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do we still need Cd4 t 
cell count? the question 
wants to be provocative, 
and we anticipate that the 
answer will be: yes, we do! 
aim of this paper, how-
ever, is to explore how the 
physician, in its daily prac-
tice in HiV clinic, could 
benefit from assessing 
immunological markers in 
addition to Cd4 count, in 
order to make decisions on 
the patients management. 
However, there is no doubt 
that in spite of tremendous 
improvement in molecu-
lar techniques applied to 
the field of HiV virology 
– plasma and cell-associ-
ated viral load, genotypic 
resistance test and, more 
recently, tropism assays – 
no major result has been 
thus far achieved in find-
ing a surrogate marker 
that could replace the “old” 
Cd4 count for monitoring 
HiV-1 disease. Cd4 t cell count proved to be 
the most effective marker in driving decisions 
on when to start antiretroviral therapy (Haart) 
and in measuring the success of treatment in 
terms of immune reconstitution. Current guide-
lines recommend to treat asymptomatic antiret-
roviral-naïve HiV-infected patients according 
to the absolute number of t Cd4 cells rather 
than on the basis of plasma HiV-rna level 
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(1-2). Beginning antiretroviral therapy before 
Cd4 t cell count drops below 350 cells/mm3 
increases aidS-free survival (3), and recent data 
suggest additional benefit if Haart is started 
with Cd4 t cells above 500 mm3 (4). Moreover, 
ability to increase Cd4 t cell count is among 
the main goals of all new anti-HiV drugs, as it 
has been demonstrated that long-term immune 
reconstitution, i.e. 5 to 7 years at Cd4 t cell 
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AbstrAct
The relevance of CD4 T cell count as pivotal marker of HIV disease progression and response to HAART is well established. The 
authors explore the potential role of immunological markers other than CD4 count in the management of HIV-infected individu-
als, and consider their usefulness and convenience in clinical practice.
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count above 500/mm3, is associated with mortal-
ity rates comparable to the general population 
(5). However, early initiation of antiretroviral 
therapy is seldom possible in the clinical prac-
tice. on the one end, HiV disease is often diag-
nosed at advanced stages in europe as well as in 
north america (6-9) and, as a consequence, a 
substantial proportion of HiV-infected patients 
do not obtain an increase in Cd4 t cell count 
relevant enough to reduce the risk of disease 
progression and death (10-11). on the other end, 
factors other than antiviral efficacy of Haart 
may influence immune reconstitution as meas-
ured by the rise of Cd4 t cell count. age has a 
negative impact on immune recovery mainly due 
to blunted thymic function (12), and it should 
be emphasized that median age at time of HiV 
diagnosis is increasing (8). Several mechanisms 
(reviewed in 13) have been proposed to explain 
limited immune reconstitution after prolonged 
Haart: i) reduction in Cd4+ t cell produc-
tion, involving bone marrow function, thymus 
activity and il-7/il-7r axis; ii) increased Cd4+ 
t cell destruction driven by ongoing viral rep-
lication, Cd4 t cell hyperactivation, persistent 
antigen stimulation and reduction in regulatory 
t cells; iii) genetic factors. immunological non 
responders (i.e. individuals with <30% increase 
of Cd4+ t cells from baseline and ≤ 200 cells/
mm3 after 6-12 months of Haart, see reference 
14) constitute a relevant fraction within cohorts 
and their actual risk of developing aidS-related 
diseases may be difficult to determine (15-16). in 
this particular setting, the sole absolute Cd4 t 
cell count may not reflect accurately the quality 
and the limits of the immune reconstitution, and 
adjunctive markers would be helpful in order to 
help clinicians to establish the risk of HiV dis-
ease progression at single patient level.

Cd4 t cell percentage, 
provided by many labo-
ratories in conjunction 
with absolute number 
without additional cost, 
proved to be useful in 
specif ic  s ituations . 
Paediatric guidelines 
recommend to include 
Cd4 t cell percentage 
in the evaluation of the 
optimal time to begin 
antiretroviral therapy 
in children because of 
the physiologic age-
related low lymphocyte 
counts (17-18), although 
this concept has been 
recently questioned by 
the HiV Paediatric and 
Prognostic Markers 
Collaborative Study (19). 
in HiV-infected adults 
patients starting antiret-
roviral therapy with 
absolute t Cd4 count 
between 200 and 350 
cells/mm3, Montaner 

and co-workers recently showed that Cd4 per-
centage below 15% is an independent predictor of 
mortality (20). in addition, Cd4 t cell percentage 
may help in evaluating immune reconstitution 
when lymphocytosis or lymphopenia are present, 
because these conditions impact more on the 
absolute number than on percentage of lym-
phocyte subpopulations.

t lymphocyte activation has been related to 
HiV-1 disease progression among untreated indi-
viduals, independently of viral load levels (21). 
analysis of surface expression of Cd38 and Hla-
dr, the most widely used t cell activation mark-
ers, may add useful information on the effective-
ness of antiretroviral therapy in terms of immune 
reconstitution. as mentioned above, Cd4 t cells 
hyper-activation is among the factors associated 
with incomplete immune reconstitution, possibly 
due to increased death rate (13, 22). Persistent 
Cd4 and Cd8 t cell activation has been associ-
ated with limited Cd4 t cell recovery among 
Haart-treated patients with sustained HiV-1 
suppression (23). in addition, the reduction of 
Cd38 expression on Cd8 t cells has been recently 
reported in association to virologic response to 
antiretroviral therapy (24-25), although not all 
the studies confirm this finding (26). thus, poor 
immune reconstitution, as observed in HiV-
infected immunological non-responders, could 
be linked to persistent immune activation driven 
by low-level residual viral replication, even in 
the presence of undetectable plasma HiV rna. 
residual viral replication may play a role in 
incomplete immune reconstitution by continu-
ous triggering of immune activation (27), and 
its impact is being addressed through Haart 
intensification studies (28-29). Preliminary data 
presented at the last Conference on retroviruses 
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and opportunistic infections have shown reduc-
tion of the expression of activation markers on 
circulating t cells following Maraviroc intensifi-
cation (30), and improved HiV-specific immune 
responses at mucosal level after raltegravir inten-
sification (31). although no significant Cd4 t 
cell gain was demonstrated in these studies, 
further research is warranted to explore the 
immune reconstitution potential of intensifica-
tion regimens. the reduction of immune activa-
tion has been attempted also trough alternative 
strategies, such as the use of immunosuppressive 
agents, although only selected patient groups may 
deserve similar attempts (i.e. primary HiV infec-
tion) and concerns have been raised about their 
broad immunosuppressive potential (32).

Phenotypic assessment of Cd4 and Cd8 t cell 
subpopulations is technically simple although it 
carries some additional costs. t cell subpopula-
tion can be identified based on the expression of 
a number of surface markers, including the ra 
and ro isoforms of Cd45, the selectin Cd62l and 
the chemokine receptor CCr7 (33-34). Subsets 
include naïve, central memory, effector memo-
ry and terminally differentiated t cells. recent 
research showed that in patients with suboptimal 
Cd4 recovery t cells were skewed toward a mem-
ory-activated phenotype (22, 35-36). increased 
HiV-related morbidity and mortality has been 
reported in some studies (37-38) but not in others 
(39), suggesting that, at least in some cases, the 
quality rather than the quantity of the immune 
reconstitution could “make the difference”. thus, 
in our opinion, periodic assessment (i.e. yearly) 
of t cell subpopulations should be considered in 
conjunction with activation markers assessment, 
in order to better characterize the quality of 
immune reconstitution under Haart, especially 
among HiV-infected patients with limited Cd4 t 
cell gain.

Functionality of t cell subpopulation may be 
difficult to assess, technically complex and time 
consuming compared to phenotypic analysis. 
intracellular cytokine production may be studied 
at the cellular level by flow cytometry; low il-2- 
high-inF producing HiV-specific Cd4 and Cd8 
t lymphocytes with minimal proliferative activity, 
as well as highly differentiated Cd8 t cells con-
taining low perforin amounts tend to accumulate 
in the course of HiV disease (40-46), probably in 
association with lack of control of the immune 
system on HiV replication (47-48).

residual activity of the thymus measures the 
immune system capability to produce de novo 
naïve t cells, that in turn reflects the possibility 
to reconstitute t cell repertoire, often impaired 
during HiV infection (49). thymic size decreases 
with age (50), and it has been demonstrated that 
HiV affects thymic function and depletes thymo-
cytes (51-53), although its contribution to naïve t 
cell depletion is not fully understood. assessment 
of thymic naïve t cell production would be help-
ful, but unfortunately it is technically difficult and 
not suitable for clinical routine.
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Conclusion

Cd4 t cell count will probably maintain its 
pivotal role as marker of HiV disease progres-
sion and response to Haart. However, in order 
to improve the evaluation of the quality of the 
immune response among HiV-infected individu-
als, Cd4 t cell percentage needs to be consid-
ered, in conjunction with periodic (i.e. annual or 
semi-annual) assessment of activation markers 
such as Cd38 and Hla-dr and analysis of t cell 
subpopulations. these studies are easy, rapid to 
perform, and may be added to routine Cd4 t cell 
count with limited extra-costs. a decline of Cd4 
t cell percentage, even if not paralleled by sig-
nificant drop of absolute count, could allow more 
accurate estimate of the risk of disease progres-
sion at individual level in untreated patients. an 
increase of activated Cd4 and/or Cd8 t cell may 
reveal HiV- or other infection-related systemic 
inflammation. Moreover, analysis of Cd4 and 
Cd8 t cell activation markers could provide use-
ful information for the management of therapy 
interruptions (Stis). although no longer recom-
mended after the results of large clinical trials 
(54), Stis still occur in selected cases, especially 
to limit drug toxicity or therapy “fatigue” (55), 
and careful monitoring of its immunological 
consequences may help limiting possible adverse 
events related to HiV disease progression. the 
inclusion of activation markers in the laboratory 
routine could also lead to a reduction in the fre-
quency of expensive viral load testing in resource 
limited settings. in contrast, functional analysis 
of t cells and characterization of thymic activ-
ity, albeit potentially informative, are technically 
difficult, expensive and time consuming, thus 
not indicated for clinical routine but suitable for 
clinical trials and cohort studies. We recognize 
however that further investigation is neces-
sary to establish the clinical relevance and the 
cost-effectiveness of extended assessment of the 
immune system phenotype and function.
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