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HIV/AIDS S 

Thee human immunodeficiency virus (HIV) which is the cause of acquired 
immuno-defficiencyy syndrome (AIDS) was first isolated in 19831"3. AIDS is the 
ultimatee clinical stage of infection by HIV and is characterized by opportunistic 
infectionss and specific malignant diseases in patients. HIV is an RNA virus and 
belongss to the family retroviridae, subfamily lentiviridae*. HIV-1 and HIV-2 are 
thee two known types of HIV with the former being distributed worldwide and the 
latterr found primarily in West Africa5"7. HIV-2 was found to be closely related to 
thee simian immunodeficiency virus (SIV)8,9. Although the degree of virulence 
mayy be less for HIV-2, both HIV-1 and HIV-2 are associated with AIDS2,3'10. 
Todayy most of the information on HIV has been obtained from studies on HIV-1. 

Structurally,, HIV-1 is a spherical particle with a diameter of approximately 
1000 nm. The outer membrane-protein of the virus covers the inner core, which 
containss the viral RNA, along with several copies of the enzyme reverse 
transcriptase11.. The envelope region of HIV-1 is highly variable. Based on the 
variationn in the larger outer membrane protein, gp120, HIV-1 at present is 
dividedd into 10 subtypes designated as subtypes A to J12,13. There is also a 
heterologouss group of viruses designated as subtype O, which do not match 
anyy of the subtypes described above14. The human CD4 molecule, which is a 
55-kDD surface glycoprotein belonging to the immunoglobulin superfamilies, 
servess as the primary receptor for the virus to enter susceptible cells15"18. CD4 
iss expressed primarily on helper T lymphocytes and also on cells of the 
monocyte/macrophagee lineage including dendritic cells, alveolar macrophages 
inn the lung and Langerhans cells in the skin19"24. It is now known that the CD4 
moleculee is necessary, but not sufficient for HIV entry into target cells. 
Recently,, the chemokine receptors CCR5 and CXCR4 have been identified as 
thee major co-receptors of HIV-125"27. During infection, HIV first attaches to the 
CD44 molecule and the chemokine receptors on the cell surface28. This step is 
thenn followed by fusion of the viral and cellular membrane, resulting in the 
penetrationn of the virus core. Uncoating is followed releasing the virus RNA 
whichh is then reverse transcribed in to DNA by the viral reverse transcriptase. 
Thee DNA provirus is then transported to the nucleus and is integrated to the 
hostt cell genome with the help of virus-encoded enzyme, integrase29. The virus 
dependss on host transcription and translation factors for its replication. The 
synthesizedd virus genome and structural and regulatory proteins are 
transportedd and assembled at the cell membrane and progeny viruses bud 
fromm the cell membrane. A characteristic feature of HIV-1 infection is a highly 
variablee period between infection and development of AIDS. Although at the 
beginningg of the HIV epidemic it was thought that the viral load is low during the 
asymptomaticc period, it is now known that a large number of viruses are 
producedd per day throughout the infection period with continuous infection of 
neww cells resulting in gradual CD4 depletion and ultimately development of 
AIDS3031. . 
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Thee globa l situatio n 

Worldd wide, over 30 million people were infected with HIV by the 
beginningg of 1998 and 11.7 million people had already lost their lives to the 
disease.. HIV/ AIDS is among the top ten killers world wide32. Given the current 
speedd of the spread of infection, it is expected that it may even move to be 
amongg the top five killer diseases. Eighty nine percent of people with HiV live 
inn sub-saharan Africa and the developing countries of Asia. In Africa, nearly 21 
millionn men, women and children are infected and AIDS has become one of the 
majorr causes of morbidity and mortality33. 

Thee HIV proble m in Ethiopi a 

Thee HIV/AIDS epidemic started relatively late in Ethiopia, the first HIV-1-
positivee sera being detected in 1984 and the first AIDS patients reported in 
198634.. However, since then the HIV-1/AIDS epidemic has spread to the entire 
countryy to reach a prevalence ranging 7-20% in the 15-50 year age groups in 
thee urban areas by 199835. The circulating subtype is C , which has been 
estimatedd to be the most prevalent (>48%) amongst HIV-1 -infected individuals 
inn the world 37. 

HIVV infectio n and the immunologica l respons e 

HIVV infection is characterized by dynamic and long-lasting interactions 
betweenn the virus and the immune system. Both humorai and cellular immune 
responsess are mounted to HIV infection. 

Humora ll  immun e respons e 

Earlyy after infection, before seroconversion, there is high level viremia 
andd as this decreases a substantial antibody response, including an early and 
transientt IgM response and later a sustained IgG response specific for several 
proteinss of the infecting virus is seen38. The antibodies are directed to all the 
majorr antigens of the virus. As time goes on more broadly neutralizing 
antibodiess are produced. However, these antibodies do not prevent HIV 
diseasee progression and the generally accepted explanation for this 
phenomenonn has been the occurrence of antibody-escape mutant viruses39 

partlyy because of the error-prone polymerase of the virus, which is thought to 
generatee an average of one point mutation in each genome copy40 and partly 
duee to mutations as a result of immune pressure. 
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Cell-mediate dd immun e respons e 

Cell-mediatedd immunity does play an important role in the immune 
defensess against intracellular pathogens such as viruses. Cytotoxic T 
lymphocytess (CTL) destroy infected cells after recognizing antigen presented by 
majorr histocompatibility (MHC) class- molecule on the surface of such cells. 
Highh frequencies of HIV-specific CTL have been detected in peripheral blood of 
HIV-infectedd patients41. The activity of CTL has been found to decline as HIV 
diseasee progresses42,43, and this has been also associated with impairment of 
IL-22 production and a reduced clonogenic potential of CD8+ T lymphocytes44,45. 
AA correlation has been observed between generation of strong CTL response 
andd persistence of an asymptomatic state in adults. Another study in infants 
bornn to HIV-positive mothers showed that seroconversion of the infants is 
associatedd with disappearance of HIV-specific CTL in peripheral blood46. 
Specificc CTL responses, but not humoral immune responses are detected in 
exposedd but uninfected individuals. Taken together, these observations 
suggestt that CTL responses play a significant role in protection against infection 
andd in the regulation of HIV disease. On the other hand, there are also a few 
studiess which suggested a negative role of CTL on the immune system during 
HIVV infection mediated by killing of infected cells and disruption of normal tissue 
architecture47"49.. Furthermore a non-Iytic antiviral response which is active 
againstt HIV-1, HIV-2 and SIV and which is not MHC-restricted was indicated in 
CD8++ T cells50,51. These cells are found at highest levels in asymptomatic 
individualss and which decreases with disease progression52. The non-cytolytic 
CD8++ T cells anti-HlV response, termed CD8+ T-cell anti-viral factor {CAF), was 
initiallyy identified to be composed of p-chemokines53. However, subsequent 
studiess have shown that the anti-viral response mediated by CAF can block 
bothh SI and NSI viruses54"56 and this effect cannot be suppressed by 
antibodiess directed to p-chemokines suggesting that CAF's activity is not due 
exclusivelyy to p-chemokines57"59. 

Differentiatedd CD4 T-helper subsets, which are associated with distinct 
typess of immune response, have been identified. These T-helper subsets 
designatedd as T-helper 1(TH1) and T- helper 2 (TH2) were first described in 
mouse60.. A third subset designated as T-helper 0 (THO) with both Th1 and Th2 
propertiess was also described in humans. Tn1 cells produce cytokines such as 
IFN-yy and IL-2 that increase cellular immune response, whereas Th2 cells 
producee cytokines such as IL-4, IL-5, IL-6 and IL-10 that enhance antibody 
production.. A change in the balance of production of especially IL-4 and IFN-y 
hass been observed in several disease conditions61"64. There are also reports 
suggestingg that a shift from Th1 to Th2 type of response contributes to the 
immunee dysregulation observed in HIV infection and progression to AIDS is 
dependentt on Th2 cytokine phenotype dominance65,66. In contrast, there is also 
aa study arguing for the absence of an in-vivo Th1 to Th2 phenotype shift with 
HIVV disease progression67. 
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Viro-immunologica ll  marker s of HIV diseas e progressio n 

Thee course of HIV infection and development of disease is characterized 
byy a wide variation among infected individuals. Studies in the West indicated 
thatt approximately 5% of HIV-infected persons develop AIDS within three years, 
whereass approximately 12% of the HIV- infected persons are expected to 
remainn AlDS-free for more than twenty years68"71. In contrast, HIV disease 
progressionn in general is reported to be faster and the time of survival after the 
onsett of AIDS is shorter in African patients72,73. Identification of factors which 
aree changing with HIV infection and which predict and possibly contribute to the 
outcomee of the infection and which could be useful in designing therapeutic 
strategiess for appropriate patient care has been a major part of HIV research-
Severall cellular and serologic markers have been seen to have a strong 
predictivee value for HIV disease progression. The level of HIV replication as 
expressedd by viral loads is believed to be important in the immunologic decline 
thatt characterize HIV disease and that have a major impact on the course of the 
disease74,75.. Some studies have suggested that plasma HIV-1 RNA levels are 
betterr predictors of progression to AIDS and patients with elevated plasma HIV-
RNAA levels are at high risk of poor outcome76,77. Consistent with those 
findings,, it was reported that HIV disease progressors had significantly higher 
HIV-- RNA copy numbers than did either slow progressors or long-term 
asymptomaticc HIV-infected patients78. In contrast, a recent study by Rizzardini 
eff al on HIV-infected Africans shows that viral load is lower in the Africans 
comparedd to the Europeans, suggesting that HIV pathogenesis in this 
populationn is mainly immunopahtologically driven79. The emergence of more 
virulentt virus strains is also implicated to determine HIV disease 
progression80,81.. These strains have syncytium-inducing (SI) capacity are 
thoughtt to evolve from the non-syncytium-inducing (NSI) strains detected early 
att infection. As the disease progresses SI viruses appear in approximately 
50%% of patients. The appearance of SI viruses seems, however, to be rare in 
HIV-11 subtype C infections and the majority of AIDS patients infected by these 
genotypee harbor only NSI viruses82. 

CD44 T cells are the main targets of HIV infection and their depletion is 
thee hallmark of the deteriorating immune system83"85. The quantitative decline 
off CD4+ T cells expressed as an absolute number or percentage of total 
lymphocytess is frequently used for staging of patients. Apart from progressive 
declinee in the number of CD4+ T cells, HIV infection is also associated with 
changess in the representation of many different subset of T cells. Following 
seroconversion,, the number of CD4+ lymphocytes declines rapidly and less 
rapidlyy thereafter, while the number of CD8+ lymphocytes increases with similar 
kinetics86.. However, within the CD8 population there are also subsets which 
declinee in parallel with CD4+ subsets. Furthermore, expansion of both CD4+ 

andd CD8+ T-cell memory subsets, loss of naive CD4+ and CD8+ T cells 87,88, 
increasee of CD4 and CD8 subsets expressing certain cell surface antigens, 
especiallyy those reflecting immunologic activation have been implicated in HIV-
infectedd persons from studies in Europe and North America89"92. The 
expressionn of activation associated cell surface antigens HLA-DR and CD38 
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especiallyy on CD8+ T cells increases dramatically with disease progression and 
havee been shown to have a prognostic value for AIDS93,94. In addition to the 
describedd quantitative changes, qualitative alterations of cells of the immune 
systemm are observed in HIV infection. A functional impairment of T cells from 
HIV-infectedd subjects can be detected early at infection. Loss or reduction of T-
cel!! proliferative capacity to in-vitro stimulation is one of these qualitative 
changes95"97.. The loss of in-vitro recall antigen response is detected early at 
infection98.. Also, it has been reported that T-cell proliferation in response to 
stimulationn with CD3 and CD3+CD28 MoAbs decreases shortly after 
seroconversion,, before the decline in CD4+ T-cell number is observed99,100. The 
responsee to mitogens, such as phytohaemaglutinin (PHA), remains unaffected 
inn the early phases, but is significantly reduced later in infection101. It has also 
beenn demonstrated that loss of T-cell reactivity to CD3 and CD3+CD28 MoAbs 
inin vitro is a strong predictive marker for progression to AIDS, independent of 
decliningg CD4 counts100,102. Thus, T-cell proliferative capacity not only has 
beenn shown to be an important independent predictor of progression to HIV 
disease,, but also has been used to monitor immunological improvement after 
therapy103,104. . 

Severall other potential factors, so called surrogate markers, including 
inflammatoryy cytokines have also been suggested for use in monitoring disease 
progressionn in HIV-infected patients. Neopterin, which is a metabolite of 
guanosinee triphosphate is produced by macrophages when they are stimulated 
byy interferon gamma from activated T cells1 ,106. The level of soluble 
interleukin-22 receptor reflects the activation of T cells and that of R2-
microglobulinn reflects lymphoid activation more generally107. The levels of B2-
microglobulinn and neopterin are elevated in HIV infection and strongly 
correlatedd with the risk of progression to AIDS86,108. Cytokines are integral 
componentss of the immune response and their role in HIV disease progression 
hass been extensively investigated109"112. Cytokines, such as IL-2 and IL-12, are 
cruciall for cell-mediated immunity113, whereas it is well documented that 
cytokines,, like tumor necrosis factor-a(TNF-a), upregulates HIV replication in 
bothh T lymphocytes and monocytes/macro-phages via activation of cellular 
transcriptionn factor NF-KB1 1 3"1 1 6 . Tumor necrosis factor a (TNF-a) has two 
specificc cell surface receptors and these two receptors, sTNFaRI and sTNFaRII 
aree released from cells as a result of high level of TNF-a and are detectable in 
solublee forms in body fluids117. Although sTNFaRII is not specific for HIV 
infection,, serum levels of sTNFaRII are a strong predictor for disease 
progressionn in asymptomatic HIV-positive persons118,11. 

HIV-11 co-receptor s and chemokine s 

Chemokinee receptors, which belong to a family of seven transmembrane 
spanningg G-protein-coupled receptors also serve as co-receptors for HIV-1 
entry26,22 . It is now known that HIV-1 uses a number of chemokine receptors for 
itss entry. The CC-chemokine receptor, CCR5, is used by macrophage-tropic 
primaryy isolates, the viruses that predominate early in infection and are thought 
too be important for transmission of HIV-1. The CXC-chemokine receptor, 
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CXCR4,, is used by T-cell-tropic or SI viruses that occur late during disease 
progressionn to AIDS25,120. HIV can also use other chemokine receptors, CCR2b 
andd CCR3, albeit to a lesser extent. Both CCR3 and CCR5 are expressed on 
microgliaa and it is suggested that both receptors are involved in HIV infection of 
thee central nervous system121,122. Bleul et al have shown that HIV co-receptors 
aree differentially expressed on human T lymphocytes. CXCR4 is predominantly 
expressedd on naïve T cells and CCR5 is mainly expressed on previously 
activatedd memory cells123. The expression pattern of the HIV-1 co-receptors of 
thee surface of CD4+ T cells is believed to have an influence on susceptibility of 
CD4++ T cells to HIV-1 infection, viral tropism and rate of disease progression124. 
AA study by Zhang et al indicated that CCR5 and CXCR4 serve as the major co-
receptorss for different HIV-1 subtypes and co-receptor usage is determined by 
virall phenotype irrespective of viral genotype125. However, less frequent use of 
CXCR44 is reported for subtype C virus82. 

Thee natural ligands of the HIV-1 co-receptors are chemokines, which are 
solublee factors thought to direct the migration of different leukocyte subsets to 
sitess of inflammation126. They can be subdivided into two groups. The a-
chemokiness also known as CXC chemokines include SDF-1 and the p-
chemokiness or C-C-chemokines include RANTES, macrophage inhibitory 
protein-1aa (MIP-1a) and MIP-1p. The CC-chemokines were shown to block 
infectionn of susceptible cells into vitro by macrophage-tropic primary HIV 
isolatess and SDF-1 was shown to inhibit T-cell-tropic viruses " . 

Immun ee activatio n an d HIV pathogenesi s 

Activationn of all components of the immune system is the major feature 
off HIV infection130,131. The activated state of the immune system is reflected by 
increasedd expression of antigens on cells which are otherwise expressed at a 
reducedd level on resting cells and by increased level of soluble proteins which 
aree released from activated cells132,1 . 

Severall in-vitro studies have established the role of cellular activation in 
thee propagation of HIV infection in CD4 cells134,135. However, it seems 
paradoxicall that on one hand immune activation is most probably involved in 
thee immune control of HIV-1 infection4243 and, on the other hand, several lines 
off evidence support that activation of immune cells may lead to enhanced HIV-1 
replication136"138.. Activated CD4+ lymphocytes are found to be more susceptible 
too HIV infection compared to their resting state139140 and in-vitro activation of 
latentlyy infected lymphocytes triggers active viral replication141,142, in vivo, 
CCR55 is mainly expressed on memory or primed (CD45RO*) T cells123 and 
thesee cells are indicated to be selectively infected by HIV-1142. There is 
evidencee that CCR5 expression on this subset of cells is associated with HLA-
DRR expression and increases with disease progression143.The strong 
associationn observed between the decline of CD4+ T cells and increased levels 
off activation markers on CD4+ T cells further support the view that cellular 
activationn promotes HIV disease progression. Another study by Weissman et ai 
demonstratedd that 100 times less virus is required to initiate HIV infection in cell 
culturee from an individual after immunization than before immunization, 
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indicatingg the potential contribution of cellular activation associated with an 
ongoingg antigen-specific immune response to the pathogenesis of HIV 
disease144.. It is suggested that activation of CD4+ T cells facilitates HIV 
infectionn in a number of ways either by enhancing HIV entry into the cell, 
triggeringg the completion of reverse transcription and viral integration or by 
stimulatingg viral transcription from provira! DNA145. In light of these 
observations,, chronic immune activation due to, among others, highly prevalent 
parasiticc infections has been suggested to explain, at least in part, the reported 
acceleratedd HIV disease progression in African patients146,147. 

FinallyFinally there is evidence to support that there is persistent CD4+ and 
CD8++ T-cell activation in HIV-infected individuals, which provides an optimal 
environmentt for continuous HIV replication. CD4 and CD8 lymphocytes are 
cruciall for the maintenance of appropriate immunological response against a 
widee range of pathogens. In addition, CD4 cells secrete factors that affect the 
growthh and differentiation of lymphoid cells and haematopoietic cells and the 
functionn of non-lymphoid cells as well. Therefore, it is clear that quantitative or 
qualitativee abnormalities of the CD4 and CD8 populations, as a resuit of HiV 
diseasee and abnormal immune activation, can have profound effects on the 
immunee system function. 

HIVV infectio n susceptibil ity/resistanc e 

Fromm the observation that some individuals remain uninfected despite 
high-riskk exposure, it has been concluded that host factors exist that determine 
susceptibilityy to HIV infection. Studies conducted in various population groups, 
includingg commercial sex workers, discordant couples, infants born to HIV-
infectedd mothers and exposed health care workers, have described several host 
factorss which possibly contribute to HIV infection resistance148"151. 

CCR55 and CXCR4 are the main co-receptors used by HiV25120. 
Polymorphismm of the gene encoding CCR5 is one of the factors found to be 
associatedd with resistance150. The A32 base pair deletion mutation in the CCR5 
genee is shown to result in a premature stop codon and loss of HIV-1 co-receptor 
activity.. However, some individuals with this mutation were found to be HIV-
infected,, indicating that the protection conferred by this mutation is not 
absolute152,153.. In addition, HIV-1-infected individuals, heterozygous for the 
A32bpp deletion mutation, have been shown to have slower rates of CD4 
decline,, have lower viral loads and survive longer compared to individuals with 
thee wild genotype154,155. Moreover, reduced cell surface expression of CCR5 
hass been reported in individuals with heterozygous deletion compared to the 
wildd genotype group156. The A32bp deletion is common in Caucasians but rare 
inn Africans. Other mutations on the CCR5 than the A32bp deletion have also 
beenn reported. A mutation in the promoter region of the CCR5, CCR5P1, has 
beenn found to have a negative effect, in that infected individuals homozygous 
forr this mutation progress rapidly to AIDS157,158. In contrast, polymorphism of 
thee coding region of CCR2b has been suggested to be associated with a delay 
inn disease progression but not with reduced transmission risk159,160. This 
mutation,, CCR2-64I, changes valine to isoleucine and is linked to a CCR5 
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promotorr polymorphisms (CCR5-59653T). It is shown that CCR2-64I effect on 
AIDSS progression is not mediated by a negative effect on the CCR5 co-receptor 
function,, although a slightly reduced expression of CCR5 is reported in 
individualss with CCR2-64) mutation161. Furthermore, a mutation on the 3 
untranslatedd region of the SDF-1 chemokine gene (SDF1-3A) is indicated to be 
associatedd with rapid disease progression162,163. No polymorphism is reported 
forr CXCR4, which is mainly expressed on naive cells and is used by SI viruses. 

Thee role of the cell surface expression levels of the co-receptors on 
cellularr susceptibility and tropism of the virus is also implicated . A correlation 
betweenn low expression of CCR5 and reduced infectability of T cells in vitro is 
alsoo reported164'165. 

In-vitroIn-vitro studies have shown that the CC-chemokines RANTES, MIP-1a 
andd MIP-1p can block the entry of macrophage-tropic viruses into susceptible 
cells127,128.. This inhibition is thought to be mediated by blocking env-driven HIV 
fusionn through competition for the chemokine receptors or receptor 
downregulation.. In relation to this, high level of chemokines was detected in 
exposedd but uninfected individuals149,1. Other host genetic factors have also 
beenn implicated to play a role and increased frequencies of certain HLA alleles 
weree detected in exposed but uninfected individuals166. Furthermore, acquired 
protectivee immunity after exposure to HIV was also suggested to play a role in 
HIV-11 infection resistance. HIV-1-specific cytotoxic T lymphocytes are detected 
inn exposed health workers, commercial sex workers and was indicated as one 
off the mechanisms of natural protective immunity167,168. From studies on 
commerciall sex workers in Kenya and Thailand mucosal immunity was also 
shownn to be highly associated with HIV-infection resistance168,169. HlV-specific 
mucosall IgA, in the absence of systemic IgG response, was detected in 
mucosall sites of high proportions of HIV-1 exposed but uninfected women. 
Thiss response was found rarely in HIV-infected women it's involvement in 
mediatingg protection against HIV infection. Recently, another study by Mazzoli 
etet ai reported HlV-specific IgA in the serum of exposed seronegative partners of 
HIV-seropositivee persons, implying the involvement of not only mucosal but also 
systemicc IgA-mediated immunity to HIV170. 

ENAR PP an d scop e o f thi s thesi s 

Thee Ethio-Netherlands AIDS Research Project (ENARP) is a 
collaborativee project between the governments of Ethiopia and the Netherlands. 
Itt started in 1994 with three main objectives: 

i.. training of Ethiopian scientists 
ii.. capacity development and 
iii.conductingg research on HIV. 

Thee project is based at the Ethiopian Health and Nutrition Research Institute 
(EHNRl)) in Addis Ababa and is supported by three research groups in 
Amsterdam,, the Netherlands: 1) The Division of Public Health and Environment, 
Municipall Health Service (Prof Roel Coutinho, Epidemiology); 2) Department of 
Viro-lmmunolgyy at CLB (Prof Frank Miedema, Immunology) and 3) The 
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Departmentt of Human Retrovirology, Acadamic Medical Center {Prof Jaap 
Goudsmit,, Virology). The project has established a well-equipped laboratory. 
ENARPP has also started a cohort study on HIV infection progression in two 
factories,, Akaki and Wonji, 20 km and 100 km away from Addis Ababa, 
respectively. . 
Researchh for this thesis was conducted as part of the immunology research 
programm of ENARP. 

Scop ee of thi s thesi s 

HIVV infection is associated with several changes of the immune system. 
Inn chapter 2 CD4 and CD8 values as well as haematological parameters are 
comparedd between Ethiopian and other populations. Since the base line values 
off some of these parameters in Ethiopians were different in proportions and 
numberss compared to Dutch and other published values for Africans, 
immunohaematologicall reference ranges established for adult Ethiopians is 
shownn also in chapter 2. The representation of several T-cell subsets are 
studiedd in HIV-negative Ethiopians and compared to HIV-negative Dutch 
subjectss in Chapter 3. Furthermore, HIV- associated changes in these subsets 
aree analyzed in Ethiopians who are HIV-negative, HIV- positive with and without 
AIDSS in chapter 3. Chapter 4 levels of soluble viro-immunological markers in 
HIV-infectedd and -non-infected Ethiopians are presented. In addition, the 
prognosticc value of these markers for HIV disease progression in Ethiopians is 
discussed. . 

AA study on the existence of possible host factors associated to HIV 
infectionn resistance in high-risk HIV-1-negative Ethiopian commercial sex 
workerss is presented in chapter 5. Chapter 6 shows the expression levels of co-
receptorss in different CD4 and CD8 T-cell subsets of HIV-infected and -non-
infectedd Ethiopian commercial sex workers. The co-receptor expression is 
correlatedd to a polymorphism in the CCR2b gene. In chapter 7, the work 
includedd in this thesis is discussed in relation to current literature. 
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AA cross-sectional survey was carried out with 485 healthy workin g adult Ethiopians who are participatin g in 
aa cohort study on the progression or  human immunodeficiency viru s type 1 (HIV-1 ) infection to establish hema-
tologicall  reference ranges fur  adult HIV-negative Ethiopians. In addition, enumeration of absolute numbers 
andd percentages of leukocyte subsets was performed for  142 randomly selected HIV-negative individuals. Immu-
nologicall  results were compared to those of 1,356 healthy HI\-negative Dutch blood donor  controls. Immuno-
hematologicall  mean values, medians, and 95th percentile reference ranges were established. Mean values were 
ass follows: leukocyte (WBC) counts, 6.1 * lO'/lite r  (both genders); erythrocyte counts, 5.1 x 1012/liter  (males) 
andd 4.5 x 10'Miter  (females); hemoglobin, 16.1 (male) and 14.3 (female) g/dl; hematocrit. 483% (male) and 
42.0%%  (female); platelets, 205 x 10'l iter  (both genders); monocytes, 343/u.l; granulocytes, 3,057/u.l; lympho-
cytes,, 1,857/u.l; CD4 T cells, 775/(*l; CD8 T cells, 747/u.l; CD4/CD8 T-cell ratio , 1.2; T cells. 1,555/jil; B cells, 
191/u.l;;  and NK cells, 250/fj.l. The major  conclusions follow, (i) The VVBC and platelet values of healthy HIV -
negativee Ethiopians are lower  than the adopted reference values of Ethiopia, (ii ) The absolute CD4 T-cell counts of 
healthyy HIV-negative Ethiopians are considerably lower  than those of the Dutch controls, while the opposite 
iss tru e for  the absolute CDS T-cell counts. This results in a significantly reduced CD4/CDS T-cell rati o for 
healthyy Ethiopians, compared to the rati o for  Dutch controls. 

Hematologicall  reference values for Ethiopians have never 
beenn established, although a few attempts at determining he-
moglobinn and hematocrit levels in some populations have been 
madee (1. 15, 22). The values which are currently used in the 
countryy are adopted from textbooks which refer  mainly to 
Caucasiann subjects (24). 

Similarly,, the immunological reference values used in Ethi-
opiaa are derived from non-Ethiopian subjects. The need to 
estimatee Ethiopian immunological reference values, like those 
forr total lymphocytes and their subpopulations. has increased, 
especiallyy due to the importance of CD4 T cells in monitoring 
humann immunodeficiency virus (HIV ) infection progression 
(8,, 10, 20). At the end of 1997, an estimated 2.5 x 10" Ethio-
pianss were HIV infected, including 150.000 children (Ethiopi-
ann Ministry of Health. 1998). 

Severall  factors, including genetics, dietary patterns, sex, age, 
andd altitude, affect immunohematological parameters (11, 24). 
Sincee these factors differ depending on the populations and 
geographicall  areas studied, it is not surprising that sometimes 
radicall  differences have been reported for immunohemato-
logicall  parameters worldwide. For example, low CD4 T-cell 
countss in Asians (13) and Chinese (5. 6), low CD4/CD8 T-cell 
ratioss in Saudi Arabians (19), and leucopenia in Sierra Leo-
neanss (18) have been observed. A recent study, though the sub-
jectss were few, indicated low percentages of CD4 T cells and 
highh percentages of CD8 T cells in Ethiopians (25). Also, low 
CD44 T-cell counts in Ethiopian Jews in Israel were reported 
(16).. In contrast, the hemoglobin and hematocrit levels in 
Ethiopianss are reportedly high (I , 15, 22), most likely due to 
thee fact that the studied populations are living in the Ethiopian 

TABLEE 1. Means, medians, and 95 ih percentile reference ranges of hematological parameters for 4S5 HIV-negative adult Ethiopians 

Subjectt group {tj} 
aa nd parameter 

Malee (280) 
Meann Ï SD 
Median n 
45rrr range 

Femalee COS) 
Meann  SD 
Median n 
955 ̂ e range 

"" All values in pareri theses s 

WBCC count 
11 in" liter) 

6.00 t 1.8 
5.9 9 

3.0-9.S S 

6,22  2.2 
5.99 (0.99)" 

3.0-12.2 2 

aree f' values (Mann Whitncv v 

RBCC cpunt 
(l')'-.lner) ) 

5.11 ~ 0.4 
5.0 0 

4.3-5.9 9 

4.55 * 0.4 
4,5(0.000!) ) 

3.7-5.2 2 

UU test) for compar ison 

Hemoglobin n 

le^ell (g'dl) 

16.11 - 1.1 
16.1 1 

13.9-18.3 3 

14.33 ~ 1.2 
I4.4(0.<XX)1) ) 

12.2-16.6 6 

i ll medians lor male a ndd female 

Hematocrit t 
I'VI I 

48.33 i 3.4 
48.2 2 

41.6-55.1 1 

42.00  3.2 
42.11 (0.000!) 

35.3-48.8 8 

subjects. . 

Platelet t 
( l l l " l i i 

2077 i 
203 3 

97-3 3 

ouni i 
erl l 

62 2 

4 4 

2022  67 
193(0.22) ) 

98-352 2 

**  Cur responding author. Mailing address: Ethiopian Health and 
Nutritionn Research Institute (F.HSR1). P.O. Box 1242, Addis Ahaha, 
Ethiopia.. Phone: 251-1-757751, 251-1-130642, or 251-1-753330. Fax: 
251-1-756329.. F.-mail: cnarp(«telecom.net.ct. 



322 Chapter 2 

T A B L EE 2. Means, medians, and 95th percentile reference ranges of WBC subset absolute counts for 142 HIV-negative adult Ethiopians" 

Subjectt group (n) 
andd parameter 

Malee (92) 
Meann i SD 
Median n 
959c959c range 

Femalee (50) 
Meann z SD 
Median n 
9595rr/r/r range 

Granulocyte e 
count t 

3,0833  1,361 
2,775 5 

1,053-7,179 9 

3,0099  1,287 
3,0933 (0.98)" 

750-5,521 1 

Monocyte e 
count t 

3599 i 136 
324 4 

166-697 7 

3144  120 
276(0.05) ) 

96-622 2 

Lymphocyte e 
count t 

1,8577  606 
1,801 1 

956-3,474 4 

1,8566  522 
1,7011 (0,88) 
1,098-3,487 7 

CD44 T-cell 
count t 

7533 i 227 
733 3 

306-1,249 9 

8 1 6 - 2 1 8 8 
810(0.17) ) 
456-1.368 8 

CDSS T-cell 
count t 

7777 * 362 
645 5 

318-1.891 1 

6922  269 
6322 (0.30) 
273-1,418 8 

CD4/CD8 8 
T-celll ratio 

1.11  0.4 
1.1 1 

0,4-2.1 1 

1,33  0.5 
1.2(0.03) ) 
0.6-2.7 7 

CD33 T-cell 
count t 

1,5644  485 
1,465 5 

696-2,738 8 

1,5399 ; 423 
1,4833 (0.84) 
871-2,413 3 

B-cell l 
count t 

1844 6 
170 0 

31^120 0 

2033 i 91 
198(0.17) ) 

61-471 1 

NKcell l 
count t 

2777  143 
272 2 

56-639 9 

2588  153 
2277 (0.36) 

85-871 1 

"" Absolute counts were measured per microliter of whole blood. 
** Alt values in parentheses are F values (Mann-Whttney U lest) for comparison of medians for male and female subjects. 

highlandss (altitude, > 2*000 m), where the major food injera, 
hass a very high iron content (22). 

Thus,, adopting non-Ethiopian reference values for Ethiopi-
anss might be misleading. Given this background, an extensive 
cross-sectionall  study was performed with the aim of establish-
ingg immu no hematological reference values for future use in 
Ethiopia. . 

MATERIAL SS AMD METHOD S 

Subjects,, A total of 738 adult Ethiopians were invoked in ibis cross-sect ion a I 
study.. The subjects are factory workers in Akaki (a lown about 20 km southeast 
off the Ethiopian capital. Addis Aba ha I, and they are participants in a long-term 
cohortt study on the progression of HIV type I infection in Ethiopia, performed 
byy the Ethiopian Netherlands AIDS Research Project fENARP) at the Ethio-
piann Health and Nutrition Research Institute (EHNR1). All study participants 
weree examined by a medical doctor. The purpose of this examination was to stage 
alll study participants, regardless of their HIV status, according to the World 
Healthh Organization staging systems for HIV infection and disease (23). The 
conditionss listed in the World Health Organization staging system include symp-
tomss (e.gri weight loss, fever, diarrhea, and persistent generalized lymphadenop-
athy)) or diseases (e.gM pulmonary and extrapulmonary tuberculosis, pneumonia, 
andd recurrent respiratory tract infections). Each of the 31 conditions listed in the 
stagingg system was systematically checked for by the clinician. Only when no 
conditionss were found and the study participant looked healthy was the subject 
categorizedd as asymptomatic. 

Bloodd collection and HIV serology. Whole blood was collected with a Vacu* 
tainerr system in 10-ml lubes containing EDTA, HIV status was determined with 
plasmaa samples by an enzyme-linked immunosorbent assay with a Vimnostika 
HIVV Uni-Ftirm 11 plus O kit (Organon Teknika. Boxtel. The Netherlands). 
Positivee results were confirmed by Western blot analysis (HIV BLOT 2.2' 
Gee nel Hbs Diagnostics, Singapore, Singapore}. 

HematnlQglcill analysts, A Coulter counter T540h which was standardized 
againstt a AC plus blood control» was used for whole-blood analysis of hemato-
logicall parameters. The machine automatically dilutes a whole-blood sample of 
29.66 iiL lyses* counts, and gives a printout result of absolute numbers of leuktv 
cvtess (WBC) (expressed as number of cells f 10*] per liter), erythrocytes (RBC) 
(expressedd as number of cell*; [in1-] per liter), platelets (expressed as number of 
cellss flu"] per liter), and lymphocytes (expressed as number of cells [I09J per 

liter).. In addition, hemoglobin (in grams per deciliter) and hematocrit (in per-
cent)) and percentages of lymphocytes are measured. 

Floww cytometric analysts. Lymphocyte subsets and three pan differentials 
(percentt granulocytes, lymphocytes, and moncjcytes) were analyzed on a F AC-
Scann flow cyiorncter ^Bccton Dickinson Immunücytometry Systems. San Jose, 
Calif.)) with either six combinations of two monoclonal antibodies {MAbs) 
(aCD45-aCDl4,, immunoglobulin G1 -immunoglobulin G2 control aCD3-aCD19. 
aCD_l-aCD4rr aCD3aCD8h and aCD3-aCDló-aCD5f>) or four combinations of 
threee MAbs (aCDJ-aCD4-aCD45, aCD3-aCD8-aCD45, aCD3-aCD19-aCD4.s, 
andd aCD3-aCD16-aCD56-aCD45), In brief. 100 u.1 of whole blood was mixed 
andd incubated at room temperature for 20 min with lfl JJJ of each MAb combi-
nation,, in separate lubes. RBC were Then lysed by adding 2 ml of fluorescence-
activatedd cell sorter lysing solution (Becton Dickinson). After vortexing, tubes 
weree incubated in the dark at room temperature for 10 min and centrifuged at 
#K)) x ^ for 5 min. The cell pellet was washed once with 2 ml of Isoton, re-
suspendedd in 500 jj-I of Isoton. and analyzed with Simulset or Multiset software 
(Bectonn Dickinson) of the FACScan. 

Thee FACScan was calibrated with fluorescent beads (CaliBntej and Auto-
Compp software weekly. Analyses were interpreted according to the Centers for 
Diseasee Control and Prevention criteria for quality control. 

Statisticall analysis. Data were entered and analyzed with the Dbasel!]+ and 
STATAA programs, respectively. Mean, median, and standard deviation were 
calculatedd for each immunohematological parameter The 95th percentile ref-
erencee ranges were determined by using 2.5 and 97,5 percentiles. The nonpars-
metricc Wilcoxon rank-sum test (Mann-Whitney U test) was used to compare ihe 
distributionn of immunohematological parameters between genders. 

Elhics** This study is part of a long-term cohort study on the progression of 
HfV-]] infection in Ethiopia, and it is approved by both the Institutional and 
Nationall Ethical Clearance Committees. Informed consent was obtained from 
eachh participant. 

RESULTS S 

AA total of 738 individuals, from ages 15 to 45 years, partic-
ipatedd in this study: 87 (11.8%) of them were HIV positive. 
Thee 87 HIV-positive and an additional 166 HIV-negative 
symptomaticc individuals were excluded, and the remaining 
4855 HIV-negative asymptomatic subjects (280 males and 205 
females)) were included in the analysis. 

T A B L EE 3. Means, medians, and 95th percentile reference ranges of WBC subset percentages for 142 HIV-negative adult Ethiopians 

Subjecii  group (n) 
andd parameter 

Malee (92} 
Meann  SD 
Median n 
95%95% range 

Granulocytes s 

55.11  12.3 
56.0 0 

31.6-78.7 7 

Monocytes s 

6.77  1.7 
6.0 0 

4.0-10.7 7 

Lymphocytes s 

35.22  10.3 
35.5 5 

16.0-55.4 4 

<-i <-i 

CD44 T cells 

38.11  7.8 
38.0 0 

24.7-53.7 7 

of: : 

CDSS T cells 

37.99  10.0 
35.0 0 

23.0-60.7 7 

CD33 T cells 

77.66  6.7 
78.0 0 

62.0-90.7 7 

B-cells s 

9.00  3.5 
9.0 0 

3.0-18.0 0 

NKK cells 

13.99 ï 6.3 
13.0 0 

4.0-29,0 0 

Femalee (50) 
Meann  SD 54.3  12.5 6.0  2.0 36,4  11.1 41.3  6.1 34.4  7.9 77.2 i 7.0 10.2 :r 4,4 12.8 £ 5.7 
Mediann 58.0 (0.89)" 6 0 (0 04) 33.5 (0.71) 41.0 (0.01) 34.0 (0.08) 78.5 (0.89) 10.0 (0.11} 11.0 (0.24) 
95%95% range 23.0-73.0 3.0-12.1 19.8-64.1 29.0-57.9 >17.4-50.1 58,3-87.0 3.3-27.7 S.3-29,7 

aa All values in parentheses are P values (Mann-Whitney U test) for comparison of medians for male and female subjects. 
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Tablee 1 shows the means, medians, and 95th percentile ref-
erencee ranges for the hematological parameters measured for 
4355 HIV-negative Ethiopians, grouped according to gender. As 
aa result, the distributions of the RBC parameters (median he-
moglobin,, hematocrit, and RBC) were statistically different by 
gender;; females had lower values than males {P < 0.001). No 
gender-specificc differences were observed for WBC or plate-
lets. . 

Variouss lymphocyte subsets and WBC differential counts 
weree determined for 142 randomly selected HIV-negative in-
dividualss (90 males and 52 females). Tables 2 and 3 show the 
means,, medians, and 95th percentile reference ranges for ab-
solutee counts and percentages, respectively, of WBC subsets 
measuredd for the J42 HIV-negative Ethiopians, grouped ac-
cordingg to gender. It can be concluded that the various WBC 
subsett values are not statistically different between males and 
females,, except for the CD4/CD8 T-cell ratio, which is lower 
(P(P < 0.05) in males. 

Tablee 4 puts the above hematological values in the context of 
otherr studies and textbooks. Low values for WBC (3.0 x 10v/ 
literr to 10.2 x 10y/litcr) and platelets (98 x 10"/!iter to 337 x 
lO^/liter)) were found in Ethiopians compared to the values 
foundd in the subjects of other studies. Table 5 shows a more 
detailedd comparison of the hemoglobin values in Ethiopia ver-
suss those in other African countries. The hemoglobin values 
forr Ethiopians are consistently higher than those for residents 
off  other sub-Saharan African countries. 

Tablee 6 shows a comparison of means, medians, and 95th 
percentilee ranges for WBC populations between HIV-negative 
Ethiopianss and HIV-negative Dutch blood donor controls. 
Comparedd to the Dutch blood donor controls (1997 intake 
off  the Central Laboratory of The Netherlands Red Cross 
Bloodd Transfusion Service), Ethiopians have significantly low-
err means of lymphocytes, B cells, and CD4 T cells, while they 
havee a higher mean of CDS T celts and therefore a reduced 
CD4/CD88 T-cell ratio (P < 0.001). There is no significant 
differencee between the number of CD3 T cells in Ethiopians 
andd the number in Dutch subjects. 

DISCUSSION N 

Thee aim of this study was to establish immunohematologi-
call  reference values which may serve as Ethiopian standards 
forr interpretation of laboratory results. The study popula-
tionn consisted of 485 asymptomatic HIV-negative Ethiopian 
adults,, who are employed at a factory in the vicinity of Addis 
Ababa. . 

Comparedd with textbook and other reference values estab-
lishedd in Europe and the United States but being used by 
hematologyy laboratories in Ethiopia, low values for platelets 
(988 x 10'Vliter to 337 x 10'7liter) and WBC (3.(1 x 1 (T/liter to 
10.22 X lO .̂'liter) were found in this study. Low values for WBC 
andd platelets have also been reported from other African coun-
triess (2, 9, 18). It was suggested in the studies in Nigeria and 
Zambiaa that platelet counts are lower in Africans than in 
Caucasianss because of chronic low-grade malaria parasitemia 
(2,, 9), However, the factory workers participating in the pres-
entt study are living at an altitude of > 2.000 m, and very few 
malariaa episodes were diagnosed among them in the past 
years.. The RBC parameters of Ethiopia arc consistently higher 
thann those of many other African countries (2, 3, 7). Altitude-
inducedd erythropoiesis and/or dietary factors could play a role 
inn causing these variations. Interestingly, the present values for 
hemoglobinn are in agreement with those in previous reports 
fromm Ethiopia; they were measured by manual methods 1 to 2 
decadess ago (1, 15, 22). 
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TABLEE 5. Comparison of hemoglobin values with values from other studies in Africa (including Ethiopia) 

Gentlerr of 
subjects s 

Male e 
Female e 

Presentt study 

16.11 (1.1) 
14.3(1.2) ) 

Ethiopiaa (22) 

15.7(1.1) ) 
14.2(1.1) ) 

Ethiopiaa 11) 

16.4(1.5) ) 
NA A 

Hemoglobinn values 

Ethiopiaa (1$) 

15.7(1.2) ) 
14,11 (1.4) 

byy country and reference* 

Southh Africa (3) 

14.0(1.6) ) 
12.4(1.4) ) 

Narnibia/S.. Africa (?) 

14.77 (NA*) 
13.88 (NA) 

Nigeriaa (2) 

13.9(1.1) ) 
11.5(1,0) ) 

Zambiaa (9) 

15.3(1.3) ) 
NA A 

'' Values are means, in grams per  deciliter; values in parentheses are standard deviations. 
''  NA, not available. 

Thee finding of significant gender differences for the RBC 
parameterss (RBC, hemoglobin, and hematocrit) agrees with 
thee well-established fact that males have higher values for 
R BCC hemoglobin, and hematocrit than females, partly due to 
thee influence of the hormone androgen on erythropoiesis and 
alsoo due to menstrual loss. No differences between the genders 
withh regard to WBC and plateiet counts were observed. The 
generall  absence of gender differences for WBC counts agrees 
withh other reports (3. IS). 

Itt should be emphasized that the above hematological ref-
erencee values were established on Ethiopian highland subjects 
( 8 6^^ of them are of Amhara or Oromo origin). Care should be 
takenn if these standards arc used for interpreting the hemato-
logicall  results for Ethiopians of lowland areas and other ethnic 
origins. . 

Ethiopiann mean CD4 T-cell counts and CD4/CD8 T-cell 
ratioss are lower than those of the Ugandans (21) and Tanza-
nians(14).. Also, compared to the Dutch blood donor controls, 
Ethiopianss had significantly lower mean absolute CD4 T-cell 
countss (775 versus 993), CD4/CD8 T-cell ratios (1.2 versus 
2.2),, and B-cell counts (191 versus 313). The opposite was true 
forr CD8 T cells (747 versus 506). However, Ethiopian CD4 
T-celll  values and CD4/CD8 T-cell ratios were comparable to 
thosee reported for Chinese adults (12). In general, this study 
confirmss and extends previous reports of low CD4 T-cell 
countss in Ethiopians (16, 25). High prevalence of infections 
andd nutritional factors have been indicated as possible contrib-
utorss to the reduced CD4/CD8 T-cell ratios (25). Mycobacte-
riall  infections and/or subclinical hepatitis has also been men-
tionedd as a possible factor in accounting for low CD4 T-cell 
countss in the Chinese population (12). However, in our study 
population,, there was no difference between the CD4 T-cell 
countss of HIV-negative individuals with positive tuberculin tests 
andd the counts of those with negative tests (data not shown). 

Theree arc reports on significant age-related changes for lym-
phocytee subsets (4, 12). A multiccnter study on adult Cauca-
sianss in Europe showed a significant increase per decade of 

CD44 T cells (1.2%), NK cells (0.9%), and CD4/CD8 T-cell 
ratioss (ttXST7c) (4). Similarly, in China a significant increase per 
decadee of CD4 T cells (1.6%) and CD4/CD8 T-cell ratios 
(0.11%)) was observed (12). In Ethiopia, as also reported from 
Romaniaa (17), no age-dependent increase of CD4 T cells was 
found.. However, too few subjects might have been included in 
thiss study to detect a change of CD4 T-cell counts by age. 

Absolutee CD4 and CD8 T-cell counts, as well as CD4/CD8 
T-celll  ratios, which are well-established HIV disease progres-
sionn markers, might have to be quantitatively reestablished for 
usee as prognostic markers in HIV-infected Ethiopians. These 
valuess can be established only in a long-term prospective co-
hortt study aimed at describing the progression of HIV infec-
tionn in an Ethiopian context, a study which has been under-
takenn by ENARP at the EHNRl, 

Withh regard to gender differences for lymphocyte subsets, 
Ethiopiann females were found to have significantly higher CD4/ 
CD88 T-cell ratios and relatively higher CD4 T-cell counts than 
males,, whereas males had higher NK cell counts. Similar ob-
servationss have been reported from Uganda (21), China (12). 
Asiaa (13), and Europe (4). 

Thee comparison of the immunological results for Ethiopian 
subjectss with those for Dutch blood donor controls has its 
limitations.. Factors such as environmental differences, dietary 
patterns,, and prevailing infections could contribute to the ob-
servedd differences. Genetic differences, if any, would have been 
ruledd out if the study had been done on Ethiopians living in 
Thee Netherlands or vice versa. Although the total number of 
subjectss included is comparable to that in similar studies 
(17,, 18, 21), the immunological reference values wil l need to 
bee updated by testing a larger number of subjects in the 
future. . 

Inn the absence of established immunohematological refer-
encee values for Ethiopians, the present reference ranges could 
bee used for the clinical management of Ethiopian patients and 
thee interpretation of laboratory data in research. 

TABLEE f>. Comparison of means, medians, and 95th percentile reference ranges of bmphocyle subset absolute counts 
forr HIV-negativc adult Ethiopians with those of HIV-negativc adult Dutch subjects" 

Subjectt group (n) 
andd para meter 

Ethiopianss (142) 
Meann  SD 
Median n 
95'7cc range 

Dutchh (1,356) 
Meann  SD 
Median n 
95r££ range 

Lymphocyte e 
count t 

1.8577 - 576 
1.781 1 

1,032-3.432 2 

2.Ü544 i 57.1 
L,9Sfii {ü IKJ0I )/-

1,120-3.3911 1 

CD44 T-cell 
count t 

7755  225 
761 1 

366-1,235 5 

9933 - 319 
950(0.0001) ) 

509-1,761 1 

CDSS T-ccll 
count t 

7477  333 
637 7 

311-I.6IK K 

5066  220 
460(0.0001) ) 

2<X>-1.042 2 

CD4CDS S 
T-celll ratio 

1.22 5 
1.2 2 

0.4-2.4 4 

2.22 i 1.0 
2.0(0.0001) ) 

0.9-4.K K 

CD?? T-ccll 
count t 

1,5555 * 463 
1.471 1 

K54-2.556 6 

1,5255  458 
1.460(0.471 1 
BB 19-2.591 

BB cell 
count t 

1911 zr. 94 
178 8 

51-119 9 

3133 i 147 
290(0.00011 1 

110-670 0 

NKcell l 
count t 

2500  137 
226 6 

75-581 1 

NA'" " 
NA A 
NA A 

11 Absolute couniN were measured pe 
""  All values in parentheses ure F VHEI 

MA.. not available 

nitroliicrr or whole MiHid. 
ii  (MannAVhiiney U test) ftir CIH \\ of medians for Eihioptan and Dutch suhjecl* 
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SUMMARY Y 

Too assess possible differences in immune status, proportions and absolute numbers of sublets of CD4 
andd CD8+Tcel ls were compared between HIV " healthy Ethiopians (n — 52}  and HIV " Dutch (n = o0). 
Bothh proportions and absolute numbers of naive CD4+ and CD8 + T cells were found to be significantly 
reducedd in HIV " Ethiopians compared with HIV"Duich subjects. Also, both proportions and absolute 
numberss of the effector CD8+ T cell population as well as the CD4* CD45RA~CD2T and 
CD8""CD45RA"CD27**  T eel) populations were increased in Ethiopians. Finally, both proportions 
andd absolute numbers of CD4+ and CD8 + T cells expressing CD28 were significantly reduced in 
Ethiopianss versus Dutch. In addition, the possible association between the described subsets and HIV 
statuss was studied by comparing the above 52 HIV" individuals with 32 HIV + Ethiopians with CD4 
countss > 200/fiL and/or no AIDS-defining conditions and 39 HI V + Ethiopians with CD4 counts < 200/ 1̂ 
orr with AIDS-defining conditions. There was a gradual increase of activated CD4+ and CD8 T cells, a 
decreasee of CD8+ T cells expressing CD28 and a decrease of effector CD8+ T cells when moving from 
HIV ""  to AIDS. Furthermore, a decrease of naive CDS* T cells and an increase of memory CD8+ T cells 
inn AIDS patients were observed. These results suggest a generally and persistently activated immune 
systemm in HIV "Ethiopians. The potential consequences of this are discussed, in relation to HIV 
infection. . 

Keywordss Ethiopia HIV-1 T cells naive cells activation 

I N T R O D U C T I ON N 

HIVV infection is associated with profound changes in various T cell 
subsetss of the immune system | 1 - 5 |. Loss of CD4* T cells is 
knownn to be the hallmark of HIV infection and it is a well accepted 
laboratoryy marker of HIV disease progression [6.7J. Also, changes 
inn other T cell subsets have been implicated in HIV + persons from 
studiess in Europe and North America: expansion of CDS T cells 
[8|.. loss of naive CD8' T cells, increase of both CD4* and CD8" 
Tcelll  memory subsets 1^.10] and increased activated CD4" and 
CDS**  Tcell subsets [11-161. 

Inn Africa. HIV infection is spreading fast and has become one 
off  the major causes of mortality [17.181. Studies have suggested 

Correspondence:: Tsehaynt'sh Messele, E(hii>pun Health jnd Nutrition 
Researchh Institute (LHNRll.PO Bus 1242. Addis Aruba. Ethiopia fi-nwil: 
enarpt?? telecom.net.cl 

thatt HIV disease progression is faster in Africa when compared 
withh industrialized countries [19). Preëxistent immune activation 
ass a result of highly prevalent infectious diseases and also 
nutritionall  factors have been suggested as important contributors 
too this altered HIV disease progression in Africa [20-24]. There 
aree not many reports detailing the immune status of HIV-infected 
andd non-infected Africans. Moreover, studies on the immuno-
logicall  markers which are important for predicting HIV disease 
progressionn in Africans are scarce. We previously reported that 
CD44 counts are significantly lower and CD8 counts are higher in 
HIVV " Ethiopians compared with Dutch HIV controls (Tsegaye et 
nt..nt.. submitted). In this study we compare several CD4* and CDS* 
TT cell subsets in Ethiopian and Dutch HIV" individuals. In addi-
tion,, a cross-sectional study is performed to assess the association 
off  several CD4 * and CD8T T cell subsets with df lined stages of 
HIVV infection in Ethiopian individuals. 
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SUBJECTSS AND METHODS 

Subjects Subjects 
Forr comparison of Ethiopian and Dutch subjects, 52 HIV~healthy 
Ethiopianss and 60 HIV ' healthy Dutch individuals were included. 
Twoo additional groups of Ethiopian subjects were included in a 
cross-sectionall  study: 32 HIV + with CD4 counts > 200/ 1̂ and no 
AlDS-definingg conditions (designated in this study as HTV+) and 
399 HIV + patients with CD4 counts <200fd or exhibiting AIDS-
definingg conditions based on the WHO staging system for HIV 
infectionn and disease [25}  (designated in this study as AIDS). The 
HIV ""  and HIV4" groups are residents of a suburb of Addis Ababa 
andd factory workers participating in a cohort study presently 
performedd in Akaki, a village 15 km to the south-east of Addis 
Ababa,, the capital of Ethiopia. Subjects of the AIDS group were 
patientss hospitalized in Addis Ababa. All the study subjects gave 
theirr informed consent. 

TestingTesting of samples 
Thee samples from the Ethiopian subjects were analysed at the 
ENARPP laboratory in Addis Ababa, Ethiopia, and samples from 
thee Dutch subjects were analysed at the clinical viro-immunology 
department,, CLB, Amsterdam. The two laboratories are collabor-
atingg labs within ENARP. Similar protocols of sample processing 

andd testing are used in both laboratories. Furthermore, samples are 
sharedd between both laboratories for quality control purposes. 

Three-colourThree-colour immunopkenoryping of lymphocyte subsets 
InIn vivo activated, non-activated, naive and memory CD4+ and 
CDS"1""  T cells were quantified by three-colour flow cytometric 
stainingg using perdinyl chlorophyll-A protein (PerCP)-conjugated 
CD44 or CDS MoAbs in combination with PE-conjugated HLA-DR 
andd FTTC-conjugated CD38 MoAbs and PerCP-conjugated CD4 or 
CDSS MoAbs in combination with PE-conjugated CD27 and F1TC-
conjugatedd CD45RA MoAbs, respectively. All the MoAbs were 
purchasedd from Becton Dickinson (San Jose, CA), except the 
CD388 MoAb, which was purchased from Immunotech (Marseille, 
France).. The immunophenotyping was performed on whole blood. 
EDTAA blood (100pi) was incubated with each combination of 
MoAbss for 15-20 min at room temperature in the dark. Erythro-
cytee lysing was done by adding 2 ml lysing solution per tube 
(FACSlyse;; Becton Dickinson) and incubating for lOmin at room 
temperaturee in the dark. The cells were centrifuged at 300£ for 
55 min and then washed twice with Isoton (Becton Dickinson). The 
stainedd samples were analysed the same day using a FACScan flow 
cytomelerr with Cellquest software (Becton Dickinson). A live gate 
wass set around the CD4+ and CD8+ cells in order to acquire a 
minimumm of 1500 CD4 or CD8 cells for analysis 

Tabicc 1. Proportions and absolute numbers of T cell subsets in HIV Ethiopian and Dutch individuals 

TT cell subset 

CD44 + 

CD8--

CD4/88 ratio 

CD4+CD45RA' ' 

CD4+CD45RA* * 
(naive) ) 
CD4++ CD45RA 
(containss Th2) 
CD4hCD45RA~ ~ 
(memory) ) 
CD4+CD28+ + 

t;DK*CIJ45RA4 4 

CD27' ' 

CD2T CD2T 

CD27" " 

CD27+ + 

CD27" " 
iLYioLuxitt effector) 
CD8 'CR45RA' ' 
ii naive) 
('DK+C[>45RA~ ~ 
ii memory) 
CDS'CLMSRA A 
(mee mor,) 
C'I)S"C'D2if f 

CD27-* * 

CD27" " 

CD27' ' 

Ethiopians, , 
nn = 52 

333 (8-48)* 
667(219-1185)* * 

33(10-72) ) 
635(152-1476) ) 

0 9 7 ( 00 12-387) 

11 (0-16) 
88 (0-90) 

155 (2-49) 
96(19-290) ) 
233 (6-69) 

140(30-279) ) 
58(24-75) ) 

396(104-719) ) 
94(80-100) ) 

627(180-5158) ) 

29(8-65! ! 
153(13-898) ) 

17(3-41) ) 
977 (26-243) 
24(2-49J J 

132(8-809) ) 
244 (4-46) 

127(52-383) ) 
43(15-95) ) 

2111 (87-533) 

Dutch, , 
nn = 60 

500 (33-60) 
1067(533-2059) ) 

23(8-41) ) 
510(196-1140) ) 

22 09 (0 94-5-69) 

00 (0-4) 
00 (0-66) 

37(14-82) ) 
389(108-1181) ) 

5(2-13) ) 
600 (U-174) 
58(13-77) ) 

618(127-1407) ) 
99(91-100) ) 

1060(530-2049) ) 

4 (0 -23) ) 
20(0-160) ) 
40(16-85) ) 

209(41-760) ) 
7(1-28) ) 

34(2-203) ) 
444 (6-72) 

203(22-608) ) 
822 (54-96) 

404(178-975) ) 

PP (Mann-Whitney 
(/-test) ) 

<< 00001 
<< 00001 
<< 0 0001 

NS S 
<< 00001 

<< 0 0001 
<< 0 0010 
<< 0 0001 
<< 00001 
<< 0 0001 
<< 0 0001 

NS S 
<< 0 0001 
<< 00001 
<< 0-0001 

<< 0 0001 
<< 0 0001 
<00001 1 
<< 0 0001 
<< 0-0001 
<0tKK)l l 
<< 0O00I 
< 0 0 0 l 0 0 
<< 0-0001 
<< 0 0001 

Value1,, are medians. 95 percentiles are in parentheses Absolute value*  are per *il of whole blood, 
solutee counts were performed on 44 Ethiopians, except absolute CD28* subsets, which were done 
ii  42 Ethiopians. 

 Top \ aluc = proportions, bottom value = absolute numbers. 
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StatisticalStatistical analysis 
Statisticall  analyses were performed using the STATA program 
(Stataa Corp., TX) The distribution of T cell subset proportions was 
comparedd between two groups using non-parametric methods 
(Mann-Whitneyy (/-test). When comparisons involved three 
groupss (Ethiopian HIV~,HIV +and AIDS) the level of significance 
(a)(a) was adjusted using the Bonferroni correction (or = 0033). 

RESULTS S 

Naive,Naive, memory and effector T cell subsets compared between 
HIV~HIV~ Ethiopian and Dutch subjects 
Naive,, memory and effector CD4+ and CDS+ T cells were 
measuredd using a combination of CD45RA and CD27 MoAbs, 
accordingg to Hamann et at. [26]. Table 1 shows both the propor-
tionss and absolute values of CD4+ and CD8+ T cell subsets in 52 
HIV ""  Ethiopian versus 60 HIV - Dutch subjects. 

Bothh proportions and absolute values of CD4"*" T cells were 
significantlyy decreased in Ethiopians compared with the Dutch 
subjects.. Proportions of CD8+ T cells were increased in Ethio-
pians,, with borderline significance for absolute values. As a 
consequence,, the CD4/8 ratios of HIV'healthy Ethiopians were 
low. . 

Thee proportions and absolute values of both CD44 and CDS* 
naivee (CD45RA+CD27+) T cells were significantly reduced in 
Ethiopianss compared with Dutch subjects. In contrast, the propor-
tionss and absolute values of both CD4+ and CD8+ memory 
(CD45RA~CD27")) T cells were increased in Ethiopians. For the 
secondd memory subset (CD45RA~CD27+), the absolute values 
weree decreased, both in CD4+ and CD8+ T cells of Ethiopians. 
Thiss decrease was also reflected in the proportions of the pertinent 
CD8++ memory subset, but not of the CD4+ subset. Both propor-
tionss and absolute values of CD8+ cytotoxic effector T cells were 
increasedd in Ethiopians compared with the Dutch subjects. Finally, 
bothh proportions and absolute values of CD4+ and CD8+ T cells 
expressingg CD28 were decreased in Ethiopians versus Dutch. 

Thee combination of the above observations points towards a 
highlyy activated immune status of HIV" Ethiopian versus HIV " 
Dutchh individuals. 

Naive,Naive, memory and effector T cell subsets in Ethiopian HIV~, 
HIV*HIV*  and AIDS subjects 
Inn order to assess the effect of HIV infection on the above-defined 
immunee status of Ethiopian individuals, a cross-sectional study 
wass performed, comparing three groups of subjects. A provisional 
classificationn is used in this study, naming HIV non-infected 
individualss ,HIV" ,

1 HIV-infected individuals with CD4+ T cell 
countss > 200/ 1̂ and no AIDS-defining conditions 'HTV+', and 
HIV-infectedd individuals with CQ4+ T cell counts <200/jil or 
AIDS-definingg conditions 'AIDS'. 

Tablee 2 presents the median age. the male-to-female ratio, the 
proportionss and absolute values of lymphocytes, CD4+, CD8+ T 
celll  subsets and the CD4/CD8 ratios of 123 Ethiopian individuals, 
groupedd according to the above HIV status designation. Figure la.b 
depictt representative dot plot analyses of changes in CD45RA/ 
CD277 proportions of the various T cell subsets, according to HIV 
status,, ax defined above. 

Tablee 3a summarizes the observations for subsets defined by 
CD45RAA and CD27 MoAbs, Absolute values of naive 
(CD45RA+CD27+)) CD4+ and CD8+ T cells were significantly 
reducedd only in the AIDS group (for CDS"' T cells this also applied 
too proportions). The Th2 cell containing memory 
(CD45RA"" CD27") CD4+ T cells [27,28] were reduced in abso-
lutee numbers in HIV + and AIDS patients, but remained stable in 
proportions,, comparing the three groups of subjects. The equiva-
lentt CD8+ memory T cells were increased in proportions in the 
AID SS group compared with the HIV " group, whereas the absolute 
valuess remain unchanged in the three groups. The second subset of 
memoryy (CD45RA" CD27+) CD4+ T cells showed identical 
patternss to the specialized memory CD4+ T cells. However, die 
memoryy (CD45RA"CD27+) CD8* T cells showed a significant 
increasee in absolute numbers in the HIV + group compared with the 
twoo other groups, while this was not reflected in their proportions. 
Thee cytotoxic effector <CD45RA+CD27") CD8+ T cell propor-
tionss were significantly reduced in both HIV + and AIDS groups 
comparedd with the HIV " group. The absolute values of this subset 
weree only significantly decreased in the AIDS group. Both absolute 
valuess and proportions of CD4+ T cells expressing these markers 
weree very low in all groups. 

Tablee 2. Characters I its of study populations, designated HIV , H1V + and AIDS 

Agee (years) 
Male/female e 
Lymphocytee percentage 
Abs.. Ivmphocjie 
CD44 <S 
Abs.. CD4 

CD88 % 
Abss CDS 
CD4/CD88 ratio 

HIV" " 
nn = 52 

377 (15-50) 
36/16 6 
37(18-02)" " 

18411 (819-2945)" 

3?? <8-48r* 
667(219-1185/* * 

333 (10-72)' 
6355 (152-1476)" 

0 9 7 ( 00 12-3871 

H1V--

nn = 32 

366 (20-73) 
18/14 4 
42(18-67) ' ' 

2268(1260-4891)' ' 
188 (7-39) ' 

382(227-1468)" " 
48(24-84) ) 

1000(416-3130)" " 
0344 ( 0 1 - 1 6 ) 

AIDS S 
nn = 39 

32(18-52) ' ' 
21/16' ' 
299 (7-47)d 

1070(371-3388)''' ' 
7 (1 -44) ' ' 

733 (4-586)"' 
40(7-81) ) 

4222 (78-2744 )d 

00 15(0 02-1 46) 

Valuess are median*  iexcept for male/female raiioh 95 percentiles are in parentheses. Absolute values 
aree per pi of whole blood and based on: an = 37T

 bn = 44, *n = ?1. Jn =: 3S. 'P<0-Q5 compared with the 
otherr ïwo groups. 
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TheThe CD28 coslimulatoiy molecule in Ethiopian HIV . HIV' and 
AIDSAIDS subjects 
Thee percentages of CD4* T cells expressing CD28 were equally 
highh in the HIV" . HIV* and AIDS groups, whereas the absolute 
valuess showed a decrease from HIV to HIV* to AIDS. As shown 
inn Table 3a. the proportions of CDS* T cells expressing CD28 were 
significantlyy reduced in the AIDS group. When absolute values 
weree assessed, this particular CDS- T cell subset showed a 
significantt increase in HIV*  versus HIV~subjecls and a decrease 
inn the AIDS group. 

ActivatedActivated and resting T cell subsets in Ethiopian HIV . HIV'. 
AIDSAIDS subjects 

Activatedd and resting T cell subsets were measured using a 
combinationn of HLA-DR and CD38 MoAbs, as described 
(12.14].. Figure led depict representative dot plot analyses of the 
changess in CD38/HLA-DR proportions according to HIV status. 
Tablee 3b summarizes the observations. 

Proportionss of activated (HLA-DR* CD38*) T cells of both 
CD4**  and CD8* T cells were increased from HIV " to HIV* to 
AID SS groups. This increment was more pronounced for CDS* T 

HIV--

00 10' 102 103 10"  10' 102 103 10"  10' 102 103 10J 

00 101 102 103 104  10' 102 103 104  10' 102 103 10" 
CD277 CD27 CD27 

103 3 

• ' J J 

101 1 

:S»* * •... . * 

rr  io 2 io3 ic 
CD38 8 

•• ' 

•• • " . * . 

0 0 
,, • 

0'' 102 103 104 

CD38 8 
0'' 102 103 

CD38 8 

Fig.. 1. Example 

DK'Cl ia a 
(CD45RA A 

off dot plots of CDA' and CDS' Tcell subsets in the three groups of Ethiopians (HIV .HIV* and AIDS), 
definedd as follows: activated (HLA-DR*CD38*). resting (HLA-DR CD38 I. -non-progression 

wivee (CD45RA*CD27*). memon ICD4"RA~CD27*). effector (CD45RA*CD27 ) and me 

IKK'DN'' T 

«I'' llll.A-
t-t- effector 
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Tabl ee 3. Proportions and absolute numbers of T cell subsets in Ethiopian HIV , H IV" and AIDS groups 

>.. CD45RA. CD27 subpopulations 

TT cell subset 

CD4+CD45RA+CD27" " 

CD4+CD45RA+CD27+ + 

(naive) ) 
C D T C D 4 5 R A - C D 2 7 --
(containss Th2) 
CD4*CD45RA"CD27* * 
{memoryy J 
CD4++ CD28* 

CD88 + CD45RA*CD27" 
(cytotoxicc effector) 
CD8~CD45RA+CD27* * 
(naive) ) 
CDtTCD45RA"CD27" " 
{memory) ) 
CD8TCD45RA-CD27+ + 

(memory) ) 
CD8+CD28+ + 

H I V " " 
nn = 52 

l ( 0 - 1 6 ) t t 
88 (0-90)t 

155 (2-49) 
96(19-290) ) 
23(6-69) ) 

1400 (30-279) 
588 (24-75) 

396(104-719) ) 
94(80-100) ) 

627(180-1158) ) 

299 (8-65) 
153(13-898) ) 

17(3-41) ) 
977 (26-243) 
24(2-491 1 

132(8-809) ) 
244 (4-461 

127(52-383) ) 
43(15-95) ) 

2111 (87-533) 

mv+ + 

nn = 32 

II (0-22) 
44 (0-67) 

211 (2-46) 
811 (11-329) 
244 (10-60) 

766 (32-470)* 
511 (33-68) 

1933 (107-837)' 
%% (69-99) 

344(200-1248)* * 

22(12-62)* * 
225(55-1781) ) 

18(3-39) ) 
174(52-349) ) 
200 (4-6.1) 

1655 (25-845) 
37(10-59) ) 

360(91-1047)* * 
39(22-58) ) 

375(113-1068)* * 

AIDS S 
nn = 39 

II (0-19) 
11 (0-35)* 

17(1-67) ) 
12 (0 -122 ) * , " " 
244 (4-47) 
15(1-227)*,** * 
522 (19-84) 
344 ( 2 - 2 8 7 ) * , " 
95(56-100) ) 
522 ( 4 - 2 2 7 ) * , " 

18(5-55)* * 
766 (5-502)** 
9 (1 -29) * , * * * 

38(3-2001*,** * 
311 ( 1 0 - 7 1 ) " 

1211 (16-892) 
39(1-69)* * 

163(5-1147)** * 
28(2-52)* * 
98(17-666)*,** * 

Valuess are medians, 95 percentiles are in parentheses. Absolute values are per fi\ of whole blood and 
basedd on data from HIV" (n = 44). H1V+ <rr = 31 >, AIDS (n = 36). except the CD28+ subsets which are 
basedd on H I V " (n = 42), H IV + (n = 25), AIDS (n = 29). 

* P < 0 0 33 compared with HIV" group; ** /><003 compared with the HIV+ group. 
tTopp value = proportions, bottom value = absolute numbers, 

b.. HLA-DR. CD 3 8 subpopulations 

TT cell subset 

CD4** HLA-DR-

CD4++ HLA-DR 
(activatedd J 
CD4++ HLA-DR 
(resting) ) 
CD4** HLA-DR" 

CD88 + HLA-DR1 

<< non-progress ion 
CD88 + HLA-DR * 
(activated) ) 
CDS** HLA-DR" 
(resting) ) 
CD8+HLA-DR" " 

CD38" " 

CD384" " 

CD38" " 

CD38* * 

CD38" " 

) ) CDD 38* 

CD38" " 

CD38* * 

H I V " " 
nn = 52 

16(2-39)f f 
I08(13-294)t t 

2 (0 -21) ) 
9 (1 -83) ) 

744 (45-94) 
486(107-829) ) 

55 (1-31) 
322 (4-333) 

37 (4 -7 ! ) ) 
234(16-971) ) 

2 (0 -54) ) 

13(0-415) ) 
57(12-88) ) 

2977 (82-10861 
2(0-311 1 
8(0-172) ) 

H I V + + 

nn = 32 

19(5-41) ) 
644 (11-602) 

10(4-31)* * 
40(16-235)+ + 
42(16-69)* * 

163(49-573)* * 
277 (4-65)* 

I04(22-314|* * 

34(12-70) ) 
375(50-944) ) 

322 (6-62)* 
284(63-1941)* * 

199 (4-53)* 

1600 (54-840)t 
122 (1-39)* 

1255 (9-1120)* 

AIDS S 
«« = 39 

144 (3-35) 
100 (0-89)*,*» 
288 (11 -69 ) * , " 
17(1-251) ) 
3 0 ( 2 - 5 4 ) * , " " 
17(0-151)*,** * 
277 (6-63)* 
14(1-181) ) 

9 ( 1 - 3 8 ) * . " " 
32(2-568)*,** * 
6 5 ( 1 8 - 9 1 ) * . " " 

285(58-1707)* * 
7 ( 0 - 4 3 ) * . " " 

366 (0-400)*,*» 
166 (2-56)* 
466 (5-834)* 

Valuess are medians. 95 percentiles are in parentheses. Absolute values are perjil of whole bkwd and 
basedd on fiaia from HIV" (n = 44). H IV* (n = 3l ) . AIDS (n = 36). except the CD4 subsels for H IV* 
(;rr = 29l. 

** f < 0 03 compared with the HIV group: * * / ' < 0 03 compared with the HIV K group. 
** Top value = proportions, bottom value = absolute numbers. 
++ Borderline significant compared with HIV (P = ()(H). 
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cellss than for CD4+ T cells. For absolute values, there was an 
increasee of activated CD4* and CD8+ T cells in HIV* versus 
HIV"" subjects. However, in the AIDS group there was no further 
increasee of these T cell populations. Conversely, the proportions 
andd absolute values of resting (HLA-DR"CD38") T cells of both 
CD4** and CDS* subsets were decreased from HIV" to HIV* to 
AIDS.. The proportions of CD4+ and CD8* T cells expressing 
CD388 but not HLA-DR were increased in both HIV* and AIDS 
groupss compared with the HIV" group. This was also true for 
absolutee values, with the exception of HLA-DR" CD38* CD4+ T 
cellss of AIDS patients compared with HIV "individuals. 

Bothh proportions and absolute values of HLA-
DR** CD38"CD8* T cells were significantly reduced in the 
AIDSS group compared with the HIV" and HIV* groups. There 
wass no significant difference on proportions of CD4* T cells 
expressingg this marker combination between the three groups 
studied. . 

DISCUSSION N 

Inn this study we demonstrate that the representation of several T 
celll subsets is different, comparing HIV" Ethiopian and Dutch 
subjects.. Most significantly, naive T cells were found to be 
considerablyy reduced in healthy HIV'Ethiopians. The naive T 
celll subsets are responsible for mounting immune responses to 
newlyy encountered antigens and in vitro studies have shown that 
thesee cells have a better capacity for proliferation in response to 
mitogenicc stimuli [29]. T cells which were previously shown to be 
off memory type, in terms of cytokine production and antigen 
expressionn [26J, were demonstrated to be reduced in Ethiopian 
CD88 + T cells, but not in CD4+ T cells, compared with the Dutch. 
Thee CD8* effector T cell subset, which was shown to exhibit 
cytolyticc properties and poor responses to most in vitro stimuli 
[26],, was found to be increased in Ethiopians. The latter observa
tionn confirms previous reports of increased effector (CD8+CD57*) 
TT cells in Ethiopians [30], Finally, both CD4* and CDS"" T cells 
withh CD45RA~CD27" memory phenotype were found to be 
significantlyy increased in Ethiopians compared with the Dutch 
group.. In previous studies the CD45RA"CD27" T cell subsets 
havee been shown to constitute a very small proportion of T cells 
andd are suggested to arise as a result of repeated antigenic 
stimulationn in vivo [26,31,32], CD4*CD27~ T cells have been 
shownn to be increased in parasitic infections and to contain Th2 
cells,, producing IL^t and IL-5 [27,28], In the present study, this 
populationn of T cells was found to be significantly increased in 
Ethiopianss versus Dutch, probably pointing towards a high pre
valencee of parasitic infections in the studied Ethiopian subjects. 

CD288 is a transmembrane glycoprotein that provides an essen
tiall costimulatory signal to T cells [33]. CD4+ and CDS* T cells 
expressingg CD28 were reduced in Ethiopians compared with the 
Dutch.. Loss of CD28 on T cells has been associated with increased 
cytolyticc T cell activity, impaired response to costimulalion viaB7, 
anergyy to anti-CD3-induced proliferation and also shorter telomere 
length,, which is indicated to be a result of chronic immune system 
activationn 126,34-39], 

Thee above observations reflect a generally and persistently 
activatedd immune system in Ethiopians. This activation has 
beenn attributed to an increased load of environmental pathogens, 
especial!)) intestinal parasites in Ethiopia, compared with indus
trializedd countries [20], The activated state of the immune system 
inn Ethiopians is reflected by increased effector CD8* T cells. 

increasedd T cells associated with repeated antigenic stimulation 
(containingg Th2 cells). The increase of these subsets is at the 
expensee of memory CDS* T cells, as well as naive T cells and 
finallyfinally T cells expressing CD28 costimulatory molecules in gen
eral.. This would predict that, as a consequence, the immune system 
off Ethiopians most probably has a reduced ability to build effective 
immunee responses to newly encountered infections. Also, the 
immunee response against recurrent infections could be impaired. 
Itt has been suggested that the HIV-1 co-receptor CCR-5 is more 
abundantlyy expressed on memory T cells than on naive T cells 
[40],, In this light, it can be speculated that the observed reduction 
inn the ratio of naive/memory CD4+ T cells in Ethiopians versus 
Dutchh will potentially increase the proportion of CD4 T cells 
expressingg CCR-5 and thus might facilitate infection of CD4 T 
cellss of Ethiopians with HIV-1, In addition, the increase of effector 
CD8++ T cells in HIV" Ethiopians versus HIV" Dutch could result 
inn increased production of cytokines such as tumour necrosis 
factor-alphaa (TNF-a) and interferon-gam ma (IFN-y), potentially 
stimulatingg HIV-1 replication after infection. The above assump
tionss could contribute to the reported faster progression of HIV-1 
infectionn in an African context [19,20]. 

Inn light of this, the observations on the three groups designated 
HIV",, HIV* and AIDS in this study could be interpreted as 
follows.. Although in general Ethiopians already harbour less 
naivee CD4+ and CDS* T cells than the Dutch, there was no further 
proportionall decrease of these cells after HIV infection. Only at 
AIDSS was a significant further decrease of naive CDS* T cells 
observed.. In contrast to previous repons [9], we did not observe 
significantt changes in the proportion of naive CD4 subsets in the 
threee groups of Ethiopians that were compared. The memory' 
CD8++ T cell subset, being smaller in HIV" Ethiopians than in 
thee Dutch, was found to be increased in HIV* and AIDS Ethio
pians.. Conversely, the effector CD8* T cell subset, being higher in 
HIV"" Ethiopians than in HIV" Dutch, decreased in Ethiopian 
HIV++ and AIDS subjects. This could result in less production of 
CCR-55 ligands (MIP- la, M1P- lb, RANTES) and thus the potential 
inhibitoryy effect on HIV-1 cell entry would be decreased [41], 

Thee reduced CD2 8-expressing subsets of HIV "Ethiopians 
versusversus HIV" Dutch were only further lost at AIDS for CD8+ T 
cells.. No differences in proportions of CD4" T cells expressing this 
markerr were observed. This is in agreement with previous reports 
whichh showed that hyporesponsiveness of T cells during HIV 
infectionn to costimulatory signals is limited to the CD8+ T cell 
subsett and the response of CD4+ T cells is intact [42]. 

Thee activated T cell subsets co-expressing CD38 and HLA-DR 
weree found to increase, on both CD4* and CD8+ T cell subsets, 
whenn comparing the HIV", H1V+ and AIDS groups. The opposite 
wass true for resting T cell subsets. The observation that CD8 T 
cellss expressing only HLA-DR but not CD38 are lost in Ethiopian 
AIDSS patients is in agreement with a previous prospective study 
whichh demonstrated that the presence of this subset is associated 
withh long-term survival and stable CD4* T cell counts [ 14). Apart 
fromm being an activation marker, CD38 is also detected in 
immaturee cells [43].The representation of CD4* and CDS* T 
cellss expressing only CD38 but not HLA-DR is increased in both 
H1V++ and AIDS groups compared with the HIVgroup. This 
observationn may reflect that in HIV infection, apart from 
immunee activation, there is also an increased flow of immature 
cellss into the periphery due to accelerated destruction and replace
mentt of mature T celts (see also [44]>. 

Inn conclusion, several of the presently used T cell subset 
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marke r ss could be of p red ic t ive value for HIV-1 progress ion in 

E th iop ians .. However , the value of these marke r s r emains to be 

eva lua tedd in future p rospec t ive s tudies . 
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Abstrac t t 

Cross-sectionall studies were conducted to measure soluble viral and 
immunologicall markers in plasma in order to determine the prognostic value of 
thesee markers for HIV disease progression in Ethiopians and to see their 
associationn with cell surface markers in HIV-1-infected and -non-infected 
Ethiopians.. Whole blood samples were collected from 52 HIV-1-negative 
Ethiopians;; 32 HIV-1-positive Ethiopians with absolute CD4* T-cell count >2007jil 
wholee blood and no AIDS-defining conditions and 39 HIV+ Ethiopians with CD4+ 

T-celll count < 200/^1 and/or AIDS- defining conditions. Plasma levels of p2-
microglobulinn (p2m), soluble CD27 (sCD27), soluble tumor necrosis factor-cc 
receptorr type II (sTNFR-ll), IgG, IgA, IGE and 1L-12 were elevated in HIV-1 -
infectedd individuals. The plasma levels of sTNFR-ll, sCD27, p2m, IL-12 and IgG 
weree inversely correlated with numbers of CD4+ T cells, the proportion of naive 
(CD45RA+CD27+)) CD8* T cells, and the proportion of CD8+ T-cells expressing 
CD288 (CD8+CD28+) and were positively correlated with the proportions of 
activatedd (HLA'DR+CD38+) CD4+ T-cells, as well as activated (HLA-DR*CD38+) 
CD8** T-cells. A strong positive correlation was also observed when soluble 
immunee markers were compared to each other. Multivariate regression analyses 
off soluble markers with numbers of CD4+ T cells showed that sCD27 is the best 
independentt marker for CD4+ T-cell decline in the HIV-1-infected Ethiopians. 

Ourr results indicate that measurement of soluble immune markers, which 
iss relatively easy to perform, could be a good alternative to the quantification of T-
celll subsets for monitoring HIV-1 disease progression in places where there is no 
facilityy for flowcytometric measurements. 
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Introductio n n 

Theree is a wide variation in the course of disease among HIV-1-infected 
personss and thus considerable efforts have been put into the identification of 
factorss that have a predictive value for the clinical stages of the disease, so-called 
surrogatee markers. For example, the levels of HIV-1 replication (as expressed by 
virall loads) and the type of immune response during primary HIV-1 infection have 
aa major impact on the ultimate course of HIV-1 disease (1-3). In addition, recent 
studiess have indicated the association of levels of markers of immune activation 
andd inflammatory cytokines with HIV-1 disease progression (4,5). 

HIV-11 disease progression is reportedly faster and the time of survival 
afterr the onset of AIDS is shorter in African patients (6,7). Virologie and immune 
correlatess of this altered disease course need to be identified by comparing HIV-
1-infectedd and -non-infected Africans, as well as through prospective studies in 
cohortss of HIV-1-infected Africans in order to understand the course of HIV-1 
diseasee and design therapeutic trials for this setting. However, there are still 
relativelyy little data available detailing surrogate markers and their use in 
monitoringg HIV-1 disease progression in Africans. 

Wee previously have compared several CD4* and CD8+ T-cell subsets in 
HIV-1-infectedd and -non-infected Ethiopians to assess their potential use as 
predictorss for HIV-1 disease progression (8). In summary, we observed a gradual 
increasee of activated (CD38+HLA'DR+) CD4+ and CD8+ T-cells, a decrease of 
CD8++ T-cells expressing CD28 and a decrease of effector (CD45RA+CD27~) CD8+ 

T-cellss when comparing HIV- subjects to HIV+ subjects and to the subjects with 
AIDS.. Also, a decrease of naive (CD45RA+CD27+) and an increase of memory 
(CD45RA+CD27)) CD8+ T-cells were observed in Ethiopians with AIDS. 

Flowcytometryy is not a widely available facility in Africa. On top of that, 
feww laboratories in Africa have settings for manipulation of peripheral blood 
mononuclearr cells (PBMC). Therefore, it was considered to be important to 
evaluatee surrogate markers which can be measured using relatively cheap and 
easyy to perform tests on plasma samples. In addition, surrogate markers reflect 
differentt biologic processes and their evaluation in African patients may 
contributee to the understanding of HIV disease pathogenesis. 

Inn the present study we measured plasma viral load and several soluble 
immunee markers and assessed their association with different stages of HIV-1 
infectionn in Ethiopians. In addition, the relationship of soluble markers with 
previouslyy established cell surface activation markers was assessed. Soluble 
CD277 (sCD27) is proposed to be the most suitable marker for monitoring HIV-1 
diseasee progression in Ethiopians, when facilities for enumerating CD4* T-cells 
aree not present. 
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Material ss  and Method s 

Subjects Subjects 

Thee study population consisted of three groups of Ethiopians; 52 HIV-
negativee healthy individuals (designated "HIV*"), 32 HIV-positive individuals with 
CD44 counts >200/^l and no AIDS- defining conditions (designated "HIV+n) and 39 
HIV++ patients with CD4 counts <200>l and/or exhibiting AIDS-defining conditions 
basedd on the WHO staging system for HIV-1 infection and disease (9) 
{designatedd "AIDS"). The HIV" and HIV+ groups are factory workers participating 
inn a prospective cohort study performed by the Ethio-Netheiiands AIDS Research 
Projectt (ENARP) in Akaki, a village 15 km to the South-East of Addis Ababa, the 
capitall of Ethiopia. This cohort study started in February 1997 after approval by 
bothh the National Ethical Committee and the EHNRI Ethical Committee. Cohort 
participantss and their direct dependants are offered free medical care, according 
too the standards of the country. Subjects of the AIDS group are patients 
hospitalizedd in Addis Ababa, who were enrolled in order of their admittance to the 
hospital.. HIV tests were performed by ENARP, upon request by the hospital 
clinicians,, on coded blood samples. The blood samples were accompanied by a 
formm detailing clinical information, gender and age only. HIV test results were 
returnedd to the hospital using the same codes. Patients in the hospital were pre-
andd post-test counselled and gave their informed consents, according to the 
hospital'ss policy. Samples were not included in the study when the quality of the 
samplee was very poor, or when, according to the clinical information or whole 
bloodd CD4 T-cell counts, the criteria mentioned above were not met. No clinical 
historyy of the patients designated "AIDS" was available. Details of the subjects 
analysedd in this study are as published (8). 

PlasmaPlasma  isolation  and viral  load  determination 

Wholee blood was collected in 10 ml EDTA Vacutainer tubes (Becton & 
Dickinson,, USA) and plasma was isolated by centrifugation for 10 min at 300 g 
(16400 rpm) at room temperature, followed by storage at -80QC. HIV-1 RNA was 
isolatedd from the plasma as described (10). 

Virall load was determined by quantifying the amount of HIV-1 RNA using 
aa Nucleic Acid Sequence Based Amplification (NASBA) kit: NUCUSENS, 
Organonn Teknika BV, Boxtel, The Netherlands). In our hands, the detection limit 
off this kit was 80 RNA molecules per ml of plasma. The NASBA methodology 
wass previously shown to give quantitatively reliable results on HIV-1 subtype C 
plasmaa samples {11). 

MeasurementMeasurement  of  soluble  immunological  markers 

Thee following soluble immune markers were determined by commercial 
ELISA's:: SCD27 (Pelikine Compact human soluble CD27 ELISA kit, CLB, 
Amsterdam,, The Netherlands), sTNFR-ll (sTNF-R, 80 KDa ELISA, Bender 
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MedMed Systems, Vienna, Austria), IL-12 (Cytoscreen Immunoassay kit, BioSource 
Internationall Inc., California, USA). p2m, IgG, IgE and IgA were measured in 
plasmaa by immunonephlometric methods (DADE Behring, Marburg, Germany 
andd CLB, Amster-dam, The Netherlands). All tests were performed according to 
thee instructions of the kit manufacturers. 

ThreeThree  color  immunophenotyping  of  lymphocyte  subsets 

Naivee and activated CD4+ and CD8+ T cells were measured using 
combinationss of CD4/CD8+ CD45RA and CD27 monoclonal antibodies (mAbs) or 
CD4/CD8** CD38 and HLA-DR mAbs, as described (8). Naïve and activated T 
cellss were defined as CD45RA+CD27+ and CD38+HLADR\ respectively. 

StatisticalStatistical  methods 

Statisticall analyses were performed using the STATA program (Stata 
Corporation,, Texas, USA). The level of significance (a), for the comparison of 
solublee markers between the three groups, was adjusted using Bonferroni 
correctionn (a=0.033). The association between several soluble immune markers 
andd CD4+ T-cell count was determined using a multivariate regression analysis. 
Correlationn coefficients were calculated by the Spearmans test. 

Result s s 

PlasmaPlasma  levels  of  soluble  immune  markers  and viral  loads 

Fig.. 1 summarizes the plasma levels of various soluble immune markers 
ass measured on the three groups of Ethiopian subjects: HIV' (n=52), HIV+ (n=32) 
andd AIDS (n=39). In addition, log10 viral load values are shown for HIV+ and 
AIDSS groups. 

Thee levels of sCD27, p2m and IL-12 were significantly and progressively 
increasedd when comparing HIV* to HIV, to AIDS groups: (Fig. 1a, 1b, 1c). 
Plasmaa sCD27 median values were 338 [278-392] U/ml (HIV), 406 [364-447] 
U/mll (HIV) and 761 [624-951] U/ml (AIDS). Plasma p2m values were 1 [1-2] mg/L 
(HIV),, 3 [2-4] mg/L (HIV) and 5 [3-7] mg/L (AIDS) and plasma IL-12 were 74 [57-
88]] pg/ml (HIV), 134 [82-257] pg/ml (HIV) and 197 [151-365] pg/ml (AIDS), 
respectively. . 

Legen dd to Fig . 1 - Comparison of plasma levels of soluble immune markers 
betweenn HIV, HIV and AIDS groups, a) sCD27, b) fc2m, c) IL-12, d) IgE, e) IgG, 
f)) IgA, g) sTNFR-ll, h) log10 viral loads. Data are expressed in 50 percentiles, with 
verticall bars, indicating 25 and 75 percentiles. The number of subjects tested is 
indicated,, as well as the p-values of the various comparisons. 
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Thee other 4 soluble immune markers studied (IgE, IgG, IgA, TNFr-ll) were 
significantlyy increased in HINT versus HIV individuals, but did not show the above 
progressivelyy increased values when comparing the 3 groups of Ethiopians (HIV, 
HIV*,, AIDS). As shown in Fig. 1d, plasma IgE concentration was significantly 
increasedd in the HIV* group (985 [98-7038] Ill/ml), compared to HIV- Ethiopians 
(4811 [177-1126] lU/ml), but also to AIDS patients, (370 [174-1000]). 

Ass shown in fig. 1e, the plasma levels of IgG were significantly increased 
inn both the HIV+ (30 [21-36] mg/ml) and AIDS (25 [12-31] mg/ml) groups, 
comparedd to HIV" Ethiopians {14 [12-17] mg/ml), with no significant difference 
betweenn the two HIV-infected groups. Fig. 1f demonstrates that the increase in 
IgAA concentration in the individuals with AIDS (3 [2-5] mg/ml) was significant as 
comparedd to the HIV" group (2 [2-3] mg/ml), but not when compared to the HIV* 
groupp (2 [2-4] mg/ml). Finally, as shown in fig. 1g, the levels of sTNFR-ll were 
alsoo significantly increased in the Ethiopians with AIDS (15 [10-21] ng/ml), 
comparedd to the HIV" (5 [4-7] ng/ml) and HIV+ groups (5 [3-6] ng/ml). However, 
theree was no significant difference in plasma sTNFR-ll concentration between 
HIV"" and HIV+ Ethiopians. 

Ass shown in fig. 1h, a significantly increased log10 viral RNA copy number 
wass detected in the Ethiopians who developed AIDS (median 3.949 [1.903-
5.122]] log10 RNA molecules/ml plasma) compared to the HIV-1-infected 
asymptomaticc Ethiopians (median 3.421 [1.903-4.384] log10 RNA molecules/ml 
plasma). . 

AssociationAssociation  of  soiubfe  markers  with  each other  and with  ceil  surface 
activationactivation  markers 

Wee investigated correlations of soluble markers with proportions of na'r've 
andd activated T-cell subsets. Table 1 indicates that the plasma levels of sTNFR-
II,, sCD27, p2m, IL-12 and IgG were inversely correlated with the number of CD4+ 

TT cells of the 3 groups, with proportions of naive CD8+ T cells and with 
proportionss of CD8+ cells expressing CD28. However, plasma levels of these 
solublee molecules were positively correlated with proportions of activated CD4* 
andd CD8*Tcells. 

HIV-11 RNA load in plasma showed a tendency to negatively correlate 
withh the number of CD4* T cells. It showed also a moderate but positive 
correlationn with proportions of activated CD4* and CD8* T-cells. We performed 
regressionn analyses to estimate the association of each of the soluble immune 
markerss with the number of CD4* T cells and plasma viral load in the HlV-1-
infectedd individuals (HIV* and AIDS) (Tables 2 and 3, respectively). Univariate 
analysiss showed a significant association for sTNFR-ll, sCD27, and p2m with 
CD4++ T cells but plasma viral load was only significantly associated with 
sTNFR-ll.. Multivariate analysis revealed that sCD27 was the best independent 
markerr for decrease in CD4* T-cell count. However, plasma viral load was not 
associatedd with any of the soluble markers in multivariate analysis. Spearmans 
correlationn coefficients were also calculated to determine the association of the 
solublee markers with each other. Significant positive correlations were 
observedd when plasma levels of sTNFR-ll, p2m, sCD27, IL-12 and IgG were 
correlatedd to each other (Table 4). 
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Tablee 1: Spearman correlation coefficients (and p values) of comparisons 
betweenn soluble markers, log10 viral loads (HIV+ and AIDS groups, n=71) and 
variouss T-cell subsets (HIV-, HIV* and AIDS groups, n=123). 

T-celll subsets 

Numberr of CD4*T cells 

%% CD8+CD28+ 

%% Activated CD4+ T cells 

%% Activated CD8+ T cells 

%% Naive CD4+ T cells 

%% Naive CD8+T cells 

Virall load 

-0.25 5 
(0.03) ) 
-0.09 9 
(NS) ) 
0.34 4 
(0.004) ) 
0.31 1 
(0.01) ) 
-0.23 3 
(0.05) ) 
-0.29 9 
(0.01) ) 

sTNFR-ll l 

-0.53 3 
(O.001) ) 
-0.40 0 
(<0.001) ) 
0.48 8 
(<0.001) ) 
0.46 6 
(<0.001) ) 
-0.08 8 
(NS) ) 
-0.39 9 
(<0.01) ) 

SCD27 7 

-0.64 4 
(<0.001) ) 
-0.40 0 
(<0.001) ) 
0.69 9 
(O.001) ) 
0.69 9 
(<0.001) ) 
-0.10 0 
(NS) ) 

-0.54 4 
(<0.001) ) 

p2m m 

-0.66 6 
(O.001) ) 
-0.44 4 
(<0.001) ) 
0.73 3 
(<0.001) ) 
0.73 3 
(<0.001) ) 
-0.06 6 
(NS) ) 
-0.44 4 
(<0.01) ) 

IL-12 2 

-0.59 9 
(<0.001) ) 
-0.33 3 
(<0.01) ) 
0.69 9 
(<0.001) ) 
0.70 0 
(<0.001) ) 
-0.003 3 
(NS) ) 
-0.43 3 
(<0.01) ) 

IgG G 

-0.53 3 
(<0.001) ) 
-0.31 1 
(<0.01) ) 
0.66 6 
(<0.001) ) 
0.63 3 
(<0.001) ) 
-0.09 9 
(NS) ) 
-0.33 3 
(<0.01) ) 

Tablee 2: Univariate and multivariate regression analyses of soluble immune 
markerss and CD4* T-cell counts in -infected Ethiopians (HIV* and AIDS groups). 

Markers s 

igE E 

igG G 

igA A 

p2m m 

SCD27 7 

sTNFR-ll l 

IL-12 2 

Coeff. . 

0.008 8 

0.17 7 

-17.0 0 

-21.8 8 

-0.40 0 

-8.7 7 

-0.16 6 

Univariate e 

95%% CI 

-0.003-0.02 2 

-4.0-4.4 4 

-46.0-11.8 8 

^0.2-3.4 4 

-0.62-0.18 8 

-14.1-3.2 2 

-0.53-0.20 0 

PP value 

NS S 

NS S 

NS S 

0.02 2 

0.001 1 

0.002 2 

NS S 

Coeff. . 

0.004 4 

-6.5 5 

-29.0 0 

15.6 6 

-0.42 2 

-5.5 5 

0.22 2 

Multivariate e 

95%% CI 

-0.008-0.01 1 

-13.8-0.7 7 

-73.6-15.4 4 

-18.4-49.8 8 

-0.81-0.03 3 

-13.3-2.3 3 

-0.20-0.66 6 

PP value 

NS S 

0.07 7 

NS S 

NS S 

0.03 3 

NS S 

NS S 
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Tablee 3: Univariate and multivariate regression analyses of soluble immune 
markerss and log10 viral loads in HIV infected Ethiopians (HIV+ and AIDS groups). 

Markerss Univariate Multivariate 

igE E 

igG G 

igA A 

p2m m 

SCD27 7 

STNFR-ll l 

IL-12 2 

Coeff. . 

0.00001 1 

0.0005 5 

0.019 9 

0.048 8 

0.001 1 

0.033 3 

0.002 2 

95%% CI 

-0.00001-0.00007 7 

-0.024-0.025 5 

-0.143-0.182 2 

-0.056-0.154 4 

-0.0001-0.002 2 

0.002-0.065 5 

0.00006-0.004 4 

PP value 

NS S 

NS S 

NS S 

NS S 

0.07 7 

0.03 3 

NS S 

Coeff. . 

0.020 0 

0.00003 3 

0.095 5 

-0.029 9 

0.0002 2 

0.031 1 

0.001 1 

95%% CI 

-0.023-0.065 5 

-0.00004-0.0001 1 

-0.176-0.368 8 

-0.237-0.178 8 

-0.002-0.002 2 

-0.015-0.078 8 

-0.001-0.003 3 

PP value 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

Tablee 4: Spearman correlation coefficients (and p values) of comparisons 
amongstt soluble markers (HIV, HIV* and AIDS groups, n=123) and log10 viral 
loadss (HiV+ and AIDS groups, n=71). 

sTNFR-ll l 
sCD27 7 

[i2m m 
IL-12 2 

SCD27 7 

0.79(<0.001) ) 
(52m m 
0.58(<0.001) ) 
0.80(0.001) ) 

IL-12 2 

0.55(0.001) ) 
0.67(0.001) ) 
0.72(0.001) ) 

igG G 

0.23(NS) ) 
0.55(0.001) ) 
0.70(0.001) ) 

0.63(0.001) ) 

virall load 

0.42(0.001) ) 
0.31(0.02) ) 
0.06(NS) ) 

0.30(0.02) ) 

Discussio n n 

inn Africa H1V-1 infection is spreading fast and has become one of the 
majorr causes of mortality (12,13). In Ethiopia the epidemic started relatively late, 
thee first HiV-1-positive sera being detected in 1984 and the first AIDS patients 
reportedd in 1986 (14). However, since then the HIV-1/AIDS epidemic has spread 
too the entire country to reach a prevalence ranging 7-20% in the 15-50 year age 
groupss in the urban areas by 1998 (15). The circulating subtype is C (16), which 
hass been estimated to be the most prevalent (>48%) amongst HIV-1-infected 
individualss in the world (17). 

Severall studies have reported the accelerated progression to AIDS in HIV-
1-infectedd Africans (6,7). Furthermore, recent reports more specifically pointed 
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towardss a possible more rapid HIV-1 disease progression in African women 
infectedd with subtype C viruses (18). Other reports did not detect a difference in 
HIV-11 disease progression when comparing HIV-1 subtype C- infected Ethiopians 
too HIV-1 subtype B-infected Caucasians in the same environment of the 
industrializedd world (19). 

Inn order to address the controversial issue of HIV-1 disease progression in 
Africans,, surrogate markers need to be defined, which have prospective value in 
thiss context. Relatively little is known about surrogate markers in Africa (8,20-22). 
Alteredd disease progression might be partly explained by pre-existent immune 
activation,, as a result of highly prevalent infectious- as well as parasitic diseases, 
includingg helminth infections (23-25) and also by absence of certain nutritional 
factorss (26). 

Wee previously have described several T-cell subset markers that could be 
off prognostic value for HIV-1 disease progression in Ethiopians. However, in 
manyy African laboratory settings expensive equipment and technical expertise 
requiredd for flowcytometric analyses are not available. Therefore, there is a need 
forr evaluation of markers, which can be measured using relatively cheap and 
easyy methods. Several soluble laboratory markers, which are easily detectable in 
serum,, have been shown to have a strong predictive value for HIV disease 
progressionn in other populations. Some of them were indicated to be as good as 
orr sometimes even more accurate than numbers of CD4+ T cells as prognostic 
factorss for the occurrence of AIDS (27-32). In this study, we assessed the 
plasmaa levels of soluble immune markers in HIV-1-infected and non-infected 
Ethiopianss and we also investigated the association of these markers with 
proportionss of various T-cell populations. 

SolubleSoluble  markers  progressively  increasing  with  HIV status 

Thee levels of sCD27 in plasma showed a progressive increase in HIV-1-
infectedd Ethiopians. Membrane-bound CD27 is expressed and released in a 
solublee CD27 form by activation of predominantly T cells (33). Although sCD27 is 
alsoo present in biological fluids of healthy individuals, highly increased levels of 
sCD277 are detected in serum and urine of CMV patients, in cerebrospinal fluid of 
multiplee sclerosis patients and also in serum and synovial fluid of patients 
sufferingg from rheumatoid arthritis (34,35). The strong association of sCD27 
levelss with the decline of the number of CD4+ T cells indicates that it could also 
bee used as prognostic marker of HIV disease progression in addition to its 
previouslyy described potential as disease progression marker in systemic lupus 
erythrematosuss (SLE) and B-cell leukemia (36,37). 

Thee progressive increase of plasma p2m when comparing the Ethiopian 
HIV',, HIV* and AIDS groups, is in accordance with literature, where p2m is 
describedd as a useful prognostic marker for HIV-1 infection in Africa (20,21). p2m 
functionss as the light chain of class-l histocompatibility molecules (38). It is shed 
fromm the cell membrane during the continuous turnover of HLA molecules and 
serumm and urine concentration are increased in various states of immune 
activationn (39). 

IL-122 has been described as a Th1 driver cytokine (40,41). In HIV-1 
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infectionn a shift from Th1 to Th2 cytokine production has been indicated and a 
rolee for IL-12 in disease progression has been postulated. Surprisingly, in our 
study,, the level of IL-12 in plasma was significantly and progressively increased 
inn HIV-1-infected Ethiopians compared to the HIV-1-negative group of Ethiopians. 
Thiss is not in support of IL-12 mediating the postulated Th1 to Th2 shift (42). 

Similarr to what has been reported by Bentwich et al. (43), we observed 
highlyy elevated plasma IgE levels in HIV- negative Ethiopians, compared to HIV-
1-negativee Dutch subjects (data not shown). In HIV-1 -infected Ethiopians the 
plasmaa concentration of IgE was found to be again higher than in HIV-1-negative 
subjects.. This increase could be explained by the previously described 
associationn of elevated IgE levels in plasma with T-cell dysregulation and the high 
prevalencee of opportunistic infections in patients with AIDS (44). Also, the 
nutritionall status of people at the early stages of HIV-1 infection could play a role 
heree (45). Although, we observed an increase of IgE in the HIV-1-infected 
Ethiopians,, there was no correlation between numbers of CD4+ T cells and levels 
off IgE or IgA in plasma. Thus, the increase of IgE and IgA levels is most likely 
thee result of polyclonal activation of B-cells during HIV-1 infection independent 
fromm numbers of CD4* T cells in the blood. However, the level of IgG, which was 
foundd to be increased in HIV-1- infected Ethiopians, was inversely correlated with 
thee number of CD4+ T cells and positively correlated with the other soluble 
immunee markers. 

Thee plasma concentration of sTNFR-ll was significantly increased in the 
Ethiopianss with AIDS compared to the HIV* and HIV- groups. The ligand for 
TNFRII,, TNFa has been strongly implicated in the pathogenesis of HIV infection 
(46).. The levels of TNFa in HIV-1-infected Ethiopians are much higher than in 
HIV-1-infectedd Caucasians and these levels further increase upon the 
developmentt of AIDS (47). Over-expression of TNFa mRNA and spontaneous 
secretionn of high levels of TN-a in culture were observed in PBMCs isolated from 
AIDSS patients (5,48). However, TNF-a is rapidly cleared from the circulation and 
itt is therefore frequently undetectable (49). In contrast to TNF-a, soluble TNFRs 
aree very stable. Soluble TNFRs which are shed from neutrophils, activated T 
cellss and monocytes as a result of higher level of TNF-a have been postulated to 
servee as binding proteins for transportation of TNF-a and for stabilization and 
prolongationn of its bioacitvity. A strong correlation between levels of sTNFR-ll 
andd TNF-a was shown (5). Although an elevated concentration of sTNFR-ll is 
nott specific for HIV-1 infection and is observed in many different disease 
processes,, such as sepsis, malignancies and autoimmune disorders, the 
increasee of sTNFR, especially of type II in serum, has been found to be a strong 
indicatorr of progression to AIDS in non-African populations [4,28], The significant 
increasee of sTNFR-ll in the Ethiopians with AIDS may not only reflect immune 
activationn but may also have pathophysiological significance related to the higher 
occurrencee of opportunistic infections in this group. 

Thee soluble immune markers we tested were significantly correlated with 
eachh other. Furthermore, we observed significant inverse correlations with the 
numberr of CD4+ T cells, with proportions of naïve CD8* T cells and with 
proportionss of CD8* T cells expressing CD28. Also, a positive correlation was 
observedd between soluble markers and proportions of CD4+ and CD8+ T ceils 
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expressingg CD38 and HLA-DR. Although some of the soluble markers are not 
specificc for HIV infection, the observed associations between soluble markers 
andd T-cell subsets may suggest that they all reflect the immunologic response to 
HIVV infection. However, plasma viral load showed only a tendency to be 
correlatedd positively with activated and negatively with naive CD4+ and CD8* T 
cells.. A moderate positive correlation was also observed between viral load and 
sTNFR-lll as well as sCD27. The low correlation of viral load with soluble and 
cellularr markers observed in this study may indicate that HIV viremia is not 
centrall to immune activation and HIV disease progression in Ethiopians. 

Ourr results indicate that measurements of soluble immune markers in 
freshh or stored plasma, which are relatively easy to perform, could be good 
alternativess to quantification of T-cell subsets when flowcytometry is not 
available.. Although sTNFR-ll, sCD27 and p2m were negatively associated with 
thee number of CD4* T cells in univariate analysis, sCD27 showed the best 
independentt association with CD4* T-cell count in multivatiate analysis. Thus, 
seriall measurement of this marker in prospective studies may give useful 
prognosticc information for HIV disease progression in Ethiopians. 

Inn conclusion, the present study is meant to provide information as to 
whichh potential immune soluble markers (in addition to the T-cell subsets that we 
previouslyy described) are useful in predicting HIV disease course in Ethiopians. 
Thee results of this study will help to select soluble markers that could be 
candidatess for predicting HIV disease progression in an Ethiopian context, but 
whichh subsequently should be validated in a prospective studies. 
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Abstrac t t 

Hostt factors such as increased p-chemokine production, HIV-1 co-
receptorr expression level and HIV-1 co-receptor polymorphism have been 
thoughtt to influence susceptibility to HIV-1 infection. To determine the 
protectivee role of these factors in Ethiopians who remained HIV-1- uninfected, 
despitee multiple high-risk sexual exposures, 21 Ethiopian women were studied, 
whoo had been employed as commercial sex workers (CSW) for five or more 
years.. The HIV-1- resistant CSW were compared to iow-risk age-matched 
femalee controls who had a comparable CD4 percentage and mean 
fluorescencee intensity (MFl). Genetic polymorphism in the CCR5, CCR2b or 
SDF-11 genes appeared to be not associated with resistance in the Ethiopian 
CSW,, Expression levels of CCR5 and CXCR4 on naïve, memory and total 
CD4** T cells tended to be higher in the resistant CSW, while the production of 
fc-chemokinesfc-chemokines RANTES, MIP1-a and MIP1-fi by phytohemagglutinin (PHA)-
stimulatedd peripheral blood mononuclear cells (PBMC) was lower compared to 
low-riskk HIV-1-negative controls. In-vitro susceptibility of PHA-stimulated 
PBMCC to primary, CCR5-restricted, Ethiopian HIV-1 isolates was comparable 
betweenn resistant CSW and low-risk controls. In-vitro susceptibility was 
positivelyy correlated to CD4 mean fluorescence intensity and negatively 
correlatedd to CCR5 expression levels, suggesting that infection of PBMC was 
primarilyy dependent on expression levels of CD4 and that CCR5 expression, 
abovee a certain threshold, did not further increase susceptibility. 

Ourr results show that co-receptor polymorphism, co-receptor 
expressionn levels, fi-chemokine production and cellular resistance to in-vitro 
HIV-11 infection are not associated to protection in high-risk HIV-1-negative 
Ethiopiann CSW. 
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Introductio n n 

Thee identification of individuals who remain HIV-1-uninfected despite 
high-riskk exposures has suggested that host factors might contribute to 
resistancee for HIV-1 infection1"12. 

First,, although it is not absolute13,14, a homozygous 32bp deletion (A32) 
inn the gene encoding CCR5, the co-receptor for macrophage tropic (M-tropic) 
HIV-11 isolates15"17 has been found to be associated with HIV-1 resistance in 
Caucasiann individuals5,18"20. Furthermore, individuals with a heterozygous 
genotypee are reported to exhibit slow disease progression2122. The allelic 
frequencyy of this deletion is very low in Africa23, Second, reduced in-vitro HIV-1 
susceptibilityy of CD4+ T cells of exposed but uninfected individuals was found to 
bee associated with low surface expression of CCR5 on CD4+ T cells and high 
productionn of the fi-chemokines RANTES, MIP1-a and MIP1-&46. In addition to 
thesee host factors, there are others, such as certain HLA alleles2425, the 
presencee of HIV-1-specific cytotoxic T-cell 826~28, and HIV-1-specific mucosal 
IgA799 that have been suggested as protective mechanisms against HIV-1 
infection. . 

Inn Ethiopia the HIV-1 epidemic started relatively late, the first HIV-1-
positivee sera being detected in 198429. Since then, the epidemic has been 
spreadingg fast and by 1998 it had reached a prevalence ranging between 7-
20%% in the 15-49 years age group in urban populations 30,31. Surveys 
conductedd between 1994 and 1998 in Addis Ababa, the capital of Ethiopia, 
showedd that the HIV-1 prevalence among commercial sex workers (CSW) was 
45%% in 1994 and has reached up to 74% in 199831. This increase in prevalence 
iss an indication that there is a continuous exposure to HIV-1 among CSW and 
thatt the epidemic is gradually spreading in this risk group. Therefore, 
individualss who work as CSW for a long time period are potentially at high risk 
forr acquisition of an HIV-1 infection. Hence, sex workers, who were still HIV-1-
uninfectedd in 1998 despite many years of sex work, may represent one of the 
mostt appropriate groups to study whether there are biological factors conferring 
resistancee to HIV-1 infection in the Ethiopian population. 

Inn this study, we investigated individuals who remained HIV-1-negative 
despitee their work as CSW for five or more years. The in-vitro susceptibility of 
theirr PBMC by primary HIV-1 isolates from HIV-1-positive CSW residing in the 
samee area was assessed and gene polymorphisms and expression levels of 
HIV-11 co-receptors as well as in-vitro (i-chemokine production were determined. 

Material ss  and Method s 

Subjects Subjects 

Thee high-risk HIV-1-negative group consisted of 21 female CSW living in 
Addiss Ababa who reported to have been working as CSW for five or more 
years.. For controls, 6 age- matched, low-risk HIV-1-negative females, 



Inn vitr o susceptibilit y in resistan t sex worker s 67 

participatingg in the Ethio-Netherlands AIDS Research Program (ENARP) Akaki 
cohortt studies, were enrolled. The low-risk women reported to be either 
engagedd in a monogamous relation or never to have had sexual contacts. 
Theree was no history of sexually transmitted diseases (STD) with these women. 
Alll study subjects gave their informed consent to participate in the study. 
Ethicall clearance for the study was obtained from both EHNRI and National 
Ethicall Clearance Committees. 

HIV-1HIV-1 serology 

HIV-11 testing was performed using a combination of a rapid assay (HIV-
SPOT,, Gene-labs Diagnostics, Singapore) and an ELISA (Vironostika HIV Uni
formm plus O, Organon Teknika, Boxtel, The Netherlands). 

SyphilisSyphilis  serology 

Syphiliss serology was performed by Treponema pallidum particle 
agglutinationn assay {TPPA, Serodia-TPPA, Fujirebio, Japan) and rapid plasma 
reaginn assay {RPR-nosticon II, Organon Teknika, Boxtel, The Netherlands), 
accordingg to the manufacturer's instructions. 

PeripheralPeripheral  blood  mononuclear  cells  (PBMC) isolation 

PBMCC were isolated from venous blood collected in EDTA vacutainers 
byy density gradient centrifugation on Ficoll-Hypaque and were viable frozen in 
liquidd nitrogen until shipment on dry ice to the CLB, The Netherlands for further 
analysis. . 

VirusVirus  isolation  and characterization 

Viruss clones were isolated from PBMC of 6 HIV-1-positive CSW by co-
cultivationn with healthy donor PBMC under limiting diluting conditions, as 
describedd previously32. Briefly, donor PBMC, which were pre-stimulated for 3 
dayss with W V PHA were co-cultivated with increased numbers of PBMC from 
HIV"11 + CSW in 96-well micro-titration plates (range 5000-20000 cells/co-
culture).. The presence of HIV-1 P24 antigen in each micro culture supernatant 
wass tested every week using an in-house P24 antigen capture enzyme-linked 
immunosorbentt assay33. At the same time 1/3 of the culture was transferred to 
neww 96-well plates and mixed with fresh donor PBMC, which were pre-
stimulatedd as above for further propagation until biological virus clones were 
obtained.. Virus stocks were grown on PHA-PBMC from the P24-positive welts 
andd stored at C until use. MT2 assay was used to determine the 
syncytium-inducingg phenotype of the viral isolates34. Co-receptor usage of the 
biologicall virus clones was deter-mined on human astroglioma U87 cell lines, 
expressingg CD4 and either CCR5, or CXCR4, or CCR3, as described 



688 Chapte r 5 

previously35.. Briefly, 2x104 cells of the various U87 cell lines were seeded in 
96-welll plates and inoculation with 103 50% Tissue culture infectious dose 
(TCIDgo)) of each biological clone was done after 24 hours. The inoculated cells 
weree incubated for another 24 hours and then washed with phosphate-buffered 
salinee (PBS) and 200 |̂ l of fresh medium was added. At day 7, the cells were 
detachedd by trypsinization and transferred to 24-well plates. P24 production 
wass measured in culture supernatant sampled at days 7, 14 and 21, 
respectively.. The viral clones were also used to infect PBMC from individuals 
withh wild type and homozygous CCR5A32 genotype, to analyze co-receptor 
usagee on primary cells. 

DeterminationDetermination  of  sensitivity  of  the viral  isolates  to  fi-chemokines: 
RANTES,RANTES, MlPi-a  and MIP1-/J 

Donorr PBMC, pre-stimulated for 3 days with PHA, were incubated with 
seriall dilutions of RANTES, MIP1-a and MIP1-p, ranging from 15.625 ng/ml to 
2500 ng/ml, in 96-well plates for 3 hours at . Cells were then inoculated with 
5-- and 25-fotd dilutions of 103TCIDS0 of 4 NSI biological clones from HIVT 
CSW,, 1 NSI isolate from an Ethiopian AIDS patient (PHD50) and 1 NSI isolate 
fromm a Dutch subject (Dutch NSI). P24 production was followed over 14 days. 
PHA-- stimulated PBMC that had not been incubated with chemokines but that 
weree inoculated with the different HlV-1 variants provided reference values for 
maximumm virus production. 

MeasurementMeasurement  of  p-chemokine  production  by  PHA-stimulated PBMC 

Cryopreservedd PBMC from CSW and controls were cultured in 24-well 
platess at a concentration of 1x106 cells/ml in the presence of PHA for 3 days. 
Subsequently,, culture supernatant from each culture was sampled and stored 
att C until analysis. The production of RANTES, MIP1-a and MIP1-p in the 
culturee supernatant was determined using commercial ELISA kits, according to 
thee instructions of the manufacturer (R&D Systems. Abingdon, UK). 

MeasurementMeasurement  ofCCRS and CXCR4 expression 

Quantificationn of CD4+ T cells and their naive (CD45RA+) and memory 
(CD45RO+)) subsets expressing CCR5 and CXCR4 was performed by three 
colorr flowcytometry, either on whole blood or on isolated PBMC, using 
combinationss of PerCP-conjugated CD4 monoclonal antibodies (MoAb) with 
FITC-conjugatedd CD45RA or CD45RO MoAb and PE-conjugated CCR5 (2D7) 
orr CXCR4 (12G5) MoAb. MoAb antibodies used to distinguish CCR5 and 
CXCR44 were purchased from Pharmingen (La Jolla, CA, USA). All other MoAb 
weree purchased from Becton Dickinson (San Jose, CA, USA). The stained 
sampless were analyzed the same day using a FACScan flowcytometer with the 
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Cellquestt software. A live gate was set around the CD4+ T cells in order to 
acquiree a minimum of 1500 CD4+ T cells for analysis. 

Co-receptorCo-receptor  polymorphism  analysis 

Genomicc DNA was isolated from cryopreserved PBMC (Qiagen Blood 
Kit,, Westburg, Germany). CCR5 32 hetero-or homozygosity was analyzed by 
polymerasee chain reaction (PCR) using primers flanking the A32 deletion in the 
CCR55 gene36. CCR2b 64I and SDF-1 3'A genotyping was performed as 
describedd previously, using BsaBI and Mspl RFLP-PCR analysis 
respectively37,30. . 

In-vitroIn-vitro  susceptibility  testing  of  PBMC 

Cryopreservedd PBMC from CSW and controls were thawed and 
stimulatedd with PHA for 3 days. Susceptibility of CSW and control PBMC to 4 
virusess isolated from HIV-1-infected CSW was determined by titration and 
measurementt of P24 production over a 2 weeks time period. The difference in 
viruss titer expressed as 50% tissue culture infectious dose (TCID^) per milliliter 
off supernatant was used as a measure of in-vitro susceptibility. 

StatisticalStatistical  analysis 

Statisticall analyses were performed using the STATA program (Stata 
corporation,, Texas, USA). Biological factors and susceptibility were compared 
betweenn two groups using non-parametric methods (Mann-Whitney U test). 
Spearmann correlation coefficients (r) were used to describe correlations between 
continuouss variables. Mutation frequencies for HIV-1 co-receptors were 
comparedd between two groups by Fisher exact test. 

Result s s 

AA total of 372 CSW reporting at two Health Centers in Addis Ababa in 
19988 were tested for HIV-1 antibodies and 275 (74%) appeared to be HIV-1 -
positive.. The blood donation was linked to a questionnaire but not to the study 
subjects.. Out of the 97 HIV-1-negative CSW, 21 subjects were selected who 
reportedlyy worked as CSW for 5-25 years. Table 1 showss some characteristics 
off the study subjects, in comparison with 6 age-matched women of low-risk 
behavior,, as controls. As can be seen, the CD4 T-cell percentages and CD4 
expressionn levels were comparable between the two groups. More than half of 
thee HIV-1-negative CSW showed positive syphilis serology, in contrast to 0% of 
thee control group. 
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Tablee 1. Characteristics of study subjects (CSW and controls) 

Agee (years) 

Periodd of CSW employment 
(years) ) 
Syphiliss positive 
CD4++ T-cell % 
MFII of CD4+T cells 

CSWW (n=21) 
333 (25-45)a 

144 (5-25) 

52% % 
399 (24-50) 

107(74-160) ) 

Controlss (n=6) 
322 (25-35) 

0 0 

0% % 
40(11-47) ) 

1111 (101-127) 

'Valuess represent median and 95% range. 

CharacterizationCharacterization  of  HIV-1 isolates  from  CSW 

First,, 4 primary HIV-1 isolates were derived from 3 different HIV-1-
positivee CSW from the same study area as the HIV-1-negative CSW. Co-
receptorr usage of these primary HIV-1 isolates was determined on U87 cell 
liness and on PBMC from individuals with CCR5 wild type and CCR5 A32/A32 
genotype.. As shown in Table 2, the 4 isolates used exclusively CCR5 as a co-
receptor.. Sequence analysis of the isolates revealed that they all belong to 
subtypee C virus (data not shown). 

Tablee 2. Co-receptor use of the HIV-1 biological clones isolated from HIV1 
CSW. . 

Isolate e 
50.2A3 3 
44.1E7 7 
6.2D4 4 
6.1B1 1 

PBMC C 
CCR55 WT CCR5 A32/A32 

+ + 
+ + 
+ + 
+ + 

U87-CD44 co-expressing 
CCR33 CXCR4 CCR5 

+ + 
+ + 
+ + 
+ + 

fi-chemokinefi-chemokine  sensitivity  ofHIV~1 isolates 

Betaa chemokine sensitivity of the isolates was tested in the presence of 
eachh of the p-chemokines RANTES, MIP1-a and MIP1-p at concentrations 
rangingg from 15.625 to 250 ng/ml in PHA-pre-stimulated PBMC. As measured 
byy P24 production, all 4 isolates were sensitive to all 3 |3-chemokines and there 
wass no significant variation in the sensitivity of the different isolates to the any 
off the p-chemokines (Fig. 1A-C). Fifty percent inhibition was evident at a 
concentrationn of 32.25ng/ml for RANTES and MIP1-a against all the Ethiopian 
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isolates.. For MIP1-p, the 50% inhibition concentration was two times higher 
(62.55 ng/ml). However, the Dutch NSI control virus isolate appeared less 
sensitivee in comparison, especially to MIP1-(3 (Fig. 1A-C). When cultured in the 
absencee of p-chemokines, all of the isolates showed the same growth kinetics 
overr 14 days (Fig. 2A-C). In addition, although lower level P24 production was 
observedd in the presence of 125 ng RANTES, MIP1-a or MIP1-p growth 
kineticss were still comparable (Fig. 2A-C). 

-0-6.1B1 1 
-A-50.2A3 3 
-•-6.2D4 4 
-B-44.1E7 7 
-•-PHD50.A3 3 
-A-Dutchh NSI 

15.66 31.2 62.5 125 250 

RANTES S 

15.66 31.2 62.5 125 250 

MIP1-alphaa ng/ml 

15.66 31.2 62.5 125 250 

MIP1-beta a 

Fig .. 1. Dose-dependent inhibition of in-vitro replication of 5 Ethiopian (4 from 
H I V rr CSW, 6.1 B1, 6.2D4, 50.2A3, 44.1 E7; 1 from AIDS patient, PHD50.A3 ) 
andd 1 Dutch (Dutch NSI) HIV-1 biological clones by A) RANTES, B) MIP1-a 
andd C) MIP1-p. PBMC were infected in the presence of p-chemokines at a 
concentrationn ranging from 15.625 ng/ml to 250 ng/ml as described in Materials 
andd Methods. P24 production, as a measure of HIV-1 replication, was deter
minedd at seven days post infection. 

B B 
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p p 
244 i o o • 
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RANTESS 125 

UjUj  f 
^ ^ 
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"—^» » 

Dayss post infect ion 

MIP1-alphaa 125 MIP1-betaa 125 ng/ml 
- ^ - 6 . 1 B 1 1 
-*•• 6.1B1 cont 

- • - 6 . 2 D 4 4 
•*•• 6.2D4cont 

-A-50.2A3 3 
AA 50.2A3 cont 

-B-44.1E7 7 
O"" 44.1 E7 cont 

- • -PHD50.A3 3 
"•-- PHD50.A3cont 

- * -- Dutch NSI 
A -- Dutch NSI cont 

Dayss post infect ion Dayss post infect ion 

Fig .. 2. Growth kinetics of the 4 HIV-1 biological clones isolated from HIV'1 + 

CSWW and 2 other biological clones (one Ethiopian and one Dutch NSI) in the 
presencee or absence of p-chemokines over a 14 days period. PBMC were 
infectedd in the absence (dotted lines) or presence (solid lines) of 125 ng/ml of 
A)) RANTES B) MIP-1a and C) MIP1-p. 
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Co-receptorCo-receptor  mutation  analysis 

SamplesSamples from all study participants were analyzed for the presence of 
thee 32 bp deletion in CCR5, the CCR2b 641 genotype and the 3'A SDF-1 
mutation.. All high-risk HIV-1-negative CSW tested (n=16) had a CCR5 wild 
typee genotype. However, mutations were detected for the other co-receptor 
genes:: 37.5% heterozygosity and 12.5% homozygosity for CCR2b 64I, 43.7% 
heterozygosityy and 12.5% homozygosity for 3'A SDF-1. Since the control 
groupp was very small, the frequencies of the mutations observed were 
comparedd to the frequencies found in HIV-1- negative participants of the 
ENARPP Akaki and Wonji cohort sites (CCR2b (n=106) heterozygous: 31%, 
homozygous:: 7%; 3'A SDF-1 (n=111) heterozygous: 29%, homozygous: 6% 
(Rinkee de Wit et a/., submitted for publication)). The distribution of the mutation 
frequenciess was not significantly different between the two groups. 

(5-chemokine(5-chemokine  production 

RANTES,, MIP1-a and MIP1-(5 production was measured in PBMC from 
CSWW and control s after 3 days stimulation with PHA. Only for RANTES a 
significantlyy higher production was measured in the control women versus the 
HIV-1-negativee CSW. A tendency could be seen for higher production of MIP1-
aa and MIP1-p in the control women compared to the CSW (Fig. 3). 

50 0 

40 0 

30 0 

/mm 20 

10 0 

MIP1-alphaa MIP1-beta RANTES 

Fig .. 3. Box plots of RANTES, MIP1-a and MIP1-(3 production by 3 days PHA-
stimulatedd PBMC from CSW (solid boxes) and controls (open boxes). The 
boxess correspond to 50 percentiles and horizontal bars within these boxes 
indicatee the median. 95% percentile values are indicated by the bars. ** p<0.05 
byy Mann-Whitney U test. 

•• CSW 
OO CONTROL 

Ï Ï . = = 
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SurfaceSurface  expression  levels  ofCCRS and CXCR4 

Threee color FACS analysis was performed on fresh, unstimulated PBMC 
fromm CSW and controls to determine CCR5 and CXCR4 expression levels on 
naivee and memory CD4+ T cells. Table 3 shows that the percentage of memory 
(CD45RO+)) CD4+ T cells expressing CCR5 was significantly higher in the CSW 
comparedd to the controls. Also, both the proportion and MFI of CXCR4-
expressingg naive (CD45RA*) CD4+ T cells and total CD4* T cells were 
significantlyy higher in the CSW than in the controls. Finally, the MFI of CXCR4-
expressingg memory CD4+ T cells was significantly higher in CSW. There were 
noo significant differences in the proportions and MFI of CCR5-positive na't've 
CD4++ T cells and total CD4+ T cells between the two groups. 

Tablee 3. Co-receptor expression levels on naive and memory CD4+ T cells of 
HIV-1-negativee CSW and controls. 

Co-receptor// T-cell 
subset t 

CCR5 5 
Naivee (CD45RA+) 

Memoryy (CD45RO*) 

Totall CD4+ 

CXCR4 4 
Naïvee (CD45RA*) 

Memoryy (CD45RO+) 

Totall CD4+ 

CSW(n=21) ) 

% % 

10(4-34) ) 

300 (19-83)* 

288 (14-50) 

844 (52-96)* 

744 (43-94) 

99(83-100)* * 

MFI I 

588 (26-412) 

54(29-108) ) 

522 (32-96) 

184(88-370)* * 

1999 (80-500)* 

158(61-357)* * 

Controlss (n = 6) 

% % 

7(1-13) ) 

255 (24-35) 

211 (16-39) 

700 (37-87) 

57(27-81) ) 

855 (46-98) 

MFI I 

55(34-81) ) 

58(49-114) ) 

54(41-57) ) 

108(87-156) ) 

110(59-145) ) 

85(63-121) ) 

** significantly higher compared to controls, p<0.05 by Mann-Whitney U test. 

In-vitroIn-vitro  susceptibility  of  PBMC from  high-risk  CSW compared  to  controls 

Thee 4 HIV-1 primary isolates were used to infect PBMC from CSW and 
controlss to test for in-vitro susceptibility. Figure 4A shows the IogTCID50/ml in 
thee PBMC from CSW and controls after 14 days of inoculation with the 4 HIV-1 
biologicall clones. For none of the four viruses tested, a significant difference 
inn titer was detected between CSW and controls, thus indicating a 
comparablee susceptibility to in-vitro HIV-1 infection. The amount of P24 
producedd after 14 days of infection is shown in Fig. 4B. Although there was no 
significantt difference in the P24 production level between the two groups, a 
tendencyy could be observed for a higher P24 production by higher in the control 
group. . 
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Fig .. 4. Susceptibilities of PBMC from CSW and control (cont) subjects to 
infectionn by the 4 HIV-1 biological clones expressed as A) log(TCID50/ml) and B) 
P244 production. Each dot represents PBMC from a single subject. Bars 
indicatee the means and the standard deviations. 

CorrelationCorrelation  of  fi-chemokine production  with  susceptibility 

Althoughh RANTES production after 3 days PHA stimulation was 
significantlyy higher in the control group than in the HIV-1-negative CSW, a 
possiblee resulting lower in-vitro susceptibility, as measured by log(TCID50/ml), 
wass not observed in this group. 
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Fig.. 5.Correlation of HIV-1 infection susceptibility, expressed as mean 
log(TCID50/ml),, with A) RANTES production, B) MIP1-a production, C) MIP1-p 
production,, D) MFI of CCR5 on CD4+ T cells and E) MFI of CD4 on T-cells, in 
CSWW (•) and Controls (o). Mean log(TCID50/ml) is the average of log(TCID50/ml) 
obtainedd for each of the 4 HIV-1 biological clones, ft-chemokine production was 
measuredd after 3 days of stimulation with PHA. 
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Wee have calculated Spearman correlation coefficients of production of 
individuall p-chemokines RANTES, MIP1-a and MIP1-P with susceptibility, as 
measuredd by mean logfTCIDso/ml), obtained for each of the four HIV-1 
biologicall clones. As shown in Fig. 5A, RANTES production levels appeared to 
bee positively correlated (r=0.45, p<0.05) with mean logfTCIDso/ml). The 
productionn levels of MIP1-a and MIP1-p were not correlated significantly (r= 
0.24,, p=ns and r=0.08, p=ns respectively) with mean logfTCIDso/ml) (Fig. 5B-C). 

CorrelationCorrelation  of  CCR5 and CD4 expression  levels  with  susceptibility 

Sincee the difference in the percentage of cells expressing CCR5 was not 
associatedd with difference in susceptibility between the two groups of CSW and 
controls,, it was tested whether there was a correlation of CCR5 expression 
levelss on CD4+ T cells, or of the MFI level of CD4 expression, with HIV-1 
susceptibility.. Fig. 5D demonstrates that the CCR5 expression level was found 
too be negatively correlated (r=-0.45, p<0.05) with mean logtTCIDso/ml), 
calculatedd as the average iogfTCIDso/ml) of the four HIV-1 biological clones 
tested.. In contrast, the level of expression of CD4 showed a significant positive 
correlationn (r=0.59, p=0.001) with mean log(TCID50/ml) (Fig. 5E). 

Discussio n n 

Thee existence of biological factors that influence susceptibility to HIV-1 
infectionn was studied in 21 HIV-1-negative high-risk Ethiopian CSW. These 
womenn were selected from a population of 372 CSW attending a STD clinic in 
Addiss Ababa, based on the absence of HIV-1- specific antibodies and a 
minimumm of 5 years employment as CSW. The overall HIV-1 antibody 
prevalencee in the CSW population was 74%. In addition, 52% of the women in 
thee HIV-1- negative CSW group were found to be positive for antibodies to 
syphilis,, indicating high-risk sexual behavior. Therefore, the presence of 
biologicall factors conferring resistance to the HIV-1-negative high-risk CSW 
couldd be anticipated. 

Comparingg the high-risk HIV-1-negative CSW with Ethiopian females 
withh low risk for HIV-1 infection, revealed no significant differences in in-vitro 
HIV-11 susceptibility, p-chemokine production and HIV-1 co-receptor expression 
levels.. This is in agreement with a report on Kenyan CSW, where no 
associationn was found between HIV-1 resistance and decreased cellular 
susceptibilityy or enhanced p-chemokine production39. Our data extend these 
findingss in some important aspects. In contrast to the Kenyan study, where 
laboratoryy adapted strains of HIV-1 were used to test in-vitro susceptibility of 
PBMC,, we used primary isolates from HIV-1- positive CSW residing and 
workingg in the same area as the HIV-1-negative CSW. 

Alll primary HIV-1 isolates had a non-syncytium-inducing phenotype, 
usedd CCR5 exclusively as a co-receptor and were sensitive to p-chemokines in 
vitro,vitro, indicating that the observed lack of association between susceptibility, 
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CCR55 expression and p-chemokine production could not be attributed to the 
phenotypee of the viruses. 

Increasedd p-chemokine production, which downregulates HIV-1 co-
receptors,, is among the host factors reported to be associated with resistance 
too HIV-1 infection 40,41. In contrast to what could have been expected, the HIV-
1-negativee high-risk CSW of our study showed a significantly lower RANTES 
productionn and a tendency for a lower production of MIP1-a and MIP1-& 
comparedd to control women. However, these observed differences in the 
productionn of p-chemokine were not associated with a difference in in-vitro 
susceptibilityy between the two groups. Thus, enhanced p-chemokine 
productionn levels did not reduce in-vitro susceptibility in our study population. 
Instead,, an overall positive correlation between RANTES production and 
susceptibilityy was found, when all subjects were analyzed together. An 
explanationn for this could be that higher production of RANTES upon PHA 
stimulationn is possibly a reflection of the presence of more activated cells in the 
CSW.. But also, the amount of RANTES produced was much lower than the 
concentrationn needed for significant inhibition of HIV-1. 

Expressionn levels of CCR5 and CXCR4 were determined not only on 
totall CD4* T cells but also on naïve (CD45RA+) and memory <CD45RO+) T-cell 
subsets.. High-risk HIV-1-negative CSW tended to have a higher CCR5 
expressionn in all subsets, although the difference was only significant for 
memoryy cells. The same trend was observed for CXCR4 expression. As was 
foundd for p-chemokine production, the differences in co-receptor expression 
weree not associated with differences in in-vitro susceptibility. The higher 
expressionn levels of CCR5 and CXCR4 in CSW compared to control women 
mightt be a reflection of increased immune activation due to recurrent infections 
associatedd to their high-risk behavior42,43. 

AA recent study by Pesenti et ai. on in-vitro susceptibility of macrophages 
implicatedd that a low concentration of CCR5 is sufficient for efficient HIV-1 
infection44.. The expression level of CD4 was suggested to be the primary factor 
forr susceptibility. Hence, CCR5 expression levels above a certain threshold 
wouldd not influence susceptibility. In concordance with their observation in 
macrophages,, we found a positive correlation between CD4 expression level 
andd in-vitro susceptibility of PBMC. This finding might explain the lack of 
associationn between p-chemokine production, co-receptor expression and in-
vitrovitro susceptibility. Surprisingly, in our study a negative correlation between 
CCR55 expression level on total CD4+ T cells and in-vitro susceptibility was 
seen.. This is in contrast to previous data where low CCR5 expression levels 
weree found to correlate with reduced in-vitro susceptibility64345. The high CCR5 
expressionn levels in vivo might not necessarily lead to high expression after in-
vitrovitro stimulation43. In fact, cells that have been already activated in vivo might 
bee less responsive to further in-vitro stimulation rendering them less susceptible 
too infection46,47. This would be in^agreement with our observation of higher 
CCR55 expression and lower capacity to produce p-chemokine in vitro in the 
CSWW group. It might also explain the overall negative correlation between 
CCR55 expression and in-vitro susceptibility as well as the positive correlation 
betweenn in-vitro p-chemokine production and susceptibility. 
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Inn addition to CCR5 gene polymorphism, the presence of the 641 
substitutionn in CCR2b and the 3'A genotype of SDF-1 were analyzed. As 
expectedd for an African study population, all our study subjects had a wild type 
genotypee for CCR5. In contrast, CCR2b and SDF-1 gene polymorphisms were 
presentt in the Ethiopian CSW. The frequency of these mutations in the high-
riskk HIV-1-negative CSW was comparable to what was found for other groups 
off Ethiopians (Rinke de Wit ef al., submitted). This suggests that 
polymorphismss in these genes are unlikely to play a role in HIV-1 infection 
susceptibilityy or resistance confirming previous reports38,48. 

Inn summary, our results show that co-receptor polymorphisms and 
expressionn levels, fl-chemokine production and cellular resistance to in-vitro 
HIV-11 infection are not associated with protection in high-risk HIV-1-negative 
Ethiopiann CSW. Although PBMC from CSW could be infected in vitro equally 
welll as PBMC from control women, higher proportions of controls produced 
higherr amounts of P24 compared to the CSW, indicating that post entry steps 
off the virus life cycle could be differentially regulated in these study groups. 
Severall host cellular factors that regulate viral transcription have been 
described4950.. The reduced production of P24 in the CSW compared to the 
controlss might point towards differences in such cellular factors that could 
influencee viral replication levels and thereby establishment of infection in vivo. 
Otherr host mechanisms like mucosal protective 79, HlV-1-specific cytotoxic T-
celll response82628, and HLA type2425 have been indicated to be associated with 
resistancee to HIV-1 infection. The role of these factors in the resistance of the 
high-riskk Ethiopian CSW remains to be investigated. 
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Abstrac t t 

AA cross-sectional study was conducted in HIV-1-infected and -non-
infectedd Ethiopian commercial sex workers (CSW) to determine expression 
levelss of CCR5 and CXCR4 and to study the association of CCR5 expression 
withh CCR2b polymorphism (CCR2b-64l). Expression of CCR5 was found to be 
upregulatedd in CD45RA+CD4+ and total CD4+ T cells of HIV-- infected subjects 
comparedd to the uninfected group, whereas the expression level of CXCR4 in 
CD45RO+CD4++ and total CD4+ T cells was reduced in the HIV-1-positive CSW. 
Thee overall frequency of the CCR2b-64l polymorphism was 55% in the CSW. 
Theree was no significant difference in the percentage of the CCR2b-64l 
genotypee between the HIV-1-infected (64.7%) and -non-infected (47.8%) 
subjects.. Remarkably, within the HIV-1-negative CSW a significantly reduced 
CCR55 expression on total CD4+ T cells was observed in individuals with 
CCR2b-64ll genotype compared to CCR2b wild type. This association was not 
presentt in HIV-1-infected CSW. Despite reduced CCR5 expression in vivo, in-
vitrovitro susceptibility and p24 production after infection with different HIV-1 
biologicall isolates were not different between HIV-1-negative CSW with CCR2b 
wild-typee and mutant genotype. The results of this study suggest that CCR2b-
64II might mediate its disease progression delaying effect by affecting CCR5 
expression. . 
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Severall chemokine receptors CCR5, CXCR4, CCR2 and CCR3 have been 
shownn to serve as co-receptors for HIV-1 entry into target cells. HIV-1 variants 
thatt are restricted to primary cells use CCR5, whereas T-cell line tropic viruses 
alternativelyy or additionally use CXCR41*3. CCR2b and CCR3 are used rarely4. 

Polymorphismss in the HIV-1 co-receptors genes have been associated 
withh altered cellular susceptibility and disease progression. Although it is not 
absolute,, the A32 base pair deletion in the CCR5 gene was reported to confer 
HIV-11 infection resistance5"8. In addition, individuals heterozygous for this 
deletionn have been shown to have slower disease progression compared to 
individualss with the wild-type genotype9'10. The CCR5 A32 deletion is very rare 
inn Africans11. In contrast, a polymorphism in the CCR2b gene in which a valine 
iss switched into isoleucine at position 64 of the transmembrane domain 
(CCR2b-64l)) seems to be common in Africans12. This allelic variant of CCR2b 
hass been associated with delayed disease progres-sion12"16. The mechanism 
byy which this mutation protects against disease progression is not clear. 
However,, it has been reported that CCR2b-64l is linked with a point mutation in 
thee CCR5 regulatory region and a possible effect on the expression level of 
CCR55 has been suggested16. 

Wee studied CCR5 and CXCR4 expression in 64 female Ethiopian 
commerciall sex workers (32 HIV" and 32 HIV+) and CCR5 expression in relation 
too CCR2b genotype in 40 of these women (23 HIV" and 17 HIV+) after informed 
consentt to participate in the study. 

First,, we determined the expression pattern of the HIV-1 co-receptors in 
thee two study groups. Naive and memory as well as total CD4+ T cells 
expressingg CCR5 and CXCR4 were quantified in whole blood or isolated PBMC 
byy three colour flowcytometry using combinations of PercP-conjugated CD4 
Moabb with FITC-conjugated CD45RA or CD45RO Moabs (Becton Dickinson, 
Sann Jose, CA) and PE-conjugated CCR5 (2D7) or CXCR4 (12G5) Moabs 
(Pharmingen,, La Jolla, CA). A minimum of 1500 CD4 cells were analayzed by 
settingg a live gate around the CD4+ T cells using a FACScan flowcytometer with 
thee Cellquest software. 

Tablee 1. Median (95 percentile ranges) CCR5 and CXCR4 expression on total 
ass well as naive (CD45RA+) and memory (CD45RO+) CD4+ T cells in HIV-
infectedd and -non-infected subjects 
Co-receptorrr-celll HIV (n=32) HIV+ (n=32) 
subset t 
%% CCR5+ cells within: 
Totall CD4+T cells 28(14-54) 36(17-58)T* 
CD45RA+CD4++ T cells 9(3-34) 14( 4-49) T* 
CD45RO+CD4++ T cells 35(19-83) 38(16-90) 
%% CXCR4+ cells within: 
Totall CD4* T cells 98(66-100) 87(55-98)1* 
CD45RA+CD4++ T cells 86(52-99) 92(38-98) 
CD45RO*CD4++ T cells 71 (35-94) 55(36-93)1* 
** p<0.05 , Mann Whitney U test 
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Expressionn of CCR5 was found to be upregulated in CD4+CD45RA+ (naïve) and 
totall CD4+ T cells of HIV-1 -infected CSW compared to HIV-1-negative CSW 
{Tablee 1). The expression of CCR5 on the CD45RO+CD4+ (memory) T cells was 
nott different between the two groups. The opposite was observed for CXCR4 in 
thatt it's expression in both CD4+CD45RO+ and total CD4+ T cells was 
significantlyy reduced in the HIV-1-positive group when compared to the HIV-1 -
negativee group supporting previous observations on the opposite regulation of 
CCR55 and CXCR4 expression after cellular activation17. In contrast to previous 
studiess reported from western countries where CCR5 is mainly upregulated on 
memoryy cells17,18, we observed a significant increase of CCR5- expressing cells 
withinn the naive but not the memory CD4+ T-cell population of HIV-1-infected 
CSW.. Recently, it has been shown that CCR5 expression is already increased 
inn memory subsets of healthy HIV-1-negative Ethiopians19 and our result may 
suggestt that during HIV-1 infection the expression of CCR5 on the memory 
subsett is not further upregulated. It is remarkable that CCR5 was found to be 
upregulatedd on naïve (CD45RA+) CD4+ T cells after HIV-1 infection. Previously, 
itt has been shown that cytokines can induce activation and proliferation of naïve 
TT cells without a switch to a memory phenotype20,21. Elevated cytokine levels 
duee to chronic immune stimulation during HIV-1 infection could therefore lead to 
upregulationn of CCR5 on phenotypically naïve CD4+ T cells. 

Inn order to determine the frequency of CCR2b-64l polymorphism in the 
HIV-1-infectedd and -non-infected CSW and to analyze its effect on CCR5 
expression,, CCR2b genotyping was performed on genomic DNA isolated from 
cryopreservedd PBMC (Qiagen blood kit, Westburg, Germany) using BsaBI 
RFLP-PCRR analysis as described previously13. There was no difference in the 
frequencyy of CCR2b-64l polymorphism between the HIV-1-infected and -non-
infectedd groups (Table 2). 

Tablee 2. Frequency of CCR2b-64l mutation in HIV-1-infected and- non-infected 
CSW W 
Genotype e 
CCR2-64I/+ + 

CCR2-64I/64I I 
CCR2-64/+and64l/64l l 
Totall frequency of 
CCR2-64/+and64l/64l l 

HIVTCSWW HIV1+CSW 
39.1(9/23)) 58.8(10/17) 
8.7(2/23)) 5.9(1/17) 

47.8%(11/23)) 64.7%(11/17) 

55%% (22/40) 

PP value 
NS S 
NS S 
NS S 

Thee expression of CCR5 was significantly lower on CD4+ T cells of the HIV-1 -
negativee CSW with the CCR2b-64l genotype (Fig. 1). Although not significant, 
thee tendency for lower expression of CCR5 was also observed for both 
CD45RA** and CD45RO+ CD4+ T cells of the HIV-1-negative CSW (data not 
shown).. In the HIV-1-infected CSW, the CCR5 expression in all subsets tested 
wass not different between wild-type and CCR2b-64l mutants. 
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Fig.. 1. Percentage of CCR5 expressing CD4+ T cells of HIV-infected and -non-
infectedd CSW with CCR2 wild and mutant genotype. Each dot represents a single 
subject.. Bars indicate the means and the standard deviations. 

Too study whether the difference in CCR5 expression between CCR2b-64l and 
CCR2bb groups is also reflected in in-vitro susceptibility to HIV-1 infection, we 
comparedd TCID50/ml and p24 production of PBMC from HIV-1-negative CSW 
withh CCR2b-64l mutant and wild-type genotype. The PBMC were prestimulated 
withh PHA for three days and infected by four different HIV-1 primary isolates. 
Susceptibilityy was determined by measurement of p24 production over a two 
weekss period. The difference in virus titer expressed as 50% tissue culture 
infectiouss dose (TCID50) per milliliter of supernatant was used as a measure of 
in-vitroin-vitro susceptibility. As shown in Fig. 2 A and B, the observed difference in 
CCR55 expression between the CCR2b and CCR2b-64l groups was not 
associatedd with a difference in in-vitro susceptibility as measured by TCID50 and 
p244 production. 
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Fig .. 2. In-vitro susceptibility of PBMC from HIV non-infected CSW with CCR2b 
wild-typee and CCR2b-64l mutant genotype to infection by 4 HIV-1 biological 
cloness expressed as A) mean log(TCID5o/ml), calculated as the average 
log(TCID50/ml)) of the four HIV-1 clones and B) mean P24 production, calculated 
ass the average P24 production of the four HIV-1 clones. Each dot represents 
PBMCC from a single subject. Bars indicate the means and the standard 
deviations. . 
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Thee expression pattern of the HIV-1 co-receptors on the surface of T 
cellss is believed to have an influence on susceptibility of CD4+ T cells to HIV-1 
infection,, viral tropism and rate of disease progression22,23. Primary isolates 
usee CCR5 as a co-receptor whereas CXCR4 is used by SI viruses that appear 
laterr in the infection period1"3. In Ethiopia, the circulating virus is subtype C, 
whichh has been shown to use mainly CCR5 as co-receptor. Furthermore, the 
appearancee of SI viruses later in the course of the infection was found to be 
raree for subtype C viruses24. Therefore, CCR5 plays a crucial role in HIV-1 
infectionn with subtype C. The results of our study show that the expression of 
CCR55 on CD4+ T cells is significantly reduced in HIV- uninfected Ethiopian 
CSWW with the CCR2b-64l genotype. Despite the difference in CCR5 
expressionn levels, no association with reduced in-vitro susceptibility was found 
supportingg previous reports on the lack of an association of CCR2b-64l 
polymorphismm and HIV-1 trans-mission14,23. These data are in agreement with 
ourr previous observation that CCR5 expression level is not a limiting factor for 
HIV-11 infection in Ethiopians (Messele et a/., submitted for publication). It is 
remarkablee that in Caucasians where CCR5 expression levels have been 
shownn to correlate with in-vitro susceptibility to HIV-118, the CCR2b-64l 
genotypee was associated with very low in-vitro susceptibility (H. Blaak, personal 
communication).. CCR5 expression was not different in HIV-1-infected 
Ethiopiann CSW with either a CCR2b-64l or wild-type genotype. This may be a 
reflectionn of the increased state of cellular activation in HIV-1-infected 
individuals,, resulting in upregulation of CCR5 which was also observed in this 
study,, possibly masking the difference in the expression levels of CCR5 linked 
too the CCR2b-64l genotype. Although several reports have confirmed that 
CCR2b-64ll is associated with a delay in progression to AIDS, the mechanism of 
thiss delaying effect is not clear. CCR2b is not a major co-receptor and is rarely 
usedd by primary HIV-1 strains. In addition, CCR2b and CCR2b-64l function 
equallyy well as HIV-1 co-receptors25. Therefore, it has been suggested that it 
mayy exert its protective effect indirectly through interaction with other 
chemokinee receptors. The CCR5 and CCR2 chemokine genes are located at 
closee proximity on chromosome 3 separated by 2 0 K B . Recently, it was 
reportedd that another polymorphism in the CCR5 promotor region (CCR5-
5963T)) is tightly linked to the CCR2b-64l genotype16 in all races including 
Africans27.. In contrast to a report by Marianni et a/.28, we observed a reduced 
CCR55 expression in HIV-1- negative individuals heterozygous or homozygous 
forr CCR2b-64l. Although the reduced expression of CCR5 was not observed in 
HIV-1-infectedd individuals with CCR2b-64l mutation, the protective effect of 
CCR2b-64ll may still be mediated by affecting CCR5 expression levels. 
Reducedd in vivo, CCR5 expression could influence the viral set point shortly 
afterr primary HIV-1 infection. During chronic HIV-1 infection, CCR5 expression 
mightt be upregulated due to persisent immune activation masking the effect of 
CCR2b-64ll genotype. The lack of association between the difference in the in-
vivovivo expression of CCR5 and in-vitro susceptibility and p24 production could be 
explainedd by the prestimulation of PBMC with PHA. This may lead to an 
upregulationn of CCR5 to levels above a certain threshold in CCR2b-64l and 
wild-typee individuals. 
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Ourr observation of reduced in-vivo CCR5 expression in CCR2b-64l 
HIV-1-negativee individuals together with a recent report that the delaying effect 
off this polymorphism is more pronounced during infection by NSI HIV-1 
variants133 suggests that the slower disease progression associated with this 
mutationn could be mediated by reduced CCR5 expression. Finally, our data 
showw that the CCR2-64I mutation is sufficiently present in Ethiopians and the 
usee of this mutation for prognostic genotyping in this population needs to be 
assessed. . 
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Epi logu e e 

T-cel ll  subset s in HIV-negativ e Ethiopian s 

Thee cellular immune response mediated by a variety of cells plays a 
fundamentall role in the body's defence against intracellular pathogens such as 
viruses.. Several T-cell subsets involved in this response can be distinguished 
basedd on the expression of different surface antigens. The advent of three-color 
flowcytometryy has given the opportunity for further characterization of CD4 and 
CD88 T cells. Hamann et at. have described naive, memory and effector T cells 
usingg combinations of CD45RA and CD27 stainings1. 

Studiess on the representation of naive and memory as well as effector 
subsetss in addition to total CD4 and CD8 populations in HIV-negative healthy 
Ethiopianss compared to HIV- negative Dutch subjects are shown in Chapters 2 
andd 3 of this thesis. The proportions as well as the numbers of several CD4 
andd CD8 subsets were found to be different for HIV-negative Ethiopians and 
Dutchh subjects. The proportion and number of CD4+ T cells were markedly 
reducedd in Ethiopians, whereas those of CD8+ T cells were increased in HIV-
negativee Ethiopians compared to Dutch subjects. When we looked further into 
thee subsets, naive CD4+ and CD8+ T cells were found to be significantly 
reducedd in healthy HIV-negative Ethiopians. On the other hand, numbers and 
proportionss of CD8 cells, which previously have been shown to exhibit memory 
andd effector properties1, were increased in Ethiopians. These findings are in 
agreementt with a study by Worku et at. comparing Ethiopian and Swedish 
healthyy subjects2. In addition, cells which have lost their CD45RA and CD27 
expressionn as a result of persistent antigenic stimulation1,3,4 were found to be 
increasedd in Ethiopians. The CD45RACD27" cells produce low levels of IL-2 
andd high levels of IL-45,6. Furthermore, the proportion of cells expressing the 
co-stimulatoryy molecule, CD28, was markedly reduced in Ethiopians. The 
CD28-negativee CD8+ T-cell subsets are thought to appear due to chronic 
antigenicc stimu-lation7"10. Consistent with this, telomere lengths of CD8+CD28" 
TT cells are generally shorter than that of their CD8+CD28+ counterparts, 
indicatingg that the CD8+CD28* cells have undergone many rounds of 
replication11,12.. In addition, increased fraction of Ki-67+-expressing cells and 
lowerr content of T-cell Receptor Excision Circles (TRECs) were observed in 
HIV"" Ethiopians compared to HIV" Dutch subjects (Hazenberg et a/., submitted). 
•• Taken together, our study points toward a chronically activated immune 
systemm in HIV-negative Ethiopians. Nutritional factors and persistent exposure 
too environmental pathogens have been implicated in this chronic activation of 
thee immune system13"1 . Although chronic immune activation is likely to be 
inducedd environmentally, genetic differences cannot be excluded. The role of 
geneticc or environmental factors could be revealed by studying these subsets 
cross-sectionallyy in healthy Ethiopian children of different ages from different 
partss of the country or in Ethiopians who lived in a different environment for a 
longg time. 
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Whatt  are the possibl e implication s of an activate d immun e 
syste mm on HIV-1 infectio n susceptibilit y and diseas e 
progression ? ? 

AA balanced representation of several T-cell subsets of the immune 
systemm is thought to be necessary for an efficient immune response to infection 
byy any pathogen. The reduced proportions of naive cells in Ethiopians may 
implicatee reduced ability to mount an effective immune response to new 
pathogens.. Naive cells become memory cells when they encounter an antigen. 
Normallyy one would expect this loss of naive cells to be compensated for by the 
influxx of recent thymic immigrants. However, this seems not to be the case in 
healthyy adults facing chronic immune activation. Obviously, the adult thymic 
outputt is not sufficient to keep up with the increased loss of naive cells in a 
chronicallyy activated immune system. Indeed thymic output has been found to 
bee limited in adults undergoing ablative chemotherapy17"19. Further 
investigationn is required to elucidate this phenomenon. 

Althoughh the presence of an activated immune system may be 
importantt for survival in an environment where pathogens are repeatedly 
encountered,, several in-vitro findings suggest that activation of the cellular 
immunee system plays a central role in promoting HIV-1 infection and disease 
progression20,21.. The HIV-1 co-receptor CCR5 is mainly expressed on memory 
TT cells than on naive cells22. Furthermore, it is shown that HIV preferentially 
infectt memory cells which is also evidenced by the loss of response to recall 
antigenss early at infection23"25. Thus, it could be speculated that the increased 
proportionss of memory cells would render the host more susceptible to HIV. 
Furthermore,, the expression of HLA-DR and CD38 increase significantly with 
diseasee progression and this expression was found to be exclusively confined 
too the memory subsets26. The selective infection of memory cells by HIV on the 
onee hand and the increased expression of activation markers on the other hand 
indicatee that activation of the immune system amplifies HIV replication in an 
infectedd host by providing increased numbers of cells susceptible to productive 
virall infection, thereby contributing to the rapid deterioration of the immune 
system.. In addition, the slower decline of CD4+ T-cell numbers in HIV-
infectedd compared to HIV-1-infected individuals was found to be associated with 
lowerr levels of immune activation267. Another study in chimpanzees has also 
shownn that the resistance to disease progression in HlV-1-infected 
chimpanzeess is related to absence of chronic immune activation27. 

Bothh memory and effector CD8 populations, which were increased in 
thee Ethiopians, were previously shown to produce increased levels of TNF-a1. 
Severall in-vitro findings support that TNF-a induces HIV expression and 
activatess HIV replication in various cell systems. TNF-a plays this negative role 
throughh activation of nuclear factor-KB (NF-KB)

 28~30. 
Altogether,, our results and the assumptions presented here are 

compatiblee with and could explain previous suggestions of high susceptibility to 
HIVV infection and faster HIV disease progression in Africans13,14,31. 
Furthermore,, the memory and effector T cells as well as the CD28-negative 
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cellss which are increased in healthy Ethiopians, previously were shown to 
respondd poorly to most stimuli in vitro1,6,9. Therefore, it may also be important 
thatt these adaptation changes of the immune system and their potential 
influenceinfluence on subsequent stimulation should be considered during vaccine or 
therapeuticc designs. 

Viro-immunolgica ll  marker s in HIV-1-infecte d Ethiopian s 

Thee period between HIV-1 infection and development of AIDS varies 
greatly32,33.. This variation urged the need for identification of predictive markers 
off disease progression, which can be useful for appropriate and timely medical 
interventions.. Several markers of disease progression have been proposed as 
potentiall surrogates for clinical outcome . Some of these factors are 
involvedd in HIV pathogenesis and are shown to be responsive for therapy39,40. 
Inn general, HIV disease progression is believed to be accelerated in HIV-
infectedd Africans312. However, there are few reports to describe the viro-
immunolgicall correlates of this rapid disease progression in Africans. In 
Chapterss 3 and 4 of this thesis several virological and immunological markers 
havee been studied in Ethiopians . 

HIV-associatedHIV-associated  changes  in  T cells  subsets 

Wee studied the HIV-1-associated changes in several T-cell subsets of 
thee immune system by comparing the HIV-negative Ethiopians with HIV-positive 
Ethiopianss with and without AIDS. The fact that HIV infects only CD4-bearing 
cells41,422 and these cells decline with disease progression has made them 
relevantt markers for HIV-1 disease progression3 . In Ethiopians CD4 counts 
alsoo decreased with HIV infection. CD8 T cells, while not infectable with HIV, 
showw dramatic alterations34. During the asymptomatic infection, an increase in 
CD88 cells T-cell numbers, mainly due to the expansion of the memory subsets, 
iss observed44^5. Also in Ethio-pians these subsets increases with HIV infection 
butt are reduced in the individual with AIDS. CD4 and CD8 cells are not the only 
TT cells that are affected by HIV infection. Changes in other subsets of T cells 
aree also reported44"46. The proportion and number of naive cells which was 
alreadyy low in HIV' Ethiopians did not decrease further with HIV infection. 
Markedly,, reduced proportions of CD8 naive T cells were observed only in 
Ethiopianss who already developed AIDS. Cytotoxic effector CD8 subsets were 
alsoo significantly decreased in Ethiopians with AIDS. Although we do not know 
iff these subsets are HIV-specific effectors, it may be in agreement with 
previouss studies which demonstrated disappearance of HIV-specific CTL in 
laterr stages of HIV infection47,48. Furthermore, CD4 and CD8 cells which 
expresss activation antigens HLA-DR and CD38 are observed to progressively 
increasee when moving from HIV- negative to the AIDS group, implicating the 
rolee of immune activation to immune deterioration and ultimate development of 
AIDS. . 
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SolubleSoluble  viro-immunological  markers  in  Ethiopians 

Chapterr 4 of this thesis shows a study on plasma levels of soluble 
immunee markers in HIV-infected and -non-infected Ethiopians and their 
associationn with proportions of various T- cell populations. We have shown that 
thee levels of soluble CD27, p2-microglobulin and IL-12 progressively increases 
withh HIV status. The increase of sCD27 levels in plasma has been reported in 
otherr disease conditions and was indicated as potential progression marker of 
certainn diseases49. Similarly, our observation of an independent strong 
associationn of sCD27 levels with CD4 decline could be indicative of the potential 
usee of this marker for HIV disease progression, [^-microglobulin was also 
shownn to be a useful prognostic marker and our observation is in agreement 
withh previous reports50'51. The progressive increase of IL-12 with HIV infection 
mayy be in support of a report which indicated the lack of in-vivo Th1 to Th2 shift 
duringg HIV infection and disease progression52'53. Although not progressive we 
alsoo observed increases in the levels of plasma IgE and IgA in the HIV-infected 
group,, which may be reflecting HIV-associated polyclonal B-cell activation53, 
whereass soluble TNF-a receptor was increased only in the individuals with 
AIDS.. Several studies from Europe and North America have presented 
evidencee that HIV replication as measured by plasma viral load plays a central 
rolee in HIV pathogenesis54'55 and has a significant predictive value of HIV 
diseasee progression56,57. It was even suggested that plasma HlV-1 RNA levels 
havee a greater predictive power than CD4 counts for the ultimate immunologic 
deterioration55 . In our study, plasma viral load was significantly higher in the 
Ethiopianss with AIDS compared to the HIV-1-infected asymptomatic group. 
However,, viral toad did not correlate well as expected with soluble and cellular 
markers.. This may be in agreement with a study which compared Africans and 
Europeann HIV-1-infected individuals and which indicated that viral load is 
generallyy low in the Africans, suggesting that it actually contributes less to the 
immunologicall deterioration and disease progression59. 

Too summarize the pattern of changes in the viro-immunological 
markers,, with exception of plasma viral load, during HIV infection is not different 
inn Ethiopians compared to what has been reported for other populations. Our 
studyy also indicates that measurement of soluble immune markers in fresh or 
storedd plasma samples could be a good alternative to the quantification of T 
cellss in places where there is no facility for flowcytometric measurements. 
Althoughh our study is cross-sectional and needs to be confirmed by prospective 
studies,, these cellular and soluble markers may have predictive value for HIV-1 
infectionn progression in Ethiopians. 
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Thee studies presented in this thesis focus on immunological features of 
HIV-1-infectedd and -non-infected Ethiopians. 

Basedd on the current knowledge, a general introduction to HIV/AIDS 
andd viro-immunological events associated with it is given in Chapte r 1. 

Inn Chapte r 2, a cross-sectional study conducted to establish immuno-
haematologicall reference ranges for adult Ethiopians is presented. The study 
showedd that the white blood cell (WBC) and platelet values of healthy HIV-1-
negativee Ethiopians are lower than the adopted reference values for Ethiopia. 
Inn addition, the number of CD4+ T cells were decreased and the number of 
CD8++ T cells were increased in healthy HIV-1-negative Ethiopians compared to 
HIV-1-negativee controls. 

Inn Chapte r 3, several T-cell subsets were studied in HIV-1-negative 
Ethiopianss in comparison with HIV-1-negative Dutch subjects. Furthermore, the 
HIV-1-associatedd changes in these T-cell subsets was studied by comparing 
HIV-1-negativee and HIV-1-positive Ethiopians with or without AIDS. A 
chronicallyy activated immune system was observed in HIV-1-negative 
Ethiopians.. Increase of activated CD4+ and CD8+ T cells, a decrease of CD8+ T 
cellss expressing CD28 and a decrease of effector T cells were observed when 
movingg from HIV" to AIDS.. In addition, a decrease of naïve CD8+ T cells and an 
increasee of memory CD8+ T cells were observed in AIDS patients. 

Inn Chapte r 4, a cross-sectional study conducted to measure soluble 
virall and immunological markers in HIV-1-infected and -non-infected Ethiopians 
iss presented. The associations of these soluble markers with each other and 
withh T-cell surface markers were also studied. The plasma levels of l i2-
microglobulinn (f^m), soluble CD27 (sCD27), soluble tumor necrosis factor a-ll 
(sTNFRa-ll),, IgG, IgA, IgE and IL-12 were elevated in HIV-1-infected 
Ethiopians.. The plasma levels sTNFRa-II, sCD27, ri2m, IL-12 and IgG were 
inverselyy correlated with CD4+ T-cell numbers, proportion of naïve CD8+ T cells, 
percentagee of CD8+CD28+ T cells and positively correlated with proportions of 
activatedd CD4+ and CD8+ T cells. These soluble markers also correlated to 
eachh other. The soluble CD27 level was found to be an independent marker for 
CD4++ T cells decline in HIV-1-infected Ethiopians. Our study suggests that 
seriall measurement of sCD27 in plasma in prospective studies may give useful 
prognosticc information for HIV-1 infection. 

Severall host factors, which are correlated with resistance to HIV-1 
infectionn in exposed but uninfected individuals, have been described. Chapter s 
presentss data from a study on the presence of such factors in a group of high-
riskk HIV-1-negative Ethiopian commercial sex workers (CSW) in comparison 
withh low-risk, age-matched female controls. Our results show that HIV-1 
infectionn resistance in high-risk HIV-1-negative Ethiopian commercial sex 
workerss is not associated with increased p-chemokine production, 
polymorphismss in HIV-1 co-receptors, reduced cell surface expression levels of 
co-receptorss or reduced cellular susceptibility to HIV-1. 

Inn Chapte r 6, the expression of the two major HIV-1 co-receptors, 
CCR55 and CXCR4, was studied in HIV-1-infected and -non-infected Ethiopian 
commerciall workers. In addition, the association of CCR5 expression with 
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CCR2bb polymorphism (CCR2b-64l) was determined. CCR5 expression on 
naivee and total CD4+ T cells was upregulated in the HIV-1-infected subjects 
comparedd to the -non-infected subjects. The frequency of CCR2b-64l was not 
significantlyy different between the HIV-1-infected and -non-infected Ethiopian 
CSW.. Comparing CCR5 expression between CCR2b wild-type and CCR2b-64l 
individuals,, a significantly reduced expression of CCR5 on CD4+ T cells was 
observedd in HIV-1-non-infected subjects with CCR2b-64l genotype. Despite the 
reducedd CCR5 expression in vivo, 'm-vitro susceptibility to HIV-1 infection was 
nott different between CCR2b-64l and wild-type individuals. 

Inn Chapte r 7 the chronic immune activation observed in HIV-1-negative 
Ethiopianss as well as the viro-immunological markers studied in HIV-1-infected 
andd -non-infected Ethiopians are discussed in the context of our present 
understandingg of AIDS pathogenesis. 
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!nn de studies beschreven in dit proefschrift staan immunologische kenmerken 
vann gezonde en HIV-1 -geïnfecteerde Ethiopiërs centraal. 

Hoofdstu kk 1 geeft een inleiding in de HIV/AIDS problematiek en de 
virologischee en immunologische gevolgen van een infectie met HIV-1. 

Hoewell de meeste HIV-1 geïnfecteerd en in Afrika en Azië leven werden 
dee gevolgen van een infectie met dit virus voor het immuunsysteem tot nu toe 
voorall in Europeanen en Amerikanen bestudeerd. Om de veranderingen van 
hett immuunsysteem na een HIV-1 infectie in Ethiopiërs goed in kaart te kunnen 
brengenbrengen werden immunologische kenmerken van gezonde HIV-1 negatieve 
Ethiopiërss onderzocht (hoofdstukke n 2 en 3). Niet alieen het totaal aantal witte 
bloedcellenn en bloedplaatjes was lager, maar ook de samenstelling van het T-
cell compartiment was anders in gezonde Ethiopiërs vergeleken met gezonde 
Nederlanders.. Het aantal CD4+ T cellen was lager en het aantal CD8+ T cellen 
wass hoger in Ethiopiërs ten opzichte van Nederlanders. Bovendien werden 
aanwijzingenn voor een chronische activatie van het immuunsysteem in 
Ethiopiërss gevonden met name een verhoogde proportie van geactiveerde T 
cellenn en een verlaagde proportie van naïeve T cellen. Infectie met HIV-1 leidt 
tott een verdere toename van geactiveerde T cellen en een verlaging van het 
aantall naïeve T cellen met name in de CD8+ T cel populatie. 

Inn een cross-sectionele studie werd gezocht naar eenvoudig en 
goedkoopp te metende markers voor de door HIV-1 infectie veroorzaakte daling 
vann het aantal CD4+ T cellen. Het in plasma voorkomende oplosbare CD27 
molecuull werd als onafhankelijke voorspeller voor CD4+ T cel verlies in 
Ethiopiërss geïdentificeerd (hoofdstu k 4). Verdere studies moeten uitwijzen of 
oplosbaarr CD27 als prognostische marker voor HIV-1 infectie kan worden 
gebruikt. . 

Inn de literatuur zijn verschillende factoren beschreven die kunnen 
bijdragenn tot resistentie tegen infectie met HIV-1. In hoofdstuk  5 wordt 
beschrevenn dat resistentie van Ethiopische prostituees tegen HIV-1 infectie niet 
geassocieerdd was met verhoogde productie van (J-chemokines en 
genpolymorphismess of verlaagde expressie van de co-receptoren van HIV-1. Er 
werdenn ook geen aanwijzingen voor een gereduceerde gevoeligheid van 
periferee bloed mononucleaire cellen voor HIV-1 infectie in deze individuen 
gevonden. . 

Hoofdstu kk  6 beschrijft de expressie van de twee belangrijkste co-
receptorenn van HIV-1, CCR5 en CXCR4, en de invloed van een mutatie in 
CCR2bb op CCR5 expressie. CCR5 expressie was verhoogd en CXCR4 
expressiee was verlaagd op T celien van HIV-1 positieve Ethiopische prostituees 
vergelekenn met HIV-1 negatieve prostituees. Opmerkelijk was de associatie van 
hett CCR2b-64l genotype met een verlaagde CCR5 expressie in HIV-1 
negatievee individuen die mogelijk een verklaring kan zijn voor het vertragende 
effectt van deze mutatie op progressie naar AIDS. 

Inn hoofdstuk  7 worden de bevindingen van dit proefschrift besproken en 
inn een breder context geplaatst van de huidige inzichten in AIDS pathogenese. 
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