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Decreased CD4 and increased CD8 counts with T cell activation is associated
with chronic helminth infection
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SUMMARY

We have previously reported the presence of marked immune dysregulation with a dominant Th2
profile, in a population of Ethiopian immigrants (ETH) in Israel heavily infected with helminths. In
order to characterize better this immune dysregulation we studied by flow cytometry the expression of
several activation markers on peripheral T cell populations, and lymphocyte apoptosis, in blood samples
obtained from 63 ‘new’ ETH (recently arrived), 18 ‘old’ ETH 6 years since immigration) and 34 non-
Ethiopian Israelis. The main findings in the ‘new’ ETH group in comparison with the non-Ethiopian
controls were: (i) decreased CD4 and increased CD8 lymphocyte counts; (ii) elevated levels of activated
T cells (CD3, CD4 and CD8) expressing HLA-DR; (iii) decreased levels of ‘naive’ CDdlls
(CD45RA™), with increased levels of ‘memory’ CD4cells (CD45R0); (iv) decreased numbers of
CD28" CD8" lymphocytes; (v) marked increase in lymphocyte apoptosis. These T cell alterations and
activation profile remained unchanged in 10 ‘new’ ETH in whom the helminth infections persisted for
6—11 months. In contrast, in 18 ‘old’ ETH, without helminth infections, the T cell activation profile was
within the normal range. These findings suggest that chronic helminth infections may have a profound
effect on the immune system of the host that disappears after eradication of these infections and
adjustment to the new environment. It should therefore be taken into consideration for every
immunomodulation therapy and especially in vaccine design and trials, in regions endemic for helminth
infections.
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INTRODUCTION We have previously described the presence of wide immune

0Bctivation in this immigrant population, as characterized by serum

Q[narkers and cytokine secretion pattern [3]. Those studies revealed
2 dominant Th2 type of immune profile in the vast majority of the

Israel in two major waves, in 1984—85, and in 1991, and since the . . : . . - .
. . o . newly arrived immigrants. Since we ascribed this marked immune
a continued trickle of immigrants still reaches the country. Most of . . . ) .
dysregulation to the presence of helminth infections, it was

the immigrants came from rural areas in Ethiopia, with meagre bviously important to characterize further the immun tivation
sanitation and paucity of medical facilities. The prevalence ofopviouslyimportant fo characterize urther the une activatio

several helminth infections in this population was evident alread)PrOf"e. of the perlph.eral blood lymphocytes. Thg re.markabl.e
from the first wave of immigration in 1985 and still holds true for a;}lter.::nom n th? peripheral T ce':I_ subsets and activation profile
most recently arrived immigrants [1,2]. These circumstancest at have been found prompted this study.

formed a unique ‘experimental’ situation in which a whole com-

munity of Ethiopians, with a high rate of helminth infections, has SUBJECTS AND METHODS

been ‘transplanted’ into a Western type of environment with VerYHuman subjects

low prevalence of such infections.

In the course of the last several years, a population of over 500
Ethiopian Jews immigrated from Ethiopia to Israel. They reache

Three groups of clinically healthy HIV adult individuals were
Correspondence: Professor Z. Bentwich, R. Ben-Ari Institute of Clin- €nrolled to the study after obtaining an informed consent from each

ical Immunology, AIDS Centre, Kaplan Medical Centre, Rehovot 76100, 0ne of them: (i) 63 Ethiopian immigrants, shortly after their arrival
Israel. in Israel (‘new’ ETH); (ii) 34 non-Ethiopian Israelis (non-ETH
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Fig. 1. Peripheral T lymphocyte subsets and CD4/CD8 ratio in non-Ethiopian Israelis (non<gTHew’ ETH (@) and ‘old’ ETH ()
groups. Each point represents a single individual. The horizontal bars indicate mean values.

control); (iii) 18 Ethiopian immigrants that arrived in Israel over Becton Dickinson) were then added and incubated for a further
5years before the study (‘old’ ETH control). All immigrants 10min at room temperature. Cells were washed twice in PBS
arriving in Israel undergo several clinical screening tests withpH7-2, resuspended in 5aDof 1% formaldehyde in PBS and
informed consent, which include also HIV testing by ELISA analysed by flow cytometry using FACScan (Becton Dickinson).
(Abbott HIV-1/HIV-2 3rd Generation Plus EIA; Wiesbadern- Lymphocytes were distinguished from monocytes on the basis of
Delkenheim, Germany). Furthermore, this population has beetheir forward versusside light scatter pattern. The monocyte-
also previously screened for HTLV-1 and HTLV-3 and found to specific reagent CD14 (Becton Dickinson) was used to test for
be negative to these retroviruses [2]. Furthermore, all ETHmonocyte contamination of lymphocytes. The mean percentage of
participants were tested for tuberculosis, malaria and hepatiti€D14" cells within the lymphocyte gate was%. A minimum of

and all were found to be negative for these infections. Thel0 000 cells/sample were acquired in list mode.

prevalence of helminth infections in the ETH population was as  For evaluation of membrane expression of T cell activation
follows: Schistosoma manson{40-8%), Necator americanus markers, two-colour immunophenotyping was used. MoAbs con-
(27-9%), Ascaris lumbricoides (19-3%), Trichuris trichiura  jugated with either FITC or PE were used. Briefly, 100f blood
(10-7%), Taenia saginatgd8-6%) andHymenolepis nan#3-2%);  samples were incubated with ADof MoAbs in the dark at room
17-2% showed co-infection with two different helminths, 1-1% temperature for 30 min, lysed, washed twice in PBS pH7-2, and
with three, 4-3% with four and 1-1% with five different helminths. finally resuspended in 5Q0 of 1% formaldehyde in PBS. The
No correlation was found between infection with any given following pairs of MoAbs were used: HLA-DR(FITC)/CD3(PE),
helminth and the immunological parameters. The ‘old’ ETH HLA-DR(FITC)/CD4(PE), HLA-DR(FITC)/CD8(PE), CD45RO(-
participants received standard general treatment for helminth anBITC)/CD4(PE), CD45RO(FITC)/CD8(PE), CD45RA(PE)/
parasite infections for total eradication of these infections, withinCD4(FITC), CD45RA(PE)/CD8(FITC) (all from Dako, Glostrup,

6 months after arriving in Israel. All non-ETH participants were Denmark) and CD28(PE)/CD8(FITC) (Becton Dickinson). Cells
also screened for HIV-1 and HIV-2 and other infectious diseasesincubated with FITC- and PE-conjugated mouse IgG1/IgG2a
In the course of the study, we found that a group of ‘new’ ETH that(Dako) served as isotype control. The proportion of activated
were previously investigated by us, close to their arrival in Israel,cells was expressed as a percentage in each T cell subset or as
did not receive the anti-helminthic treatment that was prescribedbsolute numbers (celld) calculated by multiplying the pro-

for them, at the time of their restudy. portion of these cells by the appropriate lymphocyte subset cell
count.
Lymphocyte phenotype and apoptosis analyses Apoptosis of peripheral blood lymphocytes was determined by

For evaluation of the percentage and number of CD3, CD4 andlow cytometry using APOPTEST (YLEB!I, Roma, Italy) based
CD8 cells, a single-colour immunophenotyping was used. Briefly,on the increased stainability of lymphocytes on the part of a newly
100ul of whole anti-coagulated blood were incubated at roomdeveloped fluorophore which occurs during the early phases of
temperature for 30 min with 14 of MoAbs directed against Leu-4 apoptosis. APOPTEST was performed on whole blood after
(CD3), Leu-3a (CD4) or Leu-2a (CD8) (all from Becton Dickinson, erythrocyte lysis with APOLYSE lysing solution and APOSTAIN
Mountain View, CA), washed and then incubated at room tem-staining solution. Fluorescence was analysed on gated lympho-
perature for 30 min with an FITC-conjugated goat anti-mousecytes using the same forward and side scatter settings as described
F(ab), fragment of affinity-purified antibodies to Fab fragment above for routine immunophenotyping and FL3 channel (650 nm)
of mouse IgG (Sigma, Rehovot, Israel). Lysing solution (2 ml; according to the manufacturer’s instruction.
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Fig. 2. Expression of HLA-DR antigens on peripheral T lymphocyte subsets and apoptosis of peripheral lymphocytes in non-Ethiopian
Israelis (non-ETHP), ‘new’ ETH (@) and ‘old’ ETH () groups. Each point represents a single individual. The horizontal bars indicate mean
values.

Determination of helminths in stool specimens cells in the ‘new’ ETH (35-% 7-2%) was significantly lower

All ETH participants of the study were tested for intestinal (P<0-001) than that found in the non-ETH and ‘old’ ETH
helminth infections, by determining and quantifying parasitegroups (41-3=5-7% and 41-% 4-1%, respectively; not shown).
eggs. The stool samples were stored’&t éntil examined, usually ~ An increase in both number (Fig. 1) and percentage (not shown) of
within 7—14 days. Stool examinations and egg counts were percD8" cells is clearly seen in the ‘new’ ETH group in comparison
formed according to Beavestal. [4] and modification of the with both other control groups. Moreover, 25-4% of the ‘new’ ETH
Richie et al. formalin-ether sedimentation method [5]. Hookworm had CD8 counts> 900 cells/l, whereas only 8-8% of the non-
larval identification was done on stool specimens by the Harada-ETH control group and none of the ‘old’ ETH, had such high CD8
Mori faecal culture method [6]. It is known that helminthiases arelevels. It is interesting to note that in the ‘old’ ETH, there was a
very rare among the Israeli population [1,2]. Therefore, stoolmarked decrease of CD8 cell number (Fig. 1) and percentage (not
examinations were performed only on six samples obtained fronshown) in comparison with both other group® <0-0001).

the non-ETH participants and all were found to be negative. Accordingly, the mean CD4/CD8 ratio was lowest in the ‘new’
ETH and highest in the ‘old’ ETH groups, the difference between
Statistical analysis each group and the others being significaRk 0-0001—0-02).

Statistical analysis was performed using SPSS-X software. ComFurthermore, 44-4% of the ‘new’ ETH had a CD4/CD8 ratio of

parisons between groups with normal distribution were performeck 1-0 compared with none in both control groups.

by Student'st-test. Study groups with asymmetric distribution

were compared using non-parametric Mann—Whitbetest. The  Expression of activation markers on T cells and apoptosis of

results are presented as mean valttes.d. of the mean? <0-05  lymphocytes

was considered significant. Correlation analysis was performedhe results of the studies of membrane activation markers on T

with the Spearman’s rank correlation test. lymphocytes are depicted in Figs 2 and 3. As can be clearly seen,

HLA-DR, the universal marker for immune cell activation, was

RESULTS significantly elevated in all T cell subsets derived from the ‘new’
ETH, in comparison with the non-ETH and ‘old’ ETH control

T cell subset characterization groups: for CD3 cells 13-3 11-7%, 4-9 2-4% and 5-1 2-6%

Results of the determinations of the main peripheral blood T cell(P<0-0001); for CD4 cells 6-5 3-1%, 2-9+ 1% and 3-5- 1-9%

populations are depicted in Fig. 1. The most striking findings arg(P<0-01-0-001); and for CD8 cells 16:28-3%, 6-2+ 1-9% and

the changes in the CD4 and CD8 subsets in the ‘new’ ETH. Thoug!®-8+ 4-9% P <0-001), respectively (Fig. 2). These differences are

there was a wide distribution of CD4 counts in individuals, the particularly revealing when one looks at the mean absolute number

mean value of this subset was significantly lower in the ‘new’ ETH of HLA-DR' CD4" cells in the three study populations: 44:8

in comparison with the non-ETH controP&0-0001).). It is  27-Ocellsilin the ‘new’ ETH, 24-6+ 11-1 cellsdl in the non-ETH

noteworthy that 28-5% of the ‘new’ ETH had CD4ounts of  controls and 22-%* 14-1cellsil in the ‘old’ ETH (not shown),

<500 cellsil, whereas only 3-1% of the non-ETH group, and 5-9%despite the significant decrease in the absolute cell number of the

of the ‘old’ ETH group, had such low levels of these cells. The CD4" compartment in the ‘new’ ETH (see Fig. 1). The proportion

mean CD4 counts in the ‘old’ ETH were still significantly lower of memory cells and naive cells within the CD4 compartment

than in the non-ETHR<0-001) and not significantly different was also very clearly different in the ‘new’ ETH population in

from that of the ‘new’ ETH. However, the percentage of CD4 comparison with the non-ETH control group (Fig. 3). There was a

© 1998 Blackwell Science LtdClinical and Experimental Immunolog$14414—-421
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Fig. 3. Expression of CD45RA and CD45R0 antigens on peripheral CD4 and CD8 cells and of CD28 antigen on CD8 cells in non-Ethiopian
Israelis (non-ETHY), ‘new’ ETH (®) and ‘old’ ETH () groups. Each point represents a single individual. The horizontal bars indicate mean
values.

sharp increase of memory CD45RQD4" cells (69-6- 11-7%  the non-ETH controls: 7-8 10-7%versus2-5+ 1-5% @<0-01)
versusb8-1+ 8-7%,P <0-001) and a parallel significant decrease (Fig. 2). As can be seen, several of the ‘new’ ETH had very high
of naive CD45RA CD4" cells (23-5-6-9% versus levels of lymphocyte apoptosis and in a few it wa$5%.

34-8+ 13-7%, P<0-002). This is especially evident when one

considers the very high number of individual cases in whomCorrelation of activation markers with changes in peripheral
>70% and<20% of CD4 cells are memory and naive cells, lymphoid populations

respectively. The mean percentages of these cell populations We studied the correlation between the various activation markers
the ‘old’ ETH showed a clear trend towards the values found in theand changes in peripheral lymphoid populations in two studied
non-ETH controls. However, for the naive cells it was not groups, ‘new’ ETH and non-ETH controls. The strongest positive
significantly different from both ‘new’ ETH and non-ETH, while correlations were found between the various activated T cell
for memory cells it was still significantly higher than the percen- subsets obtained from the ‘new’ ETH study population, especially
tage in the non-ETH grougP( 0-02). Within the CD8 compart-  between HLA-DR CD3" cells and either HLA-DR CD4" or
ment the picture was quite different. No significant difference inHLA-DRTCD8" cells (=0-78 and 0-88, respectively;
the percentage of CD8lymphocytes expressing CD45RO and P<0-0001). Such correlations were not found in the non-ETH
CD45RA antigens was observed between the ‘new’ ETH and noneontrol population. A significant positive correlation was found
ETH group. However, the mean proportion of these cells within thebetween the activated HLA-DRCD3" subset and the memory
CD8 compartment of ‘old’ ETH was significantly different com- (CD45R0O") subsets of both CDZand CD8 (r =0-45 and 0-63,
pared with the ‘new’ ETH: for naive CD8 cells 73:39-2%versus  respectively;P<0-0001), which was also not observed in the
63-8+ 13-8% P<0-045); for memory CD8 cells 28:110-5%  controls. No correlation (either positive or negative) was found
versus 34-8+18-3% P<0-05), respectively. The difference between the activated subsets and naive (CD45Ralls. Lastly,
between the ‘old’ ETH and non-ETH was not significant. The a significant negative correlation was found between the propor-
percentage (Fig. 3) and absolute number (not shown) of'Gig8s  tions of CD28 CD8" cells and CD8 and CD45R0 CD4' cells
expressing CD28 antigen was significantly lower in the ‘new’ ETH (r = — 0-41 and- 0-4, respectivelyP < 0-05).

(39:4+ 9:9%) in comparison with both the non-ETH controls and

the ‘old’ ETH group (56-8- 16-2% and 58-4 8-9%, respectively; Persistent immune activation and helminth infections

P <0-01). Finally, apoptosis of peripheral blood lymphocytes wasWhat is the cause of the findings described above, and can
clearly elevated in the ‘new’ ETH immigrants in comparison with helminth infections account for them? In consecutive studies of

© 1998 Blackwell Science LtdClinical and Experimental Immunolog$14414—-421
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the ‘new’ ETH population carried out on 116 subjects during theyears of living in Israel clearly suggests that they are caused by
last 2 years, the prevalence of helminth infections was very highenvironmental and not by genetic factors.
and consisted of several types (see Human subjects). We also A major finding in our study is the marked activation profile of
studied consecutively a group of 10 ‘new’ ETH during a period of the peripheral T lymphocytes obtained from the ‘new’ ETH. It was
6—11 months, following their arrival in Israel. We were not aware more clearly seen in the CD4 compartment and was accompanied
at the time of this study that some individuals of this group did notby a dramatic decrease in naive cells and an increase in memory
receive the anti-helminthic treatment that was prescribed for themcells. Thus, it seemed plausible to deduce that the marked activa-
All of them were infected with one or more of the following tion of CD4 cells leads to depletion of CD4 naive cells and thereby
helminths: S. mansoni A. lumbricoides Tr.trichiura, N.ameri- results in the overall CD4 decline with insufficiency in CD4
canus Tae.saginataor H.nana. They did not have any other replenishment. However, when we tried to correlate cell activation
type of chronic infection such as tuberculosis, malaria and viralto the total CD4 levels, a significant positive rather than negative
hepatitis, and most importantly, at the time of their restudy theycorrelation was found between CDBR™ and CD4' levels in the
were still infected with the same helminths as at the time of theirnew’ ETH population. Furthermore, when we looked carefully at
primary investigation. The results of the studies performed orresults obtained from individual subjects in this population, a wide
blood obtained from these 10 individuals are summarized in Tablelistribution of activation levels with a wide range of CD4 levels
1. As can be seen, in the vast majority of individuals there was avas seen. Also, no significant correlation was observed between
significant blood eosinophilia, marked changes in peripheral T cellymphocyte apoptosis and T cell activation. Though we do not
subsets (CD4/CD8 ratios) and pronounced membrane T celhave a clear explanation for this dissociation, there are a number of
activation pattern, that was maintained throughout the period opossible interpretations: (i) no direct relationships should necessa-
the study, and did not differ from that observed in the recentlyrily exist between activation, apoptosis and CD4 decrease as
arrived immigrants, as described above. Thus, the answer to ouneasured at one time point in the peripheral blood; (ii) depletion
primary question seems to be positive, i.e. helminth infection byof CD4 represents the net result of several coexisting events which
itself may be a dominant factor responsible for the persistenmay occur at different levels in different individuals; (iii) technical
immune activation and dysregulation that we have observed ifimitations of the methodology used to measure lymphocyte
the ‘new’ ETH. apoptosis may influence the results. Bearing all this in mind, we
still favour the above suggested interpretation, that the chronic
activation of the CD4 compartment by infectious disease is the
cause for the final marked change in the lymphocyte populations.
The results of the present study have clearly shown that thélore careful sequential determinations and kinetics of changes in
recently arrived immigrants from Ethiopia have marked changeghese variables, especially before and after the eradication of
in their peripheral T cell populations as well as striking T infections, should help resolve this issue.
lymphocyte membrane activation pattern. Thus, decreased CD4 An increase in activated CD8cells was also found in the
levels and CD4/CD8 ratios with a trend to increased CD8 levelsnew’ ETH, that was not accompanied by similar changes in the
were found in most of the studied population. Concomitantly, naive and memory CD8compartments, but was accompanied by
marked increases of activated CD3CD4"and CD8 subsets a marked decrease in CD28D8" cells. The reasons for these
together with diminished CD4 naive cells and increases in CD4differences are not at all clear, and may be accounted for by
memory cells were also found in this population. These changedlifferences in the activation signal, the character of the inciting
were associated with increased lymphocyte apoptosis and are maattigen, or the immune response background. In our previous study
probably related to persistent helminth infection. we described the immune activation profile in a similar immigrant
The changes in the major peripheral lymphocyte populationgopulation, and found a dominant Th2 profile manifested by the
that we have observed are striking and are also in agreement wittharacteristic cytokine secretion profile and the increased blood
previous reports by Pollagit al. on other Ethiopian immigrants in  eosinophils and IgE [3]. Such a background may indeed influence
Israel [7] and by Worktet al. on healthy individuals in Ethiopia and skew the immune activation towards a preferred €D4
[8]. Regretfully, only a small number of studies of this subject in response and thereby account for the described differences
African populations have been published. From some of thesbetween the CD4 and CD8 compartments. The decrease in
reports it seems that mean CD4 levels were indeed lower in HIV CD28" CD8" cells, however, described particularly in HIV-
individuals with either tuberculosis [9—11] or onchocerciasis [12].infected individuals [33—37], has also been described in other
Similar observations with a wider spectrum of infections asso-clinical conditions characterized by immune activation, such as
ciated with CD4 lymphocytopenia have been made outside obrgan transplantation [38], autoimmune diseases [39], viral [40]
Africa [13—24]. A more recent study in Tanzania of a healthy and protozoariTrypanosoma cruznfections [41], and may thus
population also showed that mean CD4 levels were lower in thateflect the persistent chronic activation by helminth infections.
population in comparison with levels in normal populations of  From the outset of our studies in the Ethiopian immigrant
Europe and North America, and that CD4 levels<&00 cellsjl population, we have suggested that helminth infections are the
were found in>10% of that population [25]. However, there are major cofactor for the general immune activation seen in that
also studies in other African countries that have not found suctpopulation [42], and the results of the present study lend support to
changes [26—32]. The reasons for these differences are not cletris suggestion. As described in detail above, a small group of
and may reflect different infectious, environmental or genetic‘'new’ immigrants did not receive any anti-helminthic treatment for
background. Since no evidence for retroviral infection wasa whole year, and as clearly demonstrated in Table 1, all para-
found in this population [2], it is difficult to ascribe the CD4 meters of immune activation were still present 6—11 months after
decrease to such infections. The fact that in the Ethiopian immiimmigration, while the helminth infection persisted. On the other
grant population these changes were no longer found after a felWwand, eradication of helminth infections has been associated with

DISCUSSION
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decrease in immune activation [43], and as demonstrated in theb Knight WB, Hiatt RA, Cline BJ, Richie LS. A modification of the
present study, an almost normal immune activation profile was formol-ether concentration technique for increased sensitivity in detect-
found in the ‘old’ ETH, that do not have helminth infections. A ing Schistosoma mansoeggs. Am J Trop Med Hyg 197@5:818-23.
more detailed study of time sequence relationships between6 Harada Y, Mori O. A new method for culturing hookworm. Yonago

. . . . L . - Acta Med 1955:1:177-9.
.he'lml.nt.h lnfecthn Ioa_d and It.s eradication and the immune profile 7 Pollack S, Fuad B, Etzioni A. CD4 T-lymphocytopenia without oppor-
in individual patients is now in progress.

. Lo . . tunistic infections in HIV-seronegative Ethiopian immigrants to Israel.
The general immune activation profile that we have found in | .o 199334250—51.

the Ethiopian population is extremely reminiscent of that described g \worku S, Bjorman A, Troye-Blomberg M, Jemaneh L, Famert A,
in HIV-infected individuals [8,12,26,44—48]. Such immune acti-  Christensson B. Lymphocyte activation and subset redistribution in the
vation has often been ascribed to HIV infection itself and to be the  peripheral blood in acute malaria illness: distigét- T cell patterns in
direct result of virus activity. Our findings at least cast some doubt Plasmodium falciparunand P. vivaxinfections. Clin Exp Immunol
on this interpretation, and would suggest that chronic immune 1997;10834-41.
activation of the host by chronic helminth infections, and not only 9 Egboga A, Corrah T, Todd J. Immunological findings in African
by HIV, may result in similar changes of the host immune Egggnéslgiléh EEJuImonary tuberculosis and HIV-2 infection. AIDS
r nse. We are n ing that the chronically helmin e o
irtwafselict)egehost(\alvi‘lrjl1 deevg:o;l;ggiztll lﬁot/vr?tp‘i[ctirg o?AFSSyWitEout "o Djomand G, Diaby L, N'Gbichi J-Met al Idiopathic CD4 T-
T . . . . lymphocyte depletion in a West African population. AIDS 1994;
HIV. However, chronic infection with helminths illustrates best 8:843—7.
some of the elements of chronic immune activation that may alsQ1 Martin DJ, Sim JGM, Sole Gat al. CD4" lymphocyte count in African
be found in HIV infection, which lead most probably to CD4  patients co-infected with HIV and tuberculosis. J Acqiur Immune Defic
decline, decreased CD4aive and increased CD4nemory cells, Syndr Hum Retrovir 19958:386—-91.
lymphocyte apoptosis and decrease of Cbeg®8" cells [49]. 12 Soboslay PT, Dreweck CM, Hoffmann Wat al. lvermectin-facilitated
The further study of this chronic infection may thus shed further ~ immunity in onchocerciasis. Reversal of lymphocytopenia, cellular
light on the immunopathogenesis of HIV infection. anergy and deficient cytokine production after single treatment. Clin
Last but not least, the marked immune activation that we have  EXP Immunol 199289.407-13. _
found in this chronically infected population is most probably 13 Camey WP, Rubin RH, Hoffman RA, Hansen WP, He.aley K, Hirsh
. . . MS. Analysis of T lymphocyte subsets in cytomegalovirus mononu-
representative of much larger African populations, and was also

. . . cleosis. J Immunol 19811,26:2114—6.
found in Asia as well as Central and South America [S0—60]. SuChl4 Thomas HC, Brown D, Routhier & al. Inducer and suppressor T-cells

wide immune activation may have far reaching implications. Itis iy hepatitis B virus-induced liver disease. Hepatology 138202—4.
quite likely that it plays an important role in coping with infections, 15 Gomez E, Albercu I, Gonzalez M, Zaballos R, Vicente V. Effect of
as well as in the generation and prevalence of autoimmune diseases hepatitis C virus infection on the lymphoid population in hemophiliacs.
and neoplasia. It is also highly likely, as we have suggested, that Blood 1991;77:1399-400.

immune activation is a major factor in accounting for the increasedt6 Williams RC, Koster FT, Kilpatrick KA. Alterations in lymphocyte cell
susceptibility and progression of HIV infection in Africa and the surface markers during various human infections. Am J Med 1983;
developing countries [42]. No less important and directly relevant, 75807-16.

. L . - . . 17 Pankhurst C, Peakman M. Reduced GDR cells and oral candidiasis
however, the generation of protective immunity with vaccines in in absence of HIV infection. Lancet 19881027-8.

such populations .mUSt be @fferent from that used in .Westerris Hansen ER, Lisby S, Baadsgaard O, Ho VC, de Villers EM, Veisgaard
developed Cquntrles. Surprisingly, only very few Stud!es have GL. Abnormal function of CD# helper/inducer T lymphocytes in a
addressed this aspect. Our study clearly draws attention to the patient with widespread human papillomavirus type 3-related infection.
immediate need for further study of the effects chronic immune  Arch Dermatol 19901261604—8.
activation may have on vaccination, especially in the developingl9 Cozon G, Greenland T, Revillard JP. Profound ¢nphocytopenia
world and considering the terrible menace of the HIV pandemic. inthe absence of HIV infection in a patient with visceral leishmaniasis.
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