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Chapterr 8 

Generall discussion 

TT cell dynamics 
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. 

Immunee alterations in Ethiopians are environmentally driven and not genetically 
predetermined 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 basis for HIV vaccine strategies 
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). 

Futuree areas of Immunological research 
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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