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Immunological Evaluation of Human Immunedeficiency
Virus Infected Individuals by Flow Cytometry

I Neves Jr, MG Morgado™
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Centro Colaborador da Unaids, Av. Brasil 4365, 21045-900 Rio de Janeiro, RJ, Brasil

Human immunodeficiency virus (HIV) infection heavily compromises the immune system. The de-
crease of the T cell CD4+ subset along the evolution to acquired immunodeficiency syndrome has beer
considered as a hallmark of HIV infection. In this paper we review some aspects of the immunopathol-

ogy of HIV infection and discuss the importance of the flow cytometry for the evaluation of the T lym-
phocyte subsets in the follow-up of HIV infected children and adults, and for the monitoring of the
immune reconstitution upon antiretroviral therapy.
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HIV INFECTION 1997, Fahey et al. 1998).

The human immunodeficiency virus (HIV) in- At least four profiles can be distinguished

fection heavily compromises the immune systerdMong HIV infected people concerning the pro-
leading to opportunistic infections, neoplasias an@ression to disease (Fauci 1993, Pantaleo & Fauci

neurological commitments. The drop of the T celt996). The majority of them (70-80%) progress to
CD4* subset along the evolution to acquired imAids in five to ten years (typical progressors), with
munodeficiency syndrome (Aids) is a hallmark ofrogressive loss of CD4T lymphocyte and im-
HIV infection. Indeed, this major alteration of themune functions and persistent virus replication. In
immune system was quickly associated with th@ Small percentage, some individuals progress
clinical observations permitting the staging of th&Vithin a period similar to the typical progressors,
patients along the evolution to Aids. The CDH but the cI|n|caI,.|mmunoIog|caI and V|rolqg|cal pa-
lymphocyte counts has been considered as a stmeters remain stable for a longer period of time
rogate marker for disease progression, as well §8ng-term survivors). Another significant percent-
for the antiretroviral therapy and prophylaxis for2@€ of individuals (10-15%), however, rapidly
opportunistic pathogens (Stites et al. 1989, Bognéfogresses to Aids and death within the first 2-3
& Goebel 1991, Fauci 1993). Moreover, the ¢CD4Years after seroconvertion (rapid progressors). On
T lymphocyte counts may also be used as surrére other haljd, a small percentage (less than 5%)
gate markers of HIV infection in patients who havélo not experience the typical loss of CO4lym-
delays in HIV serologic reporting or have refusedhocytes over an extended period of time and are
to test. There are relatively few conditions assocA€scribed as long-term nonprogressors. The HIV
ated with the profound depletion of this T cell subPositive individuals included in this group have low
set in patients who have the classical “Aids-definlevels of virus, and preservation of lymphoid ftis-
ing diagnoses”, included in their differential diag-Sue architecture and immune functions. Although
nosis (reviewed by Bartlett 1998). More recentlyth® mechanisms favoring one or another type of
the viral load measurement was introduced to tierogression are not completely clarified, host ge-
routine laboratorial evaluation of HIV infected in-N€tic profile, inmune responses, as measured, for
dividuals and this parameter was shown to be &*ample, by the T cell repertoire usage (Pantaleo
paramount importance to predict time to Aids oft al- 1994, 1997, Graziosi et al. 1998) or the
death, which increase with a steeper CD4 declirf@/tokines and chemokines production and regu-

and a higher viral burden (Mellors et al. 1996/ation (Cohen et al. 1997), as well as the virus bio-
logical and genetical profiles are certainly contrib-

uting to the distinct patterns of progression (re-

viewed by Fauci 1996).
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controlling the progression to disease. Howevestandard flow cytometry, these alternative systems
discontinuation of antiretroviral therapy after shoraire only restricted to the CH4nd CD8 T lym-
or prolonged (Stellbrick et al. 1996, Finzi et alphocyte subsets quantification.
1997, Connors et al. 1997) treatment of chroni- The advance of the flow cytometry for two,
cally infected patients, keeping plasma viral loadhree or four-color systems allowed the analysis
below detectable levels, results in rapid increassf distinct surface molecules in a single cell, lead-
of viremia, indicating persistent active virus reping to more accurate evaluation of specific cell
lication even in the presence of the drugs. subsets. A typical panel composed of fluorescein
FLOW CYTOMETRY AND HIV INFECTION isothiocianate (FITC) and phycqerytrin (PE/RD1)
) labeled monoclonal antibodies is among the most

~Although the laboratorial hallmark of the evo-frequently used for routine analysis for the moni-
lution of HIV infection is the T cell CDBsubset  oring of the HIV infection. Current standards use
reduction over time, functional studies have demmultiple tube assay including CD¥ED14" as
onstrated qua_litative impgirment of the Cyim- ating control, isotype control, CH&D4* and
phocyte functions occurring early in the course O%DB’VCD8+ double labeled monoclonal antibod-
infection, even before its quantitative decreasgg (CDC 1994).
(Rosenberg & Walker 1998). Indeed, CD®lper  The technical improvement for the three-color
T cell responses are known to be essential for MaiBystem, using the combination of PerCP (peridinin
tenance of the effective immunity in chronic Viralchlorophyll protein), FITC and PE labeled mono-
infections and the hierarchical loss of the CD4¢|onal antibodies allows the determination, for
functional activity, measured both by the reducexample, of the CD'3CD4*, CD3'/CD8" subsets
tion in the _Iymphoproliferative response .and thend the total CDBin a single tube (Fig. 1). In this
IL-2 secretion, has been demonstrated in HIV-}356, the lymphocyte region is determined based
infected patients even before Aids onset (Clerigi, the side scatter (SS) and forward scatter (FS)
etal. 1989). In afirst stage, loss of T cell respons@stogram. Moreover, with the four-color staining
to common recall antigens (FLU, TT), followedgystem, the leucogate histogram can be based on
by alloantigens and mitogens can be prospectlveﬂp,(e SS and the FITC labeled CO4nd the T cell
observed, however, these methodologies are vegypsets are immunophenotyped using GB85,
time consuming and need special laboratory facilepgt-ecp (phycoerythrin-Texas Red) and CD4
ties for the monitoring of HIV infected patients. Rpj jabeled monoclonal antibodies in a single tube

The development of a system permitting theyssay (Fig. 2). In this case, the lymphocytes are
automatic count of particles suspended in a ﬂU'Ehenotyped as low granulated CDB%N ex-
was patented in 1949 (Coulter 1949), and it t00fressing cells. In addition to the higher accuracy
almost twenty years to evolve to a computer agf these three or four-color systems, one other
s!sted multlpargmetrlc flow cytometric data a”aW’advantage is the low quantity of blood employed
sis system (Dittrich & Gohde 1968), which hag100 pi/assay), which is very relevant for Aids pe-
achieved paramount importance within the ranggatrics, as well as for multiple immunological and
of clinical pathology procedures and research aRjrological analysis of HIV positive individuals
plications. _ combining routine exams and research purposes.

Flow cytometry is the standard method for de-  pye to the several aspects that can interfere in
termining CD4 T lymphocytes counts in order to the flow cytometric analysis of the T cell subsets
monitor HIV infection. Associated with the usageof Hv infected individuals, it is of paramount
of specnjc monoclonal ant|bod|'es labeled with SeVimportance to establish quality control procedures
eral available fluorocromes, this methodology pefiy, order to guarantee the accuracy of the final re-
mits a specific and fast semi-automatic quantificasjts. Another important issue with regard to
tion of cellular subsets, and the processing andtometry assay with specimens from HIV-infected
reading of several samples in a short time. Oth@iqividuals is biohazard considerations. For the
alternative methqdologles have also been deveérotection of the cytometryst, specimens can be
oped over time, like (a) the FACS Count Systenyed with a 1% solution of formaldehyde or
(Becton Dickinson Immunocytometry Systems)naraformaldehyde, and the waste container system
(b) VCS Technology/Coulter Cyto-Spheresgnoyid be used with a final concentration of 1%
(Coulter Corporation), (c) Zymmune CD4/CD8gqdjum hypochlorite in order to inactivate the HIV.
Cell Monitoring Kit (Zynaxis, Inc) and (d) TRAX .
CD4 Test Kit (T Cell Diagnostics), which present®P# T CELL INTERPRETATION
a good performance when compared with standard Age dependent differences have been described
flow cytometry and require less technical experfor the CD4 T cell count analysis, and this varia-
tise (Johnson et al. 1995). However, different fronion has to be taken into consideration for prophy-
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lactic and antiretroviral therapies of HIV infected1400/mn? (Laurence 1993). Such variability re-
individuals. flects the variables used for the CDB lympho-

For adults and adolescents the normal valueyte determination which takes into account the
of CD4" T lymphocytes in the bloodstream varyleukocyte counts, the percentage of lymphocytes
from 800-1050/mrhy, with a range representing and the percentage of lymphocytes that bear the
two standard deviations of approximately 500 t€€D3* and CD4 receptors. Seasonal, month-to-
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Fig.1: three color cell surface marker analysis. The triple color analysis indicates the CD3, CD3/CD4 and CD3/CD8 lymphocyte
subsets from an human immunodeficiency virus (HIV)-positive individual. One hundred microlitres of whole blood was incubated
for 30 min at room temperature in the dark with 10 pl of monoclonal antibodies (Tritest CD4FITC/CD8PE/CD3PerCP, Becton
Dickinson CO, USA) and automatically lysed and fixed using a Multi-Q-Prep system, according to the manufacturer (Coulter
Corp., Healeah, Fl, USA). The T cell subset determinations were carried out using an EPICS XL-MCL Flow Cytometer (Coulter
Corp., Healeah, FI, USA).

.CD3+ = B6.8x . CD3CD4+=18. 8% . CD3CDB+=66. 2« I
] o] ®3
N 3 [SE
o - & o
o 3 ~ &y -~
o~ a ] o o ] 1-
5 ] g 2 : f :
w ] 4 w3 k4 ® 5
o~ a ] & a @
] Y Q4 ~ < ~
] -3 -
® . 3 X g
P * AL 2 oS
CD45-FITC CD3-PCH CD3-PCH
4: BG 5 & 6: B
.T4,TB = 8.3 } . CD3 Adjust
:
a « a ] - +
= ] : E ] :
L bt w3 & 3
a 7 @ a w0 <
o - 3] -
-]
0 ; ®
T
.1 1 i 1868 .1 1808
CDB-ECD CD8—-ECD CD3-PCS

Fig. 2: four color cell surface marker analysis. The four color analysis indicates the CD45, CD3, CD3/CD4 and CD3/CD8 lympho-
cyte subsets from an human immunodeficiency virus (HIV)-positive individual. One hundred microlitres of whole blood was
incubated for 30 min at room temperature in the dark with 10 pl of monoclonal antibodies (Cyto-Stat tetraCHROME, CD45FITC/
CD4RD1/CD8ECD/CD3PC5, Coulter Co, Miami, FL, USA) and automatically lysed and fixed using a Multi-Q-Prep system,
according to the manufacturer (Coulter Corp., Healeah, Fl, USA). The filters used for the four-color analysis werer525 BP, 5
BP, 620 BP, 675 BP and the T cell subset determinations were carried out using an EPICS XL-MCL Flow Cytometer (Coulter
Corp., Healeah, FL, USA).



396 T Lymphocyte Subsets in HIV Infection * | Neves Jr, MG Morgado

month and diurnal changes in the CDB lym-  as monitoring exams as CO% lymphocyte counts
phocyte counts have been described in healttrand viral load measurement for HIV infected indi-
adults (van Rood et al. 1991), whereas factors likeduals. Table | shows the clinical, immunological
gender, age in adults, risk category, psychologicaind virological criteria considered for the recom-
or physical stress and pregnhancy have minimal efaendation of initiating antiretroviral and prophy-
fects on the CD#T lymphocyte counts (reviewed lactic treatment of HIV infected adults and ado-
by Bartlett 1998). lescents in the country.

The revised CDC (Centers for Disease Control The CD4 T lymphocyte counts in young
and Prevention) classification system for HIV-in-healthy children (less than 5 years old) are higher
fected adolescents and adults (CDC 1993) is bas#thn adults, varying from around 3,000/t 6
on the clinical conditions and the CDZ lym- months old to 2,500/mfrand 1,500/mrf respec-
phocyte counts. This system is represented bytigely, at 12 and 24 months old (Erkeller-Yuksel et
matrix of nine categories (Al to C3) based on thal. 1992). Similar values to adults can be achieved
combination of three levels of CD4T lympho- in children who are 6 years old or more, and this
cyte counts (1. > 500/min2. 200-499/mrfy 3. normal decay in the CD4+ T lymphocyte popula-
<200/mn?) and three clinical categories (A, B andtion in younger children has to be taken into con-
C). Asymptomatic HIV infection, persistent gen-sideration for the analysis of the immune alterations
eralized lymphadenopathy and acute HIV infecin Aids pediatrics. Indeed, the CDC classification
tion are included in category A, whereas distinctor Aids pediatrics is based both in the clinical signs
associated diseases are included in the categorasd symptoms (N: without signs and symptoms;
B and C. A, B and C, respectively, light, moderate and se-

The Advisory Group on Antiretroviral Therapy vere signs and symptoms) and the immunological
of the Brazilian STD/Aids Program (Ministério daalterations, defined as absent (1), moderate (2) and
Salide 1998) has also established a system to cggvere (3), based on the CD@lymphocyte counts
egorize HIV infected individuals in order to rec-(CDC 1994). Table Il presents these levels of im-
ommend initiation of antiretroviral and prophylac-munological alterations considered for HIV-in-
tic therapy in the country, as well as the therapetiected children (0-12 years old). Similarly to what
tic regime to be applied depending on the clinicahas been described for adults and adolescents, this
immunological and virological conditions. Brazil system classification is represented by a matrix of
is one of the few countries in the world offeringtwelve categories (N1 to C3) based on clinical and
antiretroviral and prophylactic treatment, as wellmmunological parameters. The STD/Aids Pro-

TABLE |

Recommendations of the Brazilian STD/Aids Program for initiating therapy of human immunodeficiency virus
(HIV) infected adults and adolescents

Clinical situation CDh4 Count viral load Recommendation
(cells/mn¥) (copies/ ml) flow
cytometry
Asymptomatic Not available Not available No treatment
Asymptomatic > 500 1. <100.000 1. No treatment
2. 2100.000 2. Consider treatment
3. Viral load not available 3. No treatment
Asymptomatic = 350 < 500 1. <30.000 1. Consider treatment
2. 230.000
2. Treat
Asymptomatic =200 < 350 1. <30.000 1.Treat
2. 230.000 2. Treat
Asymptomatic < 200 Irrespective of viral load Initiate therapy and prophylaxis

for opportunistic infections

Whenever there are no CD4 cell counts or viral load evaluations available, use of antiretrovirals is recommended for
symptomatic patients only, except for special situations: pregnant HIV-infected women, newborn of HIV-positive
mother and occupational exposure to HIV. Adapted from the guidelines for clinical treatment of HIV infection in
adults and adolescents, 1999, National Coordination of STD and Aids, Brazilian Ministry of Health, in portuguese.
(http://www.Aids.gov.br) for updating.
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TABLE Il

Immunological categories of human immunodeficiency virus (HIV)-infected children based on age &rid CD4
lymphocyte counts/mfof peripheral blood

Age
Immunological CbHiymphocyte counts/mé(flow cytometry)
alterations <12 months 1to 5 years old 6 to 12 years old
Absent (1) > 1,500 (> 25%) >1,000 (> 25%) > 500 (> 25%)
Moderate (2) 750-1,499(15- 24%) 500-900 (15-24%) 200-499 (15-24%)
Severe (3) < 750 (< 15%) 500 (< 15%) < 200 (< 15%)

CDC (1994), reproduced from the guideline for clinical treatment of HIV infection in children, 1998, National
Coordination of STD and Aids, Brazilian Ministry of Health, in portuguese; http://www.aids.gov.br for updating.

gram from the Brazilian Ministry of Health use thissjon on CD8 lymphocytes (Bouscarat et al. 1998).
system to base the consensus recommendation {@wever , undetectable plasma HIV RNA is not
antiretroviral therapy in HIV infected children ggsociated with a return to normal COgmpho-

(guideline for clinical treatment of HIV infection cyte activation status even after six months of treat-

and Aids, Brazilian Ministry of Health, in Portu- jymphoid tissues.

guese). The presence of virus-specific CD8ytotoxic
CD8* LYMPHOCYTES AND HIV INFECTION T lymphocytes (CTLs) can be detected during early

The importance of the CDAT lymphocyte HIV infection and has been correlated with
counts has been rapidly incorporated to the C”ngor\:\:jr:rergula\tll\? r|1k01; \grﬁmvla fggg thISI E:CUt\f’ :"riﬁl
cal and laboratorial monitoring of HIV infected Syditioonet(() ?e eulatore )r:md r)(.)—in(z‘lg%gtbr
people, however the evaluation of other subsets S]dtokines CDQS T r% hoc ges releasp- y
T lymphocytes, characterized by a wide panel af) ' ymp Y

monoclonal antibodies already available, Whicﬁhemokynes, as RANTES, MiRxland MIP1g,

could delineate in a better extent the immunolog?’-\'hICh are the natural ligants of the CCRS co-

. o « onill v receptor for virus cell entry (Cocchi et al. 1995,
g{arlicstteagutz gslggclﬁfgrc;fodcc'ﬂg'VIdualS' s still re Deng et al. 1996, Dragic et al. 1996, Alkhatib et

. I. 1996), as well as the cell activating factor, CAF
Changes in the CDS8T lymphocytes subsets, a ' . '
associated with progressive inversion in the &D4 (Levy et al. 1996), described as a soluble factor
CDS8' ratio have been studied as markers of dis-

ease progression in HIV infected people (Ferbas
1998). Increase in the absolute number of €ED8 .

lymphocyte over time is a well known event and is § §

not correlated with reduction on viral load. More- 3 % P ™3 &
over, increased expression of CD38nd HLA- & 3 ' = & ws |8
DR* cell activating markers in CO8T lympho- £ : 2 8 2
cytes from HIV infected people progressing to Aids _3 Z c
has also been described (Kestens et al. 1992). Fig: R —
3 is representative of the evaluation of CD8 cpet

CD38" T cell activated lymphocytes, using a two-
color pan8| with CDB‘F'TC and CD38-PE la- HIV-POSITIVE CONTROL
beleq monoclonal ""_mt'bOd'eS (Neves Jret al; _url‘—'ig. 3: phenotyping changes of CD8 lymphocytes during hu-
published observations). The HIV-1 seropositivenan immunodeficiency virus (HIV)-1 infection. Three-color
individuals included in this study are being anaflow cytometric analysis shows high expression of the activa-
lyzed before and after the introduction of the highI)VO“_t’_“af_kﬂ_ Cc'133f|3 on CD3/§P8 T 'ymprocy:esl fg)m an "('j'Vd
; : ; : positive individual compared to a normal control. One hundre
active an't|retrOV|raI therapy (HAART)’ in order to microlitres of whole blood was incubated for 30 min at room
evaluate its effect on T cell activation and apoptosigmperature in the dark with 10 ml of the monoclonal antibod-
(data not shown), among other clinical, immunoies CD3FITC/CD8RD1 (Coulter Corp., Healeah, FL, USA) and
logical and virological parameters. Reduction ofD38Cy-Chrome (Pharmigen, CA, USA) and automatically
the CD& T cell subset during antiretroviral therapylysed and fixed using a Multi-Q-Prep system, according to the

h b . v d ted (Aut t ag\anufacturer (Coulter Corp., Healeah, FL, USA). The T cell
as been previously documente ( utran € ubset determinations were carried out using an EPICS XL-

1997), including a decrease on the CD38 exprestcL Flow Cytometer (Coulter Corp., Healeah, FL, USA).
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inhibitor for in vitro virus replication in HIV-in-
fected CD4 T cells. Therefore, CDST lympho-
cytes are important anti-viral components in thg
immunopatology of HIV infection.

ANALYSIS OF CELLULAR DEATH IN HIV INFECTION

AQ 38%

The suicide programmed cell death, calleg
apoptosis occurs under different physiological an
pathological conditions. In HIV infection apoptosis N b
has _bee_n widely desclnbed alc_’ng the progreSSI%_ 4: flow cytometric analysis of cell cycle and programed
to Aids in freshly obtained peripheral blood lym-cell death (apoptosisEell cycle was determined for propidum
phocytes or purified cells upon antigenic or mitoiodide (P1) stained PBMC, incubated with (a) culture medium
genic stimulation, affecting both COAnd CDB__ 14,0 pieremeghiiln, nared o o e e
T lymphocyte subsets (reviewed by Am.e!se'iycle distribution was carried out using an EPICS 751 Flow
1994). Indeed, apoptosis in HIV infected individu-cytometer (Coulter Corp., Healeah, FL, USA). Apoptotic cells
als in an early marker occurring independently ofere determined based on the appearance of a peak in the sub-
high viremia (Rothen et al. 1997). More recentlyG0G1 region (b). From Neves Jr et al. (1998).
significant decrease in apoptosis of lymphoid tis-
sue (Badley et al. 1998), and in the memory T cell
subset (Gougeon et al. 1999), has been observgg,q also be included for the monitoring of the
in HIV mfec'ted individuals submitted to HAART. iH1mune system in HIV infected individuals.

The analysis of cellular death can be determine

by several approaches. Flow cytometric analysf@NAL REMARKS

of the propidium iodide stained lymphocytes can The recent introduction of combined highly
easily be performed to determine cell death angctive antiretroviral therapy has substantially re-
cellular cell cycle (Fig. 4), where the degree of fluoduced the viral load in most HIV infected people.
rescence represents the amount of the DNA, whi¢hdeed, increase in the CD% lymphocyte levels,
varies along the cell cycle (Braylan et al. 1982associated with the reduction of plasma viral load,
Hamel et al. 1996, Neves Jr et al. 1998). Althoughave been thoroughly described in people submit-
the simultaneous PI and cell surface labeling hasd to HAART (Autran et al. 1997, 1999,
been described (Garvy et al. 1993), this methadefeuillade et al. 1997, Pantaleo 1997), present-
could be used with precaution, regarding the logihg new questions about the potential of the re-
of cell membrane integrity. The 7-amino-constitution of the immune system of HIV infected
actinomicin (7-aad), however, is an alternativéndividuals with distinct levels of immuno-
DNA dye which allows the discrimination of supression. In this field, flow cytometry is the
apoptosis and necrosis in cell populationgnethodology of choice, permitting the evaluation
(Rabinovitch et al. 1986). Moreover, it is possibleof several cell populations, as well as their prolif-
to combine a three-color system, including 7-aadrating capacity and cytokine secretion patterns
staining associated with specific PE and FITC lad_anday et al. 1990, Krouwels et al. 1997), among
beled cell surface monoclonal antibodies, permiither applications.

ting the discrimination among the targeted cells Moreover, several other applications of flow
(Schmid et al. 1992). In addition, the HO342 (Biscytometry can also be depicted in the HIV/Aids
benzimidazole), a vital dye for identification of live field. Evaluation of seroreactivity to HIV antigens
and apoptotic cells, is a third alternative dye, givadsorbed to beads (immunoreactive bead assay),
ing similar results of 7-aad in the apoptosis detels well as the qualitative and quantitative analysis
mination (Schmid et al. 1994). However, thesef HIV infected cells by means of the detection of
techniques should not be taken as definite evidenp@4 antigen in peripheral blood mononuclear cells,
for the presence of apoptotic cell population withusing specific monoclonal antibodies, are examples
out other supporting information. Apoptosis, posef these possibilities. A recent description of flow
sibly mediated through the CD95 antigen, has be&ytometry to evaluate the presence and specificity
proposed as a mechanism for cell loss, which eveof cytotoxic T cells based on their reactivity to
tually leads to immune dysfunction. Increasedhuman leukocyte antigen-peptide tetrameric com-
CD95" expressing CD%and CD8 T cell subsets plexes (Ogg et al. 1998) open a new and powerful
have been observed in HIV-infected individualdield for the monitoring of HIV infected patients,
(Aries et al. 1995, McCloskey et al. 1995, 1998as well as for the evaluation of the cell mediated
Baumler et al. 1996). Taken together, these daimmunity induced by the HIV/Aids vaccines un-
suggest that flow cytometric analysis of apoptosider analysis.
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