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Chapte rr  1 

Generall  Introductio n 

1.1.. T cel l immunit y 
TT lymphocytes play a critical role in the regulation of immune responses and are responsible for 
mediatingg many of the effector mechanisms of the immune system. T cells follow a maturation 
processs in the thymus, which involves a series of processes including T cell receptor (TCR) 
genee rearrangements, resulting in TCR of various specificities to specifically recognize the 
multitudee of pathogens in the environment. Once they have completed their development in the 
thymus,, naive T cells enter the blood stream and recirculate between blood and peripheral 
lymphoidd tissues until they encounter antigen. 
Thee two major subsets of T cells comprising the cellular arm of the immune response, CD4+ 
andd CD8+ T cells, recognize antigens in the form of peptide fragments that are presented at the 
celll surface bound to Major Histocompatibility complex (MHC) class II and MHC class I 
molecules,, respectively. When the antigen-specific T cell receptor on the T cell surface interacts 
withh the appropriate peptide-MHC complex, it triggers a cascade of intracellular signalling 
pathways.. T cell activation also requires a second co-stimulatory signal such as the interaction 
betweenn the surface markers CD28 on the T cell and CD80 on the antigen presenting cell 
(reviewedd in ref 1). Activation of T cells can lead to cellular proliferation, lymphokine secretion 
byy the T cell and expression of antigens associated with the activated state. IL-2 produced by 
thee activated cells themselves drives proliferation of activated cells. Alternatively, in the case of 
cytotoxicc T lymphocytes (CTL), interaction with antigen via the specific TCR leads to destruction 
off target cells. CD8+ T cells, when they recognize pathogen-derived small peptides (~9 amino 
acids)) bound to MHC I, perform their effector function by releasing effector molecules such as 
thee cytolysins perforin and granzymes, antiviral cytokines such as IFN-y and TNF-a which inhibit 
virall replication, and the chemokines RANTES, MIP-1a and MIP-ip, which inhibit viral entry in a 
competitivee manner (2, 3). They also express the TNF family membrane bound effector 
molecule,, Fas ligand (CD95L), to induce apoptosis of Fas (CD95) expressing target cells. 
Effectorr functions of CD4+ T cells are more complex. CD4+ T cell activation leads to 
differentiationn of a proliferating CD4+ T cell into a TH1 cell which activates macrophages and 
mediatee cell-mediated immunity or TH2 cells, which activate B cells and mediate humoral 
immunity. . 
Activationn of T cells with a specific antigen not only leads to proliferation and differentiation of 
naïvee T cells into effector cells that eliminate the pathogen, it also leads to the generation of 
memoryy T cells which provide a more rapid and effective response up on antigenic re-
challenge.. The expression of isoforms of the leukocyte common antigen CD45 and a T cell 
activationn antigen CD27 has been utilized as phenotypic criterion to discriminate distinct stages 
off postthymic human T cell differentiation (4). Naive T Cells can be phenotypically 
characterizedd by the co-expression of CD45RA, the high molecular weight isoform of CD45, and 
CD27.. Upon activation with their specific antigen, the naïve T-cells start to divide and 
differentiatee into effector cells (CD45RA+CD27-) or convert into memory cells by losing 
CD45RAA and expressing CD45RO antigen (CD45RA-CD27+). Further down regulation of CD27 
antigenn is believed to result from repeated antigenic challenge and is a characteristic feature of 
TT cells with both memory and effector function (4-6). 

Inn addition, due to their differential migration pattern in the body, naïve, memory and effector T 
cellss differentially express adhesion and homing molecules. Naïve T cells need to travel through 
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thee lymphoid tissues to encounter antigen and antigen presenting celts and hence are 
characterizedd by the expression of CD62L, which mediate homing to peripheral lymphoid 
tissues.. On the other hand, memory and effector T cells migrate to all tissues in the body, 
particularlyy epithelial surfaces where pathogens are likely to be re-encountered. 

1.2.. Immunolologi c characterizatio n of health y Ethiopian s 
Followingg the first observation of CD4 T-lymphocytopenia without opportunistic infections in HIV 
seronegativee Ethiopian immigrants to Israel (7), and a case report of idiopathic CD4+ T-
lymphocytopeniaa in an HIV-negative Ethiopian with AIDS-like symptoms in Italy (8), several 
studiess have been carried out to characterize the immunologic status of Ethiopians. These 
includee comparative studies with Israelis (9) and Swedish (10), which demonstrated a perturbed 
immunee system in Ethiopians and a series of studies have been carried out on Ethiopian Jews 
immigratedd to Israel (9, 11-13). Although not truly representative of the multi-ethnic nation of 
Ethiopia,, studies on Ethiopian Jews give a clue as to the general immune status of Ethiopians. 
Thee findings include: low CD4+ and high CD8+ T cell counts, low naïve CD4+ T cell counts, 
increasedd CD45RO+ (memory) CD4+ T cell counts, decreased proportions of the co-stimulatory 
moleculee CD28+ on CD8+ cells, increased expression of activation markers (HLA-DR and 
CD38),, eosinophilia, increased levels of serum immunoglubulin E (IgE), increased IL-4 and IL-
100 and soluble tumor necrosis factor (TNF) receptors with decreased secretion of IFN-y, 
suggestingg a persistently activated state of the immune system and polarization of the immune 
responsee towards a dominant Th2 profile which promotes humoral responses (9, 11, 12). 
Bentwitchh etal attributed these immune dysregulations to endemic chronic infections, especially 
helminthicc infections (9, 11, 12). The activated immune status caused by chronic helminth 
infectionss has been shown to impair signal transduction and to cause T cell anergy, which could 
graduallyy be restored following anti-helminthic treatment (13). Deworming of Ethiopians living in 
Ethiopiaa has indeed been shown to lead to improvement of in vitro T cell responses (14) and to 
reducedd expression of activation markers (HLA-DR and CD38) (15) after deworming have been 
demonstrated,, lending support to the hypothesis of Bentwitch and co-workers (9, 11, 12). In 
addition,, a significant decrease in plasma HIV load after successful deworming has been 
observedd in HIV infected Ethiopians (16). 

Thee setting of an HIV/AIDS cohort study by the Ethio-Netherlands AIDS Research Project 
(ENARP),, which recruited more than 1600 factory workers at two sites in Ethiopia, created an 
excellentt opportunity for a more detailed investigation and to make comparisons with healthy 
Dutchh controls (15, 17-22). These studies confirmed most of the observations on Ethiopian 
Jewss such as the low CD4 T cell counts and signs of persistent activation of the immune system 
inn Ethiopians. Additionally, CD4+ T cell counts were lower in HIV-positive Ethiopians compared 
too HIV infected Caucasians after seroconversion and at stage 1 and 2 of the WHO staging 
systemm for HIV infection and disease (17, 23). 

1.3.. HIV/AIDS situatio n 
Moree than 20 years after the first clinical evidence of AIDS, combating HIV/AIDS is still a major 
globall challenge. Worldwide, 34-46 million people are estimated to be living with HIV/AIDS, of 
whichh 60-75 % are from sub-Saharan African origin (24). Ethiopia, like most sub Saharan 
Africann countries, has been experiencing a severe HIV/AIDS epidemic starting from the mid 
1980's.. Unlike the neighbouring East African countries, the HIV epidemic in Ethiopia is 
predominantlyy of subtype C (25-28) with a genetic variant called C' (23, 29). The estimated time 
off introduction of HIV-1 to the country, 1982/83, (30, 31), coincides with the finding of the first 
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HIV-11 antibody positive sera which dated back to 1984 (32). The epidemic has spread rapidly 
andd 2.2 million Ethiopians, including 200,000 children, are estimated to live with the virus (33). 
Thee primary modes of transmission of HIV in Ethiopia are heterosexual contacts and 
prenatal/mother-to-childd transmission (33). Although the actual magnitude of the problem has 
yett to be assessed, harmful indigenous practices and unsafe needle injection may be 
consideredd to be mechanisms for the spread of the virus in view of their widespread practice in 
Ethiopiaa (34). 

1.4.. HIV specifi c T cel l response s 
Severall direct and indirect evidences point to a key role by cytotoxic T lymphocytes (CTL) and T 
helperr responses in the containment and suppression of viremia, both in acute and chronic 
phasess of HIV infection. High CTL responses have been observed in highly exposed 
persistentlyy seronegative African sex workers (35, 36), injecting drug users (37) and infants 
bornn to HIV infected mothers (38). The maintenance of seronegativity despite exposure to HIV 
hass also been observed in health care workers occupational^ exposed to HIV-contaminated 
bodyy fluids (39, 40) and sexual partners of HIV infected individuals (41, 42). Moreover 
maintenancee of strong HIV specific T cell responses has been associated with long term 
survivall (43, 44). Most direct evidences came from animal models in which depletion of CD8+ T 
cellss coincided with high viremia, which was again suppressed coincident with the 
reappearancee of antigen specific CD8+ T cells (45-47). As a result, HIV vaccine strategies have 
focussedd on the induction of sustainable T cell responses (48-50) and incorporation of dominant 
CTLL epitope sequences into candidate vaccines is, therefore, vital. 
Sincee both the host genetic background and the types of circulating HIV clades in a given 
populationn affect HIV specific T cell immunity, prior knowledge on the HLA frequencies in the 
populationn and genetic characterization of the circulating HIV clade are of importance. In 
addition,, although cross-clade protection has been reported (36, 48, 51, 52) the types of 
dominantt and subdominant CTL epitopes vary between populations (53-55), because of 
variancess in the distribution of HLA alleles. In this regard, the circulating clade in Ethiopia is well 
characterizedd (23, 25-29); however, data on HLA types and mapping of immunodominant 
epitopess were lacking so far. 

1.5.. Scop e of the thesi s 
Thiss thesis consists of two parts. The first part (part I) deals with questions related to the general 
immunee status of healthy Ethiopians, as this information is useful to understand immune 
alterationss in HIV infection. In the second part, since there is an urgent need for the design of 
appropriatee vaccines especially in the poorest parts of the world where the impact of HIV is 
highlyy devastating, we determined the frequencies of HLA types of Ethiopians and screened 
HIVV infected Ethiopians to identify HIV Gag peptides that give dominant and sub-dominant T 
celll responses. More specifically the following questions were addressed in this thesis: 
Too address if the issue of low CD4 counts and persistently activated immune system reported 
onn adult Ethiopians is a general phenomenon in the country, we determined distribution of 
lymphocytee subpopulations in two geographically distinct settings, as described in chapter II. In 
addition,, to determine if there is any genetic basis for the immune dysregulations observed in 
healthyy adult Ethiopians, we studied the distribution of T cell differentiation/maturation markers 
andd T cell activation status in Ethiopians from birth (cord blood) to adulthood, as detailed in 
chapterr III. Furthermore, we performed an indepth study by measuring multiple markers of 
chronicc immune activation and markers to quantify T cells that are recently migrated from the 
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thymuss at various age groups ranging from birth up to adulthood and compared these data with 

thosee obtained from age matched healthy Dutch (chapter IV). 

Ass background knowledge to assess dominant and subdominant HIV proteins that can elicit 

protectivee immune response in HIV infected Ethiopians, we determined the frequencies of HLA 

typess in HIV infected and non-infected Ethiopians {Chapter V). In addition, to identify CTL 

epitopess commonly targeted by subtype C infected Ethiopians, we screened PBMCs from 50 

HIVV infected Ethiopians for HIV-1 Gag specific T cell responses using the Elispot assay 

{Chapterr VI). Furthermore, to evaluate the role of HIV specific T cell responses in HIV disease 

progressionn in subtype C infected Ethiopians, we performed a longitudinal analysis of HIV 

specif icc responses in a subgroup of subjects with relatively fast and slow CD4 decline as 

presentedd in chapter VII. 

Finally,, chapter VIII gives a general discussion of the various studies included in this thesis with 

aa major emphasis on vaccination strategies to improve the antiviral immune response and 

futuree areas of research are indicated. 
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Chapte rr  2 

Distributio nn of Lymphocyt e Subset s in Health y Human Immunodeficienc y Virus-Negativ e 
Adul tt  Ethiopian s fro m Two Geographi c Locale s 

Afeworkk Kassu,1,2,3 Aster Tsegaye,1-: Beyene Petros,3 Dawit Wolday,1 Ermias Hailu,1 Tesfaye 
Tilahun,11 Binyam Hailu,1 Marijke T. L. Roos,4 Arnaud L. Fontanet,1,5 Dörte Hamann,4 and Tobias 
F.. Rinke De Wit1 

Ethiopiann Health and Nutrition Research Institute-Ethiopian Netherlands AIDS Research Project (EHNRI-
ENARP),11 and Department of Biology, Addis Ababa University,3 Addis Ababa, and Department of 
Microbiologyy and Parasitology, Gondar College of Medical Sciences, Gondar,2 Ethiopia, and Department 
off Clinical Viro-lmmunology, CLB and Laboratory for Experimental and Clinical Immunology of the 
Universityy of Amsterdam, 1066 CX Amsterdam,4 and Division of Public Health and Environment (GGGD), 
Municipall Health Service, 1018 WT Amsterdam,5 The Netherlands 

Immunologica ll  value s fo r 562 factor y worker s fro m Wonji , Ethiopia , a suga r estat e 
1144 km southeas t of the capita l city , Addi s Ababa , Ethiopia , were compare d to value s for 
2188 subject s fro m Akaki , Ethiopia , a subur b of Addi s Ababa , fo r who m partia l data were 
previousl yy  published . The followin g marker s were measured : lymphocytes , T cells , B 
cells ,, NK cells , CD4+ T cells , and CD8+ T cells . A mor e in dept h compariso n was also 
madee betwee n Akak i and Wonj i subjects . For thi s purpose , variou s differentiatio n and 
activatio nn marke r (CD45RA, CD27, HLA-DR, and CD38) expression s on CD4+ and CD8+ T 
cell ss  were studie d in 60 male , huma n immunodeficienc y virus-negativ e subject s (30 fro m 
eachh site) . Data were also compare d wit h Dutc h bloo d dono r contro l values . The result s 
confirme dd that Ethiopian s have significantl y decrease d CD4+ T-cel l count s and highl y 
activate dd immun e status , independen t of the geographi c local e studied . They also 
showe dd tha t male subject s fro m Akak i have significantl y highe r CD8+ T-cel l counts , 
resultin gg in a proportiona l increas e in each of the CD8+ T-cel l compartment s studied : 
naiv ee (CD45RA+CD27+), memor y (CD45RA~CD27+), cytotoxi c effecto r (CD45RA+CD27~), 
memory/effecto rr  (CD45RA CD27 ), activate d (HLA-DR*CD38 +), and restin g (HLA-DR 
CD38") .. No expansio n of a specifi c functiona l subse t was observed . Endemi c infectio n 
orr  highe r immun e activatio n is thu s not a likel y caus e of the highe r CD8 count s in the 
Akak ii  subjects . The data confir m and exten d earlie r observation s and sugges t that , 
althoug hh mos t lymphocyt e subset s are comparabl e betwee n the two geographica l 
locales ,, ther e are also differences . Thus , care shoul d be taken in extrapolatin g 
immunologica ll  referenc e value s fro m one populatio n grou p to another . 

Introductio n n 
T-celll immunophenotyping by flow cytometry is an important tool in the evaluation of 
immunologicall status. It is especially of value in the management of diseases that involve 
alterationss in lymphocyte subpopulations, such as human immunodeficiency virus (HIV) disease 
(12,, 30, 31_). For example, absolute CD4+ and CD8+ T-cell counts and the derived CD4/CD8 T-
celll ratio are important for monitoring HIV infection progression (9, 36). CD4+ T-cell counts are 
off additional value for the initiation of prophylactic treatment for opportunistic infections and for 
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thee monitoring of responses to antiretrovirai therapy in HIV-infected individuals, especially in 
industrializedd countries (5). However, it should be kept in mind that these markers are still of 
limitedd use, especially in countries with little economical resources. 

Sincee 1995, the Ethiopian Netherlands AIDS Research Project (ENARP) as part of its activities 
hass initiated studies in the field of CD4+ T-cell counting in Ethiopia with a view to eventually 
establishh a nationwide network for reference purposes. A stepwise approach has been 
undertaken,, including the establishment of reference values for CD4+ and CD8+ T cells and 
variouss subsets in healthy HIV-negative Ethiopians (37), the measurement of CD4+ and CD8+ T-
celll counts in HIV-infected Ethiopians, and the establishment of their relations with World Health 
Organizationn (WHO)-defined clinical stages of the disease Q9). 

Initiall studies on the establishment of reference values for T-cell subsets (37) resulted in a 
strikingg observation of significantly lower CD4+ T-cell counts, significantly higher CD8+ T-cell 
counts,, and a lower CD4/CD8 ratio in healthy HIV-negative Ethiopians than in healthy Dutch 
subjects.. Some of these observations were confirmed by other studies comparing Ethiopians 
withh populations like the Swedish (4Y) and Israeli Q7, 26). In addition, healthy HIV-negative 
Ethiopianss were also found to have a generally and persistently activated immune system, with 
increasedd memory and decreased naive T cells compared to the Dutch (25). However, because 
off the importance of these observations and the potential consequences for clinical 
managementt of HIV-positive Ethiopians, we decided to extend our studies to other Ethiopian 
populationss to get insight into the more general applicability of these data. The original 
observationss were obtained from fiber factory workers living in Akaki, Ethiopia, a high-altitude 
(2,1000 m) suburb of the capital city, Addis Ababa, Ethiopia. The present study presents data 
obtainedd from a second cohort of subjects living and working at a sugar estate in Wonji, 
Ethiopia,, a medium-altitude (1,500 m) town 114 km southeast of Addis Ababa. It was 
demonstratedd that most of the original observations done in Akaki could be confirmed in Wonji 
studyy subjects. However, there were also significant differences in certain T-cell subsets, like 
substantiallyy higher CD8+ T-cell counts in Akaki than in Wonji. These variations in CD8+ T-cell 
countss were further investigated in an attempt to identify the particular T-cell subset(s) 
responsiblee for these differences. 

Material ss  and Method s 

Subjects. . 
Thee subjects involved in this cross-sectional study are factory workers participating in a long-
termm cohort study on the progression of HIV type 1 (HIV-1) infection in Ethiopia performed by 
ENARPP at the Ethiopian Health and Nutrition Research Institute (EHNRI). A detailed description 
off the cohort studies has been reported elsewhere (33, 34)- All study participants were 
examinedd by a medical doctor. Inclusion criteria for the present study were the absence of 
clinicall conditions listed in the WHO staging system, looking apparently healthy (37, 40), and 
beingg negative for intestinal parasites and HIV-1 antibodies. Thus, 218 participants (131 males 
andd 87 females) from Akaki (a suburb of the capital Addis Ababa at an altitude of 2,100 m) and 
5622 participants from Wonji (a sugar estate 114 km southeast of Addis Ababa at an altitude of 
1,5000 m) were enrolled. Only males participated in the Wonji cohort. For a more in depth 
immunologicall comparison between males from Akaki and Wonji, 60 age-matched, HIV-
seronegativee subjects were included: 30 from Akaki (median age 40, range 27 to 47) and 
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300 from Wonji (median age 40, range 29 to 47). In addition, data generated for T-cell subsets 
andd activation markers from Dutch blood donors were used for comparison. Samples of the 
Dutchh subjects were analyzed at the Department of Clinical Viro-lmmunology, CLB and 
Laboratoryy for Experimental and Clinical Immunology of the University of Amsterdam, 
Amsterdam,, The Netherlands, following the same laboratory protocol. The two laboratories are 
collaboratingg labs within ENARP. 

Stoo ll  microscopy . 
Stooll examination for parasite infection was performed as part of the routine investigations on 
freshh stools at the study sites on the same date as blood sample collection. Direct microscopy in 
salinee and iodine preparations and Formol-ether concentration methods were employed (2). The 
Baermannn concentration method was also performed to detect Strongyloides stercoralis larvae 
(23).. In addition, two kato thick smears from the same specimen on the same date as blood 
samplee collection and another two kato smears plus one Baermann sediment on day 3 were 
analyzedd in Wonji. 

Bloo dd collection , plasm a isolation , and HIV serology . 
Wholee blood was collected into EDTA Vacutainer tubes between 8:30 and 11:30 a.m. and 
transportedd to the ENARP laboratory on the same day of collection. Upon arrival, the tubes were 
welll mixed and 500 pi of the whole blood was transferred into Nunc tubes for FACScan and 
hematologicall analysis. The presence of HIV antibodies was detected on plasma using the HIV 
SPOTT Rapid assay (Genelabs Diagnostics, Singapore) and the enzyme linked immunosorbent 
assayy (Vironostika HIV Uni-Form II plus O; Organon Teknika, Boxtel, The Netherlands). Plasma 
sampless which tested positive by one or both tests were confirmed by Western blot analysis 
(HIVBLOTT 2.2; Genelabs Diagnostics). 

Hematologica ll  analysis . 
Thee absolute number of leukocytes per microliter of whole blood was obtained using a Coulter 
Counterr T540 (Coulter Electronics, Hialeah, Fla.), which was standardized against a 4C plus 
bloodd control. 

Three-colo rr  immunophenotypin g of lymphocyt e subsets . 
Lymphocytee subsets and five-part differential counts were determined using Multitest kits and 
Multisett software (Becton Dickinson Immunocytometry Systems, San Jose, Calif.) as described 
inn detail previously (37). Naive, memory, and effector CD4+ and CD8+ T-cells were quantified by 
three-colorr flow cytometric analysis after staining with perdinin-chlorophyll a protein (PerCP)-
conjugatedd CD4 or CD8 monoclonal antibodies (MAbs) in combination with fluorescein 
isothiocyanate-conjugatedd CD27 MAb and phycoerythrin-conjugated CD45RA (all from Becton 
Dickinson).. In vivo activated and nonactivated CD4+ and CD8+ T cells were also quantified by 
three-colorr flow cytometric analysis after staining with PerCP-conjugated CD4 or CD8 MAbs in 
combinationn with fluorescein isothiocyanate-conjugated CD38 MAb and phycoerythrin-
conjugatedd HLA-DR (Becton Dickinson). In brief, 50 pi of whole blood was mixed and incubated 
att room temperature with each combination of MAbs (5 pi of each) for 15 min in separate tubes 
inn the dark. Erythrocytes were lysed by adding 1 ml of fluorescence-activated cell sorter lysing 
solutionn (50% diethylene glycol and 15% formaldehyde) (Becton Dickinson). After vortexing, the 
tubess were incubated in the dark at room temperature for 15 min and immediately centrifuged at 
300300 x g for 5 min. The supernatant was discarded, leaving approximately 50 pi of residual fluid 
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inn the tube. Two milliliters of isoton (azide-free balanced electrolyte solution) was added to the 
celll pellet, mixed thoroughly, and centrifuged at the same speed and time interval. The 
supernatantt was removed, and the residue was resuspended in 500 pi of isoton. Events were 
acquiredd and analyzed using a FACScan flow cytometer with Cellquest software (Becton 
Dickinson).. For acquisition and storage, a gate was set on side scatter and PerCP fluorescence 
too stop acquiring when 2,000 CD4+ or CD8+ T lymphocytes were collected. To analyze the 
events,, a live gate was set first for all live events excluding debris, and then it was set for 
lymphocytes,, monocytes, and granulocytes using the forward-versus-side light scattering 
propertyy of the cells. CD4+ and CD8+ cells were gated on side scatter and PerCP fluorescence 
inn order to get a minimum of 1,500 CD4+ or CD8+ T lymphocytes from the lymphocyte gate. 
Gatedd CD4+ or CD8* bright events were used to quantify subsets and activation markers in dot 
plot-contourr plot by setting quadrant markers. The percentage of events in each quadrant was 
usedd to calculate absolute values of the corresponding cell populations. The FACScan was 
calibratedd with CaliBRITE fluorescent beads and FACScomp software (Becton Dickinson) 
weekly. . 

Statistica ll  analysis . 
Dataa were entered and analyzed using Dbase IV and STATA programs, respectively. The 
distributionn of T-cell subsets and activation markers was compared between population groups 
usingg the Wilcoxon rank test. P values of <0.05 were considered significant. 

Ethics . . 
Thiss study is part of a long-term cohort study on the progression of HIV infection in Ethiopia 
whichh is ethically approved by both EHNRI and the National Ethical Clearance Committee. 
Informedd consent was obtained from each subject. 

Result s s 

Lymphocyt ee subset s in HIV-negativ e Ethiopian s fro m two stud y sites . 
Tablee 1 summarizes the median and 95th percentiles of lymphocyte subsets for adult 
Ethiopianss from the Akaki and Wonji cohort sites. For comparison, values for healthy Dutch 
bloodd donors were included. First of all, it was confirmed that healthy Ethiopians have 
significantlyy lower (P< 0.0001) CD4* T-cell counts than healthy Dutch subjects, independent of 
thee geographical locale of blood sample collection. Second, CD8+ T-cell counts from Akaki 
subjectss were significantly higher (P< 0.0001) than those from the other two groups. Since 
absolutee CD4+ T-cell counts did not differ between the two Ethiopian study groups, the higher 
CD8++ T-cell counts resulted in significantly higher total T-cell and lymphocyte counts and a lower 
CD4/CD88 ratio in Akaki subjects. There were no statistically significant differences in the other 
lymphocytee subsets (B cells and NK cells) between the two Ethiopian groups. Akaki females 
showedd increased CD4+ T-cell percentages compared to Akaki males, resulting in a significantly 
higherr CD4/CD8 ratio. There were no statistically significant gender differences in Akaki with 
respectt to other white blood cell subsets. 
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TABLEE 1. Median values and 95th percentil e referenc e ranges of leukocyt e subset s of HIV-
negativ ee Ethiopia n factor y worker s from Akak i and Wonji compared to those of Dutch blood 
donors s 

Mediann value2 (95th percentile reference range) for: 

Parameter r 
Akakii females Akaki males Wonji males Dutch subjects 
(nn = 87) (n=131) {n = 562) (n = 678)£ 

Lymphocytes s 

CD44 cells 

%% of CD4 cells 

CD88 cells 

%% of CD8 cells 

CD4/CD88 ratio 

TT (CD3) cells 

B(CD19)) cells 

NK{CD16+56+) ) 

cells s 

1,825(937-2,993) ) 

749(386-1,355) ) 

422 (29-55)? 

617(258-1,301) ) 

34(16-54) ) 

1.20(0.52-2.60)§ § 

1,407(741-2,329) ) 

1811 (63-331) 

183(55-496) ) 

1,840(1,046-3,280)^ ^ 

6711 (391-1,145) 

399 (23-54)-

6199 (249-1,933^ 

35(17-61)--

1.10(0.41-2.57)--

1,344(759-2,742)--

167(47-437) ) 

2111 (69-646) 

1,653(855-3,239) ) 

675(337-1,257) ) 

411 (27-54) 

475(180-1,253) ) 

29(16-51) ) 

1.40(0.60-2.80) ) 

1,224(587-2,377) ) 

165(64-451) ) 

195(56-614) ) 

2,000(1,120-3,370) ) 

9300 (490-1,750) 

488 (34-63) 

460(200-1,100) ) 

24(13-41) ) 

1.96(0.89-4.67) ) 

1,470(800-2,590) ) 

290(110-670) ) 

NA^ ^ 

aa Significant difference compared with Akaki males, P value of <0.05, using the Wilcoxon rank test. 
bb Significant difference compared with Wonji males, P value of <0.001, using the Wilcoxon rank test. 
cc Significant difference compared with Ethiopian subjects from both sites, P value of <0.001, using the 
Wilcoxonn rank test. 
dd NA, not available. 
ee Absolute counts are per microliter of whole blood. 

Naive ,, memory , and memory/effecto r subset s in HIV-negativ e Ethiopian s fro m two stud y 
sites . . 
Too further study the significantly higher numbers of CD8+ T cells in Akaki males than in Wonji 
males,, CD4+ and CD8+ T cells were analyzed for numbers of naive, memory, and 
memory/effectorr subsets as defined by differential expression of CD45RA and CD27 (1, 14) in 
300 subjects from each site. Also in these smaller groups, the observations of low CD4+ T-cell 
countss in Ethiopians from both sites compared to the Dutch and the increased CD8+ T-cell 
countss in Akaki males compared to Wonji males were confirmed (data not shown). 
Ass shown in Table 2, the significantly higher number of CD8+ T cells in Akaki males compared 
too Wonji males resulted in a proportional increase in almost all CD8+ T-cell subsets: naïve 
(CD45RA+CD27+,, P= 0.007), memory (CD45RA CD27+, P = 0.03), and cytotoxic effector 
(CD45RA+CD27~,, P = 0.008). Only the memory/effector (CD45RA~CD27~) CD8+ T-cell 
subsetss showed no statistically significant difference in the two population groups. However, 
whenn percentages of CD8+ T-cell subsets were compared, no statistically significant differences 
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weree detected. All four compartments of the CD4+ T cells, naive (CD45RA+CD27+), memory 
(CD45RA"CD27+),, memory/effector (CD45RA~CD27~), and CD45RA+CD27~, appeared 
comparable,, both in percentages and absolute numbers (Table 2). 

TABLEE 2. Medians and 95th percentile ranges of CD4* and CD8+ T-cell subsets in HIV-negative 
Ethiopiann factory workers in comparison with those of Dutch blood donors 

T-celll subset 

Absolutee count (cells/ul), % of total for5: 

Akakii subjects (n = 30) Wonji subjects (n = 30) Dutch subjects (n = 108)-

CD4*CD45RA*CD27* * 

(naïve) ) 

CD4*CD45RA~CD27+ + 

(memory) ) 

CD4*CD45RA*CD27" " 

CD4*CD45RAA CD27 

(memory/effector) ) 

CD8*CD45RA*CD27* * 

(naive) ) 

CD8*CD45RAA CD27* 

(memory) ) 

CD8*CD45RA'CD27~~ ~ 

(cytotoxicc effector) 

CD8*CD45RA~CD27~ ~ 

(memory/effector) ) 

1344 (40-361), 22 (3-43) 128 (27-574), 20 (5-47) 380 (60-1,087)," 38 (9-74)' 

3300 (191-889), 55 (17-67) 316 (110-610), 53 (40-66) 500 (200-1,004),' 53 (20-76) 

100 (0-95), 1 (0-6) 7 (0-36), 1 (0-5) 0 (0-73),' 0 (0-10)' 

130(61-1,132),, 21 (12- 137 (47-289), 21 (9-45) 60 (10-203),'6 (1-19)' 

79) ) 

1666 (55-366) ,  2 7 (8-53 )  11 7 (26-282), £'  2 9 (5-60 )  22 5 (45-491). '  4 4 (13-80) ' 

988 (29-419) ,  1 9 (7-44 )  7 4 (22-254),- '  2 1 (6-48 )  18 0 (40-383), '  3 5 (9-71) ' 

217(52-734) ,,  35(16-74 )  10 3 (19-692),- '  3 4 (8-78 )  3 0 (0-328),' 6 (1-46) ' 

511 (9-1,057) ,  9  (2-47 )  3 7 (4-765) ,  9  (2-53 ) 20(0-183) ,,  4(0-21 ) 

aa Values are medians. Values in parentheses are 95th percentile reference ranges. Asterisks denote P 

valuess of <0.05, using the Wilcoxon rank test. 
bb Significant difference compared with Ethiopian subjects from both sites. 
cc Significant difference compared with Akaki subjects. 

Comparedd to Dutch subjects, Ethiopians had significantly reduced naive and increased 
memory/effectorr subsets in both CD4+ and CD8+ T-cell compartments and increased cytotoxic 
effectorr cells in the CD8+ T-cell compartment (P < 0.001). 

Activate dd and restin g T-cel l subset s in HIV-negativ e Ethiopian s fro m two stud y sites . 
Finally,, a combination of HLA-DR and CD38 MAbs was used to measure activated and resting 
T-celll subsets (13) in 20 subjects (10 from each site). Again, for CD4+ T cells, no statistically 
significantt difference was seen in absolute numbers or percentages of activated, resting, HLA-
DR+CD38~,, and HLA-DR~CD38+ subsets between Akaki and Wonji participants (Table 3). 
Withinn the CD8+ T-cell compartment, the higher absolute counts in Akaki subjects were reflected 
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byy higher absolute counts of resting (P=0.02), HI_A-DR+CD38 (P=0.02), and HLA-DFT 
CD38++ T cells (P = 0.03). No statistically significant differences were seen when percentages of 
thesee cells were compared. 

TABLEE 3. Medians and 95th percentil e ranges of activate d and restin g T-cell subset s in HIV-
negativ ee Ethiopia n factor y worker s in compariso n wit h thos e of Dutch bloo d donor s 

T-celll subset 

Absolutee count (celts/ul), % of total for3: 

Akakii subjects (n = 10) Wonjl subjects (n - 10) Dutch subjects (n = 40) 

CD4*HLA-DFTCD388 92 (41-309), 13 (8-37) 86 (37-124), 13 (7-18) 

CD4*HLA-DR+CD38** 55 (32-123), 7 (5-12) 52 (34-94), 8 (5-11) 

(activated) ) 

CD4*HLA-DRR CD38 326 (240-831), 48 (33-62) 290 (181-583), 43 (28-62) 

(resting) ) 

CD4*HLA-DRR CD38* 188 (109-558), 28 (17-38) 230 (66-558), 39 (13-46) 

CD8*HLA-DR*CD38~~ 224 (82-827), 32 (20-51) 101 (29-311)r' 30 (18-53) 

CD8*HLA-OR*CD38** 93 (20-459), 12 (4-28) 57 (24-84), 15 (8-29) 

(activated) ) 

CD8+HLA-DR~CD38__ 297 (96-666), 38 (20-67) 120 (37-281),6 '30 (15-60) 

(resting) ) 

CD8*HLA-DR~CD38** 79 (17-285), 12 (3-29) 49 (20-183),6' 16 (7-37) 

50(0-160) , s - '6(1-20f e ' ' 

200 (0-60),ÈE' 2 (0 -6 ) - ' 

430(50-1,340),£'49(4-75) ) 

3900 (50-730),-£' 42 (6-69)È" 

60(0-630), f i ' l4(1-65) f i £ ' ' 

10(0-80) , f i s '3 (0-23f- ' ' 

320(40-620)r'75(7-91)-£' ' 

200 (0-140),"' 6 (0-24 f-

aa Values are medians. Values in parentheses are 95th percentile reference ranges. Asterisks denote P 

valuess of <0.05, using the Wilcoxon rank test. 
bb Significant difference compared with Akaki subjects. 
cc Significant difference compared with Wonji subjects. 

Comparedd to Dutch subjects, Ethiopians had significantly higher numbers of activated and HLA-
DR+CD388 CD4+ and CD8+ T cells, lower resting CD8+ T cells, and increased HLA-DR CD38+ 

CD8+TT cells (P< 0.05). 

Discussio n n 
Thee present study was performed to assess the applicability of previously determined (37) 
referencee values for immunohematological markers in the Ethiopian setting. 
Inn agreement with earlier studies (17, 19, 25, 26, 37, 41), the remarkably lower CD4+ T-cell 
countss of Ethiopians was confirmed in subjects from a second cohort site (Wonji). This could 
havee consequences for HIV-1 disease progression in Ethiopians. Previous studies have 
confirmedd the applicability of the WHO staging system for HIV infection progression in Ethiopia 
(19),, and provisional values were established for CD4+ T-cell counts, representing the various 
stages.. However, it should be kept in mind that the numbers of observations for these analyses 
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weree low, and it remains to be proven whether, for example, a lower preinfection CD4 count 
wouldd be associated with a faster progression to AIDS. Thus, a more detailed analysis of clinical 
dataa and T-cell subset counts in a large number of individuals representing the various stages of 
HIVV disease progression is recommended. 

Thee finding of low CD4+ T-cell counts in Ethiopians is comparable to those reported for Chinese 
adultss (18) but lower than the values reported for other Africans (22, 38, 42). Interestingly, the 
CD44 values reported by Urassa et al. (39) for healthy adults from Dar es Salaam, Tanzania, are 
lowerr than those reported for rural Tanzania (19), indicating the heterogeneity of the African 
population,, though methodological and other sources of variability in CD4 counting could also 
accountt for the observed differences. 

Inn the present study, females were found to have significantly higher percentages of CD4+ T 
cellss and CD4/CD8 ratios (P < 0.05) and relatively higher absolute CD4+ T-cell counts than 
males.. Several studies have reported similar observations of higher CD4+ T-cell counts in 
femaless compared to males in both Africans and Caucasian populations (Clinical monograph 
no.. 1, Becton Dickinson Immunocytometry Systems) (8, J_8, 21, 24, 27, 28, 38). It has been 
suggestedd that a sex hormone effect could be one possible explanation for the reported gender 
differencee in CD4 counts (24). A statistically significant difference in CD4 counts has also been 
observedd between males from Akaki and Wonji. However, the clinical relevance of these 
differencess in terms of patient management remains to be elucidated. The most interesting 
findingg of the present study is the significant differences in CD8+ T cells between Akaki and 
Wonjii males. The higher CD8+ T-cell counts in Akaki agree with previous reports for Ethiopians 
(17,, 25. 37, 41), but Wonji subjects had significantly lower CD8+ T-cell counts than those 
detailedd in these reports. 

Furtherr analysis of CD8+ T-cell subsets using different combinations of MAbs, well known to 
separatee T cells into functional subsets, like naive, memory, effector, activated, and resting cells, 
however,, did not detect qualitative differences between Akaki and Wonji males. The quantitative 
differencess detected forCD8+ T cells as a whole were reflected in the absolute numbers of most 
CD8++ T-cell subsets, which made these subsets of limited informative value for explaining the 
observedd differences in the two population groups. A dramatic change in the CD8 subset 
composition,, mainly expansion of the memory cell types, has been observed in acute viral 
infectionss (32). In addition, chronic antigenic stimulation has been shown to result in the loss of 
CD277 antigen expression (1_5, 16). Since we observed no specific expansion of certain T-cell 
subsets,, our data suggest that the difference in CD8+ T-cell counts may not be attributed to a 
specificc response of these cells to an endemic infectious disease. Such imbalances in the CD8 
subsett composition would have been expected in the Akaki subjects if acute or chronic viral 
infectionss were the underlying causes for the observed differences between the two populations. 
However,, other environmental factors, like nutrition or altitude, or genetic differences could 
causee the higher total CD8 count in the Akaki subjects and should be the subject of further 
studies.. In this regard, it would be of interest to study children and females from both sites. In 
summary,, it can be concluded that caution should be taken in presenting immunological 
referencee data on particular groups of Ethiopians as valid for the entire population. In this 
respectt it could be mentioned that the Ethiopian population is extremely heterogeneous, living at 
highh altitudes of up to 4,000 m and in lowlands at sea level, with more than 120 ethnic groups 
speakingg over 80 different languages and being from Semitic, Cushitic, and Nilotic origins. 
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Remarkably,, although the total CD8 count was different between the two geographical areas, 
thee present study confirmed that the immune system of the Ethiopians is in a highly activated 
state,, independent of the geographic locale of sample collection. This is in agreement with 
earlierr reports (17, 25) and makes this observation likely to be more generally applicable in 
Ethiopia.. Similar observations have been reported for Ugandans (29). It has been hypothesized 
thatt the higher activation state of the immune system of Ethiopians reflects an increased load of 
intestinall parasitic infections, particularly helminthes (3, 4, 17J. Although the subjects of this 
studyy were found to be negative for intestinal parasites at the time of the investigation, it is highly 
likelyy that they might be infected and dewormed several times in their lifetime, resulting in 
chronicc and persistent antigenic stimulation. This would be possible since intestinal parasitism is 
commonn in Ethiopia, and prevalence rates as high as 70% have been reported ( H , 20). 
Nutritionall factors (10, 35) or ethnic composition (6) could also be involved. Although genetic 
factorss were reported to play a role (6), recently Clerici et al. (7) demonstrated that immune 
activationn in Africans is environmentally driven and not genetically predetermined. 

Inn conclusion, this study confirms and extends earlier observations on fundamental differences 
betweenn the immune systems of Ethiopians and others Q7_,19, 25, 26, 37, 4J_). It also indicates 
thatt caution should be taken in extrapolating immunological reference values from one 
populationn group to another. 
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Chapte rr  3 

Immunophenotyin gg of bloo d lymphocyte s at birth , durin g childhood , and durin g 
adulthoo dd in HIV-1 -uninfecte d Ethiopian s 

Asterr Tsegaye ~, Dawit Wolday-, Sigrid Otto-, Beyene Petrose, Tsehai Assefa-, Tsegaye 
Alebachew11,, Ermias Hailu-, Fekadu Adugna2, Worku Measho§, Wendelien Dorigoa, Arnaud L. 
Fontanel,, Debbie van Baarle- and Frank Miedema0 

aa Ethio-Netherlands AIDS Research Project (ENARP), Ethiopian Health and Nutrition Research Institute 
(EHNRI).. P.O. Box 1242, Addis Ababa, Ethiopia b Department of Clinical Viro-lmmunology, Sanquin 
Researchh at CLB and Landsteiner Laboratory, University of Amsterdam, The Netherlands 
cc Department of Biology, Addis Ababa University, P.O. Box 1176, Addis Ababa, Ethiopia 
dd Infectious and Other Diseases Research Department, Ethiopian Health and Nutrition Research Institute 
(EHNRI),, P.O. Box 1242, Addis Ababa, Ethiopia e Wonji Hospital, P.O. Box 446, Wonji, Ethiopia 
'' Division of Public Health and Environment, Municipal Health Service, Amsterdam, The Netherlands 

Too obtai n mor e insigh t int o bloo d lymphocyt e subpopulation s of Ethiopians , we studie d 
thee immunologi c profil e of childre n and neonate s and compare d thes e data wit h thos e 
obtaine dd fro m adults . Periphera l bloo d mononuclea r cell s (PBMCs) and cor d bloo d 
mononuclea rr  cell s (CBMCs) were collecte d fro m 137 HIV-1-uninfecte d subject s aged 0 
(cor dd blood ) up to 40 years . Lymphocyt e subset s (T, B, and NK cells , CD4* and CD8+ T 
cells )) were determine d and T cel l activatio n (CD38 and HLA-DR) and differentiatio n 
(CD45ROO and CD27) marker s were measure d on CD4+ and CD8+ T cells . The absolut e 
numbe rr  and percentag e value s of mos t lymphocyt e subpopulation s differe d substantiall y 
wit hh age. Neonate s and childre n were foun d to have significantl y highe r CD4+ T cel l 
count ss compare d to adults . The media n absolut e CD4 coun t at birt h was comparabl e to 
thos ee reporte d fo r Caucasians . At birt h 97% of the CD4+ T cell s were naiv e and thi s 
proportio nn significantl y decline d to 14.2% durin g adulthood . In addition , activatio n of 
bot hh CD4+ and CD8* T cells , as determine d by the doubl e expressio n of HLA-DR and 
CD38,, was observe d in childre n unde r the age of 16 and adults , but not in neonates . A 
mor ee differentiate d phenotyp e (CD27~) was observe d in adult s compare d to childre n for 
bot hh CD4+ and CD8+ T cells . The immun e alteration s includin g the remarkabl y low CD4 
coun tt  wit h highl y deplete d naiv e phenotyp e and a persistentl y activate d immun e syste m 
seenn in adul t Ethiopian s are not apparen t at birth , but rathe r develo p over time . 

Introductio n n 
Thee continuous development and maturation of the immune system throughout childhood and 
adolescencee emphasizes the need for age-specific data on immunological status. As a result, 
theree are several studies reporting age-related changes in blood lymphocyte subpopulations [1, 
2,, 3, 4, 5, 6, 7, 8, 9, 10, V\_, 12, 13, U and 15]. In general, the total leukocyte count and 
absolutee lymphocyte counts peak in infancy and decline steadily with age [1, 3, 4, 6, 7 and 8]. 
Absolutee counts of lymphocyte subsets, especially, T and B cell subsets, which are derived from 
absolutee lymphocyte counts, also follow the same pattern [1, 6, 7, 9, 12 and 13]. On the other 
hand,, changes in the relative proportion of the lymphocyte subpopulations are not always 
consistentt with changes in their absolute number. Therefore, it is recommended that 
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comparisonn of lymphocyte subpopulations between infants and adults as well as the 
managementt of paediatric patients be based on absolute counts rather than percentages [6, 9 
andd 13]. This disparity is a point of concern and hence immunological categorization of 
paediatricc HIV disease [16] and guidelines for treatment of HIV-infected children [V7] are based 
onn both percentage and age-specific absolute CD4+ T-lymphocyte counts. 

Immunologicall studies done thus far on adult HIV-noninfected Ethiopians revealed remarkable 
differencess in immune status compared to other populations [18, 19, 20, 21, 22, 23 and 24]. 
Thesee studies reported significantly lower CD4 counts; higher CD8 counts with the exception of 
ann observation by Kassu et al. [24] where one population group was found to have CD8+ T cell 
countss comparable to European values; and lower naive T cells with a persistently activated 
immunee cells in Ethiopians compared to the other populations studied. However, there is no 
publishedd information on blood lymphocyte subpopulations in Ethiopian children or neonates to 
determinee if the immune alterations seen in adults also exist at birth or during childhood. 
Furthermore,, racial differences in the lymphocyte subset distribution have been demonstrated [8 
andd 14]. Motley and colleagues [8] studied 179 white and 18 black neonates and found a 
significantlyy higher number of NK cells and naïve CD4+ T cells and lower total leukocytes in 
blackk neonates compared to whites. A study of East African black infants and children also 
demonstratedd substantially lower percentages of CD4+ T cells compared to the reported values 
forr Caucasians and West Africans [14], all suggesting the need for population-specific studies. 

Lymphocytee subsets, especially the absolute CD4 count in addition to its prognostic value [25, 
266 and 27], play a crucial role in the initiation and monitoring of antiretroviral therapy and 
prophylacticc treatment of opportunistic infections [28]. Characterization of the immune system of 
healthyy children is becoming more important especially with the increasing burden of the HIV 
epidemicc in Ethiopia, where about 250,000 children are estimated to live with this infection f291. 
Knowledgee of the immune status of healthy children could thus contribute to the clinical 
managementt of HIV-infected children. The present study, therefore, aimed to investigate the 
immunee status of Ethiopian children and full-term neonates and compare data to adult values 
withh respect to lymphocyte subsets, differentiation, and activation markers. The study examines 
whetherr the immune alteration reported for adult Ethiopians compared to other populations is 
apparentt at birth or develops over time. 

Subject ss and method s 

Subject s s 
AA total of 137 subjects between 0 and 40 years and residing in two geographical localities were 
enrolledd in this cross-sectional study. Adult subjects were factory workers enrolled in two 
ongoingg long-term cohort studies of HIV infection progression in Ethiopians, performed by the 
Ethio-Netherlandss AIDS Research Project (ENARP) at the Ethiopian Health and Nutrition 
Researchh Institute (EHNRI), Addis Ababa, Ethiopia. Detailed description of the cohort studies 
hass been reported elsewhere [30 and 31J. One site is located in Akaki (a suburb of the capital, 
Addiss Ababa, at 2100 m altitude) and the second site is in Wonji (a sugar estate, 114 km 
southeastt of Addis Ababa, at 1500 m altitude). All cohort participants come to the study clinic 
everyy 6 months for a questionnaire on health and behaviours, a clinical examination by a 
medicall doctor, and collection of blood and stool samples for laboratory analysis. The site 
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activitiess including clinical examinations, specimen collections, and stool analysis were carried 
outt in the ENARP clinic at the Akaki site and in the Wonji Hospital at the Wonji site. The cohort 
studiess started in February 1997 in Akaki, and October 1997 in Wonji. As these are open 
cohorts,, recruitment is still ongoing although very limited at the present. For the purpose of the 
presentt study consecutive adult cohorts, fulfilling the inclusion criteria between May and 
Decemberr 2001, were included. 
Full-termm neonates and school children aged 5-16 years were from the Wonji site. Inclusion 
criteriaa for the present study included: no medical history of acute or chronic illnesses, negative 
examinationn for intestinal parasites, and negative HIV-1 antibody test. Therefore, a total of 10 
neonatess with normal delivery (cord blood), 36 school children after clinical examination by a 
medicall doctor, and 52 consecutive adults aged 18—40 years were recruited between the 
monthss of May and December 2001 from Wonji. Ten more cord blood <CB) samples from full-
termm neonates were collected in the same manner in December 2002 from this site. 
AA second group of children under 5 years and adults aged 18—40 years who reside in and 
aroundd Addis Ababa participated in this study. The adults are cohort participants at the Akaki 
sitee (suburb of Addis) and the children were participants as control subjects for a separate study 
inEHNRI. . 
Thee study was approved by both EHNRI and the National Ethical Clearance Committee for 
protectionn of human subjects and informed consent was obtained from all subjects or guardians 
ass necessary. 

Bloo dd collection , cord , and periphera l bloo d mononuclea r cel l separatio n 
Cordd and peripheral venous blood samples were collected into EDTA vacutainer tubes and 
transportedd to the ENARP laboratory on the same day. Peripheral blood mononuclear cells 
(PBMCs)) and cord blood mononuclear cells (CBMCs) were isolated from whole blood by the 
Ficoll-Hypaquee density gradient centrifugation method and the cells were frozen using a 
computerizedd freezing program. Frozen cells were stored in liquid nitrogen until analysed. 

Leukocyt ee subse t determination s 
Thee absolute leukocyte number was obtained using a Coulter Counter T540 (Coulter 
Electronics,, Hialeah, FL). Leukocyte counts of CB samples were corrected for nucleated red 
bloodd cells (NRBCs) as recommended by WHO [32]. Lymphocyte percentage was determined 
withh a FACScan [Becton Dickinson Immunocytometry systems (BDIS), San Jose, CA] using 
Paintt A Gate software, and lymphocyte subset analysis based on three color 
immunophenotypingg of lymphocytes (CD3+ T cells, CD19+ B cells, CD16+CD56+ NK cells, CD4+ 

andd CD8+ T cells) was performed with a FACScan using the Multitest kits and Multitest software 
(BDIS)) as described in detail previously [21 and 24]. These subsets were expressed as 
percentagess of total lymphocytes. Lymphocyte gate was set using both side scatter combined 
withh the expression of the common leukocyte antigen CD45. The CD45 staining avoids the 
problemm created by the presence of NRBCs in the CB samples during analysis, as the 
erythrocytess do not express the leukocyte common antigen CD45. 

TT cel l differentiatio n and activatio n marker s analysi s 
Monoclonall antibodies (mAbs) perdinin-chlorophyll-A protein (PerCP)-conjugated CD4 or CD8, 
phycoerythrinn (PE)-conjugated CD45RO, and streptavidin-APC were obtained from BDIS. 
Biotinylatedd CD27 and fluoresceinisothiocyanate (FITC)-conjugated CD38 mAbs were 
purchasedd from the CLB (Amsterdam, The Netherlands) and Immunotech (Beekman Coulter, 
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Marseille,, France) respectively. PE-conjugated HLA-DR mAb was obtained from both CLB and 
BDIS.. To quantify the naTve (CD45RO"CD27+), memory (CD45RO+CD27+), and 
memory/effectorr (CD45RO+CD27~) CD4+ and CD8+ and effector (CD45RO" CD27") CD8+ T 
cells,, cryopreserved PBMCs/CBMCs were thawed and incubated with PerCP-conjugated CD4 
orr CD8 mAbs, PE-conjugated CD45RO, and biotinylated CD27 mAb according to procedures 
describedd earlier [33 and 34]. After washing with phosphate-buffered saline (PBS)/0.5% bovine 
serumm albumin (BSA), cells were incubated with streptavidin-APC. Cells were fixed using Cellfix 
(BDIS),, and analysed on a FACS Calibur with Cellquest software (BDIS). All incubation steps 
weree performed at C for 20 min. In vivo activated (HLA-DR+CD38+) and resting (HLA-
DRCD38")) CD4+ and CD8+ T cells were also quantified by flow cytometric analysis after 
stainingg with PerCP-conjugated CD4 or CD8 mAbs in combination with FITC-conjugated CD38 
mAbb and PE-conjugated HLA-DR according to Giorgi et al. [35] and as detailed previously [241. 
Resultss are expressed as percentages of total CD4 or CD8 counts. Specimens from all age 
groupss (neonates, children, and adults) of the present study were analysed using the same 
combinationss of mAbs and techniques. 

Statistica ll  analysi s 
Dataa were analysed using STATA statistical software (State 6.0, Stata Corporation, College 
Station,, TX). The distribution of the different markers was compared between age categories (at 
birth,, children, and adults 18—40 years) using the nonparametric Wilcoxon rank-sum test (Mann-
Whitneyy l/test). P values < 0.05 were considered significant. 

Result s s 

Descriptio nn of stud y populatio n 
Ann immunologic profile of Ethiopians at birth, and during childhood and adulthood, was 
generatedd from a total of 137 healthy subjects who are negative for intestinal parasites and HIV-
11 antibodies and residing in two different geographical localities. Wonji sugar estate located at 
114114 km southeast of the capital, Addis Ababa, provided 20 full-term neonates, 36 children aged 
5-166 years, and 51 adult cohort participants aged 18-40 years for this study. 
Thee second group of subjects were: 13 children aged 1-5 years and 17 adult Akaki cohort 
participantss (18—40 years) residing in and at the suburb of Addis Ababa. Initially, comparison 
wass made between age groups residing in the same geographic locality. Since Wonji cohort 
wass a male cohort, all adult subjects in the present study are males, including those from Akaki, 
too make it comparable. The proportion of male and female were similar in children aged 5-16 
yearss old. Three of the under-five-year-old children were females. However, we found no 
significantt gender difference in children for the various lymphocyte subsets and activation 
markerss studied and hence merged the data from both genders. 

Absolut ee number s of CD4+ and CD8+ T cell s in relatio n to age in subject s fro m Wonj i 
Tablee 1 summarizes lymphocytes and T cell subset values for cord blood, children aged 5-16 
years,, and adults residing in Wonji. The absolute lymphocyte count declined significantly with 
agee (P < 0.001) showing a 2.2-fold decrease from birth to adulthood. The CD3+ T cells and 
CD4++ T cells followed the same trend. The absolute number of CD4+ T lymphocytes in neonatal 
cordd blood was 2.0-fold higher than in children aged 5-16 and 2.8-fold higher than adult values. 
Thee median absolute number of CD8+ T lymphocytes, on the other hand, was relatively stable in 
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bothh neonates and children but decreased about 1.5-fold in adults. As a result, the CD4/CD8 
ratioo was higher in neonates compared to the other two groups. The relative number of CD8+ T 
lymphocytess at birth, by contrast, was significantly lower than in adults (P < 0.001). Both the 
relativee and absolute B cell counts were not significantly different between neonates and 
children,, although the absolute count is significantly lower in adults. The NK cell counts, on the 
otherr hand, declined significantly with age showing a 2.3- and 3-fold decrease during childhood 
andd adulthood, respectively, compared to the values at birth. 

Tablee 1. Percentage and absolute lymphocyte subset counts median and 95% ranges for neonates (cord 
blood),, 5-16-year-old children, and adults from Wonji, Ethiopia 

Parameter r 

WBCC (X 107L) 
Lymphocytess (/pi) 
%Ly m m 
CD3</ul) ) 
%CD 3 3 
CD44 (/Ml) 
%CD4 4 
CDSS (/Ml) 
%CD8 8 
CD4/CD88 ratio 
B(CD19+)cellsd d 

%B %B 
NK K 
(CDlö+56^ ^ 

Neonatess (cord blood) ?T^ Children 5-16ye«sV= 36 Wonji adults N= 51 
^ 0 0 

37144 (1836-5712)*b' * 
30(17-51)̂  ^ 
2640(1322-3530)a-b* * 
699 (55-8 iy»-* 
18166 (845-23 99)*'b" * 
46(35-67)a* b- f f 

730(404-1362)̂ ^ 
211 (10-27)af" h« 
2.33(1.35-4.60)"-b* * 
5288 (202-1142^-* 
13(9-20) ) 
6688 (180-1370^-» 
18(5-26) ) 

6.77 (4.0-11.0)e-« 
24077 (1450-4512f* 
355 (26-54) 
17200 (1062-3143)efi 

733 (58-86) 
9422 (523-1624)c* 
40(19-56) ) 
5611 (290-167 l)e<* 
244 (14-44) 
1.59(03-3.4) ) 
3533 (139-*57y.« 
144 (7-23)̂  
2877 (l02-752)ce 

122 (6-21) 

5.33 (2.8-9.4) 
16655 (879-3113) 

344 (17-63) 
11855 (588-2381) 

744 (57-85) 
6600 (374-1362) 

422 (25-55) 
4844 (146-1449) 

28(11-52) ) 
1.52(0.5-3.9) ) 
1811 (56-436) 

11(4-24) ) 
2244 (62-549) 

122 (5-29) 
aa significant difference neonates compared to children 
bb neonates compared to adults 
cc children compared to adults 
dd CD19+ and CD16+CD56+ stainings were available for 10 neonates 
ee p<0.05; ' p<0.01; 9 p<0.001, using the Wilcoxon rank sum test. Top values are absolute counts per 
microliterr of whole blood; bottom values are percentages of total lyphomcytes. 

Phenotyp ee of CD4+ and CD8* T cell s in relatio n to age in subject s fro m Wonj i 
AA combination of CD45RO and CD27 antigens was used to quantify the naive 
{CD45RCTT CD27+), memory (CD45RO+CD27+), and memory/effector (CD45RO+CD27~) subsets 
off CD4+ and CD8+ T cells and effector CD8+ T cells (CD45RCCD27"). The CD45RA antigen 
wass used to first describe these subsets [33 and 34]. However, in our case for all study subjects 
wee used CD45RO and hence adjustments have been made to define the CD4 and CD8 
differentiationn stages to the used mAbs in the present study. 
Fig.. 1a and b show the proportion of the CD4+ and CD8+ T cells with specific phenotypes in the 
studyy subjects. The naïve CD4+ T cells declined significantly from birth to adulthood. The 
mediann percentage values were: 97% at birth, 32.6% in children aged 5-16, and 14.2% during 
adulthood.. The data also showed that with increasing age, there was an increase in the CD4+ 

memoryy pool (CD27+ memory) and in the proportions of more differentiated cells, which likely 
representt the process of repeated antigenic challenge (CD27" memory cells). In the CD8+ T cell 
compartment,, the percentage of naïve cells significantly declined from birth to childhood but the 
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declinee was more gradual afterwards in contrast to the change seen in the CD4+ T cell 
compartment.. The percentages for the nafve CD8+ T cells were 95% at birth, 29.1% in children 
agedd 5-16, and 26.8% during adulthood. Interestingly, 5-16-year-old children were found to 
havee a significantly higher proportion of cytotoxic effector CD8* T cells (34.7%) compared to 
adultss (21.5%). 

M.-!<< i t . ' B i - i ) C M . v > < i i w m ' < l i r - .  Nilw (CWSKQ-CD27*)  MomnjlCtMWO-CD:'--) 

d d 

» uu « 
 HLADH-ID3K-  Aumed <HLA DS-CD.'S-

Fig.. 1. Proportion of phenotypes of CD4* (a) and CD8* (b) T cells and activation markers expression on 
CD4** (c) and CD8+ (d) T cells of neonates (cord blood), children (5-16 years), and adults from Wonji, 
Ethiopia. . 

Immun ee activatio n marker s on CD4+ and CD8+ T cell s in relatio n to age in subject s fro m 
Wonj i i 
Activationn of T cells, as measured by the surface expression of HLA-DR and CD38 antigens, 
wass seen in children 5-16 years old and adults, but not in CB samples from neonates (Fig. 1c 
andd d). Almost all T cells, especially the CD4* T cells, of neonates expressed the CD38 antigen, 
whichh eventually declines with age. The expression of this antigen on HLA-DR' CD4+ T cells 
wass 95% at birth, 37% during childhood (5-16 years), and 19% during adulthood. On the other 
hand,, HLA-DR antigen expression on both CD4* and CD8* T cells was absent at birth but 
increasedd with age, the change being more pronounced on the CD8+ T cells than on the CD4+ T 
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cells.. The values for the expression of HLA-DR on CD4+ and CD8+ T cells were 0.7% and 0.8% 
att birth, 11% and 30% during childhood, 12% and 27% during adulthood, respectively. 

Immun ee statu s studie s fo r Akaki/Addi s ababa resident s in relatio n to age 
Finally,, data were analyzed separately for the second group of subjects residing in and around 
Addiss Ababa, since we previously demonstrated [24] significant differences between adults 
residingg in Akaki (suburb of Addis Ababa) and Wonji (n = 780 in total), in terms of some T cell 
subsetss (CD8+ T cells and CD4/CD8 ratios). In the present study based on a relatively small 
numberr of subjects, Akaki adults have higher CD8+ T cell counts (628/ul versus 484/ul) and 
lowerr CD4/CD8 ratios (1.15 vs. 1.52, P < 0.05) compared to Wonji adults (Table 1 and Table 2) 
similarr to our previous data. T cell activation and differentiation markers did not differ 
significantlyy between the two adult groups. Absence of data for neonates and children aged 5-
166 years from Akaki/Addis Ababa limits the study in terms of site-related comparisons for these 
agee groups. 

Tablee 2. Absolute counts of lymphocyte subsets per microliter of whole blood median and 95% ranges for 
under-5-year-oldd children and adults from Akaki/Addis Ababa, Ethiopia 

Parameter r 
Lymphocytess (/ul) 
CD44 (/u.1) 
CD88 (/Ml) 
CD4/CD88 ratio 

Childrenn <l-5yr)JV= 13 
47Q0(150O-780ü71-e e 

15966 (475-3788)" 
9100 (277-1836)̂ 
2.066 (0,68-3,64)̂ 

Akakii  aduhs N= 17 
17600 (990-4080) 
7088 (435-1632) 
6288 (218-1310) 
1.155 (0.6-2. l)b'c 

aa children versus Akaki adults 
bb Akaki adults compared to Wonji adults 
cc p<0.05;d p<0.01;e p<0.001, using the Wilcoxon rank sum test 

Ass shown in Table 2 and Fig. 2a and b, the observation in Wonji residents of the age-related 
changess for lymphocyte subpopulations and the chronic immune activation in adults, as 
evidencedd by the marked downregulation of the CD27 antigen, was confirmed in the 
Akaki/Addiss group. Also activation of T cells as determined by the surface expression of HLA-
DRR and CD38 antigens (HLA-DR+ CD38+) was evident at an early age (Fig. 2c and d l 

Discussion n 
Too develop a better data set of the immunologic profile of Ethiopians, we determined 
lymphocytee subsets, T cell differentiation, and activation marker expression in neonatal CB 
sampless and samples from children and compared these data with those from adults. The total 
lymphocytee counts were shown to be highest in the full-term neonates and declined significantly 
withh age. The lymphocyte subsets (CD3+ T cells, CD4+ T cells, B cells, and NK cells) also 
followedd the same pattern. This trend was a reflection of the age-related changes seen in the 
absolutee lymphocyte count, which was the common factor used to derive the absolute counts of 
eachh subset. This finding is in agreement with previous studies LI, 2, 4, 5, 6, 7, 8, 9 and 14] and 
ass observed by others, CD8+ T cell percentages were significantly lower than adult levels [5,10 
andd 14]. 
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Fig.. 2. Proportion of phenotypes of CD4* (a) and CD8+ (b) T cells and activation markers expression on 

CD4** (c) and CD8* (d) T cells of children (1-5 years) and adults residing in and around Addis Ababa, 

Ethiopia. . 

Interestingly,, while we reported that adult Ethiopians from Wonji had similar CD8 counts and 
significantlyy lower CD4 counts compared to Dutch individuals [24], the relative and absolute 
countt of the CD4+ T cells in Ethiopian neonatal CB is comparable to those reported on 20 Dutch 
neonatall CB samples [9] and 202 CB samples from the USA [8]. Also a high proportion of the 
neonatess (9/20) had CD4 counts >2000 cells/ul. Although this may need confirmation on a large 
numberr of samples, the finding of comparable median CD4 counts and CD4 percentages 
betweenn Ethiopians (1816 cells/ul; 46%) and Dutch (1900 cells/ul; 41%) as well as from 
Americann (2000 cells/ul; 46%) neonatal CB suggests that Ethiopians have similar CD4 counts at 
birthh and that differences observed among older Ethiopians occur with age. However, both the 
relativee and absolute size of the CD8+ T cells were remarkably lower than those reported for 
Dutchh CBs (730 cells/ul and 2 1 % vs. 1100 cells/ul and 24% for Ethiopian and Dutch, 
respectively)) [9], despite the comparable CD8 counts between Dutch and Ehiopian adults [24]. 
Thee basis for the observed differences between the two populations in terms of the CD8+ T cells 
remainss to be elucidated. 
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Consistentt with earlier reports [4, 8, H and 13], naTve T cells were high at birth. Also children 
fromm both sites had a significantly higher proportion of naTve CD4+ T cells compared to adults. 
Althoughh marked age-related differences in lymphocyte subsets between the ages of less than 
11 year to 5 years have been reported [2], availability of whole blood samples from small number 
off subjects aged 1-5 years restricted us to combining all data for this age group. In the absence 
off information on these age groups, the data obtained in the present study provides some 
informationn on immunologic profile of children under 5 years of age and to assess if the immune 
alterationss reported for adult Ethiopians are observed during childhood. Indeed in these very 
smalll groups of younger children, we were able to demonstrate that lymphocyte subsets values 
weree significantly higher compared to adults, consistent with studies involving larger numbers of 
subjectss [2]. We were also able to show that a considerable depletion of the naïve T cell pool 
andd increased expression of activation markers were evident before the age of 5. The 
remarkablee expansion of the memory pool at the expense of the naTve T cell pool, and 
activationn of the immune system as determined by the double expression of the surface 
activationn markers HLA-DR and CD38 before the age of 5, indicates substantial antigenic 
challengee from birth onward. Furthermore, the proportion of cells that are thought to be elevated 
duringg repeated antigenic exposure (CD27" memory i.e., CD45RO+CD27") [36] were found to 
bee higher in adults regardless of sample collection site indicating persistent activation of the 
immunee system due to lifetime exposure to the multitude of environmental factors. Chronic 
antigenicc stimulation has been shown to result in the loss of CD27 antigen [36 and 37]. Thus, 
thee data show that the activated immune system, which is evident during early childhood, has 
nott yet reached the adult level. Interestingly, the proportion of cytotoxic effector phenotype 
(CD45RO"CD27")) CD8+ T cells in Wonji children was found to be higher compared to Wonji 
adults.. The observation of higher numbers of CD8+ T cells with effector function in these 
apparentlyy healthy parasite-negative children needs further investigation. Acute respiratory tract 
infectionss of viral origin may partly explain this finding. 
Inn line with others [9 and 13], we found high expression of the CD38 antigen on neonatal cord 
bloodd T cells. CD38, a multifunctional protein, with a role in cellular adhesion, activation, and 
proliferationn is known to be expressed on thymocytes, activated peripheral blood T and B 
lymphocytes,, and plasma cells. The abundant expression of CD38 on neonatal T lymphocytes 
iss suggested to be related to a greater metabolic need of the large population of natve 
untriggeredd cells [13]. However, HLA-DR antigen expression was absent on both CD4+ and 
CD8++ T cells at birth but increased with age, the change being more pronounced on the CD8+ T 
cellss than on the CD4+ T cells. 
Takenn together, our findings show that Ethiopians at birth are similar to Caucasians [8, 9 and 
1311 with respect to the median CD4+ T cell counts. Thus, the data support the notion that 
immunee alteration in Africans is mainly environmentally driven [20, 38 and 39], although the 
involvementt of a genetic cofactor is also not excluded [40]. However, total lymphocyte count at 
birthh does differ between Ethiopians and others [8, 9 and 13], an observation that still needs 
furtherr investigation. The fact that the median absolute size of the CD3+ T cell populations at 
birthh did not differ from other populations [8, 9 and 13] indicated that the low absolute 
lymphocytee count seen in Ethiopian neonates may not be a reflection of the absolute CD3+ T 
celll size but rather is a reflection of the non-T cells, especially the NK cells (e.g., 1000 cells/ul 
vs.. 668 cells/ul for Dutch and Ethiopian CBs, respectively) [9 and 13]. The observed differences 
mayy relate to several factors including immunophenotyping techniques. It has been suggested 
thatt one-third of NK cells in CB are positive for CD16, but negative for CD56 [41J. However, 
bothh our study and that of the Dutch have determined double-positive populations 
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(CD3~CD16+/CD56+),, discounting this possibility. Gender differences have also been 
demonstratedd [7 and 8] where male neonates were found to have significantly higher NK cell 
countss compared to their female counterparts. Possibly there may be more males in the Dutch 
studyy than our study. It should be noted that the Ethiopian population is extremely 
heterogeneouss with more than 120 ethnic groups speaking over 80 different languages, living in 
diversee geographic locations (from sea level up to 4000 m above sea level), with different 
socioculturall and dietary conditions. Thus, care should be taken in generalizing the findings of 
thee present study as valid for the entire population. 

Inn conclusion, the CD4 count at birth, which is predominantly of naTve phenotype, is comparable 
too Caucasians. The immune alterations with respect to T lymphocytes reported in adult 
Ethiopianss develop over time. Our findings also confirm and extend earlier reports on age-
relatedd changes in lymphocyte subpopulations. Knowledge of the immune status of healthy 
childrenn could help HIV-infected children in managing antiretroviral therapy, which is currently in 
thee process of being introduced in Ethiopia. The finding of relatively high absolute CD4+ T cell 
countss in children indicated that extrapolation of adult values in the management of paediatric 
HIVV infection would be misleading. Therefore, age-specific local standard values need to be 
determinedd on large samples for the proper management of HIV-infected children. 
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Chapte rr  4 

Immun ee abnormalitie s in health y HIV-1 non-infecte d Ethiopian s are induce d by chroni c 
immun ee activatio n and star t at early Age 
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Theree is increasin g evidenc e that chroni c immun e activatio n play s a majo r rol e in HIV 
infection .. To furthe r elucidat e the rol e of chroni c immun e activatio n in los s of T cel l 
populations ,, we studie d chroni c immun e activatio n independen t of HIV-infectio n in 
health yy Ethiopians . We measure d TREC content s and T cel l telomer e length s as 
cumulativ ee marker s of T cel l proliferation , expressio n of the proliferatio n marke r Ki-67, 
andd CD31, a recentl y propose d marke r for recen t thymi c emigrant s (RTEs). CD4 TREC 
content ss of Ethiopian s decline d significantl y wit h age, wit h a majo r declin e occurrin g at 
earlyy  childhood . Whil e at birt h CD4 TREC content s of Ethiopia n and Dutc h childre n were 
comparable ,, the dro p in Ethiopia n childre n was remarkabl e and was associate d wit h low 
naiv ee T cel l numbers . Level s of Ki-67 expressio n in Ethiopia n childre n were increase d 
compare dd to adul t and neonat e Ethiopians . Abou t 40% of Ethiopia n adult s had clearl y 
shortene dd T cel l telomere s compare d to Dutc h adults . Similarly , CD31 expressio n on 
naïvee CD4+ T cell s was reduce d in abou t one thir d of the Ethiopians . In conclusion , whil e 
immun ee characteristic s of Ethiopia n and Dutc h neonate s are similar , mos t Ethiopian s 
develo pp multipl e characteristic s of chroni c immun e activatio n characterize d by low naïve 
TT cel l number s at early age. 

Introductio n n 
HIV-11 infection is characterised by low total and naive CD4+ T cell numbers, increased CD8+ T 
celll numbers, elevated levels of activated CD4+ and CD8+ T cells, and a decreased T cell 
receptorr excision circle (TREC) content. There is increasing evidence that these characteristics 
off HIV-infection are, to a large extent, due to chronic immune activation induced by the virus (1-
5).. The level of immune activation induced by HIV is one of the strongest predictors of CD4+ T 
celll loss and progression to AIDS, independent of viral load (6, 7). Moreover, a number of 
immunee characteristics of HIV-infection, including decreased CD4+ T cell numbers, can be 
foundd in situations of chronic immune activation independent of HIV. Indeed healthy, HIV 
negativee Ethiopians have increased levels of T cell activation and low naïve and total CD4+ T 
celll numbers (1, 3, 8-17). Collectively, these data led to the suggestion that chronic immune 
activationn by itself may induce a loss of T cells. 
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Adultt Ethiopians have very low CD4+ T cell counts compared to other Africans and Caucasians 
(8-15,, 17-23), but similar numbers of CD4+ T cells compared to Chinese (24) and Indians (9, 
25,, 26). In search of a genetic basis for the differences between Ethiopians and Caucasians, we 
havee recently studied CD4+ T cell counts and naive (CD45RO-CD27+) T cell numbers in 
healthy,, HIV-negative Ethiopians from birth to adulthood. Whereas no differences between 
Ethiopianss and Caucasians could be found at birth (17), age-related naive T cell decline was 
fasterr in Ethiopians compared to Caucasians. To further study whether chronic immune 
activationn independent of HIV-infection in healthy Ethiopians could play a role in the faster age-
relatedd CD4+ T cell decline and in changes in other immune parameters, we performed a 
detailedd characterization of the cellular immune profile of healthy Ethiopians of different ages, 
varyingg from neonates to children and adults. Measurements included the replicative history of 
TT cells using TRECs and telomeres, the T cell activation status at the moment of blood draw by 
assessingg the expression of the nuclear antigen Ki-67 (27), and T cell proliferation within the 
naivee CD4+ T cell population by measuring CD31 expression. CD31 is a recently proposed 
markerr that is expressed on RTEs but lost upon proliferation of naive cells (28). TRECs are 
extra-chromosomall by-products of the T cell receptor rearrangement process in the thymus. 
Becausee they are not replicated during mitosis, they are diluted with each cellular division (29, 
30).. Therefore, TRECs and telomere length (which shortens with each round of cell division) 
cann be used as cumulative markers for T cell proliferation (31). 

Detailedd comparisons were performed by including data from age matched healthy Dutch 
subjectss to further determine to what extent immunological differences between Ethiopians and 
Caucasianss are already present at birth, or when and how such differences develop with age. 
Whilee the immune characteristics of Ethiopians at birth were found to be similar to those of 
Dutchh neonates, diverse measures of T cell activation suggested an increased level of immune 
activationn in young healthy Ethiopians that was not observed in healthy Dutch children. This 
differencee is likely to reflect the higher antigenic challenge on the immune system of Ethiopian 
childrenn after birth, leading to immune characteristics mimicking those occurring in HIV infection. 

Subject ss and Method s 

Subject s s 
AA total of 116 subjects between 0 and 40 years of age were included in this cross-sectional 
study.. Neonates and children aged 5-16 years were recruited from Wonji, a town about 114 km 
Southh east of the capital Addis Ababa. The group of children under 5 years of age are residents 
fromm in and around Addis Ababa participating as control subjects of a separate project at 
EHNRI.. Adults are participants of a long-term cohort study on HIV-1 infection and progression in 
Ethiopianss performed by the Ethiopian Netherlands AIDS Research Project in Wonji and Akaki, 
aa suburb of the capital Addis Ababa. Individuals included in the present study were negative for 
intestinall parasites (using direct and formol ether concentration techniques) and HIV-1 
antibodies.. Cord blood (CB) samples were obtained from full term normal deliveries. Detailed 
descriptionn of study subjects has been reported previously (17). The study was conducted in 
accordancee with the ethical guidelines of EHNRI and the Ethiopian Science and Technology 
Commission.. Informed consent was obtained from all subjects or guardians as necessary. 
Dutchh controls included in the present study were 10 full term neonates with normal deliveries. 
Cordd blood was collected after delivery, according to the guidelines of Eurocord Nederland 
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Foundationn (Leiden, The Netherlands). Eight 1-5 years old children, twelve 5-16 years old 
childrenn and 29 adult laboratory personnel aged 18-45 years were included. 

Periphera ll  bloo d mononuclea r cel l (PBMC) and cor d bloo d mononuclea r cel l (CBMC) 
isolatio n n 
Wholee blood was collected into EDTA vacutainer tubes and processed on the same day. 
PBMCs/CBMCss were isolated from whole blood by Ficoll-Hypaque density gradient 
centrifugationn and viably frozen using a computerized freezing machine (KRYO 10, Biomedical 
Seriess II). Frozen cells were stored in liquid nitrogen until analysed. All laboratory markers for 
bothh Ethiopians and Dutch were analysed at the department of Clinical Viro-immunology, 
Sanquinn Research at CLB and Landsteiner Laboratory, Amsterdam, the Netherlands. 

Floww cytometr y 
Cryopreservedd PBMCs/CBMCs were thawed and incubated with Perdinin-Chlorophyll-A Protein 
(PerCP)-conjugatedd CD4 or CD8 monoclonal antibodies (mAb) [Becton Dickinson 
Immunocytometryy Systems (BDIS); San Jose, CA], Phycoerythrine (PE)-conjugated CD45RO 
(BDIS),, and biotinylated CD27 mAb (Sanquin, Amsterdam, The Netherlands). After washing 
withh PBA [phosphate-buffered saline (PBS)/0.5% bovine serum albumin (BSA)], cells were 
incubatedd with Streptavidin-APC (BDIS). Subsequent fixation and permeabilization were 
performedd by incubating cells with FACS Lysing solution and FACS Permeabilization buffer 
(BDIS),, after which cells were stained intracellular^ with Fluorescein isothiocyanate (FITC) 
conjugatedd Ki-67 mAb (Immunotech, Marseille, France). Cells were fixed using Cellfix (BDIS), 
andd analysed on a FACS Calibur (BDIS) with Cellquest software. All incubation steps were 
performedd at C for 20 minutes; for fixation and permeabilization, samples were kept at room 
temperaturee for 10 minutes. To measure the expression of CD31 on naïve CD4+ T cells, cells 
weree stained with CD4 PerCP, CD27 FITC, CD31 PE (all from BDIS) and CD45RO APC (BD 
Pharmingen).. After 20 minutes incubation at , cells were washed with PBA, fixed with Cellfix 
(BDIS),, and analysed on a FACS Calibur (BDIS) with Cellquest software. 

Measuremen tt  of T Cell Recepto r Excisio n Circle s (TRECs) in purifie d CD4+ and CD8+ T 
cell s s 
CD4++ and CD8+ T cells were purified from thawed PBMC using magnetic beads (Dynal Inc., 
Lakee success, NY) according to the manufacturer's instructions. In brief, after 15 min incubation 
withh 20 ul CD4 or CD8 conjugated magnetic beads per 10 million cells, CD4+ and CD8+ T cells 
weree sorted from PBMC by positive selection over MACS Separation Columns (Miltenyi Biotec 
GmbH,, Germany). Genomic DNA was isolated from the purified CD4+ and CD8+ cell fractions 
usingg the QIAamp DNA Mini Kit (QIAGEN, Hilden, Germany), as recommended by the 
manufacturer.. Quantification of Signal joint TRECs was performed by real-time quantitative 
polymerasee chain reaction (PCR) using the Perkin Elmer TaqMan machine (Perkin Elmer 
Biosystems,, The Netherlands). PCR reaction was performed on 5ul of DNA samples (equivalent 
too 150,000 cells) with the probes and primers (Perkin Elmer Biosystems) that have previously 
beenn described for signal joint TRECs.1 Each PCR reaction was performed in a 50 ul solution 
containingg 0.25 ul Taq polymerase, 5ul 10xTaqman buffer, 10 ul 25uM MgCI2, 1 ul dNTP, 4.5 ul 
off each of the forward and reverse primers, and 2 ul probe (all from Perkin Elmer Biosystems). 
Ass an internal control for the amount of input DNA used, the Ca constant region that remains 
intactt on the TCR genes despite rearrangement processes was amplified in every sample 
tested.. PCR conditions were C for 2min, C for 10 min, after which 50 cycles of 
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amplificationn were carried out C for 15sec, C for 1 min). To determine the number of 
copiess of excision circles in a defined amount of sample DNA, cloned signal joint sequences 
weree used as a standard. A serial dilution of these standards was included in each experiment. 
AA standard curve was then plotted and TREC values were calculated. Samples were analysed 
inn duplicates. 

Telomer ee lengt h determinatio n usin g Flow-FIS H 
Telomeree length was determined in a subgroup of adult subjects who had enough cells 
availablee (n=20) by the fluorescent in situ hybridisation assay using flow cytometry (FLOW-
FISH).. In brief, cells were thawed and stained with biotinylated CD4 or CD8 mAbs (Sanquin 
Researchh at CLB and Landsteiner Laboratory, The Netherlands) for 15 min at . After 
washingg with PBA, cells were incubated with Streptavidin Cy-5, 15-20 min, and washed with 
PBS.. Then 100 ui BS3 solution [Bis(sulfosuccinimidyl) suberate] (Pierce, Rockford, IL) was 
addedd for fixation, and cells were kept at C for 30 min. Samples were washed with PBS 
followedd by a wash in 1 ml hybridisation solution (Formamide, 1M Tris pH 7.2, 4% BSA, 5M 
NaCI).. After adding FITC labelled peptide nucleic acid (PNA) probe [(C3TA2)3 PNA, Applied 
Biosystems,, Bedford, MA] to all tubes except the no-probe (unstained control), DNA 
denaturationn was done at C waterbath for 10 min. Cells were rapidly cooled on ice and the 
telomeree probe was hybridised for 60-90 min at RT in the dark. Excess telomere probe was 
removedd by repeated washing with a post hybridisation wash solution (Formamide, 1M Tris pH 
7.2,, 4% BSA, 5M NaCI, 10% Tween). After washing with PBA, cellfix (BDIS) was added and 
dataa were acquired with the FACSCalibur using the cellquest software. Tubes containing all 
reagentss except the telomere probe were used to set a negative marker. For each sample, both 
thee no- (unstained control) and with-telomere probe tubes were analysed in duplicate. 

StatisticalStatistical  analysis 
Dataa were analysed using ST ATA statistical software (Stata 6.0, Stata corporation, College 
Station,, Texas, USA). The distribution of the different markers was compared between age 
categoriess (at birth, in children, and in adults between 18-40 years of age) and between 
populationn groups (Ethiopians versus Dutch) using the non-parametric Wilcoxon rank-sum test 
(Mann-Whitneyy U test). P-values <0.05 were considered significant. Loss of TRECs with age in 
bothh Ethiopians and Dutch was estimated using linear regression, excluding the data from cord 
blood.. We tested if there was a significant difference between the rate of TREC loss in 
Ethiopianss and Dutch individuals, using a linear model including an interaction term between 
agee and group (Ethiopian vs. Dutch). Correlations were calculated using Spearman's correlation 
coefficients. . 

Result s s 

CD4CD4 and CD8 TREC contents  in  Ethiopians  decrease  with  age 
Too examine the T cell TREC content at birth and to determine changes in TREC content 
throughh adulthood, the average number of TRECs per CD4+ and CD8+ T cell was measured for 
1055 Ethiopian subjects of different ages: 10 neonates, 8 children between 1-5 years of age 
(mediann age=3); 28 children between 5-16 years of age (median age=11), and 59 adults aged 
20-400 (median age=31). An age-related decline in TREC content was observed in both CD4+ 
andd CD8+ T cells (Fig. 1, a and b). TREC contents of CD4+ T cells were highest at birth 
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(mediann value: 26.8 x 103/ug DNA), and subsequently significantly declined to 4.8 and 1.8 x 
103/ugg DNA in children between 1-5 and 5-16 years old, respectively, and to 1.1 x 103/ug DNA 
inn adults. Median CD8+ TREC contents decreased from 24.0, to 3.5, 1.6, and 0.08 x 103/ug 
DNAA for the respective age groups of 0, 1-5 years, 5-16 years, and adults. In contrast to the 
CD44 TREC contents, the CD8 TREC contents of individuals between 5 and 16 years of age 
weree not significantly different from those of the adults (P=0.37). 
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FIGUREE 1. TREC content s in purifie d CD4+ and CD8+ T cells of Ethiopians (filled diamonds) versus 
Dutchh (open diamonds) with aging. Filled triangles indicate values for Ethiopian and Dutch cord blood. 
CD44 TREC (a) and CD8 TREC (b) content were similar between Ethiopians and Dutch at birth, but 
droppedd dramatically afterwards in Ethiopians. Horizontal bars on both left and right panels show median 
valuess for Ethiopian and Dutch cord blood TREC contents. R values are shown on top and bottom corners 
forr Dutch and Ethiopians respectively. TREC content results are expressed in copies per micrograms DNA 
off purified CD4+ and CD8+ T cells. 

EthiopianEthiopian  children  undergo  a remarkable  TREC decline  that  is  not  observed  in  Dutch 
children children 
Too determine the extent of immunological differences between Ethiopians and Caucasians at 
birth,, and to assess when and how differences develop with age, Ethiopian TREC data were 
comparedd to those obtained from Dutch control subjects of comparable age groups: at birth 
(n=10),, 5-16 years (n=12), and 18-45 years (n=19). The respective median ages of Dutch 
childrenn and adults were 11.5 and 30 years. Interestingly, Ethiopian and Dutch neonates 
showedd comparable TREC contents of both CD4+ (Fig. 1a) and CD8+ T cells (Fig. ^b). Soon 
afterr birth, however, clear differences between CD4 and CD8 TREC contents of Ethiopian and 
Dutchh children became apparent: for the majority of Ethiopians across the age groups TREC 
contentss were lower compared to Dutch age-matched controls. This difference was due to a 
considerablee drop in TREC contents at very early age in Ethiopian children, which was not 
observedd in Dutch subjects. Indeed, both CD4 and CD8 TREC contents in Ethiopian children 
betweenn 5-16 years of age were significantly lower compared to age-matched Dutch controls 
(Fig.. 2, a and b). On average, CD4 and CD8 TREC contents of Ethiopian children were more 
thann 4 times lower than their Dutch counterparts (P<0.001). The respective median and 95% 
rangee of CD4 TREC content for Ethiopian and Dutch children were 1.8 (0.2-13.5) x 103/ug DNA 
andd 8.5 (1.6-16.9) x 103/ug DNA, and of CD8 TREC contents were 1.6 (0.3-8.1) x 103/ug DNA 
andd 6.6 (2.8-15.9) x 103/ug DNA, for Ethiopian and Dutch children, respectively. After this initial 
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differencee in TREC decline at very early age, TREC contents in Ethiopians and Dutch 

individualss declined at similar rates. Indeed the slopes of the regression lines through the TREC 

dataa were similar for Ethiopian and Dutch subjects when data on cord blood samples were 

excludedd (P=0.44 for CD4 and P=0.55 for CD8). 
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FIGUREE 2. TREC contents in Ethiopian versus Dutch neonates and 5-16 years old children. The 

mediann TREC content in CD4+ (a) and CD8+ (b) T cells of Ethiopian neonates (n=10) were not 

significantlyy different from Dutch control neonates (n=10). The median CD4 (left panel) and CD8 (right 

panel)) TREC contents for Ethiopian children (n=28) are significantly lower than Dutch children (n=12). 

Horizontall bars on both left and right panels show median values. P values were calculated using the non-

parametricc Mann-Whitney U test. 

TRECTREC decline in Ethiopian children coincides with a loss of naive T cells. 

Itt is well known that in healthy individuals the percentage of naive T cells declines progressively 

withh age. We studied if the decline in CD4 TREC contents that we observed in young Ethiopian 

childrenn coincided with a relative loss of naive CD4+ T cells. Indeed, there was a strong 

correlationn between naïve CD4+ T cells and CD4 TREC content in Ethiopian children (r=0.70, 

P<0.0001).. As shown in Figure 3, the percentage of naïve CD4+ T cells in Ethiopian neonates 

wass very high (median >90%, see also Tsegaye et al 2003) (17) and comparable to that in 

Dutchh neonates. Shortly after birth, however, the percentage of naive CD4+ T cells dropped 

muchh more dramatically in Ethiopian children than in Dutch age-matched controls (P<0.0001). 

Thee median naïve CD4+ T cell values dropped from 53.6% in children under five years old to 

3 2 %% in 5-16 years old Ethiopian children and from 82.9% in Dutch under fives to 6 2 . 1 % in older 

children.. Differences in naïve CD4+ T cell percentage values between Ethiopian and Dutch 

childrenn for both age categories were statistically significant (P<0.01). 
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FIGUREE 3. Proportion s of naive (CD45RO-CD27+) CD4+ T cell s in Ethiopian s (fille d diamonds ) 
versu ss Dutch (open diamonds ) 1-16 years old children . Filled triangles indicate values for Ethiopian 
andd Dutch cord blood. Median % naïve CD4+ T cell values for Ethiopian and Dutch cord blood (age 0) was 
comparablee (17), but declined more rapidly in Ethiopian children compared to Dutch children. Horizontal 

2 2 

barss indicate median values. R values are shown on top and bottom corners for Dutch and Ethiopians, 
respectively. . 

CD4++ and CD8+ T cel l divisio n in Ethiopian s 
Too assess if the decline in TREC contents in Ethiopian children was due to proliferation of T 
cells,, we determined the proportion of dividing CD4+ and CD8+ T cells in Ethiopians of different 
agee groups at the moment of blood draw, by measuring the expression of the nuclear antigen 
Ki-677 (Fig. 4, a and b). CD4+ T cell division was measured for a total group of 116 subjects (6 
neonates,, 12 children under 5 years of age, 33 children between 5-16 years old, and 65 adults). 
Forr 108 of these subjects enough PBMCs were available to analyse CD8+ T cell division as well 
(66 neonates, 11 children under 5 years of age, 33 children between 5-16 years old, and 58 
adults).. T cell division of CD4+ T cells was significantly higher in children between 1 and 16 
yearss of age than in neonates and adults. This suggests that the remarkable loss of TRECs in 
Ethiopianss at early childhood is most likely due to extensive T cell proliferation at early age. In 
thee CD8+ T cell compartment, children between 1 and 5 years of age again had significantly 
higherr levels of T cell division than neonates and adults, but statistical significance was lost in 
childrenn 5-16 years of age compared to adults (P=0.06) and neonates (P=0.09). 

CD44 and CD8 telomer e length s in Ethiopia n and Dutc h adult s 
Too further study the replicative history of T cells, we measured telomere lengths using Flow-
FISHH in a subgroup of adult Ethiopians aged 20-36 years (n=20; median age 29.5). Ten Dutch 
age-matchedd controls (median age 28 and range 22-36 years) were included for comparison. 
Ass shown in Fig. 5, the median telomere lengths of both CD4+ and CD8+ T cells tended to be 
somewhatt higher in Dutch compared to Ethiopian healthy adults, but differences were not 
significantt (P=0.23 for CD4 and P=0.82 for CD8). The respective CD4 and CD8 telomere length 
(mediann fluorescence) values for Ethiopians versus Dutch were: 78.6 and 73.9 versus 83.0 and 
78.4.. However, the variation in CD4+ T cell telomere lengths in Ethiopian adults (range: 46.9-
102)) was much larger than in Dutch controls (range: 68.4-100) and approximately 40% of the 
Ethiopiann study population had fluorescence values below the 2.5th percentile limit of the Dutch 
controls. . 
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FIGUREE 4. Proportion s of dividin g CD4+ and CD8+ T cell s of Ethiopian s in relatio n to age. A 

significantlyy higher proportion of Ki-67+ CD4+ (a) and CD8+ (b) T cells was observed in Ethiopian children 

comparedd to neonates and adults aged 18-40 years. Horizontal bars indicate median values. P values 

weree calculated using the non-parametric Mann-Whitney U test. 
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FIGUREE 5. Replicativ e histor y of T cell s as measure d by telomer e lengt h in Ethiopia n and Dutc h 

adults .. Telomere length of T cells was measured by FLOW-FISH and results are expressed in median 

fluorescence.. Median values for both CD4+ and CD8+ T cells were not significantly different between the 

twoo populations; however, large proportion of Ethiopians show shortened CD4 telomeres. Horizontal bars 

indicatee median values. P values were calculated using the non-parametric Mann-Whitney U test. 
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MoreMore  variable  CD31 expression  in  the naive  CD4+ T cell  pool  of  Ethiopians  compared  to 
DutchDutch  individuals 
Expressionn of CD31, a recently proposed surface marker for RTE (28), was determined for 35 
Ethiopiann adults aged 20-40 years (median age 31.5 yrs), 8 children aged 5-16 years (median 
agee 14 yrs) and 10 cord blood samples. The proportion of CD31+ cells within the naive 
(CD45RO-CD27+)) CD4+ T cell population in Ethiopians declined significantly with age. The 
respectivee median values for Ethiopian children and adults were 73.5% and 58.7% (P=0.004). 
Whenn compared to age-matched Dutch controls no significant differences could be detected at 
birthh (81% and 79% respectively, P=0.63), or in adulthood (58.7% and 64.2% respectively, 
P=0.50)) (Fig. 6). However, CD31 expression was more variable in the Ethiopian adults 
comparedd to the Dutch controls (median age 32.5 yrs): one third of the Ethiopian study 
populationn had CD31 values below the lower limit (i.e., 54.4%) of the Dutch. 
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FIGUREE 6. CD31 expressio n on CD4+ CD45RO-CD27+ (naive) T cells of Ethiopian s versus Dutch at 
birt hh and during adulthood . Median % CD31+CD4+ naive T cells were not signifcantly different at birth 
(triangles)) as well as adulthood (diamonds) in the two populations. However a third of the Ethiopian adults 
havee reduced expression of CD31 indicating a high rate of division of naive CD4 cells in the periphery. 
Horizontall bars indicate median values. P values were calculated using the non-parametric Mann-Whitney 
UU test. 

Discussio n n 
Theree is increasing evidence that chronic immune activation plays a major role in HIV-1 (1, 2, 5, 
32-35)) and SIV (36) pathogenesis. The level of immune activation induced by HIV is the 
strongestt predictor of CD4+ T cell decline (6,7), suggesting that chronic immune stimulation by 
itselff could induce such a loss. Indeed, CD4+ T cell depletion has also been described in other 
situationss of chronic immune activation independent of HIV-infection (1, 8-17, 37). To further 
elucidatee the role of chronic immune activation in T cell loss and in changes in other immune 
parameters,, we performed a detailed study of chronic immune activation independent of HIV-
infectionn in healthy Ethiopians. 

Adultt HIV-negative Ethiopians were reported to have low CD4 counts together with multiple 
featuress of chronic immune activation as compared to Caucasians (1, 8-15, 17) probably due to 
persistentt immune activation induced by a large pathogenic burden. In the present study, we 
performedd an in depth investigation by measuring multiple parameters of chronic immune 
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activationn to assess to what extent differences in immune status between Ethiopian and Dutch 
individualss are evident at birth, or at what age such differences develop. To this end, we 
comparedd CD4 and CD8 TREC contents and telomere lengths, expression of the nuclear 
proteinn Ki-67, and CD31 expression as different measures of the replicative history of T cells 
andd current cell division in Ethiopian and Dutch individuals of different ages. We found no 
differencess in the measured immune parameters between Ethiopian and Dutch neonates. 
Differencess between Ethiopian and Dutch individuals appeared to develop during the first few 
yearss of life. As a result of these early changes, immune parameters remained different 
betweenn Ethiopians and Dutch individuals throughout life. 

Ourr results showing an age dependent decline in T cell TREC content in healthy Ethiopians 
agreee with previous studies in Caucasians (30, 38-40). However, in Caucasians, the level of 
TRECss in peripheral CD4+ T cells that is high in infancy starts to decline at approximately 20 
yearss of age, which was suggested to reflect thymic involution (38-40). In contrast, healthy 
Ethiopianss in our study showed a remarkable decline in CD4 and CD8 TREC contents shortly 
afterr birth, which was not found in our Dutch control group. This rapid drop in TREC contents in 
youngg Ethiopian children cannot be explained by the well-established age-related reduction in 
thymicc output per se (30, 38-40). A more likely explanation would be that TRECs in these young 
childrenn are diluted as a result of enhanced T cell activation and proliferation in response to 
pathogenss (1). Indeed, the fact that at birth TREC contents of Ethiopians and the Dutch were 
similarr supports the notion that the low CD4 T cell counts and TREC contents of Ethiopians are 
too a large extent environmentally driven and not caused by e.g. differences in thymic function. 
Similarly,, the early erosion of the naïve T cell pool that we described previously, which parallels 
ann increasing proportion of cells with a more differentiated (CD27- memory) phenotype (17), 
appearedd to differ greatly from the age related changes in naive T cell numbers in the Dutch 
counterparts.. The decrease in TREC content and naive T cell numbers in Ethiopians during 
earlyy childhood coincided with high expression of the T cell division marker Ki-67 (this study), 
andd with increased expression of the surface activation markers HLA-DR and CD38 that we 
describedd previously (17). The early and severe decline in TREC contents and naive T cell 
percentagess in Ethiopian children is perhaps not surprising if one considers the high rate of 
infantt and child morbidity and mortality in Ethiopia (41-42). It may reflect the enormous antigenic 
challengee on the immune system during early childhood. Interestingly, our data suggest that this 
antigenicc burden has its major impact at early age, and does not lead to a faster rate of TREC 
declinee during adulthood. 

Ourr finding of similar immune status between Ethiopians and Caucasians at birth (17), and the 
absencee of difference in T cell numbers and activation status between Ethiopian immigrant 
Jewss and Israelis after some years of stay of the former in Israel (10) underscores the 
hypothesiss of an environmental cause (43). It remains to be elucidated, however, why healthy 
adultt Ethiopians do and other Africans, for instance Ugandans in whom the phenomenon of 
chronicc immune activation has been demonstrated (43), do not have low CD4 counts (18, 23). 
Ourr recent study attempting to investigate the determinants of low CD4 counts in the ENARP 
cohortss found a significant positive correlation between low body mass index (BMI) and low 
CD44 counts, possibly explaining part of the decrease in CD4 counts observed among 
Ethiopianss (Abuye, C , et al. manuscript in preparation). 

InIn line with previous studies in Caucasians (28), the frequency of CD31 expressing naïve CD4+ 
TT cells declined significantly with age in healthy Ethiopians. CD31 has been proposed as a 
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markerr to distinguish naïve CD4+ T cells that recently migrated from the thymus (RTE) from 
thosee that originated by peripheral T cell proliferation (28). This marker is expressed on RTEs 
butt apparently lost with proliferation of naive cells in the periphery (28). The majority of 
Ethiopiann children and adults in the present study had CD31 values below the range of 
Caucasiann children and adults reported by Kimmig et al. 2002 (28), while the proportion of naïve 
cellss expressing CD31 at birth was very similar between Dutch and Ethiopians. The enhanced 
losss of CD31 in Ethiopians could be another reflection of increased persistent antigen challenge 
andd priming by the various environmental factors. 

Althoughh the average telomere length of Ethiopian adults was not significantly shorter than that 
off Dutch controls, about 40% of the Ethiopian subjects showed clearly shortened CD4+ T cell 
telomeres.. In some of our subjects we observed normal telomere lengths despite a severely 
decreasedd CD4 and CD8 TREC contents, where one would expect shortened telomere as a 
resultt of increased T cell proliferation. It has been noted that telomere length does not indicate 
truee extent of T cell turnover if either telomerase activity is increased or CD4+ T cell survival is 
substantiallyy shortened (44). The absence of enhanced telomerase activity in our Ethiopian 
subjectss (data not shown) precludes the first possibility. The underlying mechanism for the 
normall CD4 telomere length in subjects with severely depleted TREC content remains to be 
elucidated. . 

Takenn together, our results indicate that Ethiopians and Dutch have similar immune status at 
birth,, but shortly after birth, the immune status of the two populations diverges due to extensive 
antigenicc challenge in Ethiopian children. This results in large differences in immune parameters 
throughoutt life between Ethiopian and Dutch individuals. Our earlier studies and the present 
resultss in HIV-negative Ethiopians show that many immunological features of HIV-infection, i.e. 
loww total and naive CD4+ T cell counts, high T cell proliferation rates, and decreased TREC 
contents,, also occur in situations of chronic immune activation independent of HIV infection, and 
mayy thus in case of HIV-infection be a direct consequence of the immune activating effect of the 
virus.. While it has repeatedly been suggested that low TREC contents in HIV infection reflect 
impairedd thymic output (30, 45), we have argued that the speed at which TRECs are reduced in 
HIVV infection suggests that it results from chronic immune activation induced by HIV (1, 3, 31). 
Inn this study, we further lend support to this argument by showing a remarkable and rapid 
dilutionn of TRECs in non-HIV mediated chronically immune activated subjects at very early age. 
Althoughh we identified many immunological characteristics of HIV infection in a non-HIV 
context,, and shown that they are a natural result of immune activation in Ethiopians, it remains 
too be explained why healthy Ethiopians do not develop AIDS-like symptoms. Possible factors 
thatt may be involved are continuous presentation of HIV antigenic variants, selective and 
progressivee removal of TCR specificities, evolution of SI (syncytium inducing) HIV variants that 
aree capable of infecting not only memory T lymphocytes but also naïve CD4+ T cells and 
thymocytes,, and irreversible impairment of T cell functions. Reversal of impaired immune 
functionn in situations of other chronic infections has been demonstrated. Antihelminthic 
treatment,, for instance, has been shown to reverse both quantitative and qualitative defects of T 
lymphocytess (10, 14, 16, 46-48). Our results also suggests that, additional interventions against 
non-HIVV related chronic diseases, that drive the activation of the immune system, could have a 
beneficiall effect on the host responses to vaccines (48) in general or to anti retroviral therapy 
(ART)) to HIV when subjects with such immune background get infected with HIV. 
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Chapte rr  5 

HLAA class I frequencies in healthy and HIV-infected Ethiopians 
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1Ethio-Netherlandss AIDS Research Project (ENARP), Ethiopian Health and Nutrition Research Institute 
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Cytotoxi cc  T lymphocyte s (CTL) have been suggeste d to play a rol e in the contro l of HIV 
infection .. Sinc e differen t HLA clas s I genes presen t peptide s to CTLs wit h differen t 
efficiency ,, knowledg e on the profil e of HLA clas s I allele s is an importan t componen t for 
thee desig n of an appropriat e HIV vaccine . Therefore , we studie d HLA clas s I alleli c 
frequencie ss in 50 HIV-positiv e and 50 HIV-negativ e subject s in Ethiopia , an Easter n 
Africa nn countr y wher e HIV subtype- C prevails . We foun d 16 differen t HLA-A , 23 HLA-B , 
andd 12 HLA-C types . The followin g HLA-A type s occurre d at a frequenc y of mor e than 
10%::  A2 (23%), A30 (15.5%), A3 (14.5%), A1 (12.5%), and A68 (11%). At the HLA-B locus , 
B155 (12.5%), B13 (10.5%), B14 (8.5%), B7 (8%) and B41 (7%) were the mos t frequen t 
alleles .. At the HLA-C locus , Cw7 (29%) was the mos t frequen t HLA type , followe d by Cw6 
(17.5%),, Cw4 (15%), Cw8 (7.5%), and Cw17 (7.5%). When analyse d by HIV status , HLA-A2 , 
B444 and B57 tende d to be over-represente d in HIV-positives , wherea s HLA-A30 , B13, B14 
andd B41 were over-represente d in HIV-negatives . Our result s add to the data on HLA 
distribution ss in Africa n countrie s wher e subtype- C prevails , and thereb y facilitat e the 
developmen tt  of appropriat e regiona l vaccines . 

INTRODUCTION N 

Despitee prevention efforts, combating HIV is still a major global challenge, especially in the 
developingg nations and the need for an effective vaccine to supplement the existing preventive 
strategiess is imperative. Cytotoxic T lymphocytes (CTL) have been suggested to play an 
importantt role in the control of HIV infection. A vaccine that stimulates a response to several 
CD8++ T cell epitopes would minimize the problem of escape mutants and increase the chance 
off cross-clade recognition (1). Multi-epitope vaccine design and development requires both 
knowledgee of HLA class I distribution, since different HLA molecules present antigen peptides to 
TT cells with different efficiency, and the characterization of the most dominant HIV-1 epitopes 
thatt stimulate protective responses. Such information obtained from regions where HIV clade C 
predominates,, a clade that accounts for the majority of infections globally (2), would facilitate 
thee vaccine development efforts that are directed toward CTL induction. 
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Ethiopia,, like most sub-Saharan African countries, has been experiencing a severe HIV/AIDS 
epidemicc starting from the mid 1980's. Unlike the neighboring East African countries, the 
circulatingg HIV clade in Ethiopia is predominantly of subtype C (3-6) with a sub-cluster C' (7, 8). 
Thee estimated time of introduction of HIV-1 to the country, 1982/83, (9, 10), coincides with the 
detectionn of the first HIV-1 antibody positive sera which date back to 1984 (11). The epidemic 
hass spread rapidly and in 2001, 2.2 million Ethiopians were estimated to live with HIV/AIDS 
(12). . 

Thee frequencies of HLA alleles vary among different ethnic groups, with high frequency, for 
example,, of HLA-A2 (28.3%) in Caucasians (13), -A11 (32.5%) in Thai (13), -A24 (60.4%) in 
Chinesee Aborigines (14), and -A30 in Africans (15-19); HLA-B44, -B50 and -B51 are common in 
Moroccanss (20) while rare in southern Africans from Botswana (17) and Zambia (18). These 
differencess in HLA background may have a direct influence on the distribution, breadth and 
strengthh of virus specific CTL responses. Although frequencies of HLA class II alleles in 
Ethiopianss have been reported (21), hardly any data exist on the frequencies of HLA class I 
alleless in the ethnically diverse Ethiopians. Only very recently, the HLA usage of 35 HIV-infected 
Ethiopiann Jews in Israel was reported (22). Here we determined HLA class I antigen specificities 
andd haplotype frequencies using DNA-based typing techniques in 50 HIV-infected and 50 non-
infectedd multi-ethnic Ethiopian factory workers who were participating in a long-term cohort 
studyy undertaken by the Ethio-Netherlands AIDS Research Project (ENARP) at two cohort sites. 
Mostt of the study subjects belong to the two major ethnicities in Ethiopia (Amhara and Oromo) 
representingg more than 60% of the population (23). 

Ourr data extend the HLA database of regions where HIV-subtype C prevails, and thereby help 
thee development of an effective HIV vaccine, and allow to compare the distribution of HLA 
alleless among HIV-infected and non-infected individuals. 

SUBJECTSS AND METHODS 

Subjects s 
Studyy subjects are HIV-infected and non-infected adult factory workers participating in a long-
termm cohort study on HIV-1 incidence and progression carried out by the Ethiopian Netherlands 
AIDSS Research Project (ENARP) at the Ethiopian Health and Nutrition Research Institute 
(EHNRI),, Addis Ababa, Ethiopia. Detailed description of the cohort studies has been reported 
elsewheree (24, 25). In brief, ENARP established two cohort sites since 1997 following pilot 
surveyss in 1995-96. A total of 1612 subjects were enrolled from 1997 up to June 2001 from 
bothh sites, of which 9.4 % were positive for HIV-1 antibodies. Among the 150 HIV positive 
participants,, we randomly selected 50 subjects aged 23-49 (median 35 years). Forty-one of the 
subjectss were prevalent while nine were incident cases. Fifty HIV-1 non-infected subjects aged 
23-488 years (median 38 years) were included in this study in the same proportion as the HIV+ 
individualss from both cohort sites. As shown in Table 1, the study groups comprise the two 
majorr ethnic groups in Ethiopia, Oromo (n=45), and Amhara (n=28), and 23 subjects from the 
Southernn ethnic groups (Kembata n=11; Hadiya n=5; Gurage n=5; Wolayta n=5). The ENARP 
cohortt studies were carried out under the ethical guidelines of EHNRI and the Ethiopian 
Sciencee and Technology Commission. Informed consent was obtained from each subject. 
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Tablee 1. Selected sociodemographic characteristics of the study subjects 

Alll HIV- HIV+ 
n=1000 n=50 n=50 

Age e 
mediann (range) 
Sex x 

Male e 
Female e 

Ethnicity y 
Oromo o 
Amhara a 
Southh (K.H.G.W)* 
Mixed d 

Tigg ray 
Others s 

366 (23-49) 

72 2 
28 8 

45 5 
28 8 
23 3 
2 2 
1 1 
1 1 

388 (24-48) 

35 5 
15 5 

20 0 
15 5 
13 3 
1 1 
0 0 
1 1 

355 (23-49) 

37 7 
13 3 

25 5 
13 3 
10 0 
1 1 
1 1 
0 0 

*Kembata,, Hadiya, Gurage, Wolayta 

HIVV testin g and sampl e preparatio n 
Screeningg for plasma HIV-1 antibodies was done using HIVSPOT (Genelabs Diagnostics, 
Singapore)) and the enzyme-linked immunosorbent assay (ELISA) (Organon Teknika BV, The 
Netherlands).. Positive and discrepant plasma samples were confirmed by Western Blot analysis 
(HIVBLOTT 2.2, Genelabs Diagnostics, Singapore). Peripheral blood mononuclear cells (PBMCs) 
weree isolated from whole blood by Ficoll-Hypaque density gradient centrifugation and viably 
frozenn using a computerized freezing machine (KRYO 10, Biomedical Series II). Frozen cells 
weree stored in liquid nitrogen until analyzed. 

HLAA Class- I typin g 
DNAA for typing was isolated from PBMCs using L6 lysis buffer. PBMCs were thawed in 20% 
FCSS and after washing with 10% FCS, 1 ml L6 buffer (containing 0.1 M Tris-HCL, 1.2gm/ml 
Guanidiumm isothiocyanate, EDTA, Triton X-100) was added and vortexed. The crude lysate was 
transportedd to Sanquin CLB, The Netherlands. Two PCR based DNA typing methods, PCR 
amplificationn with sequence-specific primers (PCR-SSP) and PCR amplification and subsequent 
hybridizationn with sequence-specific oligonucleotide probes (PCR-SSOP), have been evaluated 
andd recommended for better assignment of all Class I specificities than the less precise 
serologicall techniques, especially for non-Caucasian subjects (26). Therefore, our subjects 
weree tested employing these two methods. HLA-A2 subtyping was carried out using the same 
methods. . 

Statistica ll  analysi s 
Statisticall significance between groups was estimated using the Chi-square test. Fisher's exact 
testt was used whenever expected values were lower than 5. P values less than 0.05 were 
consideredd significant. All P values reported were calculated without Bonferroni correction for 
multiplee comparisons. HLA-A, -B and -C allelic and haplotype frequencies were determined by 
directt counting, and divided by the total number of HLA-A, -B or -C alleles or the total number 
off haplotypes in the study population (i.e. 2n). 
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Result s s 

HLAA clas s I frequencie s in Ethiopian s 
Too determine HLA class I frequencies, we studied a total of 100 HIV infected and non-infected 
Ethiopians,, 50 in each group, participating in a long-term cohort study on HIV-1 incidence and 
diseasee progression. More than 70% of the study subjects are from the two major ethnic groups 
inn Ethiopia: Oromo (n=45) and Amhara (n=28). As depicted in Table 1, there were no significant 
differencess in age, gender and ethnic composition between HIV infected and non-infected 
subjects. . 

Sixteenn different HLA-A, 23 HLA-B, and 12 HLA-C specificities were observed in our study 
subjectss (Figures 1A-C). The following HLA-A alleles occurred at frequencies of more than 10%: 
HLA-A22 (23%), -A30 (15.5%), -A3 (14.5%), -A1 (12.5%), and -A68 (11%). At the HLA-B locus, 
HLA-B155 (12.5%), -B13 (10.5%), -B14 (8.5%), -B7 (8%) and -B41 (7%) were the most frequent 
HLAA types. At the HLA-C locus, HLA-Cw7 (29%) was the most frequent HLA type followed by -
Cw66 (17.5%), -Cw4 (15%), -Cw8 (7.5%), and -Cw17 (7.5%). The distribution of HLA specificities 
wass not significantly different between the major ethnicities in Ethiopia, except for higher 
frequenciess of HLA-B13 (14/45 vs 2/28, P=0.016) and Cw06 (19/45 vs 3/28, P=0.004) in the 
Oromoo compared to the Amhara. 

Inn order to estimate the population coverage of an HLA-based vaccine that could be designed 
forr Ethiopians, we determined the percentage of subjects carrying the 10 most frequent HLA-A 
andd - B alleles that occurred at a frequency of more than 7%. As shown in Figure 2, 18% of the 
populationn carried four, 32% three and 34% two of the 10 most common HLA-A and HLA-B 
alleles.. Thus, 94% of the population carried at least one of the common HLA-A and/or HLA-B 
specificities. . 

Figuree 2. Distribution of common HLA-A and HLA-B specificities (HLA-A2, -A30, -A3, -A1, -A68, HLA-B15, 
-B13,, -B14, -B7, -B41) in the study population. 
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HIVV (n=50) 

HIV+(n=50) ) 
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C033 C03 C04 C 
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Figur ee 1. Frequencies of (A) HLA-A (B) HLA-B and (C) HLA-C specificities in the ENARP cohorts by HIV 

statuss and comparison with HIV infected Ethiopian Jews (n=35, ref 22). HLA-C allelic frequency is not 

availablee for Ethiopian Jews. 
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Compariso nn of HLA allel e frequencie s of Ethiopian s wit h othe r Africa n countrie s 
harborin gg HIV-1 subtyp e C infection s 
Wee next compared the frequencies of the different HLA-A, -B, and -C types for Ethiopians of 
thee present study (both HIV-positive and HIV-negative, 50 in each group) with reported HLA 
frequenciess for populations in southern Africa, another region where HIV subtype C prevails 
(17,, 18). HLA data from 161 individuals from Botswana (66 HIV-positive/95 HIV-negative) 
studiedd by Novitsky et al (17) and of 381 Zambians (296 HIV-positive/85 HIV-negative 
discordantt pairs) studied by Tang et al (18) were used for the comparison. As shown in Figures 
3A-C,, differences in the frequencies of some HLA-A and -B alleles were observed between 
Ethiopianss and populations from the other two African countries. At the HLA-A locus the HLA 
frequenciess of individuals from Zambia and Botswana were more similar to each other than to 
thee HLA-A frequencies in Ethiopians. Significant differences were observed for HLA-A1, -A2, 
andd -A3, which were more common in Ethiopians than in the Botswana population and the 
Zambians.. The frequencies of HLA-A23, -A29 and -A30, on the other hand, were significantly 
higherr in the Botswana population and Zambians than in the Ethiopians. The representation of 
thee common allele HLA-A68 was comparable in the three African countries (Figure 3A). 
Thee HLA-B allele frequencies were more diverse among the three African countries (Figure 3B). 
Ethiopianss differed from the Botswana population and Zambians in that their frequencies of 
HLA-B13,, -B27, -B37, -B41, -B49 and -B50 were significantly higher, and of HLA-B42, -B45, 
andd -B58 significantly lower than in Zambians and people from Botswana. On the other hand, 
thee frequencies of some of the HLA-B alleles in the Ethiopians were closer to the frequencies in 
thee Zambians than in the Botswana population (HLA-B7, -B8, -B14, -B15, -B18, -B44, -B51). 
Alsoo lack of HLA-B72 was a feature shared by Ethiopians and Zambians, while HLA-B72 was 
foundd to be one of the most common (9.6%) HLA types in Botswana. The frequency of HLA-
B588 in the Botswana population (17.9%) was remarkably higher than the frequency in the 
Ethiopianss (4.5%, P=0.000) and to a lesser extent to the frequency in the Zambians (11%, 
P=0.005)) (Figure 3B). 

Ass depicted in Figure 3C, differences in HLA-C frequencies among the three African 
populationss were less pronounced than the differences at the other two HLA loci. Significant 
differencess were found for HLA-Cw07, which was more common in Ethiopians (29%) compared 
too the Botswana population (18.1%) and Zambians (14.9%). On the other hand, Cw02 and 
Cw166 were significantly less common in Ethiopians compared to the Botswana population and 
Zambians.. In addition, Cw15 was lacking in the Zambians and occurred at very low frequency in 
Botswanaa (0.8%), while its frequency in Ethiopians was found to be 5.5% (P=0.002, Figure 3C). 
Wee finally compared our data with a recently published study on HLA-A and -B frequencies in 
355 Ethiopian Jews, who immigrated to Israel from the northern part of Ethiopia (22). Since the 
Ethiopiann Jews studied were all HIV-positive and HLA frequencies vary between HIV-infected 
andd non-infected subjects, we restricted our comparison to HIV infected subjects only. In 
general,, differences in the HLA-A antigen specificities were very minimal between the Ethiopian 
subjectss of the present study and the Ethiopian Jews (Figure 1A). HIV infected Ethiopians 
describedd in the present study tended to have higher frequencies of HLA-A2 (P=0.184) and -
A322 (P=0.142), and lower frequencies of -A23 and -A33 (P=0.168), and -A66 (P=0.163) than 
thee Ethiopian Jews. However, striking differences were noted at the B locus, at which Ethiopian 
Jewss in Israel had significantly higher frequencies of HLA-B49 and -B51 and significantly lower 
frequenciess of -B27. Moreover, the Ethiopian Jews tended to have higher frequencies of -B57 
(P=0.19)) and lower frequencies of -B15 (P=0.12). Interestingly, our Ethiopian subjects and the 
Ethiopiann Jews share a common feature regarding the distributions of some of the HLA-A 
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alleless for which we observed the most striking differences with the other two African 
populations.. Both the Ethiopians described in the present study and the Ethiopian Jews had 
significantlyy higher frequencies of HLA-A1, and -A3 and significantly lower frequencies of -A23 
andd -A30 than the Botswana population and the Zambians (Figure 3A). 

B B 

 ETH 

 Botswana 

 Zambians 

cwoaa CwOS CwO 

Figuree 3. Frequencies of (A) HLA-A, (B) HLA-B and (C) HLA-C specificities in the ENARP Ethiopian 
cohortss (n=100), compared with the Botswana population (n=161) (17) and Zambians (n=381) (18). 
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Haplotyp ee frequencie s fo r Ethiopian s in the contex t of reporte d value s for othe r African s 
andd Caucasian s 
Wee also compared extended haplotype frequencies. As summarized in Table 2, the most 
commonn HLA-A and -B haplotypes in the Ethiopians were A2-B15 (6.5%), A3-B14 (5.0%), A2-
B77 (4.5%), A2-B57 (4.5%), A3-B15 (4.5%), A30-B13 (4.0%), A68-B53 (4.0%), A2-B41 (3.5%), 
andd A3-B13 (3.5%). The most common HLA-A-B-C haplotypes in the Ethiopians were: A3-B14-
Cw88 (5.0%), A2-B7-Cw7 (4.0%), A30-B13-Cw6 (4.0%), A68-B53-Cw4 (3.5%), A2-B57-Cw7 
(3.0%),, and A30-B49-Cw7 (3.0%) (Table 3). Figure 4 illustrates the frequencies of commonly 
identifiedd HLA-A-B haplotypes in Caucasians (17) compared to our study subjects and reported 
valuess for the Botswana population (17). In most cases, the Africans showed similarities in that 
bothh populations lacked (e.g. HLA-A1-B8, HLA-A2-B60, A3-B35) or rarely expressed (HLA-A2-
B62,, HLA-A3-B8, A29-B44) the most commonly occurring haplotypes in Caucasians (17). 
However,, the Ethiopians also showed some similarities with Caucasians by having comparable 
frequenciess of the three haplotypes A2-B7, A1-B57 and A2-B51 (Figure 4). 

GET HH ^Botswana s 

Figuree 4. Ten most frequent HLA-A-B haplotype frequencies in Caucasians compared with Ethiopians and 
thee Botswana population. Haplotype frequencies for Caucasians and the Botswana population were taken 
fromm Novitsky et al (17). 

Compariso nn of HLA-A 2 subtype s in Ethiopian s versu s othe r population s 
AA total of 25 out of the 50 HIV infected Ethiopian subjects were positive for HLA-A2. HLA-A2 
subtypingg was performed for 20 randomly chosen subjects out of these 25 HLA-A2 expressing 
subjects.. HLA-A*0201 (52%) was the most frequent allele, followed by A*0205 (26%) and 
A*02022 (22%). Figure 5 shows the HLA-A2 subtype frequencies for Ethiopians in the context of 
frequenciess reported for other populations (22, 27, 28). Four allelic HLA-A2 types have been 
describedd in the Africans, while up to 8 different subtypes have been found in North Indians. 
Amongg the African populations, the frequency of the primarily Caucasoid allele A*0201 was 
highestt in Ethiopian Jews followed by the Ethiopians described in the present study. The 
frequencyy of the predominantly African allele A*0205 was lower in the Ethiopians (26%) and 
Gambianss (20%) compared to the population in Botswana (35%). Of interest, A*0205 was 
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lackingg in the Ethiopian Jews. On the other hand, the HLA subtype A*0211, the most common 
A22 allele in North Indians (33.8%) was absent in the Africans (Figure 5). 

Ethiopiann (present study) Ethiopiann Jews (ref 22) 

Gambian* * Botswanaa (ref 28) 

A * 0 2 0 55 A * 0 2 1 1 A - 0 2 1 3 

Caucasian* * 

Nort hh Indians ( Mahra et al 2001, ref 27) 
**  In Mahra et al 2001 (ref 27) 

Figur ee 5. HLA-A2 subtype frequencies of Ethiopians compared with other reported values. 

Associatio nn betwee n HLA specificitie s and HIV infectio n 
Certainn HLA alleles have been documented to be associated with HIV-1 susceptibility and slow 
orr rapid disease progression in HIV infection (18, 29, 30). When HLA frequencies were 
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calculatedd by HIV status, differential representation of some of the HLA alleles was found 
betweenn HIV infected and non-infected subjects. In HIV positives, HLA-A2 was the most 
frequentt allele (29%) followed by -A1, -A3, -A30 and -A68, whereas in HIV negatives HLA-A30 
(20%)) was the most frequent allele followed by -A2, -A3, -A68 (Figure 1A). HLA-A1, -A2, and -
A322 tended to be over-represented in the group of HIV-infected Ethiopians, while HLA-A24, -
A300 and A66 were more frequent in HIV negatives. At the HLA-B locus (Figure 1B), HLA-B13, -
B144 and -B41 were over-represented among the HIV negative subjects whereas HLA-B44, -
B57,, -B7 and B27 were over-represented among the HIV positives. At the HLA-C locus, Cw3 
andd Cw8 occurred at higher frequencies in HIV non-infected subjects while Cw7 was over-
representedd among HIV infected subjects (Figure 1C). Chi square analysis revealed, however, 
thatt most differences in HLA expression between HIV infected and non-infected subjects were 
nott statistically significant, except for HLA-Cw7 (P=0.016) and HLA-A2 (p=0.04), which were 
bothh observed at significantly higher proportions among HIV-infected individuals. In addition, 
HLA-A300 (P=0.068), HLA-B13 (P=0.086), and HLA-Cw3 (P=0.081) tended to be lower in HIV 
infectedd subjects. 

Tablee 2: Most common HLA-A-B haplotype frequencies in the study participants. 

HLA-A A 

A2 2 

A3 3 

A2 2 

A2 2 

A3 3 

A30 0 

A68 8 

A2 2 

A3 3 

A1 1 

A1 1 

A2 2 

A2 2 

A30 0 

A30 0 

A1 1 

A1 1 

A3 3 

A30 0 

A68 8 

HLA-B B 

B15 5 

B14 4 

B7 7 

B57 7 

B15 5 

B13 3 

B53 3 

B41 1 

B13 3 

B7 7 

B13 3 

B27 7 

B44 4 

B15 5 

B49 9 

B14 4 

B15 5 

B7 7 

B41 1 

B15 5 

(onlyy n> 5 are listed). 

n n 

13 3 

10 0 

9 9 

9 9 

9 9 

8 8 

8 8 

7 7 

7 7 

6 6 

6 6 

6 6 

6 6 

6 6 

6 6 

5 5 

5 5 

5 5 

5 5 

5 5 

Frequency y 

0.065 5 

0.05 5 

0.045 5 

0.045 5 

0.045 5 

0.04 4 

0.04 4 

0.035 5 

0.035 5 

0.03 3 

0.03 3 

0.03 3 

0.03 3 

0.03 3 

0.03 3 

0.025 5 

0.025 5 

0.025 5 

0.025 5 

0.025 5 

DISCUSSION N 

Bothh host genetics, through the distribution of HLA alleles, and viral genotype determine the 
patternn of T cell response against HIV, as well as the efficacy of HIV vaccines. The circulating 
HIVV clade in Ethiopia has been well characterized and is predominantly of subtype C (3-6) with 
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aa genetic variant named C' (7-8). However, general information on HLA class I frequencies is 
lackingg in Ethiopians, except a recent report on 35 HIV-positive Ethiopian Jew immigrants to 
Israell (22) which might give some clue as to the distribution of HLA class I alleles in HIV 
infectedd Ethiopians, but may not represent the multiethnic nation. The current study provides 
frequenciess of HLA-A, -B, and -C antigen specificities in a cohort of 50 HIV-infected and 50 
non-infectedd Ethiopians comprising of different ethnic groups. 

Tablee 3: Most 

Haplotypes s 

A3-B14-CW8 8 

A2-B7-CW7 7 

A30-B13-CW6 6 

A68-B53-CW4 4 

A2-B57-CW7 7 

A30-B49-CW7 7 

A1-B13-CW6 6 

A2-B15-CW4 4 

A2-B27-CW2 2 

A3-B13-CW6 6 

A30-B13-CW7 7 

A30-B41-CW17 7 

A1-B7-CW7 7 

A1-B14-CW8 8 

A1-B57-CW7 7 

A2-B15-CW7 7 

A2-B44-CW7 7 

A2-B57-CW4 4 

A2-B58-CW7 7 

A3-B7-CW7 7 

A66-B41-CW17 7 

(onlyy n> 4 are 

common n 

listed). . 

HLA-A-B-C C 

n n 

10 0 

8 8 

8 8 

7 7 

6 6 

6 6 

5 5 

5 5 

5 5 

5 5 

5 5 

5 5 

4 4 

4 4 

4 4 

4 4 

4 4 

4 4 

4 4 

4 4 

4 4 

haplotypee frequencies in the study participants. 

Frequency y 

0.05 5 

0.04 4 

0.04 4 

0.035 5 

0.03 3 

0.03 3 

0.025 5 

0.025 5 

0.025 5 

0.025 5 

0.025 5 

0.025 5 

0.02 2 

0.02 2 

0.02 2 

0.02 2 

0.02 2 

0.02 2 

0.02 2 

0.02 2 

0.02 2 

HLAA genes demonstrate a high degree of genetic polymorphism. In this study we observed 16 
differentt HLA-A, 23 HLA-B, and 12 HLA-C types. HLA antigen distribution varies among 
ethnicitiess (13, 14, 16, 17, 27, 31-33 ). We observed both similarities and major differences in 
thee frequencies of HLA antigens between Ethiopians and other Africans where HIV subtype C 
prevails.. High frequencies of HLA-A1, -A2 and -A3 and relatively low frequencies of HLA-A23, -
A299 and -A30 were found to be distinctive features of Ethiopians compared to southern African 
populationss (16, 17, 18). At the HLA-B locus, B15 was found to be the most frequent HLA type 
inn both Ethiopians and Zambians (18), while it is extremely rare in the population in Botswana in 
whichh HLA-B58 is the most common HLA-B type (17). Moreover, HLA-B13, the second most 
commonn specificity in Ethiopians, is among the least common HLA types in southern Africans 
(15,, 17, 18) as well as populations from West Africa (34). Similarly HLA-B27, -B37, -B41, and -
B499 and -B50 occurred at high frequency in Ethiopians compared to these other African 
populationss (15, 17, 18, 34). The finding of such common Ethiopian alleles which are rare in 
otherr subtype C prevailing southern African countries might have important implications for 
understandingg the relative susceptibility to disease and the development of vaccines. 
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Interestingly,, the most common HLA-A and B types in Ethiopians, HLA-A2 and HLA-B15, have 
alsoo been found to be the most common HLA types in commercial sex workers from Kenya, a 
regionn where HIV subtypes A and D predominate (19). The rarity of HLA-A11 in Ethiopians is a 
featuree that is shared by most Africans (15,17-19, 34, 35). In general, differences at the HLA-C 
locuss among Africans are minimal with high frequencies of Cw7, Cw6, and Cw4, and rarity of 
Cw11 as common features (15, 17-19, 34, 35). 

Thee finding of high representation of the characteristic Caucasian HLA-A2 and the typical 
Africann specificity HLA-A30 (15-18, 34) in this study, substantiates earlier observations of an 
admixturee of genetic features of both Negroid and Caucasoid populations in Ethiopians (21), an 
observationn also confirmed by other genetic studies (36). Ethiopia is a country of diverse ethnic 
groups,, speaking different languages and living in diverse geographic regions, with tremendous 
socio-culturall variability. The Amhara and the Oromo are the two major ethnic groups among 
thee estimated more than 80 ethnicities in Ethiopia (23). The Amhara represent about 30% and 
thee Oromo about 32% of the Ethiopian population (23). The subjects of the present study were 
mainlyy composed of these two major ethnicities, although the Oromos were slightly over-
represented,, because the two cohort sites of ENARP are located within or close to the Oromo 
Regionall State. This over-representation could explain the few differences in the distribution of 
Classs I alleles between the Oromo and the Amhara observed in the present study. On the other 
hand,, while differences in the distributions of HLA-A alleles were less variable between 
Ethiopianss of the present study and Ethiopian Jews (22), differences at the HLA-B locus were 
noteworthy.. The other difference we observed was the absence of A*0205 subtype in Ethiopian 
Jews,, which is common in other Africans. In light of the reported genetic similarity between 
Ethiopiann Jews and non-Jewish Ethiopians (36), and similar origin with most of the Amhara 
populationn from the northern part of Ethiopia, the small sample size analyzed and the 
homogeneityy of the study subjects may account for part of the discrepancies in the HLA allelic 
frequenciess between Ethiopians of the present study and Ethiopian Jews. 

HLAA typing has been shown to be useful in predicting the percentage of the general population 
thatt could be targeted by an HIV vaccine designed on the basis of identified common HLA-A 
andd HLA-B specificities (17). Novitsky et al (17) have shown that a vaccine designed on the 
basiss of 4 common HLA-A and 7 common HLA-B specificities in Botswana could target 97.5% 
off the Botswana population. In the current study, 94% of the Ethiopian population carried one or 
moree of the 10 most common HLA-A and HLA-B specificities, while 84%, 50%, and 18% of the 
studyy population carried respectively two, three, and four of these common HLA types, which is 
closee to the 83.9%, 52.8%, and 12.4% estimates reported in the Botswana population (17). 
AA number of studies have demonstrated that certain MHC alleles and haplotypes are associated 
withh HIV-1 susceptibility and progression to AIDS (29, 30, 37). We have noticed several 
differencess in the occurrence of HLA alleles in HIV-infected versus non-infected Ethiopian 
subjects.. HLA-A2 and HLA-Cw7 were significantly more frequent in HIV-infected Ethiopians 
thann in non-infected individuals. In contrast, in Botswana HLA-A2 was equally represented in 
HIV-infectedd and non-infected individuals, while HLA-B58 was significantly more common in 
HIV-positivee individuals (17). In Ethiopians, HLA-B58 was less common than in Botswana, 
regardlesss of HIV status. This suggests that different HLA alleles might play a protective or 
predisposingg role in different populations. Both in Ethiopians and in people from Botswana, 
HLA-Cw88 tended to be more common in the HIV-negative population (17). Although increased 
frequenciess of certain HLA alleles among HIV-positive individuals have previously been 
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interpretedd to be due to increased susceptibility to HIV infection (17), they may just as well 

reflectt increased survival of HIV-infected individuals carrying those HLA alleles (38). 

Takenn together, our data highlight the differences in HLA class I types among different ethnic 

populations,, as also demonstrated by earlier studies (17, 18). Because of these differences, 

HIV-11 vaccines need to be designed on the basis of the specific MHC class I alleles that are 

mostt prevalent in the targeted geographic area. In combination with existing information on the 

geneticc characteristics of the HIV C clade, which prevails in Ethiopia (3-8), the current data are 

thereforee crucial for the design of an HIV vaccine for Ethiopia, where HIV is spreading rapidly. It 

wouldd of course be advantageous if HIV vaccines could be designed for larger groups of 

populations,, irrespective of ethnicity. In this respect, future research into HLA supertype based 

vaccines,, which makes use of the fact that certain different HLA alleles have very similar 

functionall characteristics (39), is warranted. 
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Chapte rr  6 

Identificatio nn of Human Immunodeficienc y Viru s Type 1 (HIV-1) subtyp e C Gag-Specifi c 
cytotoxi cc  T-Lymphocyt e Response s in HIV infecte d Ethiopian s 

Asterr Tsegaye1*, Leonie Ran2, Dawit Wolday1, Beyene Petros3, Wendelien Dorigo1, Erwan 
Piriou2,, Tesfaye Tilahun1, Deresse Eshetu1, José Borghans2'5, Frank Miedema2,4,5 and Debbie 
vann Baarle2'5 

1Ethio-Netherlandss AIDS Research Project (ENARP), Ethiopian Health and Nutrition Research Institute 
(EHNRI),, P.O.Box 1242, Addis Ababa, Ethiopia department of Clinical Viro-lmmunology, Sanquin 
Researchh and Landsteiner Laboratory, University of Amsterdam, The Netherlands department of Biology, 
Addiss Ababa University, P.O. Box 1176, Addis Ababa, Ethiopia department of Retrovirology, Academic 
Medicall Center, Amsterdam, The Netherlands 
scurrentt address: Department of Immunology, University Medical Center Utrecht, Utrecht, The Netherlands 

Ethiopia ,, lik e mos t sub-Sahara n Africa n countries , has been experiencin g a sever e 
HIV/AIDSS epidemi c startin g fro m the mid 1980's . The epidemi c is predominantl y of 
subtyp ee C. Knowledg e of the mos t dominan t cytotoxi c T-lymphocyt e (CTL) epitope s in 
thee contex t of the loca l HLA backgroun d is a pre-requisit e for the developmen t of an 
effectiv ee HIV vaccine . Therefore , HIV-specifi c T-cel l response s were measure d in 48 HIV-
infecte dd subject s wit h know n HLA backgroun d usin g the IFN-y Enzym e Linke d 
Immunospo tt  assay and 49 clade- C specifi c syntheti c Gag peptides . Fifty-eigh t percen t of 
thee stud y subject s showe d T-cel l response s directe d to one or mor e peptides , whil e the 
remainin gg patient s lacke d suc h HIV-Gag specifi c responses , despit e a goo d respons e to 
mitogens .. Non-responsivenes s to HIV-1 Gag peptide s was not associate d wit h eithe r 
CD4++ T-cel l number s or HIV vira l loads . The majorit y of HIV-specifi c response s were 
directe dd agains t the subse t of peptide s spannin g Gag p24. The magnitud e of HIV-specifi c 
T-cel ll  response s range d fro m 126 to 5813 IFN-y producers/10 6 PBMC (media n 618 /106 

PBMC).. The breadth  of respons e range d betwee n 1 to 9 peptides , wit h mos t (78%) 
individual ss  showin g detectabl e response s to <3 peptides . The magnitud e of HIV-specifi c 
CD8++ T-cel l response s in responder s was not associate d wit h HIV vira l load , but 
correlate dd positivel y wit h CD4+ T-cel l counts . Althoug h overal l HIV-1 Gag specifi c CD8+ 
T-cel ll  response s were relativel y low in thes e HIV-infecte d Ethiopians , the mos t frequentl y 
targete dd Gag peptide s overlappe d wit h thos e previousl y describe d fo r HIV-1 subtyp e C 
infecte dd Souther n African s and therefor e can be used in a multi-epitop e vaccine . 

Introductio n n 
Moree than 20 years after the first clinical evidence of AIDS (21), combating HIV/AIDS is still a major 
globall challenge. According to the UNAIDS estimate, in 2003, 34-46 million people were living 
withh HIV/AIDS, of which 60-75 % from sub-Saharan African origin (58). 
Ethiopia,, like most sub Saharan African countries, has been experiencing a severe HIV/AIDS 
epidemicc starting from the mid 1980's. While retrospective analysis of samples collected for 
otherr purposes in the early 1980's failed to reveal HIV-1 antibodies (D. Zewdie, Abstr. 24th 

Ethiop.. Med Association Conf, abstr. 24, 1988), the first sera found positive for HIV-1 antibodies 
datee back from 1984 (54). This concurs with the estimated time of introduction of HIV-1 to the 
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countryy (3, 4). The first Ethiopian AIDS cases were diagnosed in hospitals of Addis Ababa, the 
capitall city, in 1986 (31). The epidemic has spread rapidly and the prevalence rate between 
19944 and 2001 in the urban population was 14-20% among pregnant women (18, 57), 7% in 
bloodd donors (18), 6-12 % in the general population including army and police recruits (5, 18, 
59)) and 47-74% among commercial sex workers (7, 25). The number of Ethiopians living with 

HIV/AIDSS in 2001 was estimated at 2.2 million, including 200,000 children (37).Unlike the 
neighbouringg East African countries, the HIV epidemic in Ethiopia is predominantly of subtype C 
(1,, 9, 25, 51) with a sub-cluster C' (2, 44). Transmission is mainly heterosexual (37). Despite 
loww background CD4+ T cell numbers in healthy Ethiopians (28, 55, 56), HIV disease 
progressionn in Ethiopia is not faster than in other countries (35). While prevention remains the 
hallmarkk of controlling the HIV/AIDS pandemic, a major expectation for curbing the expanding 
HIVV pandemic globally relies on the development of an effective vaccine, to complement other 
preventivee strategies, and attention has focussed on the use of vaccines that are able to induce 
cytotoxicc T lymphocytes (CTL) (34). Indeed, several lines of evidence point to a key role of CTL 
inn the control of HIV infection: HlV-specific CTL responses have been detected in exposed but 
non-infectedd subjects (29, 45, 46); protection of severe combined immunodeficient (SCID) mice 
againstt HIV infection has been induced by CD8+ T cell infusion (60); CD8+ T cell depletion in 
SIVV infected monkeys has shown to be associated with increased viral replication, that was 
reversedd when T cells repopulated (26, 49); positive correlations have been found between 
strongg CTL responses and virus clearance in acute infection and/or delaying of overt disease 
(12,, 20, 22, 30, 41, 52); and lastly occurrence of CTL escape mutants, as a result of CTL-
mediatedd selective pressure on the virus (13), has been found to be associated with disease 
progressionn (24) and with anti-AIDS vaccine failure in rhesus monkeys (10). Several studies 
furtherr suggest that the ability of CD8+ CTLs to persist and remain functional is highly 
dependentt on the presence of a CD4+ T-helper-cell response (reviewed in ref 27). 

Thee vast majority of data on CTL responses are from clade B infected subjects, while subtype C 
affectss more infected persons worldwide than any other HIV clade (42). There are relatively few 
reports,, including a very recent study on Ethiopian Jews in Israel (17), on HIV-1 clade C specific 
CTLL responses in subjects from sub-Saharan Africa (23, 38, 39), a region that is most affected 
byy the HIV epidemic accounting for 70% of the HIV infected population in the world (58). The 
characteristicc and distinct regions of HIV proteins (epitopes) that are recognized by CTL vary 
betweenn HIV infected persons of different ethnic origin, because of differences in the 
frequenciess of HLA class I molecules between populations. Knowledge of the dominant and 
subdominantt epitopes in the context of the local HLA background would help in the design and 
developmentt of an effective HIV vaccine that would elicit a potent and broad immune response. 
Therefore,, we performed a cross-sectional study of CD8+ T cell responses against HIV-1 
subtypee C synthetic Gag peptides in 48 HIV infected Ethiopians from different ethnic groups 
withh known HLA backgrounds. 

Subject ss and Method s 

Subject s s 
Studyy subjects are HIV-infected adult factory workers participating in a long-term cohort study 
onn HIV-1 incidence and progression carried out by the Ethiopian Netherlands AIDS Research 
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Projectt (ENARP) at the Ethiopian Health and Nutrition Research Institute (EHNRI), Addis 
Ababa,, Ethiopia. Detailed description of the cohort studies has been reported elsewhere (36, 
47).. In brief, ENARP established two cohort sites, one in Akaki, a suburb of the capital Addis 
Ababa,, and the other in Wonji, a sugar estate, 114 km South East of Addis Ababa. The cohort 
studiess started in February 1997 in Akaki, and in October 1997 in Wonji following pilot surveys 
inn 1995-96. All study participants come to the study clinic every six months. A total of 1612 
subjectss were enrolled from 1997 up to June 2001 from both sites, of which 9.4 % were positive 
forHIV-11 antibodies. 

Forr all HIV infected subjects CD4+ T cell numbers using 3 colour FACScan flow cytometry 
(Bectonn Dickinson Immunocytometry Systems [BDIS], San José, CA) and viral loads using the 
Nuclisenss assay (Organon Teknica, The Netherlands) were determined at each visit. Among the 
1500 HIV+ participants, HLA data were available for 50 randomly selected subjects (Tsegaye et 
all manuscript in preparation). We studied HIV specific T cell responses cross-sectionally in 48 
off the 50 HIV infected subjects with known HLA types, who were aged 18-57 (median 34 years). 
Forty-onee of the subjects were prevalent while seven were incident cases. Characteristics of the 
studyy subjects are summarized in Table 1. 

Tablee 1. Characteristics of the study subjects (n=48) 

Agee (years) 

20-29 9 

30-45 5 

455 + 

Mediann age [range] 

Sex x 

Male e 

Female e 

Absolutee CD4 

CD44 <200 

CD44 200-500 

CD4>500 0 

Absolutee CD4 (cells/ul) 

Mediann [range] 

Abs.. naïve CD4 (cells/pl) 

Alll subjects 

N=48 8 

15%% [7/48] 

8 1 %% [39/48] 

4%% [2/48] 

344 [23 - 49] 

36 6 

12 2 

23%% [11/48] 

46%% [22/48] 

3 1 %% [15/48] 

3877 [95 - 935] 

666 [2 -366] 

Responders s 

N=28 8 

18%% [5/28] 

75%% [21/28] 

7%% [2/28] 

34.55 [27-49] 

19 9 

9 9 

2 1 %% [6/28] 

43%% [12/28] 

36(10/28] ] 

4166 [93-966] 

955 [5-366] 

Non--

responders s 

N=20 0 

10%% [2/20] 

90%% [18/20] 

0%% [0/20] 

344 [23-42] 

17 7 

3 3 

25%% [5/20] 

50%% [10/20] 

25%% [5/20] 

3699 [100-699] 

600 [1-244] 

PP value 

0.41 1 

0.47 7 

0.08* * 

Mediann [range] 
Virall load (log™ copies/ml) 3.65 [1.90 - 5.53] 3.36 [1.9-5.58] 3.85 [1.9-5.36] 0.31 
Mediann [range] 

Mann-whitneyy U test for difference between responders and non-responders, 2-sided P-values 
'Marginall significance 
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Alll subjects were antiretroviral treatment (ART) naive as ART was not available in Ethiopia 
duringg the study period. Both EHNRI and the National Ethical Clearance Committee have 
approvedd the protocol of ENARP cohort studies. Informed consent was obtained from each 
subjectt and pre- and post-test counseling for HIV testing was made available to all study 
participants. . 

Periphera ll  bloo d mononuclea r cel l (PBMC) separatio n and HIV peptide s 
PBMCss were isolated from whole blood by Ficoll-Hypaque density gradient centrifugation and 
viablyy frozen using a computerized freezing machine (KRYO 10, Biomedical Series II). Frozen 
cellss were stored in liquid nitrogen until analyzed. 

Forty-ninee clade-C specific synthetic Gag peptides, whose sequence corresponds to the isolate 
966 ZM 651.8 (from NIH), were used for stimulation. The peptides were 20 amino acids in length 
overlappingg by 10 amino acids. T cell responses were determined directly ex-vivo after 
stimulationn of PBMCs with the whole pool (49 peptides: total HIV-Gag T cell response) and 14 
sub-poolss each containing 7 peptides. The final concentration of each peptide was 2ug/ml. To 
identifyy the specific peptide(s) responsible for the observed T cell responses, we designed a 
matrix,, consisting of 7 pools in columns and 7 pools in rows, where each pool in a column 
containss one peptide from each pool in the rows (as described by Mashishi and Gray 2002, 
(33)). . 

IFN-yy Elispo t assay to measur e HIV-specifi c T cel l response s 
HIV-specificc T cell responses were measured using the IFN-y Enzyme Linked Immunospot 
(ELISPOT)) assay. To this end, multiscreen 96-well membrane-bottomed plates (MAIP N45, 
Millipore,, Billerica, Mass., USA) were coated with 50 ul (5 ug/ml in PBS) of anti-human 
interferonn gamma monoclonal antibody Mab 1-D1K (Mabtech, Nacka, Sweden) and kept at 
roomm temperature (RT) for 3 hours or at C overnight. Plates were thoroughly washed with 
PBSS containing 0.005% Tween 20 (Sigma, GMBH Germany) and blocked with RPMI-1640 
mediumm containing 10% fetal calf serum (FCS) for 1 hour. Frozen PBMCs were thawed and 
suspendedd in RPMI-1640 medium containing 10% FCS and penicillin/streptomycin, and 
incubatedd at a final concentration of 1-2 x 105 cells per 100 ul per well in the presence of 
peptidess (whole pool and sub-pools) for 20-24 hours in a humidified 5% C02 atmosphere at 
37CC.. After incubation, cells were removed by washing wells 5 times with 0.005% PBS/Tween 
(PBST).. Biotin-conjugated Mab 7-B6-1 mAb for IFN-y (Mabtech, Sweden) was added at optimal 
dilutionn (1 ug/ml in PBS) and incubated at RT for 1 hr. Following 5 times washing with PBST, 
50ull of 1 in 6000 diluted streptavidin-horse raddish peroxidase (HRP) (Sanquin at CLB, the 
Netherlands)) was added, and plates were incubated at RT for 1 hr. Unbound conjugate was 
removedd by washing thoroughly with PBST and finally 50 ul of TMB substrate solution (Sanquin 
att CLB, the Netherlands) was added and incubated until the appearance of spots in the wells 
(5-155 min). Colour development was stopped by rinsing in dH20 and, after drying, the number of 
IFN-yy producing cells was determined using an ELISpot reader (A.EL.VIS V3.31B; A.EL.VIS 
GMBH,, Hanover Germany) and expressed as spot forming cells (SFC) per million input PBMC. 
Phytohemagglutininn (PHA; Murex, Dartford England) stimulated wells were used as a positive 
controll and medium alone as a negative control. All experiments were done in triplicates. The 
numberr of IFN-y producing cells was calculated by subtracting the negative control value. 
Sampless with >100 spots/million PBMC were considered positive (23, 38, 39). 
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Floww cytometri c analysi s of T cel l maturatio n and activatio n marker s 
Too evaluate the maturation state of CD8+ T cells, cryo-preserved PBMCs were thawed and 
incubatedd with CD8-PerCP (Perdinin-Chlorophyll-A Protein), CD27-FITC (Fluorescein 
isothiocyanate),, unlabelled CD57, a proposed marker for senescence (14) (all from BDIS) and 
CD45RO-APCC (Allophycocyanin, BD Pharmingen) monoclonal antibodies. After washing with 
PBAA [phosphate-buffered saline (PBS)/0.5% bovineserum albumin (BSA)], cells were incubated 
withh Phycoerythrine (PE)-conjugated IgM (SouthernBiotech, Birmingham, AL, USA) to label 
CD57+CD8++ T cells. To measure the expression of CD31 on naive CD4+ T cells, cells were 
stainedd with CD4-PerCP, CD27-FITC, CD31-PE (Phycoerythrine) (all from BDIS) and CD45RO 
APCC (BD Pharmingen). In addition, expression of activation markers on CD4+ and CD8+ T cells 
wass measured after staining cells with CD4-APC, CD8-PerCP, CD38-FITC and HLA-DR PE (all 
fromm BDIS). All incubation steps were performed at C for 20 minutes. Finally cells in all CD4 
andd CD8 preparations were washed with PBA, fixed with Cellfix (BDIS), and analyzed on a 
FACSS Calibur (BDIS) with Cellquest software. 

StatisticalStatistical  analysis 
Dataa were analysed using STATA statistical software (Stata 6.0, Stata corporation, College 
Station,, Texas, USA) and SPSS. The distribution of the different maturation and activation 
markerss was compared between groups (responders and non-responders) using the non-
parametricc Wilcoxon rank-sum test (Mann-Whitney U test). Correlations were calculated using 
Spearman'ss rank correlation coefficients. Comparison of the proportion of responders in the 
groupss of individuals with and without certain MHC alleles was done using the Student's t-test, 
usingg pooled variances if there was no significant difference between the variances of the two 
groupss (based on Levene's Test for equality of variances). P-values <0.05 were considered 
significant. . 

Result s s 

LackLack  of  detectable  HIV-1 specific  responses  despite  good  responses  to  mitogens  in  a 
largelarge  proportion  of  HIV infected  Ethiopians 
Too study HIV-specific T cell responses in subtype C infected Ethiopians, PBMCs from 48 
randomlyy selected subjects were screened for HIV-1 subtype C Gag-specific T cell responses 
usingg 20-mer synthetic peptides overlapping by 10 amino acids in the Elispot assay. Using a 
peptidee matrix based approach (6), 58% (28/48) of the study subjects showed demonstrable 
CTLL response directed to one or more HIV peptides (responders, >100 spots/106 PBMC), while 
thee remaining 42% (20/48) lacked detectable HIV specific responses despite a good response 
too mitogens (PHA) (non-responders) (Figure 1). The breadth of CTL responses is an important 
componentt of antiviral immunity, as CTL reactivity against multiple HIV peptides may prevent 
CTLL escape. While the breadth of response ranged between 1 to 9 peptides in the responders, 
mostt of them (78%) showed detectable responses to less than 3 peptides. As depicted in Figure 
1,, 39% of the responders (11/28) showed a T cell response directed to 1 peptide, 39% (11/28) 
too 2 and the remaining 22% (6/28) to more than 2 peptides. Overall, responses were directed 
againstt 25 of the 49 peptides. Sixteen of the 25 peptides targeted by the study subjects were in 
thee p24 region of Gag (Figure 2). Since the proportion of non-responders was quite high (42%), 
wee confirmed the absence of detectable responses by repeating the assay in 13 of the 20 non-
responderss (data not shown). 
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II  Non-responders 

II  I Responders 

DD 1 Peptide 

DD 2 Peptides 

HH >2 Peptides 

Figuree 1. Proportion of responders and non-responders to HIV-1 subtype C Gag peptides as 

measuredd by IFN-y ELISPOT. The small pie chart on the right gives the proportion of responders for the 

differentt numbers of peptides targeted. 
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Figuree 2. Mean CTL response per peptide targeted by the study subjects. Gray bars indicate the four 

mainn targeted peptides. Number of responding subjects shown inside each bar; not indicated when 

responsee is contributed by one subject only. The error bars indicate 1 SD above the mean. 

Absolu t ee CD4+ T cel l numbers , vira l load an d othe r T cel l characteristic s o f responder s 

an dd non-responder s 

Responderss and non-responders were not different in terms of age (median age 35 years in 

responderss and 34 years in non-responders, Table 1). In order to assess if lack of HIV Gag-
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specificc responsiveness was related to differences in disease progression, T cell activation 
statuss or expression of CD57 (reported to be a marker for senescence of CD8+ T cells) 
resultingg in unresponsiveness to further in vitro stimulations and lack of IFN-y production, we 
comparedd responders and non-responders for their CD4+ T cell numbers, viral load, and T cell 
maturationn (CD45RO and CD27) and activation markers (HLA-DR and CD38). Although the 
mediann absolute total and naïve CD4+ T cell counts tended to be lower and the viral load higher 
inn non-responders compared to responders, differences were not statistically significant (total 
CD4++ T cell count: 369 vs 416 cells/ul (P=0.47); naive CD4+ T cell count: 60 vs 90 cells/ul 
(P=0.08);; and log viral load: 3.85 vs 3.36 (P=0.31), respectively, Table 1). Lack of HIV Gag-
specificc responses correlated neither with differences in T cell maturation, nor with T cell 
activationn status (Table 2). Interestingly, however, non-responders did have significantly lower 
percentagess of naïve CD4+ T cells and significantly higher percentages of CD27- memory 
(memory/effector)) CD8+ T cells (Table 2). 

Tablee 2. Proportions of differentiation/maturation and activation markers expression on CD4+ and 

Parameterss (in %) 

CD4++ T cells 

CD45RO-CD27++ (naive) 

CD45RO+CD27++ (memory) 

CD45RO+CD27-- (memory/effector) 

CD45RO-CD27-- (effector) 

HLA-DR+CD38+ + 

CD31++ within naïve 

CD8++ T cells 

CD45RO-CD27++ (naïve) 

CD45RO+CD27++ (memory) 

CD45RO+CD27-- (memory/effector) 

CD45RO-CD27-- (effector) 

HLA-DR+CD38+ + 

CD57+ + 

Alll subjects 

N=48 8 

21.9 9 

43.7 7 

26.3 3 

1.6 6 

6.6 6 

72.4 4 

14.7 7 

21.9 9 

21.0 0 

35.4 4 

23.4 4 

59.5 5 

Responders s 

N=28 8 

25.0 0 

39.8 8 

23.8 8 

1.6 6 

5.9 9 

73.8 8 

17.6 6 

20.3 3 

16.6 6 

36.4 4 

21.6 6 

59.7 7 

Non-responders s 

N=20 0 

16.3 3 

48.7 7 

30.6 6 

1.5 5 

8.4 4 

70.3 3 

14.0 0 

23.3 3 

24.5 5 

31.9 9 

25.1 1 

58.8 8 

P P 

valued d 

0.03* * 

0.13 3 

0.27 7 

0.52 2 

0.40 0 

0.63 3 

0.12 2 

0.39 9 

o.or r 
0.33 3 

0.58 8 

0.59 9 

Mediann values in per cent 
bMann-whitneyy U test for difference between responders and non-responders, 2-sided P-values *P<0.05 

Noo associatio n betwee n magnitud e of T cel l response and viral load 
Thee overall total magnitude of HIV-1 Gag specific T cell responses in the 28 responding 
subjectss ranged from 126 to 5813 SFC/million input PBMC (mean  SD, 965  1113 SFC/106 

PBMC).. The highest magnitude was detected within the subset of peptides spanning Gag p24, 
rangingg from 0 to 5813 SFC/106 PBMC (mean  SD, 709  1147 SFC/106 PBMC). The 
magnitudee of response in the p17 region ranged from 0 to 1530 SFC/106 PBMC (mean + SD, 
2277 0 SFC/106 PBMC), which is significantly lower than responses against p24 region 
(P=0.04). . 
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Wee studied whether the magnitude of CTL response against the Gag peptide pool correlated 
withh the control of HIV infection. Available data on the association between anti-HIV CTL 
responsess and viral load are inconsistent, ranging from lack of correlation (6, 19) to correlations 
inn both directions (11, 15, 32, 40, 41). In our case, there was no significant correlation between 
thee magnitude of CTL response and viral load. However, there was a significant positive 
correlationn between the magnitude of CTL response and CD4+ T cell numbers (P=0.01, data 
nott shown). 

Distributio nn of HLA allele s amon g responder s and non-responder s 
CTLL responses are dependent on the HLA background of the host, and differences in HLA 
expressionn are known to correlate with HIV survival (reviewed in ref 53). We therefore assessed 
iff any of the HLA types occurring in the study group was associated with lack of 
responsiveness.. In general, high heterogeneity in the distribution of HLA types in the study 
subjectss complicated the association with CTL responses. However, some tendencies could be 
foundd as shown in figure 3. Individuals carrying HLA B57 (6/8 responders, P=0.3), had a slight 
tendencyy to respond to one or more Gag peptides. Conversely, individuals with HLA B15 (3/10 
responders,, P=0.04) or B49 (2/7 responders, P=0.09) tended to be non-responders. Among the 
HLA-AA types, individuals with A32 (6/7 responders, P=0.08) tended to be responders, while 
HLA-A300 positive subjects tended to be non-responders (3/9 responders, P=0.10). Interestingly, 
HLA-A322 has previously been shown to be a protective allele in HIV infection (53). 

A22 A30 A32 B7 BI3 B14 B15 BÏ7 B « B49 B57 

|öKe»p«wdcr**  (B"28) ÜNon-rctponderi (n-20) | 

Figur ee 3. Distributio n of selecte d HLA alleles among responder s and non-responders . Number of 
subjectss in each group are indicated inside each bar, and P-values above the bars. Two-sided P-values 
weree calculated using the Student's t-test. 

IdentificationIdentification  ofHIV-1 subtype  C Gag peptides  targeted  by CTLs in  the study  subjects 
Basedd on the clade C sub-pool analysis, we were able to identify specific peptide responses. As 
summarizedd in Table 3 and Figure 2, out of the forty-nine 20-mer overlapping Gag peptides, 
mostt frequent responses were directed to 4 peptides: IYKRWIILGLNKIVRMYSPV (aa -261-
280)) (n=8), KTILKALGPGATLEEMMTAC (aa 330-349) (n=8), MFTALSEGATPQDLNTMLNT 
(aaa 170-189) (n=6) and IKHLVWASRELERFALNPGL (aa 31-50) (n=6). Of the 25 peptides from 
Gagg that induced a response in at least one individual, most (16/25) peptides came from the 
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Tablee 3. Magnitude of HIV-specific CTL responses directed against gag peptides 
aaPeptidesPeptides targeted by at least two subjects are 

Peptidee sequence 

IKHLVWASRELERFALNPGL L 

(p17/aa31-50) ) 

GTEELRSLYNTVATLYCVHE E 

(p17/aa71-90) ) 

QMVHQKLSPRTLNAWVKVIE E 

p24/aa140-159) ) 

EKAFSPEVIPMFTALSEGAT T 

(p24/aa160-179) ) 

MFTALSEGATPQDLNTMLNT T 

(p24/aaa 170-189) 

PRGSDIAGTTSTLQEQIAWM M 

(p24/aa230-249) ) 

TSNPPIPVGDIYKRWIILGL L 

<p24/aa250-269) ) 

IYKRWIILGLNKIVRMYSPV V 

(p24/aa261-280) ) 

KTILKALGPGATLEEMMTAC C 

(p24/aaa 330-349) 

ATLEEMMTACQGVGGPSHKA A 

(p24/aa341-360) ) 

DREALTSLKSLFGSDPLSQ Q 

(p2p7p1p6/aa476-495) ) 

ID D 

078 8 

818 8 

298 8 

289 9 

143 3 

408 8 

886 6 

289 9 

763 3 

236 6 

818 8 

961 1 

236 6 

546 6 

650 0 

818 8 

961 1 

236 6 

546 6 

178 8 

236 6 

469 9 

961 1 

236 6 

917 7 

099 9 

961 1 

236 6 

138 8 

180 180 

178 8 

376 6 

766 6 

318 8 

023 3 

138 8 

156 6 

162 2 

321 1 

376 6 

069 9 

318 8 

156 6 

069 9 

961 1 

647 7 

indicated indicated 

HLAA type 

A2;B41/44;C17/07 7 

A*0201;B44/57;C04/07 7 

A32/66;B37/53;C06 6 

A1/A*0201;B13/15;C14/16 6 

A01/0201;B57/58;C07 7 

A01/03;; B7; C07 

A*0205/68;B51/44;C14/04 4 

A1/A*0201;B13/15;C14/16 6 

A01/0205;B7/18;C07 7 

A30;B14;C08 8 

A*0201;B44/57;C04/07 7 

A*0201/0202;B27/39;C02/12 2 

A30;B14;C08 8 

A2/68;B57/58;C03/07 7 

A24/31;B42/50;C06/07 7 

A*0201;B44/57;C04/07 7 

A*02011 /0202;B27/39; C02/12 

A30;B14;C08 8 

A2/68;B57/58;C03/07 7 

A03/32;B8/14;C07/08 8 

A30;B14;C08 8 

A03/68;B49/57;C07/18 8 

A*0201/0202;B27/39;C02/12 2 

A30;B14;C08 8 

A32/66;B8/41;C07/17 7 

A26/74;B27/49;C02/07 7 

A*0201/0202;B27/39;C02/12 2 

A30;B14;C08 8 

A*0201/03;B07/15;C07 7 

A03/32;B27/40;C04/07 7 

A03/32;B8/14;C07/08 8 

A01/30;B13/39;C06/17 7 

A*0201/74;B15/44;C04 4 

A*0201/03;B7/15;C07 7 

A*0205/68;B41/53;C04/17 7 

A*0201/03;B7/15;C07 7 

A01/0205;B7/27;C02/07 7 

A*0202/0205;BB 18/58; C03/07 

A29/32;B53/57;C04 4 

A01/30;B13/39;C06/17 7 

A01/0201;B18/51;C15 5 

A*0201/03;B7/15;C07 7 

A01/0205;B7/27;C02/07 7 

A01/0201;B18/51;C15 5 

A*0201/0202;B27/39;C02/12 2 

A01/*0202;B57/B37;C07/06 6 

inn 28 subjects 

SFC/1066 PBMC 

293 3 

763 3 

574 4 

763 3 

302 2 

190 190 

1530 0 

255 5 

239 9 

449 9 

355 5 

428 8 

490 0 

710 0 

332 2 

742 2 

530 0 

910 0 

729 9 

191 1 

243 3 

220 0 

352 2 

259 9 

126 6 

656 6 

454 4 

697 7 

256 6 

712 2 

126 6 

362 2 

686 6 

340 0 

270 0 

260 0 

1189 9 

511 1 

480 0 

441 1 

334 4 

133 3 

654 4 

285 5 

436 6 

360 0 
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p244 region, including 3 of the 4 most dominant responses. Interestingly, 6 of the 8 subjects 
respondingg to the peptide IYKRWIILGLNKIVRMYSPV were either HLA-B27 carriers (3/8) or 
carrierss of other HLA types belonging to the B27 supertype, like B14 and B39 (50). The 
remainingg two subjects responding to this peptide were carriers of B15, which according to 
Settee and Sidney's 1999 classification (50) belongs to the supertypes B27, B58 and B62. 
Responsess to the KTILKALGPGATLEEMMTAC peptide, the 4th dominant peptide in Botswana 
(38),, were also common in our subjects. HLA-B7 is a common HLA supertype (including HLA-
B77 and HLA-B53) in subjects responding against the latter peptide. 

Thee second most frequent response was directed to the peptide MFTALSEGATPQDLNTMLNT , 
containingg the TPQDLNTML (TL9) epitope which is the most dominant epitope in HIV-infected 
individualss from South Africa and Botswana, with HLA B*4201 and B*8201 restriction (23, 39). 
Inn the present study, only 1 out of 6 responses against the peptide containing this epitope was 
associatedd with similar HLA restriction. Two of the subjects who targeted the peptide containing 
thee TL9 epitope were carriers of HLA-B14-Cw8, an HLA association previously reported by 
Goulderr et al (23). Equally dominating with the TL9 responses were responses directed against 
thee peptide IKHLVWASRELERFALNPGL in p17 Gag. Two of the responding subjects were 
HLA-B444 carriers and one was B37 positive (a member of the B44 supertype), while no specific 
HLAA association could be identified for presentation of this peptide in the other 3 subjects. 
Interestingly,, despite the high frequency of HLA-A2 in the study group (25/48, 52%), only 3 
HLA-A22 positive subjects (one A*0201 and 2 of them A*0205) responded to the peptide (aa 71-
90)) containing the most dominant A2 restricted Caucasian epitope SLYNTVATL (SL9). 

Discussion n 
Thee IFNy elispot assay has been shown to be a quick and reliable tool to identify CTL epitopes 
(33).. We therefore used this assay to identify immunodominant regions in HIV-1 subtype C Gag 
inn HIV infected Ethiopians with known HLA background. Earlier subtype C Gag-specific CTL 
responsee studies have confirmed the CD8+ specificity of the IFN-gamma response, by 
performingg CD4+ and CD8+ T cell depletion and enrichment experiments using CD4 and CD8 
magneticc beads (23, 32, 39). 

Overall,, HIV-1 Gag specific CD8+ T cell responses in these Ethiopians were infrequent. Up to 
48%% of the subjects had no detectable HIV Gag-specific CTL response, while most individuals 
respondedd well to mitogens (PHA). In contrast, lack of CTL response directed to Gag proteins 
hass been observed in only 16% of subtype C infected children and adults from the Durban 
cohortt (23), in less than 14% of subtype B infected individuals (19), and in only 21.6% of 
subtypee C infected Africans (32). One possible explanation for the lack of Gag specific T cell 
responsess in many Ethiopians may be that those subjects respond well to other HIV proteins 
acrosss the viral genome, as broad responses against all HIV proteins have previously been 
demonstratedd (6, 19, 32, 38). Alternatively, the use of consensus HIV sequences to measure 
HIV-specificc responses might have underestimated the actual breadth and magnitude of the 
CTLL response against autologous viruses (8). Even though Gag is relatively conserved, there is 
indeedd more than 10% amino acid difference between the available Gag sequences of 
Ethiopiann HIV-C ((48), Accession number U46016) and the Gag sequence we used here 
(96ZM651),, which is likely to affect the detection of at least some CTL responses. 
Non-responderss and responders did not differ in CD4 T cell counts, viral load, T cell activation 
markerss or CD8 T cell proliferative capacity. On the other hand, non-responders had 
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significantlyy lower percentages of naive CD4+ T cells and higher percentages of CD27- memory 
CD8++ T cells than responders. While CTLs have been suggested to play a key role in 
controllingg viral replication, existing data on CTL and viral load correlations are inconclusive. 
Somee studies demonstrated an inverse correlation (15, 40, 41) while others (11) including a 
comprehensivee epitope analysis of the entire genome (6, 19, 32) did not. In the group of 
responders,, we observed a significant correlation of the magnitude of the CTL response with 
thee CD4+ T cell count, but not with HIV viral load. 

Ourr results on the cumulative Gag-specific CTL responses in Ethiopians are in line with 
previouss studies (23, 38, 39) demonstrating distinctive differences in the dominant Gag specific 
responsess between subtype B infected Caucasians (mainly targeting the p17 region) and 
subtypee C infected Africans (mainly targeting the p24 region). Sixteen of the 25 peptides 
targetedd by the study subjects, including 3 of the 4 dominant ones, were from the p24 region of 
Gag.. Since less than half (22/49) of the peptides tested came from p24, the subtype C infected 
individualss in our study population also had a tendency to respond to p24. In addition, a peptide 
(DREALTSLKSLFGSDPLSQ,, aa 476-495) in the p2p7p1p6 region of Gag was targeted by two 
off our subjects. The observation of Gag p24 predominance of T cell responses in our Ethiopian 
subjectss as well as in other Africans (23, 38, 39) slightly diverges from a recent report by Ferrari 
ett al 2004 (17), who demonstrated dominance of response against p17 Gag in Ethiopian Jews 
inn Israel. On the other hand, the most frequently targeted peptides in Ethiopian Jews overlapped 
withh the most frequently targeted peptides in Ethiopian subjects described in the present study, 
exceptt for one dominant response in p17 Gag (aa 51-110) and another one in p24 Gag region 
(aaa 201-260, ref 17). Differences between the two studies are not surprising since there are 
strikingg differences in HLA background, especially at the HLA-B locus, of our study population 
whichh is composed of several Ethnic groups (Tsegaye et al, manuscript in preparation) and the 
Ethiopiann Jews studied by Ferrari et al (17). 

Wee found a high frequency of CTL responses to the peptide containing a rarely reported epitope 
(GLNKIVRMY)) in other subtype C infected Africans (23). A very recent study on subtype C 
infectedd subjects from 4 southern African countries has identified immunodominant epitope-rich 
longg amino acid stretches containing multiple epitopes that are frequently targeted by HIV 
infectedd Africans (32). Two of these immunodominant epitope-rich amino acid stretches are 
fromm the p17 Gag region (aa 9 to 46 and 71 to 95) and 3 from p24 Gag (aa 155 to 194, 257 to 
275,, and 289 to 322). One of the peptides commonly targeted by our subjects 
(IYKRWIILGLNKIVRMYSPV,, aa~261-280) is partially overlapping with the 257-275 aa stretch 
fromm p24. This peptide identified in the South African studies (32) contains a number of subtype 
BB epitopes including IYKRWIIL, IYKRWIILGL and IYKRWIILGLNK, all part of the 20-mer 
peptidee to which we identified CTL responses in the Ethiopian subjects, so the CTL epitope 
targetedd by our subjects could be one of them, as well as GLNKIVRMY. Interestingly, subjects 
respondingg to this peptide (IYKRWIILGLNKIVRMYSPV) share HLA molecules from the B27 
supertype.. Hence the response against this peptide might be HLA-B27 restricted, as also 
reportedd for clade B epitopes identified within this 20-mer peptide (16). 

Ourr finding of a dominant response to the peptide MFTALSEGATPQDLNTMLNT (aa 170-189) 
thatt contains the epitope TPQDLNTML (TL9), agrees with studies from South Africa, a region 
wheree clade C is the dominant clade (23, 38, 39). Using high resolution HLA typing, Novitsky et 
all (39) specified HLA-BM201 and B*8101 as HLA alleles that might restrict the CTL epitope 
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TL9.. In the present study, we observed heterogeneity in the HLA types among subjects 
respondingg to MFTALSEGATPQDLNTMLNT. Similar HLA-B42 restriction could be associated 
withh response to TL9 in only one of our subjects. Goulder et al (23) have additionally identified 
ann HLA B14-Cw08 restricted response to TL9. Indeed, two of our subjects targeting the peptide 
containingg the TL9 epitope, are carriers of HLA-B14-Cw08, substantiating earlier observations. 
Bothh the TL9 epitope and the peptide IKHLVWASRELERFALNPGL {aa 31-50), which was 
targetedd by 6 of our subjects are part of the recently identified immunodominant regions (32), 
suggestingg that vaccines designed and developed for subtype C infected southern Africans 
couldd be used for Ethiopians as well. However, we cannot exclude that a large number of 
Ethiopianss responding to the peptide IYKRWHLGLNKIVRMYSPV (aa-261-280) targeted an 
epitopee at the very end of this peptide, which is not included in the 257-275 aa stretch from p24 
thatt has been identified in the South African studies. Such additional peptides may have to be 
includedd for the design of an effective regional vaccine for Africans where subtype C 
predominates. . 

Inn summary, in this report we described CTL responses in the Eastern African country of 
Ethiopia,, where subtype C is the main circulating HIV clade. Although overall HIV-1 Gag 
specificc CTL responses were relatively low in these HIV-infected Ethiopians, the most frequently 
targetedd Gag peptides overlapped with those previously described for HIV-1 subtype C infected 
southernn Africans and therefore can be used in a multi-epitope vaccine. 
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Chapte rr  7 

Humann Immunodeficienc y Viru s Type 1 (HIV-1) subtyp e C Gag-Specifi c T-Lymphocyt e 
Response ss in HIV infecte d Ethiopians : stabl e patter n of CTL respons e coincide s wit h 
slo ww rate of CD4+ T cel l declin e 

Asterr Tsegaye1, Leonie Ran2, Dawit Wolday1, Beyene Petros3, Nening M. Nanlohy25, Hailu 
Meles1,, Mulu Girma1, Ermias Hailu1, José Borghans2,5, Frank Miedema2,4,5 and Debbie van 
Baarle2'5 5 

1Ethio-Netherlandss AIDS Research Project (ENARP), Ethiopian Health and Nutrition Research Institute 
(EHNRI),, P.O.Box 1242, Addis Ababa, Ethiopia department of Clinical Viro-lmmunology, Sanquin 
Researchh at CLB and Landsteiner Laboratory, University of Amsterdam, The Netherlands 3Department of 
Biology,, Addis Ababa University, P.O. Box 1176, Addis Ababa, Ethiopia 4Department of Retrovirology, 
Academicc Medical Center, Amsterdam, The Netherlands 
5currentt address: Department of Immunology, University Medical Center Utrecht, Utrecht, The Netherlands 

HIV-specifi cc  CD8+ T cell s have been suggeste d to play a rol e in contro l of viremia . We 
investigate dd whethe r the relatively  slo w rate of CD4+ T cel l declin e in HIV-1 C infecte d 
Ethiopian ss is due to the presenc e of stron g cytotoxi c T lymphocyt e (CTL) response s 
agains tt  HIV. To thi s end , we studie d 10 HIV infecte d Ethiopians , 5 wit h a relatively  slo w 
andd 5 wit h a fas t CD4+ T cel l decline , over a perio d of 5 years . HIV-specifi c T cel l 
response ss were measure d in  vitro  usin g the IFN^y Enzym e Linke d Immunospo t 
(ELISPOT)) assay and a panel of clade- C specifi c syntheti c Gag peptides . Six out of the 10 
stud yy subject s had T cel l response s directe d to one or mor e HIV-1 Gag peptides , whil e 
thee othe r 4 persistentl y lacke d suc h response s despit e goo d response s to mitogens . In 
thee responders , strong , stabl e and broa d T cel l response s were associate d wit h a 
relativelyrelatively  slo w CD4+ T cel l declin e <<15 cells/ul/year) , whil e los s of HIV Gag-specifi c CTL 
response ss coincide d wit h fas t CD4+ T cel l declin e (>45 cells/ul/year ) in the cours e of HIV 
infection .. Interestingly , sustaine d hig h CTL response s were associate d wit h the presenc e 
off  HLA allele s fro m the B27 supertype , suggestin g a protectiv e rol e fo r thos e HLA-alleles . 
Inn conclusion , persistenc e of stron g CTL response s was associate d wit h a relativel y slo w 
ratee of CD4+ T cel l decline , substantiatin g a rol e of CTL in delayin g diseas e progressio n 
inn HIV-1 C infecte d Ethiopians . 

Introductio n n 
Inductionn of sustainable cytotoxic T lymphocytes (CTL) is the main focus of HIV vaccine 
developmentt strategies (18). HIV-specific CD8+ cytotoxic T lymphocytes and CD4+ T-helper-
celll responses are an important part of the cellular immune response against HIV (8, 11, 27). 
Correlationn between strong CTL and virus clearance in acute infection and/or delaying of overt 
diseasee has been reported (4, 7, 8, 15, 24, 30). Occurrence of CTL escape mutants, as a result 
off CTL mediated selective pressure on the virus (5), in association with disease progression 
(10)) suggests a key role of CTL in delaying disease progression. Longitudinal data 
demonstratingg the role of CTL in the course of HIV infection are available mainly from clade B 
infectedd subjects, while subtype C affects more infected persons worldwide than any other HIV 
subtypee (25). Longitudinal analyses of HIV-1-specific CTL responses in subtype B infections 
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havee revealad persistence of strong CTL responses in long-term non-progressors (23, 26), 
whichh are enhanced both in breadth and magnitude during re-exposure to viral antigens in the 
coursee of HIV infection (34). Studies by Chouquet et al demonstrated that the breadth of CTL 
directedd against HIV proteins with a remarkable stability over time was negatively correlated to 
virall load and disease progression (6). Moreover, Klein et al showed a sustained HIV-1 Gag-
specificc CTL response in long-term asymptomatic infection (13). These studies, all point to a key 
rolee of HIV-specific CTL in delaying disease progression. 

Wee recently screened PBMCs from 48 HIV infected Ethiopians (Tsegaye et al, submitted) and 
identifiedd HIV Gag peptides which gave dominant and subdominant responses in the context of 
thee local HLA background that would contribute to the design and development of an effective 
regionall HIV vaccine for Africans. 
Inn this paper, we followed anti-HIV CTL responses from 10 HIV-infected Ethiopians, 5 with a 
relativelyy slow and 5 with a relatively rapid CD4+ T cell decline, for a time frame of 3-5 years, in 
parallell with CD4+ T cell counts and plasma viral loads, to investigate the role of HIV-specific 
CD8++ T cell responses in the course of HIV disease progression. Since the median yearly CD4 
TT cell loss in the ENARP cohort is 32 cells/ul blood (19), individuals were assigned to the fast 
CD44 T cell decline group if their CD4 T cell loss was larger than 32 cells/ul/year, and to the slow 
CD44 T cell decline group if their CD4 T cell loss was smaller. Both the magnitude and breadth of 
CD8++ T cell responses was monitored over time. The data presented here show that 
persistencee of strong CTL response was associated with slow CD4+ T cell decline. Interestingly, 
sustainedd high CTL responses were associated with the presence of HLA alleles from the B27 
supertype,, suggesting a protective role for these HLA-alleles. 

Subject ss and Method s 

Subject s s 
Studyy subjects are HIV infected adult factory workers participating in a long-term cohort study 
onn HIV-1 incidence and progression carried out by the Ethiopian Netherlands AIDS Research 
Projectt (ENARP) at the Ethiopian Health and Nutrition Research Institute (EHNRI), Addis 
Ababa,, Ethiopia. We have previously described the study subjects (Tsegaye et al, submitted) 
andd detailed description of the cohort studies has been reported elsewhere (20, 28). In brief, 
followingg pilot surveys in 1995-96, ENARP established two cohort sites since 1997, one in 
Akaki,, a suburb of the capital Addis Ababa, and the other in Wonji, a sugar estate 114 km South 
Eastt of Addis Ababa. All study participants come to the study clinic every six months for a 
questionnairee on health and behaviour, a clinical examination by a medical doctor, and 
collectionn of blood and other biological samples for laboratory analysis. A total of 1612 subjects 
weree enrolled from 1997 up to June 2001 from both sites, of which 9.4 % were positive for HIV-
11 antibodies. 

Forr all HIV infected subjects, T cell subset counts using 3 colour FACScan flow cytometry 
(BDIS,, San José, CA) and viral loads using the Nuclisens assay (Organon Teknica, The 
Netherlands)) were determined at each visit. We previously screened PBMCs from 48 randomly 
selectedd HIV infected subjects to identify HIV specific T cell responses (Tsegaye et al, 
submitted).. To study the dynamics of HIV-1 specific T cell responses in the course of HIV 
infectionn we selected 10 of these subjects, 5 of which had a relatively slow and 5 a relatively 
fastt CD4+ T cell decline during their follow up period. Individuals were assigned to the slow 
CD4++ T cell decline group if their yearly CD4+ T cell decline was smaller than 32 cells/ul blood 
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(thee median yearly CD4 T cell loss in HIV infected Ethiopians, ref 19), and to the fast CD4+ T 
celll decline group otherwise. Both groups had a similar age and sex distribution. Baseline 
characteristicss of the longitudinal study subjects are summarized in Table 1. 
Alll our subjects were antiretroviral treatment (ART) naive as ART was not available in Ethiopia 
duringg the study period. Both EHNRI and the National Ethical Clearance Committee have 
approvedd the protocol of the ENARP cohort studies. Informed consent was obtained from each 

subject. . 

Tablee 1. Baseline characteristics and total response status to HIV-1 subtype C Gag peptides of HIV-
11 infected subjects investigated longitudinally (n=10) 

Subjectss Sex Age HLA class I alleles 

No.. cells 

(X106/I) ) 

CD4++ CD8+ 

cellss cells 

Viratt load 

(I0Q10 0 

copies/ml) ) 

CTL L 

response e 

Time e 

points s 

studied d 

Groupl l 

A A 

B B 

C C 

D D 

E E 

Group2 2 

F F 

G G 

H H 

1 1 

J J 

M M 

F F 

M M 

M M 

M M 

M M 

M M 

M M 

M M 

F F 

37 7 

34 4 

32 2 

30 0 

31 1 

32 2 

30 0 

29 9 

30 0 

27 7 

A26/74B27/499 Cw2/7 

A2/2B27/39Cw2/12 2 

A30B14Cw8 8 

A1/22 B7/57 Cw4/7 

A1/68B35/58Cw7/15 5 

A32/666 B37/53 Cw6 

A3/68B49/57Cw7/18 8 

A2B41/44Cw17/7 7 

A26/66B41/49Cw7/17 7 

A3/30B49/511 Cw7/15 

406 6 

966 6 

608 8 

604 4 

100 0 

826 6 

416 6 

415 5 

310 0 

699 9 

624 4 

864 4 

1000 0 

897 7 

514 4 

1530 0 

772 2 

1087 7 

1313 3 

2429 9 

3.6 6 

1.9 9 

3.1 1 

2.4 4 

4.3 3 

2.4 4 

4.1 1 

4.4 4 

3.9 9 

4.5 5 

Subjectss in group 1 have relatively slow CD4 decline during their HIV positive follow up periods and group 

22 are relatively fast CD4 droppers 

Periphera ll  bloo d mononuclea r cel l (PBMC) separation and synthetic HIV peptides 
PBMCss were isolated from whole blood by Ficoll-Hypaque density gradient centrifugation and 
viablyy frozen using a computerized freezing machine (KRYO 10, Biomedical Series II) and 
storedd in liquid nitrogen until analysed. 
Forty-ninee clade-C specific synthetic Gag peptides, whose sequence corresponds to the isolate 
966 ZM 651.8 (obtained from NIH), were used for stimulation. The peptides were 20 amino acids 
inn length overlapping by 10 amino acids. T cell responses were determined directly ex-vivo after 
stimulationn of PBMCs with the whole pool (49 peptides: total HIV-Gag T cell response) and 14 
sub-poolss each containing 7 peptides. The final concentration of each peptide was 2ug/ml. To 
identifyy the specific peptide(s) responsible for the observed T cell responses, we designed a 
matrix,, consisting of 7 pools in columns and 7 pools in rows, where each pool in a column 
containss one peptide from each pool in the rows, as described by Mashishi and Gray (17). After 
thee initial screening, specific peptide stimulations using individual peptides targeted by each 
studyy subject were employed to study CTL responses longitudinally. 
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Characterizatio nn of HIV-specifi c T cel l response s usin g the IFN-y Elispo t assay 
HIV-specificc T cell responses were measured using the IFN-y Enzyme Linked Immunospot 
(Elispot)) assay. To this end, multiscreen 96-well membrane-bottomed plates (MAIP N45, 
Millipore,, Billerica, Mass., USA) were coated with 50 pi of (5 ug/ml in PBS) anti-human 
interferonn gamma monoclonal antibody Mab 1-D1K (Mabtech, Nacka, Sweden) and kept at 
roomm temperature (RT) for 3 hours or at C overnight. Plates were thoroughly washed with 
PBSS containing 0.005% Tween 20 (Sigma, GMBH Germany) and blocked with RPMI-1640 
mediumm containing 10% fetal calf serum (FCS) and penicillin/streptomycin for 1 hour. Frozen 
PBMCss were thawed and suspended in RPMI-1640 medium containing 10% FCS, and 
incubatedd at a final concentration of 1-2 x 105 per 100ul per well in the presence of peptides 
(wholee pool, sub-pools or individual peptides) for 20-24 hours in a humidified 5% C02 

atmospheree at . After incubation, cells were removed by washing wells 5 times with 
0.005%% PBS/Tween (PBST). Biotin-conjugated Mab 7-B6-1 mAb for IFN-y (Mabtech, Sweden) 
wass added at optimal dilution (1 ug/ml in PBS) and incubated at RT for 1 hr. Following 5 times 
washingg with PBST, 50ul of 1 in 6000 diluted streptavidin-horse raddish peroxidase (HRP) 
(Sanquinn at CLB, the Netherlands) was added, and plates were incubated at RT for 1 hr. 
Unboundd conjugate was removed by washing thoroughly with PBST. Finally 50 pi of TMB 
substratee solution (Sanquin at CLB, the Netherlands) was added and plates were incubated 
untill the appearance of spots in the wells (5-15 min). Colour development was stopped by 
rinsingg in dH20 and, after drying, the number of IFN-y producing cells was determined using an 
ELISpott reader (A.EL.VIS V3.31B; A.ELVIS GMBH, Hannover Germany) and expressed as 
spott forming cells (SFC) per million input PBMC. Phytohemagglutinin (PHA; Murex, Dartford 
England)) stimulated wells were used as a positive control and medium alone as a negative 
control.. All experiments were done in triplicates. The number of IFN-y producing cells was 
calculatedd by subtracting the negative control value. Wells with >100 spots per million PBMC 
weree considered positive (9, 21, 22). 

Intracellula rr  stainin g fo r IFN-y and flo w cytometri c analysi s 
PBMCss at a final concentration of 2x106/ml in RPMI 1640 media supplemented with 10% FCS 
containingg penicillin and streptomycin were stimulated with the total pool of HIV-1 clade C 
specificc synthetic Gag peptides for 16-18 hours in a humidified 5% C02 atmosphere at . 
Cellss were cultured in flat bottom 24 well plates (Nunc, Denmark) in a final volume of 1 ml/well. 
Afterr 2 hours of incubation, the intracellular protein transport inhibitor Brefeldin A (BFA, Becton 
Dickinsonn Immunocytometry Systems [BDIS]; San Jose, CA), was added at a final 
concentrationn of 5ug/ml to inhibit cytokine secretion and to allow intracellular detection. Cells 
weree harvested and washed with PBA, phosphate-buffered saline (PBS)/0.5% bovine serum 
albuminn (BSA). For surface marker staining, the cell pellet was incubated with Allophycocyanin 
(APC)-conjugatedd CD4, Perdinin-Chlorophyll-A Protein (PerCP)-conjugated CD3 and 
Phycoerythrinee (PE)-conjugated CD8 monoclonal antibodies (mAbs) (BDIS). After washing with 
PBA,, cells were fixed and permeabilized by incubating cells with 10% FACS permeabilization 
bufferr and FACS lysing solution (BDIS), after which cells were washed and subjected to 
intracellularr staining using saturated concentrations of Fluorescein isothiocyanate (FITC) 
conjugatedd IFN-y mAbs (BDIS). All incubation steps were performed at C for 20 minutes; for 
fixationn and permeabilization, samples were kept at room temperature for 10 minutes. After a 
finall wash, cells were fixed using Cellfix (BDIS), and analysed on a 4 colour FACS Calibur 
(BDIS)) with Cellquest software. In the lymphocyte gate, 100,000 to 200,000 events were 
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acquired.. Results were expressed as percentages of total CD4+ or CD8+ T cell counts. 
Quadrantt markers were set based on the no antigen controls as a reference for each subject. 

Statistica ll  analysi s 
Thee Mann-Whitney test was used for comparisons between groups. Correlations were 
calculatedd using Spearman's rank correlation. P values less than 0.05 were considered 
significant.. The average yearly CD4+ T cell loss for each individual was calculated by linear 
regressionn through the CD4+ T cell counts collected at approximately 6 month intervals over the 
cohortt follow up period. 

Result s s 

DynamicsDynamics  of  CD4+ and CD8+ T cells  and plasma  viral  load 
Inn order to examine the dynamics of HIV-1 specific T cell responses, in parallel with CD4+ T cell 
andd plasma viral load levels, we studied two groups of HIV infected subjects, one with a 
relativelyy slow (n=5, Group 1) and one with a relatively fast (n=5, Group 2) CD4+ T cell decline 
duringg HIV-positive follow up. Baseline characteristics of the study subjects are summarized in 
Tablee 1. Seven subjects were prevalent cases while three subjects from the fast CD4 decline 
groupp were incident cases (subjects F, G and J). There was no significant age or gender 
differencee between the two groups. The kinetics of total, naive and activated CD4+ and CD8+ T 
cellss and viral load of these study subjects during their follow up visits (3-6 years) are depicted 
inn Figure 1. 
Ass shown in figure 1, almost all subjects in the slow CD4+ T cell decline group had stable CD4+ 
TT cell levels, varying from 100 to 966 cells/ul at the first HIV positive visit and from 56 to 1061 
cells/ull after about 5 years of follow up in the ENARP cohort, including one subject (subject B) 
withh very high (966-1061 cells/ul) and one (subject E) with very low (56-100 cells/ul) CD4+ T 
celll counts. The subjects in this group showed a maximum CD4+ T cell loss of 13 cells/ul/year 
(Figuree 2). The 10log of the viral load ranged from 1.9 to 4.3 and showed a declining trend in two 
subjectss (subjects A and D) and an increasing trend in three subjects (subjects B, C, and E). 
CD8++ T cells remained stable between 500 and 600 cells/ul in two subjects (A and E) and 
showedd an increasing trend in the other 3 subjects (75-95 cells/ul/year). 
Thee lower panel in Figure 1 shows the characteristic features of the group with a relatively fast 
CD4++ T cell decline. Three subjects in Group 2, subjects F, G and J were incident cases; 
characteristicss at their seroconversion visit are shown in Table 1. The CD4+ T cell count in this 
groupp ranged from 310 to 826 cells/ul at the first visit and declined to 74 to 456 cells/ul at the 
lastt visit included in this study. The yearly CD4+ T cell loss in the fast CD4+ T cell decline group 
rangedd from 48 to 176 cells/ul, which is significantly higher than that in the slow CD4+ T cell 
declinee group (P=0.009, Figure 2). The CD8+ T cell counts showed a declining pattern in three 
subjectss (loss of 12 to 510 cells/ul/year, subjects G, H and J) and an initial increasing trend 
followedd by a decline late in infection in two subjects (subjects F and I, Figure 2). A decline in 
thee CD8+ T cell counts of all subjects in this group coincided with a severe depletion of the 
CD4++ T cell counts at the last time points analysed. Virus load was rising in all cases except in 
subjectt J. Subject J, a seroconverter, was unique in that his severe decline in CD4+ T cell 
countss (from 699 to 167cells/ul within 3 years of seroconversion) and CD8+ T cell counts (from 
24299 to 792 cells/ul) were accompanied by a decline in viral load (from 4.52 to 2.80 log 
copies/ml). . 
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Thee CD8+ T cell count in the fast CD4+ T cell decline group at intake was significantly higher 
(772-24299 cells/ul) than in the slow CD4+ T cell decline group (514-1000 cells/ul), (P=0.047). 
Thee difference in CD4+ T cell counts (P=0.92) and viral load (P=0.14) at intake was not 
statisticallyy significant between the two groups. 
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Figuree 1. CD4+ and CD8+ T cells (per \i\ blood) and viral load (log copies/ml) dynamics in subjects 
studiedd longitudinally (n=10). Subjects A to E from the slow CD4+ T cell decline group (Panel 1) and 
subjectss F to J from the fast CD4+ T cell decline group (Panel 2). Subjects F, G and J are incident cases. 
Symbolss represent absolute CD4+ T cells (filled diamonds), CD8+ T cells (open triangles), and viral loads 
(asterisks).. The x-axis indicates time in months from entry in the cohort up to last time point studied. Y-axis 
indicatess upper panel (A-E) slow CD4+ T cell decline group and lower panel (F-J) fast CD4+ T cell decline 
group. . 

HIV-11 specifi c CTL response s 
Too study the role of HIV-specific T cells in the course of HIV infection, HIV-1 subtype C Gag-
specificc CTL responses were evaluated longitudinally by Elispot assay in individuals with a 
relativelyy fast or slow CD4 T cell decline, over a time frame of 3-5 years. Only six out of the 10 
studyy subjects, 3 with a fast and 3 with a slow CD4+ T cell decline, showed CTL directed to one 
orr more HIV-1 Gag peptides (responders, >100 spots/106 PBMC), while the remaining 4 lacked 
detectablee HIV specific T cell responses despite good response to mitogens (PHA) (non-
responders).. Interestingly, the lack of HIV-1 Gag specific responses in the latter four subjects 
persistedd over time (during a follow up of 4-5 years; see Table 1 for number of time points). The 
persistentt lack of HIV specific CTL responses was not explained by differences in stages of 
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diseasee progression, as non-responsiveness was observed irrespective of the rate of CD4+ T 
celll decline. 
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Figuree 2. Yearly change of CD4+ T cell counts (per ul per year) in the study cohorts. Subjects A to E 
fromm the slow CD4+ T cell decline group and subjects F to J from thee fast CD4+ T cell decline group. CD4+ 
TT cell loss was calculated by generating a trend line of the change in CD4+ T cell counts collected at 
approximatelyy 6 month intervals over the cohort follow up period. The slopes of the trend lines are 
equivalentt to the rate of CD4+ T cell loss per month, and were therefore multiplied by 12 to calculate the 
ratee of CD4+ T cell loss per year for each subject 

Persistin gg CTL response s coincid e wit h slo w CD4 T cel l declin e 
Thee HIV-specific peptides targeted by the 6 responders are shown in Table 2 and the 
magnitudee of T cell responses directed against each peptide identified per subject and against 
thee total Gag pool is depicted in Figure 4. Overall, the magnitude of the total CTL response was 
loww in the fast CD4+ T cell decline group, below 800 SFC/106 PBMC. In two of the individuals 
withh a fast CD4 T cell decline, the CTL responses declined during follow up to less than 200 
SFC/1066 PBMC, while subject G showed an increased response at the last time point tested 
(7622 SFC/106 PBMC). In contrast in the slow CD4+ T cell decline group, the total response was 
high,, ranging from 600 to 6000 SFC/106 PBMC, and persisted over time. Thus, subjects with a 
sloww rate of CD4 T cell decline tended to have stronger CTL responses than individuals with a 
fastt CD4 T cell decline. 

Thee breadth of CTL immune responses has been shown to be important in conferring protection 
andd hence is an essential component of an effective AIDS vaccine (18). CTL responses from 2 
off the 3 responders in the slow CD4+ T cell decline group were directed against a wide range of 
Gagg peptides (6 and 9 peptides) including the peptide 170MFTALSEGATPQDLNTMLNT 189, 
whichh contains the most dominantly targeted epitope in South Africans, TL9 (Goulder et al 
2000a,, Novitsky et al 2001, Novitsky et al 2002), as well as the most frequently targeted peptide 
inn Ethiopians that we previously identified (aa 261 to 280) (Tsegaye et al, submitted). All 
responsess persisted during the follow-up period, except the response to the peptide 
210EWDRLHPVHAGPIAPGQMRE2299 in subject C, which was lost at the last time point tested 
(Figuree 3). The latter peptide was among the least frequently targeted peptides in our cross-
sectionall study (Tsegaye et al, submitted). In contrast, the breadth of CTL response in the 
groupp with a relatively fast CD4 T cell decline was quite narrow; the 3 responders in this group 
respondedd to 1, 2, and 3 peptides each. Despite his slow CD4 T cell decline, subject A also had 
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aa very narrow CTL response. However, subject A had a high magnitude of response to the 
261IYKRWIILGLNKIVRMYSPV2800 peptide, identified as the most frequently targeted peptide in a 
previouss cross-sectional study amongst HIV infected Ethiopians (Tsegaye et al, submitted), 
throughoutt the whole follow up. Interestingly, subject A is an HLA-B27 carrier, an HLA type 
associatedd with slow disease progression (31). 
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Figuree 3. Longitudinal analysis of HIV-1 subtype C Gag specific CTL responses in HIV infected 
Ethiopians.. The magnitude of HIV-1 specific CTL responses directed against overlapping synthetic 
peptidess spanning Gag whose sequence corresponds to the Zambian 96 ZM651.8 strain, was determined 
inn 6 of the 10 responder study subjects in the longitudinal analysis (subjects A-C, F-H). Magnitude of 
responsee is given as spot forming cells per million input PBMC (SFC/million PBMC). Subjects with slow 
CD44 T cell decline throughout their follow up visit are shown in the upper panel and subjects with fast CD4 
TT cell decline are shown in the lower panel. The x-axis indicates the time points studied in months from 
entryy in the cohort up to last time point studied. 

Remarkably,, all of the individuals with a slow CD4 T cell decline responded to the p24 peptide 
261IYKRWIILGLNKIVRMYSPV280,, while none of the individuals in the fast CD4 T cell decline 
groupp responded to this peptide. In fact none of the individuals with a fast CD4 T cell decline 
respondedd to any of the most frequent responses (aa 261 to 280 or aa 170 to 189) identified in 
ourr cross-sectional study amongst Ethiopians, in other Africans, and in the slow CD4+ T cell 
declinee group. 

Off interest, most peptides targeted by the slow CD4+ T cell decline group were from the P24 
regionn of Gag. Amongst the individuals with a slow CD4 T cell decline, we also identified a 
strongg persistent response against a peptide from the p2p7p1p6 region 
(476DREALTSLKSLFGSDPLSQ495).. In contrast, the majority of responses in the individuals with 
rapidd CD4 T cell decline were directed against peptides spanning the p17 Gag region (aa 31 to 
70).. Subjects F and H showed responses at initial testing that were declined at subsequent time 
points.. In subject H, loss of CTL response was paralleled by severely declining CD4+ T cell 
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numberss (from 415 to 74 cells/ul within 4 years). Subject G had an increased magnitude of CTL 
responsee at the latest time point that coincided with a stable CD4+ T cell number of about 300 
cells/ul.. The peptides targeted by this latter subject are part of the p24 Gag region and one of 
thee peptides (aa 240 to 259) partially overlaps with the amino acid region in Gag (aa 250 to 280) 
whichh gave persistent responses in the slow CD4 decline group. 
Takenn together, poor and declining CD8+ T cell responses mainly directed to p17 Gag 
coincidedd with fast CD4+ T cell decline, whereas persistent and broad CD8+ T cell responses 
mainlyy directed to p24 Gag correlated with slow CD4+ T cell loss. 

Tablee 2. HIV-1 peptides 3 targete d by subject s with relativel y slow (Group 1: A to C) and fast (Group 
2::  F to H) CD4 declin e durin g thei r follo w up period s 

AA B C 

~261IYKRWIILGLNKIVRMYSPV280 0 160160EKAFSPEVIPMFTALSEGAEKAFSPEVIPMFTALSEGA t79 

170MFTALSEGATPQDLNTMLNT1' ' 
221GPIAPGQMREPRGSDIAGTT2' ' 
250TSNPPIPVGDIYKRWIILGL269 9 

261IYKRWIILGLNKIVRMYSPV280 0 

476DREALTSLKSLFGSDPLSQ490 0 

140QMVHQKLSPRTLNAWVKVIE159 9 

160EKAFSPEVIPMFTALSEGAT179 9 

170MFTALSEGATPQDLNTMLNT leg g 

^PQDLNTMLNTVGGHQAAMQM1 1 

210EWDRLHPVHAGPIAPGQMRE22 2 

230PRGSDIAGTTSTLQEQIAWM249 9 

250TSNPPIPVGDIYKRWIILGL269 9 

261IYKRWIILGLNKIVRMYSPV280 0 

291EPFRDYVDRFFKTLRAEQAT310 0 

H H 

111 KHLVWASRELERFALNPGLb 2 2 

2 2 

1IKHLVWASRELERFALNPGLM M 

1LERFALNPGLLETSEGCKQI60 0 

'LETSEGCKQIMKQLQPALQT7' ' 

Startingg and end point of amino acid positions in Gag is indicated for each peptide 

HighHigh  frequency  of  IFN-?+CD8+ HIV specific  T cells  is  associated  with  slow  CD4+ T cell 
decline decline 
Persistingg high frequencies of IFN-y+ CD8+ T cells were found in subjects with slow CD4+ T cell 
declinee compared to subjects with fast CD4+ T cell decline (Figure 4), substantiating the 
observationss by the IFN-y based Elispot assay. The respective frequencies of IFN-y producing 
CD8++ T cells at initial testing were 0.79% and 0.34% for subjects A and B {slow CD4 decline 
group)) versus 0%, 0.06% and 0.16% for subjects F, G and H (fast CD4 decline group). 

Proportionss of IFN-y producing CD4+ T cells were generally very low and were hardly detected 
inn the fast CD4 decline group. Representative dot plots of one subject from the slow CD4+ T cell 
declinee group (subject A) and an individual from the fast CD4+ T cell decline group (subject F) 
aree shown in Figure 5. Longitudinal analysis in subject F revealed an increase from 0% at the 
firstt test (about one year after seroconversion) to 0.11% IFN-y producing CD8+ T cells at the 
thirdd time point (3 years after seroconversion, Figure 5), which agrees with a rise of spot forming 
cellss in the Elispot assay (at 46 months, see Figure 3). 
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Discussio n n 
Despitee the low CD4+ T cell numbers and persistently activated immune system (12, 32, 33), 
HIVV disease progression in Ethiopians is comparable to that in developed nations (19). In order 
too define the pattern of HIV-specific T cell responses in the course of HIV infection in Ethiopia, 
wee longitudinally evaluated 10 ART naive HIV-1 subtype C infected Ethiopians, who had a 
relativelyy slow (n=5) or fast CD4+ T cell decline (n=5) in the course of HIV infection. Both the 
Elispott assay and a flow cytometric based gamma interferon assay were used to evaluate CTL 
responsess against HIV Gag peptides. 
Overall,, the group of subjects studied here are a good representation of the larger group we 
studiedd cross-sectionally before (Tsegaye et al, submitted), in that 40% lacked detectable 
responsee against HIV-1 Gag peptides. The containment of viremia (a drop of 0.12 log 
copies/ml/year)) and stable CD4 count (between 600 and 850 cells/pl) despite of lack of 
demonstrablee anti-Gag CTL response in the course of infection in subject D may suggest that 
responsivenesss in some of our subjects might have been missed the use of a consensus HIV 
sequencee (1) and evaluation of responses against a single HIV protein, although Gag is the 
mostt conserved HIV protein. 

Longitudinall studies in clade B infections have demonstrated an association between persistent 
strongg CTL responses and long-term survival (6, 13, 23, 26). We here also found persistence of 
strongg and broad CTL responses in the group with a slow CD4 T cell decline (<15 cells/ l/year) 
whilee weaker responses were observed in the fast CD4 T cell decline group (>45 cells/ l/year) 
amongstt HIV-C infected Ethiopians. Similarly, Betts et al have shown a role for HIV-specific CTL 
activitiess in long-term survivors with a slow rate of CD4+ T cell loss (18 cells/ul/year) (3). 
Kostensee et al (14) have shown a correlation between loss of IFN-y producing T cells and 

decliningg CD4+ T cell counts, possibly reflecting the dependency of CTL on CD4+ T cell help.. 
Althoughh the frequencies of IFN-y producing CD4+ T cells were generally low in the study 
subjects,, we were able to detect IFN-y producing CD4+ T cells intracellular^ in the slow CD4 
declinee group, suggesting the role of CD4 T help for the persistence of CTL response in this 
group.. In general the frequencies of IFN-y producing CD4+ T cells were found to be low, as has 
beenn reportedly previously (2). 

Thee responses in the slow CD4 T cell decline group were dominated by responses against the 
p244 region while responses against p17 dominated in the fast CD4 T cell decline group. 
Persistentt responses directed to the Gag p24 region (mainly against aa 160 to 189 and aa 250 
too 280) were associated with a slow CD4 T cell decline in the course of HIV disease. These 
aminoo acid regions are regions in Gag commonly targeted by other subtype C infected Africans 
(9,, 16, 21, 22). As a whole more conserved epitopes that are less prone to CTL escape may be 
foundd in the p24 region of Gag and hence give persistent CTL response that may lead to CD4 T 
celll preservation. Interestingly, all patients with a slow CD4+ T cell decline responded to the 20-
merr peptide "261IYKRWIILGLNKIVRMYSPV280, while none of the individuals in the fast CD4 T 
celll decline group responded to this peptide, suggesting a possible protective role of persistent 
responsee to this p24 peptide. The 3 responders with a persistent strong CTL response against 
thiss peptide shared HLA alleles belonging to the B27 supertype (29). It thus seems likely that 
thee response against this peptide is B27 restricted, suggesting a possible protective role for this 
supertype.. Of note, HLA-B27 has previously been reported as an HLA type associated with 
sloww disease progression (31). 
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Ourr finding that T cells directed against dominant peptides persisted over time is promising for 
thee design and development of effective vaccines appropriate for the local population and 
ultimatee conduct of vaccine trials. Furthermore, the peptides we identified are part of the 
recentlyy identified immunodominant epitope-rich long amino acid stretches by the group of Gray 
inn south Africans (16), which contain multiple epitopes that are frequently targeted by 
individuals,, suggesting that vaccines designed and developed for subtype C infected southern 
Africanss could be used for Ethiopians as well. In this regard, our data suggest that vaccines that 
focuss on p24 Gag might be appropriate for subtype C prevailing African regions. In addition to 
persistentt responses in the p24 Gag region, we have identified a strong persistent response 
againstt a peptide (476DREALTSLKSLFGSDPLSQ495) in the p2p7p1p6 region of Gag. 

Inn summary, in this report we described strong and persistent CTL responses in relatively slow 
HIVV progressors over time, in the Eastern African country of Ethiopia, where subtype C is the 
mainn circulating clade. To our knowledge, this is the first study to evaluate the role of HIV-
specificc CD8+ T cell responses in the course of HIV disease progression in subtype C 
infections.. The information is useful for vaccine development strategies, which have focused on 
thee induction of sustainable CTL responses. 
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Chapte rr  8 

Genera ll  discussio n 

TT cel l dynamic s 
Thee study described in this thesis, involving two geographically distinct and ethnically diverse 
populations,, demonstrated that the phenomenon of low CD4+ T cell counts and signs of persistent 
immunee activation which was previously reported for healthy adult Ethiopians is in fact a general 
phenomenonn in the country (1-8). However, the differences we observed in CD8+ T cell counts 
amongg Ethiopians (ref 6, chapter 2) which have never been reported by the other studies on 
Ethiopianss call for caution in using results obtained in a particular Ethiopian population to other 
populationss within the country. 
Thee lower proportion of naive cells, which are responsible for the initiation of immune responses 
againstt newly encountered antigens, in Ethiopians suggests that Ethiopians may have a 
diminishedd capacity to react against new infections with microbial pathogens. On the other 
hand,, expansion of effector T cells occurs at the cost of memory T cells, suggesting a 
diminishedd ability to be recalled and control recurrent microbial infections (2, 4, 6, 7). Bentwitch 
andd colleagues attributed such unbalanced immune state to chronic infections, especially 
helminthess (2, 9, 10). Antihelminthicc treatment has shown a tendency of reducing the activation 
statee (2, 11), and qualitative improvement of T cell function has been observed after deworming 
compatiblee with lower activation levels in vivo (12, 13). Thus, together with other community 
basedd intervention strategies, antihelminthic treatment may be useful to overcome the 
unbalancedd state of the immune system in Ethiopians. 
Inn experimental situations, activation of lymphocytes has caused increased susceptibility to HIV 
(14).. Therefore, it has been postulated that the generalized and persistent immune activation 
presentt in Ethiopians and other Africans is a factor in the higher transmission rates in African 
countriess (10, 15). Based on such background it was logical to hypothesise that HIV disease 
progressionn in Ethiopians would be faster than in western countries (10). Surprisingly however, 
despitee the reportedly low CD4 T cell counts (1-3, 6, 7,16) and the chronically activated state of 
thee immune system (2, 4, 6, 7) in healthy Ethiopians HIV disease progression is not faster than 
inn HIV patients from developed nations (17). The differences in activation have been observed 
inn non HIV infected Ethiopians and hence current studies are aimed to better understand the 
reactionn of thee immune system to HIV infection in Ethiopians. 

Immun ee alteration s in Ethiopian s are environmentall y drive n and not geneticall y 
predetermine d d 
Studiess in neonates and children showed that at birth Ethiopians have CD4 T cell counts, 
predominantlyy of the naive phenotype, that are comparable to Dutch neonates. In Ethiopians, 
however,, a significantly faster decline was observed during the first 20 years of life, indicating 
ann accelerated aging of the immune system compared to the Dutch. In addition, activation of 
bothh CD4+ and CD8+ T cells, as determined by the presence of HLA-DR and CD38, was not 
observedd in neonates, but occurred already in Ethiopian children under the age of 16 and 
remainedremained increased in adults. More over, measurement of T cell Receptor rearrangement 
excisionn circles (TRECs) and expression of CD31 on CD4+ T ceils, proposed markers for recent 
thymicc emigrants (RTEs) revealed similar levels of T cells that are recently migrated from the 
thymuss between Ethiopians and Caucasians. However, the normal age related decline of 
TRECss (18-21) was much faster in Ethiopians substantiating our observation of the faster 
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declinee of naïve phenotype. Since TRECs are diluted upon T cell proliferation (22), these data 
suggestt that immune activation is increased in Ethiopians shortly after birth. Repeated antigenic 
exposuree of populations with highly endemic infectious diseases, like Ethiopians, thus brings 
remarkablee alterations in the various T cell subsets. This perturbation determines the 
effectivenesss that the immune system displays upon new or recurrent antigenic challenges. 

Takenn together, our earlier studies and the studies described in this thesis in HIV-negative 
Ethiopianss show that many immunological features of HIV-infection, i.e. low total and naive 
CD4++ T cell counts, high T cell proliferation rates, and decreased TREC contents, also occur in 
situationss of chronic immune activation independent of HIV infection. While it has repeatedly 
beenn suggested that low TREC contents in HIV infection reflect impaired thymic output (23, 24), 
wee have argued that the rate at which TRECs are reduced in HIV infection suggests that it 
resultss from chronic immune activation induced by HIV (22, 25). In this study, we further lend 
supportt to this argument by showing a remarkable and rapid dilution of TRECs in non-HIV 
mediatedd chronically immune activated subjects at very early age. 

Inn this regard, one would ask why HIV negative Ethiopians do not develop AIDS like symptoms 
andd why they do not progress to AIDS faster than the Dutch once infected with HIV. We have 
addressedd this question in detail in chapter 4 of this thesis. Regarding the similar survival rate 
betweenn HIV infected Ethiopians and HIV infected individuals from developed nations (17), 
beforee the era of antiretroviral therapy (ART), one would expect the rate of CD4+ T cell decline, 
thee best surrogate for HIV disease progression, to be slower in Ethiopians in order to result in 
similarr disease progression. Indeed, the rate of CD4+ T cell decline in HIV infected Ethiopians 
wass slower compared to Dutch, for example (17). The presence of syncytium-inducing (SI) 
humann immunodeficiency virus variants is predictive of accelerated progression to AIDS and 
timee to death (26). Indeed the switch from non-syncytium inducing (NSI) to SI phenotype is very 
raree in HIV infected Ethiopians (27). However, only part of the slow rate of CD4+ T cell decline 
inn Ethiopians was accounted for by the lack of switch to the SI phenotype, as demonstrated by 
comparingg Ethiopians and Dutch subjects who had no evidence of SI shift (17). 

Hyperactivationn leading to increased consumption of naïve T cells is one of the mechanisms 
proposedd for CD4+ T cell depletion in HIV infection (28). The immune system of healthy 
Ethiopianss is already hyperactivated (chapter 2, 3 and 4) and any further naïve cell erosion in 
Ethiopianss in the same magnitude as HIV infected western people would have resulted faster 
ratee of CD4+ T cell decline and hence faster disease progression. However, further naïve CD4+ 
TT cell depletion in HIV infected Ethiopians was found to be low (Tsegaye et al unpublished 
data),, and T cell activation was not found to be further enhanced in HIV infected Ethiopian Jews 
(29).. The study by Weisman et al (29) demonstrated that infection with HIV-1 subtypes B and C 
off studied Israelis and Ethiopians, respectively, resulted in similar immune activation profile at 
alll stages of the infection, despite the striking different immune profile observed in the HIV 
negativee Israeli and Ethiopian populations. This phenomenon is somehow reminiscent of SIV 
infectionn in sooty mangabeys in which slow rate of disease progression coincides with low level 
off immune activation, which enables SIV-infected mangabeys to avoid bystander 
immunopathologyy (30). The idea of Grossman et al (31) of activation threshold tuning, a 
dynamicc adaptation to recurrent signals that are not strong enough to induce full T cell 
activation,, might fit well with the Ethiopian condition in which HIV adds little to an already 
hyperactivatedd immune system. 
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Itt could be speculated that immune responses against HIV in Ethiopians are not at a level that 
couldd cause detrimental effects to the host, because bystander cell damage is minimal, and 
adversee effects leading to autoimmunity perhaps are little. The fact that autoimmune disorders 
aree rare in Ethiopians seems to support this hypothesis. In addition, cancers like Kaposis 
Sarcomaa (KS), which show a strong association with AIDS in the western world, are very rare in 
Ethiopians,, even in those with AIDS. Grossman et al (32) reported that none of the Ethiopian 
Jeww immigrants in Israel (among 45000) had KS and only 1 (0.85%) of 118 Ethiopian patients 
withh AIDS developed KS, compared to 49/391 (12.5%) non-Ethiopian AIDS patients (32). 
Moreover,, strong sustained HlV-specific T cell responses have been demonstrated in HIV 
infectedd Ethiopians who had a very slow CD4+ T cell decline (<15 cells/(xl/year) during their 
followw up visits in the ENARP cohort (chapter 7), partly explaining the similar survival rate of HIV 
infectedd Ethiopians with HIV positive individuals from developed nations. Of note, similarly slow 
ratess of CD4+ T cell decline and similar survival rates have been reported in HIV infected 
Tanzanianss (21 cells/|il/year), a population in whom subtypes A, C and D are prevalent (33) and 
inn populations from Uganda (34). 

CTLL as a basi s fo r HIV vaccin e strategie s 
Understandingg the correlates of immune protection against HIV-1 is a logical first step in the 
designn and development of effective vaccines appropriate for the local population and ultimate 
conductt of vaccine trials. Mounting evidence both in humans (35-38) and in animal models (39-
42)) points to a pivotal role for HIV-1 specific CTL and T helper responses in the containment of 
viremia.. High HIV specific CTL responses have been demonstrated in long term survivors in 
cladee B infections (43-47). As described in chapter 7, we also demonstrated that high and 
sustainedd CD8+ T cell responses, mainly directed to p24 Gag, were associated with slow CD4+ 
TT cell loss (<15 cells/nl/year), whereas poor and declining CD8+ T cell responses, mainly 
directedd to p17 Gag, coincided with relatively fast CD4+ T cell decline (>45 cells/ l/year). In 
addition,, subjects with a slow rate of CD4 T cell decline shared HLA alleles belonging to the 
B277 supertype (48), suggesting a possible protective role for this supertype, as reported 
previouslyy (49). Taken together, the results of our longitudinal analysis of T cell responses 
suggestt that more conserved epitopes, which are less prone to CTL escape may be found in 
thee p24 region of Gag and hence give persistent CTL response that may lead to CD4 T cell 
preservationn (chapter 7). Our finding of T cells directed against dominant peptides, which 
persistedd over time, is promising for the design and development of effective vaccines 
appropriatee for the local population and ultimate conduct of vaccine trials. 

Becausee the stimulation of neutralizing antibodies is problematic in HIV infection, nearly all 
currentt vaccine approaches are aimed at stimulating T cell responses (50, 51). However, the 
characteristicss of the circulating virus, and the genetic background of the population, in 
particularr their HLA background might have a large impact on dominant CTL responses. Both 
cross-cladee CTL protection (52-55) and subtype-specific CTL responses (56-58) have been 
demonstrated.. Studies in subtype C infected south Africans demonstrated distinctive differences 
inn the dominant Gag specific responses between subtype B infected Caucasians mainly 
targetingg p17 region and subtype C infected Africans mainly targeting p24 Gag region (56). Our 
dataa support the observation that dominant CTL responses differ between ethnic groups. The 
HLAA data presented in chapter 5 also highlight differences in HLA class I types among different 
ethnicc populations, as also demonstrated by earlier studies in Botswana and Zambia (59, 60). 
Becausee of these differences, HIV-1 vaccines might need to be designed on the basis of the 
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specificc MHC class I alleles that are most prevalent in the targeted geographic area. In 
combinationn with existing information on the genetic characteristics of the HIV C clade, which 
prevailss in Ethiopia (61-66), the current data are therefore relevant for the design of an HIV 
vaccinee for Ethiopia. Even though Gag is the most conserved HIV protein and the results 
describedd in this thesis might apply for subtype C infected Ethiopians, the biological significance 
off the subcluster C variant (C) of the Ethiopian virus (65) needs to be explored. 
Itt would of course be advantageous if HIV vaccines could be designed for larger groups of 
populations,, irrespective of ethnicity. In this respect, future research into HLA supertype based 
vaccines,, which makes use of the fact that certain different HLA alleles have very similar 
functionall characteristics (48), is warranted. The identification of immunodominant Gag 
peptidess in subtype C infected Ethiopians that overlap with recently identified immunodominant 
regionss in subtype C infected south Africans (58) is promising for the design of vaccines to be 
usedd in Africa. 

Finally,, viral escape from CTL might be a substantial hurdle for candidate HIV vaccines that are 
aimedd at eliciting CTL responses (67). For example, escape from an immunodominant cytotoxic 
TT lymphocyte response has been associated with progression to AIDS (68). Research in non-
humann primate models supports this finding. Viral escape in rhesus monkeys vaccinated with 
DNAA based vaccines was found to be associated with a burst of viral replication, loss of immune 
controll and clinical disease progression (67, 69, 70). As demonstrated in the Ethiopian cohort 
thatt we studied longitudinally (Chapter 7), persistent CD8+ T cell responses directed against a 
widee range of peptides seems to be advantageous in coping with the emergence of escape 
mutants. . 

Theree is evidence that escape mutants are not stably transmissible, but rather revert to wild 
typee in the recipient (71, 72). In some cases escape mutants were found to be non-
transmissible,, or to revert to wild type in the recipient (71, 72). On the other hand, other studies 
havee shown that escape mutations in a dominant HLA-B27 epitope did not revert after 
transmissionn (73). The fact that not all mutations in CTL epitopes are transmissible and 
eventuallyy accumulate at the population level (71, 72), is promising, in the sense that DNA-
basedd vaccines aimed at eliciting CTL responses may indeed turn out to be efficient (67). 

Futur ee areas of Immunologica l researc h 
Understandingg mechanisms of HIV pathogenesis in Ethiopians with a persistently activated 
immunee background is required. In this regard, the mechanisms behind the slow rate of CD4 
declinee in Ethiopians needs to be investigated. This will increase the knowledge on mechanisms 
off HIV immunopathogenesis, which is still debatable after more than 20 years of the discovery 
off HIV/AIDS. In addition, how the low baseline CD4 count and the persistently activated immune 
systemm of Ethiopians affect immune reconstitution after antiretroviral treatment (ART) and/or 
vaccinationn outcomes need to be investigated. Moreover, strategies to improve the benefits of 
ARTT or HIV vaccines should be explored. Well-designed deworming experiments in this regard 
willl be required so that deworming, which is a very cheap intervention could be part of the HIV 
managementt package for HIV infected Ethiopians. 

Evenn though Gag is the most conserved HIV protein and the results of the results described in 
thiss thesis might apply for subtype C infected Ethiopians, the biological significance of the 
subclusterr C variant (C) of the Ethiopian virus needs to be explored. 
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Summar y y 
Inn this thesis studies are presented in which the immunologic profile (cellular components) of 
healthyy Ethiopians and T cell immunity against the human immunodeficiency virus in HIV-
infectedd Ethiopians were analysed. The thesis contains two parts. In the first part (part I), T cell 
dynamicss in HIV non-infected Ethiopians is presented as background information to understand 
immunopathogenesiss in HIV disease and for management of HIV patients. In the second part 
(partt II), HLA background and HIV-specific immunity is studied in untreated HIV-infected 
Ethiopianss to determine the 'natural' immunity to HIV and understand HIV-pathogenesis in order 
too be able to develop an effective vaccine. 

Parti: : 
Inn Chapter 2, detailed studies on T cell subsets and activation marker data of adult Ethiopians 
fromm two geographically distinct settings are presented. We were able to demonstrate that the 
loww CD4+ T cell count and persistently activated immune system reported for healthy adult 
Ethiopianss is applicable to other populations in the country. However, our observation of 
differencess in CD8+ T cell counts among populations, which have never been reported by the 
otherr studies on Ethiopians, calls for caution in using results obtained in a particular setting to 
otherr population groups within the country. 

Inn chapter 3, the observations in chapter 2 were further addressed, by studying differentiation 
(CD455 RA and CD27 antigens) and activation markers (HLA-DR and CD38) expression on T 
cellss of neonates (cord blood) and children to explore if there is any genetic basis for the 
immunee dysregulations reported in adult healthy Ethiopians or at which age the immune 
alterationn started. We demonstrated that at birth Ethiopians had CD4 T cell counts, 
predominantlyy of the naive phenotype, comparable to Caucasians. Expression of activation 
markerss (HLA-DR and CD38) on T cells was already high in children under the age of 16 but 
nott in neonates. The change in the proportion of naïve T cells with aging was remarkably faster 
inn Ethiopians compared to the age related change in Caucasians. 

Inn Chapter 4, we performed an in-depth analysis employing markers of thymic function and 
cellularr proliferation to further explain the studies presented in chapter 3. Here, we 
demonstratedd that at birth, the number of T cells that recently migrated from the thymus are 
comparablee between Ethiopians and Caucasians, however differences occur at very early age. 
Chronicc immune activation is already evident in Ethiopian children below the age of 16, as 
determinedd by a significantly lower proportion of naïve CD4+ T cells, which coincides with a 
remarkablee decline in the CD4 TREC content compared to their Dutch counterparts. In addition, 
manyy of the immunologic characteristics of HIV infection were observed in healthy Ethiopians in 
aa non-HIV related chronic immune activation situation, suggesting a key role for immune 
activationn in the immunopathogenesis of HIV infection. 

Partt II: 
Inn Chapter 5, HLA frequencies of HIV infected and non-infected Ethiopians are presented. The 
dataa demonstrated both similarities and differences between Ethiopians and subjects from other 
subtypee C prevailing African countries and Ethiopian Jews. Of note, at the HLA-A locus 
Ethiopianss carry at high frequency a mixture of both HLA-A2 (predominantly Caucasoid) and 
HLA-A300 (predominantly African). This observation was similar to that reported for Ethiopian 
Jews.. There were remarkable differences at the HLA-B locus, however, between the Ethiopians 
studiedd in this thesis, Ethiopian Jews and subjects from HIV subtype C harbouring South 
Africann countries. These differences in the frequency of HLA types might explain the slight 
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differencess observed in the dominant HIV peptides targeted by Ethiopians and HIV infected 
subjectss in the other studies. 

Inn Chapter 6, HIV-1 Gag specific T cell responses in HIV infected Ethiopians were evaluated. 
Althoughh overall HIV Gag specific responses were low in the study subjects, we identified HIV 
peptidess that gave dominant responses. Dominant responses were mainly from the p24 Gag 
regionn and overlapped with recently identified peptides in subtype C infected subjects from 
southh Africa, suggesting that vaccines developed for subtype C infected south Africans could be 
usedd for Ethiopians; however, the slight differences in the regions commonly targeted by south 
Africanss and Ethiopians, suggest that additional peptides may have to be included in the design 
off effective regional vaccines for parts of Africa where subtype C predominates. 

Inn Chapter 7, the role of CTL in HIV disease progression was assessed longitudinally in 10 HIV 
infectedd subjects within a time frame of 5 years. High, broad and sustained HIV-specific T cell 
responsess mainly targeted to the p24 Gag were demonstrated in individuals with a relatively 
sloww rate of CD4+ T cell decline (<15 cells/[_ l/year), whereas poor and declining CD8+ T cell 
responsess were observed in individuals with a relatively fast CD4+ T cell decline <>45 
cells/,, l/year) in the course of HIV infection. Furthermore, individuals in the slow CD4 T cell 
declinee group with sustained HIV-specific responses shared HLA types belonging to the HLA-
B277 supertype, suggesting a protective role for these alleles. 

Finally,, the various studies included in this thesis are discussed in chapter 8. The phenomenon 
off low CD4+ T cell counts and signs of persistent immune activation in healthy adult Ethiopians 
iss a general phenomenon in the country. Indepth studies in neonates and children support an 
environmentall cause and intervention studies demonstrating reversal of immune perturbations 
substantiatee this notion. Thus simple intervention strategies, like antihelminthic treatments, may 
bee useful to overcome the unbalanced state of the immune system in Ethiopians and may be 
consideredd as part of the HIV management package for HIV infected Ethiopians to improve the 
benefitss of ART or HIV vaccines. The identification of immunodominant Gag peptides in 
Ethiopianss suggest that these can be used in a multi-epitope vaccine. The finding of strong and 
persistentt CTL responses in relatively slow HIV progressors over time, substantiates the role of 
HIV-specificc CD8+ T cell responses in the course of HIV disease progression. Thus, the 
informationn is useful for vaccine development strategies, which have focused on the induction of 
sustainablee CTL responses. 

112 2 



Nederlands ee samenvattin g 
Inn dit proefschrift zijn studies beschreven waarin het immunologische profiel (cellulaire 
componenten)) van gezonde Ethiopiërs en T cel immuniteit tegen het humane immunodeficiëntie 
viruss in Hl V-geïnfecteerde Ethiopiërs is onderzocht. In het eerste deel van het proefschrift 
beschrijvenn we de T cel dynamiek in niet-HIV geïnfecteerde Ethiopiërs als 
achtergrondinformatiee om the immuunpathogenese in HlV-infektie te begrijpen en voor de 
managementt van HlV-geïnfecteerden patiënten. In het tweede deel van het proefschrift is de 
HLAA achtergrond en Hl V-specifieke immuniteit in onbehandelde Hl V-geïnfecteerd e Ethiopiërs 
bestudeerdd om de natuurlijke afweer tegen HIV te bepalen en zodoende meer te begrijpen over 
HlV-pathogenesee ten behoeve van de ontwikkeling van een effectief HIV vaccin. 

Deell 1: 
Inn hoofdstuk 2 worden gedetailleerde studies gepresenteerd waarin T cel subsets en activatie 
markerss op T cellen in volwassen Ethiopiërs afkomstig uit 2 verschillende gebieden worden 
bestudeerd.. We laten zien dat de lage CD4+ T cel aantallen en het blijvend geactiveerde 
immuunn systeem dat eerder beschreven werd voor gezonde Ethiopiërs ook te vinden is in 
anderee populaties in Ethiopië. Onze observatie dat er grote verschillen kunnen zijn tussen 
CD8++ T cel aantallen tussen verschillende populaties, wat nog nooit is gerapporteerd in andere 
studiess waarin het immuun systeem van Ethiopiërs is bestudeerd, maant tot voorzichtigheid in 
hett extrapoleren van resultaten verkregen in een bepaalde setting naar andere groepen binnen 
hett land. 
Omm te onderzoeken of er een genetische basis is voor de immuun deregulates die 
gerapporteerdd zijn in gezonde volwassen Ethiopiërs of op welke leeftijd deze veranderingen 
optreden,, hebben we in hoofdstuk 3 de observaties uit hoofdstuk 2 verder uitgebreid door T cel 
differentiatiee markers (CD45RA en CD27) en immuun activatie markers (HLA-DR en CD38) in 
pasgeborenenn (navelstrengbloed) en kinderen te bestuderen. We laten zien dat Ethiopiërs en 
Nederlanderss bij de geboorte vergelijkbare CD4+ T cel aantallen hebben, wat voornamelijk 
naïvee T cellen zijn. Expressie van activatie markers op T cellen was al hoog in kinderen onder 
dee 16, maar niet in pasgeborenen. De verlaging in het percentage naïve T cellen met de leeftijd 
voltrokk zich aanzienlijk sneller in Ethiopiërs vergeleken met Nederlanders. 
Omm onze eerdere bevindingen, lage CD4+ T cel aantallen en een blijvend geactiveerd 
immuunsysteem,, uit hoofdstuk 3 verder te verklaren, hebben we in hoofdstuk 4 een diepte 
analysee uitgevoerd naar T cel subsets in Ethiopiërs van verschillende leeftijden met behulp van 
markerss voor de functie van de thymus en cellulaire proliferatie. In deze studie laten we zien dat 
Ethiopiërss bij de geboorte dezelfde hoeveelheid T cellen hebben die recent uit de thymus zijn 
gemigreerdd vergeleken met Caucasiërs en dat de verschillen optraden op hele jonge leeftijd. 
Chronischee immuun activatie is al evident in kinderen onder de 16, wat gereflecteerd wordt in 
significantt verlaagde aantallen/percentages naïve CD4+ T cellen en wat samenvalt met een 
enormee verlaging in de TREC inhoud van T cellen vergeleken met Nederlandse leeftijdgenoten. 
Veell van de immunologische karakteristieken die men vindt in HlV-infectie, konden we laten 
zienn in een niet-HIV gerelateerde situatie van chronische immuun activatie in gezonde 
Ethiopiërs,, wat een belangrijke rol voor chronische activatie in de immunopathogenese van 
HlV-infectiee suggereert. 

Deell II: 
Inn hoofdstuk 5 hebben we HLA frequenties van Hl V-geïnfecteerde en niet-geïnfecteerde 
Ethiopiërss bepaald. We laten zowel overeenkomsten als verschillen zien tussen Ethiopiërs en 
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individuenn afkomstig uit andere Afrikaanse landen waar subtype C veel voorkomt en 
Ethiopischee Joden. Op het HLA-A locus zijn Ethiopiërs frequente dragers van HLA-A2 (wat een 
predominantt Caucasisch HLA allel is) en HLA-A30 (wat een predominant Afrikaans allel is), wat 
overeenkomtt met bevindingen in Ethiopische Joden. Daarnaast waren er aanzienlijke 
verschillenn met betrekking tot het HLA-B locus tussen de Ethiopiërs uit onze studie en 
Ethiopischee Joden en andere Afrikanen. Deze verschillen in de frequentie van HLA allelen 
zoudenn kleine verschillen in dominante T cel responsen tegen HIV peptides bij de Ethiopiërs 
vergelekenn met andere Afrikanen kunnen verklaren. 

Inn hoofdstuk 6 hebben we de HIV-1 Gag specifieke T cel responsen geëvalueerd in HIV-
geïnfecteerdee Ethiopiërs. Alhoewel de totale HIV Gag specifieke responsen laag waren in de 
meestee individuen, konden we wel HIV Gag peptides identificeren die dominante responsen 
induceerde.. De dominante responsen waren met name gericht tegen de p24 Gag regio en 
overlappenn met recent geïdentificeerde peptides in subtype C geïnfecteerden afkomstig uit 
Zuid-Afrika,, wat suggereert dat vaccins die ontwikkeld zijn voor subtype C geïnfecteerde Zuid-
Afrikanenn ook bruikbaar zijn voor Ethiopiërs. De kleine verschillen tussen Ethiopiërs en Zuid-
afrikanenn in de regio's waar vaak T cel responsen tegen gericht zijn, suggereert dat additionele 
peptidess geïncludeerd moeten worden in het ontwerp van een effectief regionaal vaccin voor 
Afrikanenn die vaak geïnfecteerd zijn met subtype C. 

Inn hoofdstuk 7 hebben we de rol van Hl V-specifieke CTL in HIV ziekte progressie longitudinaal 
onderzochtt in 10 Hl V-geïnfecteerde individuen over een tijdsperiode van 5 jaar. We konden 
hoge,, brede en blijvende HlV-specifieke T cel responsen aantonen in individuen die een 
langzamee daling van hun CD4+ T cel aantallen lieten zien (<15 cells/ul/jaar). Daarentegen 
vondenn we lage en dalende CD8+ T cel responsen in individuen met een snelle CD4+ T cel 
afnamee (>45 cells/ul/year) in de loop van de HlV-infectie. Individuen met een langzame CD4+ T 
cell daling met blijvende HlV-specifieke T cel respons hadden met elkaar gemeen dat ze drager 
warenn van HLA types van de HLA-B27 supertype familie en de T cel repons vaak gericht waren 
tegenn de p24 regio van Gag, wat een beschermende rol suggereert voor deze allelen in 
combinatiee met presentatie van peptides uit de p24 gag regio. 

Tenn slotte worden de verschillende studies uit het proefschrift bediscussieerd in hoofdstuk 8. 
Hett fenomeen van lage CD4+ T cel aantallen en de persisterende immuun activatie in gezonde 
volwassenn Ethiopiërs lijkt een algemeen fenomeen te zijn in Ethiopië. Diepte studies in 
pasgeborenenn en kinderen ondersteunen een omgevingsfactor als oorzaak voor deze bevinding 
enn interventie studies die laten zien dat de immuunveranderingen omkeerbaar zijn onderstrepen 
dit.. Dus, eenvoudige interventie strategiën, zoals anti-parasieten behandeling, zouden zeer 
bruikbaarr zijn om de ongebalanceerde staat van het immuun systeem in Ethiopiërs te 
verbeterenn en zouden kunne worden overwogen als onderdeel van het HIV mangement pakket 
voorr HlV-geïnfecteerde Ethiopiërs om de voordelen van anti-retrovirale therapie of HIV vaccins 
tee verbeteren. De indentificatie van immunodominante Gag peptiden in Ethiopiërs suggereert 
datt deze gebruikt kunnen worden in een multi-epitoop vaccin. De bevinding van sterke en 
persisterendee CTL responsen in relatief langzame HIV progressors over de tijd, onderstreept de 
roll van HlV-specifieke CD8+ T cel responsen in de loop van HIV ziekte progressie. Deze 
informatiee is zeer bruikbaar voor vaccin ontwikkelingsstrategiën die zich met name toeleggen op 
dee inductie van blijvende CTL responsen. 
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