficient replication and cytopathicity of SI viruses as compared to NSI variants result in 

an increased viral load, thus leading to accelerated CD4+ T cell killing. Mean CD4+ T-

cell count in patients developing AIDS with B subtype SI strains is lower than those 

developing AIDS with NSI HlV-I variants (33,99). The blood of AIDS patients with 

Subtype B SI strains has been shown to contain more HlV-I RNA copies in the plasma 

than the blood of AIDS subjects with NSI strains (I, 21, 75). 

In general, variation in the biological phenotype of HIV -1 isolates plays an important 

role in classifying HlV-I isolates in vitro (14, 15,29,37,76), in monitoring the efficacy 

antiviral therapy (37), in understanding the mechanisms of AIDS immunopathogenesis 
6 



(18, 75, 77-84), in prognosis of mV-I infection (9, 21-26, 48, 71) and in viral 

persistence and transmission (74, 85-92). 

1.2 Molecular Basis of the Variation in the Biological Phenotypes 

(Cytotropism) of HIV-J Isolates: 

The course of HIV -I disease progression is characterized by the presence of closely 

related diverse genetic variants or "quasi species" of viruses in HIV -I infected individual 

(37). These HIV-l variants display variation in biological properties such as replication 

rate, cell tropism and SI capacity (14, 16, 32). The viral determinants for cytotropism 

reside mainly in the envelope (Env) V3 region of glycoprotein gpl20 (10, 93). Sequence 

analysis of the V3 regions of HIV-I SI isolates from subtypes A, B, C, D, E and 0 has 

revealed positively charged amino acids at positions II and 28 to be associated with SI 

phenotype (94-10 I). However, this association has not been confirmed for HIV-I 

subtype C. Elongation of V2 domain with added or relocated N-linked glycosylation 

sites (102-106), the charge of amino acids of the VIV2 regions (73, 107-111) and 

changes in the amino acid in VI loop (112) were also postulated to herald an NSI to SI 

phenotype switch in mv -I subtype B isolates. But, the role of these regions ill 

determining the biological phenotype of HI V-I subtype C variants is not documented. 

Recent studies indicated that a major molecular determinant of HIV -I tropism 

(phenotype) lies at the level of virus entry into target cells, which in turn is governed by 

the expression of coreceptors in conjunction with CD4 (14, 27, 113); either CCR5 or 

CXCR4 or both. Therefore, CXCR4 use is a defining feature of viruses that form 

syncytia in T -cell lines; use of CCR5 is a property of NSI, lvI-tropic viruses; and many 

T-tropic isolates can use both coreceptors (60, 70, !13). This suggests that the co­

receptor used would thus provide a precise molecular designation of a given isolate that 

largely explains its phenotype. 

7 



3.0 OBJECTIVES OF THE. STUDY 

There are no data on the SIINSI phenotype of HIV -I isolates obtained from Ethiopian 

HIV-I infected individuals and despite some in depth studies (ENARP, unpublished 

data) there are no MT-2 positive results reported in HIV+ Ethiopians. Thus, the general 

objective of this study was to establish the biological phenotypes (the presence of SI/NSI 

phenotype) and the frequency of SI and NSI variants of HIV-I strains obtained from 

Ethiopian HIV -I infected AIDS patients. AIDS patients were chosen for this study, 

because according to literature, this could maximize the chance of finding SI viruses. 

Specific objectives of the thesis are to determine the correlation between SI/NSI 

biological phenotypes and 

(I) clinical staging of the disease, 

(2) immune status as determined by CD4+/CDS+ T-cell counts, and 

(3) Viral load as determined by p24 or NASBA technologies. 
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II. MATERIALS AND METHODS 

1. The study subjects and blood collection 

In this study 48 hospitalized Ethiopian AlDS patients (CD4 + T cell counts < 200 cellshll 

of whole blood) from a nearby central referral hospital of Addis Ababa, Saint Paul 

Hospital were studied. Seven patients were clinically diagnosed as III patients and 41 

subjects as stage IV patients (114) according to the revised WHO criteria for staging of 

HIV-l infection and disease. Whole blood was collected using coded EDT A vacutainer 

tubes (Becton and Dickinson) between 2 A.M. and 5 A.M. This was done three days per 

week from November 1996 to February 1997. Samples were transported at ambient 

temperature (20-25°C) to EHNRIIENARP laboratory. In addition, coded HIV results 

were reported to st. Paul's Hospital within 24-48 hours of sample collection. 

2. Laboratory Methods 

2.1 HIV serology 

Screening for plasma antibodies (Abs) against HIV -I was performed by HIV -SPOT test 

using HIV-SPOT kits (Genelabs Diagnostics, CA, USA). In brief, a drop of plasma 

sample was put on HIV-SPOT kit that was previously wetted with three drops of 

reconstituted liquid buffer. Then two drops ofliquid buffer and two drops of wash buffer 

solution were added. This was followed by two drops of reconstituted conjugate and 

three drops of wash buffer solution. Appearance of a distinct red spot at the centre of the 

kit was interpreted to be positive for antibodies to HIV-I, whereas clear membrane after 

the procedure (or overall pink color) was interpreted to be negative for antibodies to 

HlV-1. 
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Plasma samples were retested for mV-l Abs by Enzyme linked immunosorbent assay 

(ELISA) using Organon Vironostika kits (Organon Teknika, BV, the Netherlands) 

according to the recommendations of the manufacturer. That is, I 00 ~t1 specimen diluent 

was pipetted into wells of 96-well plates. Fifty ~l plasma samples and controls were 

pipetted into assigned wells. Two controls were included on each plate. After plates 

were incubated at 3TC for 60 minutes, each well was washed six times with phosphate 

buffer. Then, 100 ~l tetramethylbenzidine (TMB) substrate was pipetted and plates were 

incubated at room temperature for 30 minutes. The reaction was stopped by adding 100 

~l of2N sulfuric acid to each welL The absorbance of the solution in each well was read 

at 450nm using an automatic ELISA reader. Test sample was considered reactive when 

absorbance value of plasma was greater than or equal to the cutoff value. A test sample 

was interpreted non-reactive when the absorbance value of the plasma sample was less 

than the cutoff value. 

2.2 WEe count fllld flow cytometric IIlllllysis 

To determine WBC, 20~tl EDTA whole blood was mixed with lOml Isoton and 3 drops 

of IsotoniTriton-l 00x. WBC count was determined in triplicate by Coulter counter 

(Coulter Electronics LTD., U. K), according to the standard procedure. Absolute WEC 

count was done inorder to calculate the absolute count of CD4 cells in the peripheral 

blood of the patient. 

Lymphocyte subsets and leukocyte three part differential (percent granulocyte, 

monocyte and lymphocyte) were analyzed on a FACScan flow cytometer (Becton 

Dickinson, San Jose, CA, USA) uSlllg monoclonal antibodies combinations 
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CD45/CDI4, IgGlIIgG2 isotype control, CD3/CDI9, CD3/CD4, CD3/CD8 

andCD3/CD 16+56 with SimulSET software according to the manufacturers 

recommendations (36) (see Appendix 1). In brief, 100 ,t1 EDTA whole blood was mixed 

with 10 III of each combination of mAbs in 6 separate tubes and incubated at room 

temperature for IS to 20 minutes in the dark. Red blood cells were lyzed by adding 2 ml 

of lysing solution per tube (FACSlyse, Becton Dickinson, CA, USA). After vortexing, 

tubes were incubated for 10 minutes at room temperature in the dark. The cells were 

centrifuged at 300g for 5 minutes and then washed twice with Isoton (Becton Dickinson, 

San Jose, CA, USA). The cell pellet was resuspended in 500 III Isoton and analyzed 

using the SimulSET software of the FACScan on the same day. A minimum of 2000 

events was acquired for analysis. The F ACScan was calibrated with fluorescent beads 

(CaliBrite) and the AutoComp software weekly. 

2.3 Biological phenotyping of HIV-J isolates and cell culture 

supernatant (CCS) p24 ELISA 

To assess the presence of SI and NSI HIV-l variants, patients' PBMC were cocultured 

with MT-2 cells as described by Koot et at. (9). Briefly, when CD4+ T cell counts of a 

given patient were less than 50 cellS/ill of whole blood, five million PBMC were 

cocultured with one million MT -2 cells. When CD4+ T cell counts of a given patient 

were greater than 50 cellS/ill of whole blood, one million PBMC were cocultured with 

one million MT-2 cells. Ten III SI isolates were cocultured with one million MT-2 cells 

as positive control and one million MT -2 cells were cultured alone as a negative control. 

Controls were included with every batch of MT -2 assay. The cultures were maintained 

at 3ic for three weeks and refreshed twice a week Cultures were checked for the 
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presence of syncytia twice a week under an inverted microscope (4X magnification). 

Virus replication was measured by ELISA for HIV-I p24 antigen production using 

Vironostika kits (Organon Teknika, BV, the Netherlands) on CCS at syncytium 

formation or after a maximum of three weeks of coculturing. CCS with absorbance 

values less than the cutoff value were considered negative for HIV -I antigen. Whereas, 

coculture supernatants with potical densities (OD) greater than or equal to the cutoff 

value were considered positive for HIV-I antigen. 

2.4 Detection of plasma p24 antigen 

Immune-complexed dissociated HIV-I p24 antigen (ICD-HIV-P24 AG) in plasma was 

measured semiquantitatively by a solid-phase, sandwich-type enzyme immunoassay 

(EIA, Abbott Laboratories, North Chicago, IL) according to a standard procedure. That 

is, 25 fLl of base dissociation reagent was pipetted into all specimen and control wells. 

After 10 minutes, 100 fLl of each test specimen and controls were added into the 

assigned wells. On each plate three negative controls and 6 positive controls, that is, five 

serial 2-fold dilutions of positive control (PC) (l60-5ng/ml) were included. Strips were 

incubated at 37°C for 60 minutes. After each well was washed and soaked 4 times with 

diluted phosphate buffer, 100 fLl of anti-HIV-I conjugate (horseradish peroxidase­

labeled anti HIV -I antibody) was pipetted into each well and then incubated at 370 C for 

60 minutes. Then, 100 fLl of solution containing 0.03 %Twffi and 0.04 % urea peroxide 

was pipetted into each well. Strips were incubated at room temperature for 30 minutes. 

The reaction was stopped by adding 2N sulfuric acid to each well. The absorbance of the 

solution in each well was read at 450 nm using ELISA reader. Plasma samples with OD 

values less than the cutoff value were considered negative for ICD-HIV-I p24 antigen. 
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Whereas, plasma samples with OD values greater than or equal to the cutoff value were 

considered positive for ICD-HIV-l p24 antigen. 

2.5 Viralloatl determillatioll 

HIV -I RNA copy numbers in 100 III plasma samples were quantitated by using a 

nucleic acid sequence based amplification assay (NASBA) as described by Kievit et aI., 

(115). In brief, RNA was extracted from 100 III plasma using an established 

guanidinium isothiocyanate based method (116) and isothermally amplified in the 

presence ofRJ'l"A standards using NASBA kits (Organon Teknika, the Netherlands) (see 

Appendix 2 for detail). 

2.6 Statistical data alia lysis 

The distribution of immunological and virological data (CD4+ and CDS+T cell counts, 

CD4/CDS ratio, ICD-p24 antigen concentration and viral load) was compared between 

patients with SI and NSI phenotypes using the non-parametric Wilcoxon ranksum test 

(Mann-Whitney U test). Proportions were compared using two-sided Fisher's exact test. 

Mean, median and standard deviations were calculated for each viro-immunological data 

for patients harboring SI and NSI virus phenotype. 
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III. RESULTS 

3. Clinical characteristics o/the study subjects 

A total of 48 hospitalized Ethiopian AIDS patients aged 22-54 years participated in this 

study. All patients were at clinical stages III or IV of the WHO staging system of HIV-I 

infection and disease (114). The mean ages were 36 (females, n= 20) and 35 (males, 

n=28)years. The most common manifestation of the WHO clinical staging observed was 

HIV wasting syndrome (n=39), followed by oral candidiasis (n=28) and pulmonary 

tuberculosis (n=23). 

3. Viro-iml1lunological characteristics 0/ the study subjects 

The mean and median of the viro-immunological data measured on 48 AIDS patients 

grouped according to the biological phenotypes of HIV -1 isolates in NIT -2 assay are 

presented in Table I. 

All patients were selected to have absolute CD4+ cell counts < 200 cells/J..d whole blood 

(see Table 2). The absolute CD4+ T cell counts ranged from 2 (PHD.On) to 194 celVJ.ll 

(PHD.049) with median value of 54 cells/J.ll (see Table 2). The absolute CD8+ T cell 

varied between 20 cells/J.l1 whole blood (PHD.On) and 1989 cells/J.ll whole blood 

(PHD. On); CD4/CD8 ratios ranged between 0.0 and 0.8 with median value of 0.1. All 

patients had HIV-l Rt'iA copy numbers, ranging from 4.26 10glO (PHD.030) and 7.08 

10glO per ml of whole blood(PHD.009) with median of 5.59 10glO RNA copies/ml of 

plasma (see Table 2). 
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Table 1. Mean (SD>I<) and median of viro-immunological data from 48 Ethiopian AlDS 

patients harboring SI and NSI strains. 

SI Patients(n=3) 
Parameter Mean(SD>I<) Median 
CD4 count 23(23) 16 
CD8 count 589(320) 568 
CD4/CD8 ratio 0.03(0.06) 0.00 
ICD-p24Ag conc. 163(18) 160 
RNA load 5.30(0.54) 5.78 
>l:<SD - standard deviation 

NSI 
Mean(SD) 
79(56) 
611(555) 
0.21(0.21) 
58(70) (n=43) 
5.72(008) 

Patients(n=45) 
Median 
62 
395 
0.10 
23 (n=43) 
5.89 

P value 
0.04 
0.72 
0.03 
0.02 
0.50 

HIV-l ICD-p24 antigen was detected in 30/46 (65.2%) of the plasma samples assayed. 

The concentration of ICD-p24 antigen ranged from 3 to 190 nglml of plasma with 

median of 18 nglml. 

Of the 48 AIDS patients studied, 45/48 (94%) had NSI viruses and 3 (6%) harbored SI 

viruses as determined in the MT-2 assay (patients: PHD.030, PHD.074, PHD.079) (see 

Table 2). The distributions of CD4+ count of SI AIDS patients was lower (median= 16 

cells/Jll) compared to that of the NSI AlDS patients (median=568 cells/Jll), P=0.04 (see 

Tablel). Also, the distributions ofCD4/CD8 were lower in SI patients (median=O.OO) as 

compared to NSI patients (median=0.10), P=0.03 (Table 1). Both NSI and SI patients had 

comparable RNA copy numbers in the plasma; 5.89 10gIO Ri'l"A copies/ml for NSI versus 

5.57 10gIO RNA copies/ml for SI, P>0.05. In addition, they had comparable distribution 

of CD8+ T cell counts; median value were 568 and 395 for SI patients and NSI patients, 

respectively (P=O.72). However, the distribution ofICD-p24 antigen levels in SI patients 

was higher (median=160) as compared to mean of the NSI patients (median=23), 

P=0.02. 
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Table 2. Immunological and virological data obtained from 48 Ethiopian AIDS patients. 

LABID AGE SEX CD4+ CDS+ CD4/CD8 VIRUS STAGE P24 

Count Count Ratio PHENO LOAD' (nglml) 
TYPE 

PHD005 32 M 22 307 0.10 NSI IV 5046 ND 

PHDOO6 45 M 110 918 0.10 NSI IV 5.72 ND 

PHD009 40 M 61 745 0.10 NSI IV 7.08 99 

PHD019 43 M 20 452 0.00 NSI IV 6046 175 
PHD020 25 M 83 1082 0.10 NSI IV 6.38 17 

PHD024 33 M 75 98 0.80 NSI III 4.86 5 
PHD028 30 M 8 410 0.20 NSI IV 5.51 73 
PHD029 25· F 117 395 0.30 NSI IV 5.76 13 
PHD030 30 M 5 281 0.00 SI III 4.26 160 

PHD032 50 F 155 295 0.50 NSI IV 5.00 0 

PHD033 48 F 53 1064 0.10 NSI IV 5.38 103 

PHD034 24 M 190 248 0.80 NSI IV 6.08 163 

PHD035 50 M 27 257 0.10 NSI IV 6.53 179 

PHD036 35 M 48 338 0.10 NSI IV 5.49 0 

PHD037 30 M 61 174 0040 NSI IV 5.79 0 

PHD039 30 M 58 431 0.10 NSI IV 6.15 0 

PHD042 31 F 122 346 0040 NSI IV 6.04 0 
PHD043 54 F 39 69 0.60 NSI IV 5.69 0 
PHD044 26 F 55 291 0.20 NSI III 4.63 51 
PI-ID045 35 F 62 83 0.80 NSI IV 6043 142 
PHD046 38 F 25 332 0.10 NSI IV 4.72 0 
PHD049 23 F 194 1940 0.10 NSI IV 5.15 18 
PHD050 35 M 191 1319 0.10 NSI IV 5.32 0 
PHD051 45 F 35 475 0.10 NSI IV 5.23 154 
PHD054 30 F 186 647 0.30 NSI III 5.26 175 
PHD055 26 F 17 210 0.10 NSI IV 5.20 0 
PHD069 52 M 83 704 0.10 NSI IV 5.38 0 
PHD070 35 M 137 2218 0.10 NSI IV 4.58 99 
PHD072 30 F 155 1989 0.10 NSI IV 6.08 0 
PHD074 45 F 49 568 0.10 SI IV 5.57 146 
PHD076 45 M 149 1663 0.10 NSI IV 5.79 156 
PHD077 45 F 158 1760 0.10 NSI IV 5.20 0 
PHD079 30 M 16 919 0.00 SI IV 6.08 182 
PHD081 53 M 54 158 0.30 NSI IV 5.97 0 
PHD086 45 M 92 990 0.10 NSI IV 5.59 77 

PHD088 35 M 114 212 0.50 NSI IV 6.72 190 
PHD089 23 F 12 184 0.10 NSI III 5.96 0 
PlID091 25 F 25 143 0.20 NSI IV 6.39 175 
PHD092 38 M 2 60 0.00 NSI IV 4.79 0 
PHD094 32 M 103 393 0.30 NSI IV 5.91 8 
PHD099 38 F 63 599 0.10 NSI IV 6.28 91 
PHDI00 35 M 126 632 0.20 NSI IV 6.00 3 
PHDIOI 50 F 9 305 0.00 NSI IV 5.83 62 
PHD102 22 M 29 572 0.10 NSI IV 5.78 0 
PHD 104 25 M 62 341 0.20 NSI III 5.45 0 
PHD 106 26 M 53 830 0.10 NSI III 5.85 0 
PHD 108 28 F 26 672 0.00 NSI IV 6.39 153 
PHD I 15 33 M 20 136 0.10 NSI IV 6.08 116 

t. In log 10 caples ofHIV-IRNNml, ND. not done 
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IV. DISCUSSION 

HIY-I subtype C is the predominant HlY-1 variant in Addis Ababa (II, 117, 118). 

However, the prevalence of SI strains of mY-I isolates among the Ethiopian AIDS 

patients is not documented. This study was done to assess the prevalence of SI viruses 

among Ethiopian AIDS patients who were shown to be infected by mY-I C subtype by 

an independent study (Almaz Abebe el aI., personal communication). Only 3/48 (6%) of 

the patients had SI viruses. Low prevalence of the SI viruses among subjects infected 

with my -I subtype C has also been reported from other countries, like Dijoubti, India, 

China, Brazil and South Africa (III, 117-123). The reasons why the frequency of SI 

strains is low among HIY-I subtype C variants remain to be elucidated. 

A low sensitivity of MT -2 assay for the determination of the biological phenotypes of 

HIY -I viruses is a possible explanation for the low frequency of SI strains detected in 

this study. In line with this explanation, studies have demonstrated that co culture 

supernatant assay is more sensitive than MT-2 assay for the determination ofNSI and SI 

phenotypes (129). Researchers have also indicated that HIY-I isolates with NSI 

phenotype in MT -2 assay were found to be of SI phenotype in CD4+ cell clones and 

other cell lines (37, 70, 13\). In addition, it should be noted that an MT-2 assay may 

give false negative results unless the coreceptor(s) used is included in the classification 

of HIY-I isolates as SI and NSI phenotypes (70). On the other hand, MT -2 assay was 

confirmed positively by p24, increased PBMC input, and Y3 loop sequence on the 

clonal level (Almaz Abebe et aI., personal communication). Finally, it should be realized 

that the ill vitro result of a MT-2 assay does not necessarily reflect the ill vivo situation. 

Subjects with NSI variants by MT -2 assay have been reported to harbor CD4+ syncytia 
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as determined by high resolution microscopy and immunofluoresent staining (Stapleton 

et ai., Abstract 21111, Geneva AIDS conference, 1998). 

It could also be argued that lower expression of CXCR4, possible CXCR4 gene defects 

or increased CCR5 expression on cells of HIV -I subtype C infected subjects which 

would provide less selective advantage for the NSI viruses to evolve into SI strains. The 

HIV -I coreceptors CCR5 and CXCR4 are reported to be expressed differentially on 

activated and memory T cells, and on naive T cells, respectively (68). HIV-positive 

Ethiopian subjects have been demonstrated to possess increased numbers of activated T 

cells and ( in AIDS stage) decreased numbers of naive T cells (Tsehaynesh Messele et 

al., personal communication). Furthermore, it was recently reported that subjects with 

delta32!wt CCR5 genotype carried more often SI virus than subjects with wt!wt 

genotype (124). 

It is also possible that probable oversecretion of SDF -1 chemokine could help prevent 

the emergence of SI variants by binding to CXCR4 receptor making this receptor 

inaccessible for SI uses. This is consistent with previous in vitro observations in subtype 

B viruses (69, 125). In addition, recent experiments have shown that SDF-Ia is capable 

of down regulating CXCR4 on cells by induction of endocytosis and effectively 

blocking infection by T-tropic (SI) strains (62, 69, 125). The relevance of this 

explanation, however, needs to be validated by further independent studies. 

Compared to the above speculated host related immunlogical factors the virus itself is 

the most likely reason for the low prevalence of SI strains among individuals infected 

with C subtype HIV -I variants. This has been repeatedly reported among subjects 
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infected with subtype C viruses in Dijoubti, South Africa India, China and Brazil (111, 

117-123). It is unlikely for subjects from such diverse genetic and environmental 

backgrounds to have identical immunological factors as described above. This suggests 

that it is unlikely for the host to account for the low prevalence of SI strains in this study. 

Therefore, it is the virus itself that is most likely resulted in the absence of NSI to SI 

switch among C subtype HIY -I infections. 

It is also possible that restriction by the Y3 regions of Env gp 120 may be involved in 

preventing frequent NSI to SI shift in HIY-I subtype C infections. It was demonstrated 

that the Y3 regions of Ethiopian C subtype SI viruses was different from those of other 

subtype A, B, D, E and 0 HIY-I S1 viruses (10, 94, 96-98). However, in HIY-I subtype 

B, use of CXCR4 as a coreceptor has been shown to be associated with the presence of 

positively (basic) charged amino acids at positions II and 28 in Y3 region (69, 125). 

This suggests that the absence of this association among Ethiopian C subtype viruses 

may restrict the use of CXCR4 as a coreceptor and thus a selective evolution of S1 

strains. Therefore, structural features of the Y3 loop as well as other Env regions may 

playa role in preventing the development of SI capacity of subtype C HIY -I viruses. 

Another observation in this study is that there was an association between SI strains and 

low CD4 cell counts. Clearly this indicates that SI strains of HIY -I isolates contributed 

to a significant depletion of CD4+ T cells. There is still an on going argument regarding 

the immunological and virological factors contribute to low CD4+ cell counts in NS1 

patients. The following factors are suggested playa role in the depletion of CD4 cells in 
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B subtype HIV -1 infection: (1) natural CD4 count in HIV -negative individuals, (2) 

direct cytopathicity, (3) apoptosis/high turnover, and (4) immune exhausition. 

Although the appearance of SI variants of subtype B HIV -1 isolates was strongly 

associated with an increased rate of depletion of CD4+ T cells and more rapid 

development of AIDS (9, 19, 34), faster disease progression towards AIDS and low 

absolute CD4+ T cell counts in Africa, particularly in the majority of Ethiopian who 

were infected with NSI C subtype HIV-l viruses are not documented. It could be 

speculated that immune activation because of persistent co-infection with environmental 

pathogens and the naturally low CD4+ T cell counts in healthy Ethiopians which will be 

further decreased upon HIV-l infections (Aster Tsegaye e/ aI., personal communication) 

may explain faster disease progression to AIDS and low CD4+ T cell counts in C 

subtype HIV -1 infections. 

The present finding clearly indicate that M-tropic, NSI and potentially transmitting HIV-

1 subtype C variants are the predominant variants in the majority of Ethiopians. The 

biological consequence of higher proportion of M-tropic NSI variants is that they could 

effectively initiate HIV -1 infection after sexual transmission (89) even in AIDS patients. 

This might be the reason for an argument that supposes a higher transmission rate in C 

subtype epidemics. The role of SI and NSI HIV -1 subtype C strains, however, in virus 

transmission, disease progression towards AIDS and CD4+ T cell depletion among HIV-

1 infected Ethiopian individuals remain to be elucidated. 

In contrast to the low prevalence of p24 antigen positivity (4, 35, 131), in this study 

base-dissociated ICD-HIV-l p24 antigen was detected in 67.2%(30/46) of individuals. 

This finding is contrary to the previous reports that argue racial origin is the reason for 
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differences in p24 antigen positivity (131, 134). This is consistent with a recent report 

that the frequencies of p24 antigen positivity are independent of racial difference (130). 

The likely explanation for the earlier low prevalence of p24 antigen positivity among 

Ethiopian AIDS patients (4, 35) could be due to variation in the sensitivity of the method 

employed in detecting p24 antigen. High amount of HIV-I immune-complexed and 

dissociated p24 antigen concentration was significantly correlated with the SI H1V-I 

variants. This result is in agreement with the previously reported findings of the 

association of plasma p24 antigen positivity with the emergence of SI strains in North 

America and Europe (132). 

There is a good correlation between viral RNA copy numbers and p24 antigen amounts 

in the plasma (P = 0.02). Similar results were reported for subtype B HIV-I isolates 

obtained from North America and Europe (35, 48, 133, 134). This suggests that the 

quantitative analysis of HIV-I viral RNA by Q-NASBA will be a valuable method in 

monitoring HIV -I Rl'fA levels in AIDS subjects and may serve as a predictive marker 

for disease progression. 
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V. CONCLUSION AND RECOMMENDATIONS 

The biological phenotypes of the majority of (96%) HIV-I isolates obtained from the 

study subjects were of NSI phenotype regardless of the clinical status and 

immunological and virological characteristics of the patients. Therefore, the prevalence 

of SI variants among Ethiopian subtype C HIV-J isolates is remarkably low. Further 

studies are necessary to elucidate the likely immunological and virological factors that 

attributed to the lack ofNSI~SI switch in subtype C HIV-l infections. 
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Appendix 2. Viral Load Determination 

HIV-1 RNA copy numbers in 100 III plasma samples were quantitated by using a 

nucleic acid sequence based co-amplification assay (NASBA) using NASBA kits (M. G. 

and S. 1., Organon Teknika, N. V., Belgium), as described by Kievit et al (I IS). In brief, 

Rl'lA was extracted fromlOO III of plasma stored at -800C using guanidinium 

isothiocyanate (GuSCN) as described by Boom et al (116). That is, plasma samples were 

lyzed in 5.25 M GuSCN, 50 rruvr TrislHCI, pH 6.4, 20 mM EDTA and 13% w/v Triton 

X-IOO. Nucleic acid was bound by 50 III activated silica (I mglml pore size). Silica 

particles were washed twice with5.25 M GuSCN, 50 mM TrislHCI, pH 6.4, twice with 

70% ethanol and once with acetone. Nucleic acid was eluted in 50 ~d distilled water and 

aliquoted in 5 III portions. Ten-fold serial dilutions ranging from 102 tolO 6 molecules 

of Q-Rl'lA were made and mixed with the 5 ~tl ali quoted nucleic acid isolated from 

plasma samples. Ten ~tl of diluted primers was added to the reaction mixture and then 

incubated at 650C for 5 minutes to allow primer annealing and subsequently cooled 

down to 410C for 5 minutes. Amplification was started by adding 5 ~tl enzyme mixture. 

Reactions were incubated for 90 minutes at 410C in a total volume of 25 III 

Amplification was performed isothermally in the presence of Rl'lA standards. Detection 

of amplified Rl'lA was performed on a NASBA reader (Micro SLT 510, Organon 

Teknika, Belgium). 


