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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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II  NO* (CD45RO-CD37+)  MHiDry(Cl>lJBO-CD27--) 
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(I I 

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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