ISSN : 0974 - 7532 Volume 8 | ssue 2

Beseanch & Reviews in
BioSciences

- REgular Peper

RRBS, 8(2), 2014 [54-65]

Chronic alcohol use reduces CD4*counts in HIV/AIDS patients on
d4T/3TC/NVP treatment regimen using WHO AUDIT tool and
alcohol-use biomarkers

Godfrey S.Bbosa'*, David B.Kyegombe?, William W.Anokbonggo*,
Apollo Mugisha®, Jasper Ogwal-Okeng*
1Department of Phar macology and Ther apeutics, M aker ere Univer sity College of Health Sciences, (UGANDA)
2Depar tment of Phar macology and Toxicology, Kampala I nter national Univer sity School of Health Sciences,
Busyenyi, (UGANDA)
M ulago Hospital Complex Clinical Chemistry L aboratory, (UGANDA)
E-mail : smgaddad@gmail.com

ABSTRACT KEYWORDS
Alcohal isone of the most abused drugs worldwide by people of different Chronic alcohol
socio-economic status, age groups and including the HIV/AIDS patient consumption;
on treatment. It is reward drug and a CNS depressant especially at high CD4*counts;
doses. The study investigated effect of chronic alcohol exposure by HIV/ HIV/AIDS patients;
AIDS patientson d4T/3TC/NV P regimen on CD4*countsin Ugandausing d4T/3TC/INVP,

WHO AUDIT tool and chronic alcohol-use biomarkers. A longitudinal
cohort using repeated measures design with serial measurements model
was used. TheWHO AUDIT tool was used to screen patients on stavudine
(d4T) 30mg, lamivudine (3TC) 150mg and nevirapine (NVP) 200mg for
chronic alcohol use. A total of 41 patients (20 alcohol group and 21 control
group) were screened for chronic alcohol use. They were followed up for
9 months with blood sampling done at 3 month intervals. CD4* count was
determined using Facscalibur Flow Cytometer equipment. Results were
then sorted by alcohol-use biomarkers (GGT, MCV and AST/ALT ratio).
Data was analysed using SAS 2003 version 9.1 statistical package with
repeated measuresfixed model and the meanswere compared using student
t-test. The mean CD4+ count inall groupswere lower than reference ranges
at baseline and gradually increased at 3, 6 and 9 month of follow up. The
mean CD4" count in control group were higher in the control group as
compared to the chronic alcohol use group in both WHO AUDIT tool
group and chronic alcohol-use biomarkers group though there was no
significant difference (p>0.05). Chronic alcohol use slightly lowers CD4*
cell countin HIV/AIDS patientson d4T/3TC/NV P treatment regimen.
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INTRODUCTION

Chronicadcohol useisacommon problemglobaly
includingamongthe HIV/AIDSpatientsonARYV treat-
ment regimens. Itisreward drug and aCNS depres-
sant especiadly at high doses. Ethanol found in acohol
isconsumed in many a coholic beveragessuch asbeers,
spirits, liquors, winesand traditiona home-made brew
and isby far the most abused drug for centuriesworld
over™3, TheWorld Health Organization (WHO) esti-
matesthat there areabout 2 billion peopleworldwide
consumeal coholic beverages. Alcohol consumptionis
theleadingrisk factor for diseaseburdenlike HIV/AIDS
especidly indeveoping countrieslike Ugandaand the
thirdlargest risk factor in deve oped countriesaccounting
for 4% of the burden of the diseases“®l. In Uganda,
acohol consumptionisaseriousproblemandisranked
atop most country in a cohol consumption amongthe
189 WHO member countries and in the African re-
gion. Theuseof alcohol in Ugandaisawidely ac-
cepted socid activity inboth the cultura and ceremo-
nia activities*>81, Inthebody, especidly intheliver
and thegastrointestinal tract (GIT), ethanol isbroken
down by anumber of metabolizing sysemsby boththe
oxidative and non-oxidative pathwaysto generate a
number of potentially harmful byproductsthat causes
del eterious effectsto the body tissuesand organg*2,
Thebyproductsof ethanol metabolism such asacetal-
dehyde, acetate, reactive oxygen species (ROS) such
ashydroxyl radicals, superoxide anion and hydroxyl
radicalsandfatty acid ethyl esters (FAEES) can disor-
ganizethephysiologica body functionsof varioustis-
sues, organs and especially theliver, haemopoietic,
haemostatic systemsaswell astheimmunesystemre-
sulting inincreased or reduced level sof the biological
markers depending on the metabolic pathway in-
volved.!**, The byproducts of the al cohol metabo-
lism can affect the bone marrow and thelymphoid sys-
tem thusaffecting theimmuneblood cdllsfunction3
21, The production of these byproducts|ead to the gen-
eration of freeradica sintissuesand lipid peroxidation
thus depl eting the body antioxidants such asthe glu-
tathionewhichisimportant in the mediation of theim-
mune body responses and thus| eading to severe patho-
logicd body changes®-27,

Acetd dehyde asone of the metabolitesof ethanol
metabolism has been reported to activate the hypotha:
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lamic-pituitary-adrend (HPA) axissmilar tothat seenin
acute stressresulting in production of cortisol inthecas-
cadd 15331, A cute stressand acetal dehyde causesthe
release of corticotrophin-releasingfactor (CRF) andargi-
ninevasopressin (AV P) by theparvocd lular cellsof the
paraventricular nucleus (PVN). The CRF and AV Pact
synergidicaly ontheanterior pituitary glandtorelessethe
adrenocorti cotrophic hormone (ACTH) which thenin-
creasesthe synthesisand rel ease of the glucocorticoids
fromtheadrend gland™. Glucocorticoids suppressthe
cdl-mediated immunity by inhibiting genesthat codefor
the cytokines IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-8
and IFN-y, themost important of whichisIL-2. These
reducethe T cdll and B cell proliferation*Y, Glucocorti-
coidsda so act aspotent anti-inflammatory agentsthrough
the mechanism of lipocortin-1 (annexin-1) synthesis.
Lipocortin-1 both suppressesphospholipaseA 2, thereby
blocking e cosanoid production and inhibitsvariousleu-
kocyteinflammatory eventssuch asepithdid adhesion,
emigration, chemotaxis, phagocytos's, respiratory burst and
many others. Glucocorticoidsasoinhibitsthetwomain
productsof inflammeation, prostaglandinsand leukotrienes
aswd| ascyclooxygenase (COX-1and COX-2) expres-
sonwhichareimportantinmediaingtheinflanmatory re-
actionsinthebody™. Acuteand chronic a cohol expo-
suresuppressesal branchesof theimmuneresponsessuch
asthecdlsof theimmunesystem aswdll astheproteins
cytokinesthat are used by the cellsto communicate be-
tween cdlsintheimmunesystem®, thusstimulating or
suppressing cell proliferation (replication), production of
other cytokines, cytotoxicity and cdll migration (chemot-
axis)*, Alcohol consumptionisreported to suppressthe
proliferation of whiteblood cdllsandinduceanincreasein
antibody productionaswed| astheCD4" cdlswhicharea
typeof |ymph0wté15,29-32,36—38].

Thecluster of differentiation or cluster of designa
tion (CD) isaprotocol used for theidentification and
investigation of cell surface molecules present onthe
whiteblood cells. They act by atering the behavior of
the cell through cell signaling and cell adhesion. The
CD4* cellsareimportant in HIV infection and area
glycoprotein expressed onthesurfaceof T helper cdlls,
regulatory T cells, monocytes, macrophages, and den-
dritic cells. They areimportant component of theim-
mune system and are a so the cellular receptor for HIV
virus. They coordinatetheimmunesystem’s response to
certain micro-organismsincluding virusesespecially
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HIV“4 TheCD4 T lymphocytes occupy the central
positioninregulatingimmunefunctiond®4l, The HIV
attack onthecdlular immunesystemleadstoitscontin-
ued damageeventualy making HIV-infectedindividuas
suscepti bleto various opportunisticinfectionsand can-
cers. Theriseinthevira load and afal inthe CD4 cell
count show thet thevirusisreplicating at ahigher ratg 04,
Theprogressivelossof CD4 T lymphocyteseventualy
resultsinthelossof anability to mount desirableimmune
responseto any pathogen and hencethevulnerability to
opportunigticinfectionsthat are characteristic of HIV/
AIDS. The CD4+ T-lymphocyte counts are the most
widdy used surrogatemarkersfor determining HIV/AIDS
disease progression since they are the targets of HIV
and patient staging aswell asfor the thergpeutic moni-
toring of these patientd“2*, The study therefore deter-
mined the effect of chronic acohol use onthe CD4+
countintheHIV/AIDS patientson d4T/3TC/NVPdrug
regimen using the chronic alcohol-use self reporting
WHO AUDIT tool and the chronic alcohol-use
biomarkersduring the9 month follow up period.

MATERIALSAND METHODS

Sudy design

Thestudy wasalongitudina cohort study that used
repeated measures design model. The seria measure-
mentsmodel wasdoneontheHIV/AIDSond4T/3TC/
NV Pdrugregimenat 3 monthintervals(0, 3, 6and 9
months) for aperiod of 9 month for both the control
group and the chronic alcohol exposed group.

Sudy siteand population

The study was conducted at St. Raphael of St
Francishospital, NsambyaART clinic. A total of 41
HIV/AIDS patientswho areon Triomune-30 (stavudine
(d4T) 30mg, lamivudine (3TC) 150mgand nevirapine
(NVP) 200mg drug combination) treatment regimen
were screened for chronic a cohol useusingthe WHO
AUDIT tool and chronic acohol usebiomarkers. They
wererecruited and grouped into two armswith thefirst
arm or the control group consisting of 21 HIV/AIDS
patientswho were sl f-reported for not being exposed
to any type of acohol or to chronic acohol for the past
oneyear. Thesecond arm had 20 HIV/AIDS patients
who were self-reported to be exposed to chronic alco-
hol using the chronic a cohol-use sdlf reporting WHO

AUDIT tool group and the chronic alcohol-use
biomarkers (GGT, MCV, andAST/ALT ratio >2).

Eligibility criteriaand enrolment of study partici-
pants

A total of 41 HIV/AIDS patients were screened
for chronic acohol use using the chronic alcohol-use
sdf reportingWHOAUDIT tool inwhich 20 patients
werereported as chronic a cohol usersgroup and 21
patientsrecruited inthe control group. These patients
were further sorted using the chronic alcohol-use
biomarkersinwhich 26 wererecruited inthe chronic
acohol usegroup and 15 patientsin thecontrol group.
These HIV/AIDS patients in both the control and
chronic acohol exposed group werefollowed-upfor 9
months starting from March 2008 to November 2008.
All the HIV/AIDS patients on d4T/3TC/NV P drug
combination regimen, who wererecruited inthe study,
had to have a95% adherence and thiswas obtained by
both patient self-reporting and pill count. Thiswasto
ensurethat the patientsweretaking their drugs as per
the prescription. Each HIV/AIDS patient was explained
well about what isinvolved in the study and any ques-
tionsraised were answered. All those HIV/AIDS pa-
tients who accepted to participate in the study were
requested to sign aconsent form.

Inclusion criteria

All theHIV/AIDS patientswho wereincluded in
thisstudy were HIV positive, ond4T/3TC/NV P drug
combination regimen and werereported to have an ad-
herencerate of above 90%. Also thoseincluded were
intheagerangeof 18 yearsto 50 yearsold. Inthetest
group, they must be exposed to chronic al cohol useat
that timeand in the control group, they must have not
been exposed to any typeof dcohol at al or for thelast
6to 12 months. They all signed the consent form.

Whole blood sample collection, processing and
CDA4+ count determination

Thewholeblood samplesfrom therecruited HIV/
AIDS patientson d4T/3TC/NV P regimen were col-
lected from cubital vein every 3 monthsfor aperiod of
9 months. About 2 ml of wholeblood were collected
from each patient’s visit into EDTA-containing
vacutainer for CD4+ count determination. The study
was carried out at the Joint Clinical Research Clinic
(JCRC) using the Facscalibur Flow Cytometer equip-



RRBS, 8(2) 2014

Godfrey S.Bbosa et al. 57

ment with the standard procedures and the laboratory
standard operating procedures (SOPs). The CD4*
counts of theHIV/AIDS patientson d4T/3TC/NVP
for both theexposed and non-exposed to a cohol . About
50uL of wholeblood fromtheHIV/AIDS patientswere
stained with 10uL anti-CD4 PE-labelled mAb (clone
EDU?2), incubated for 15 minutes at room temperature
inthedark, fixed by 800uL fixation buffer and andyzed
by a CyFlow SL flow cytometer (Partec, Germany)
equipped withaNd:YAG (532 nm, 50 mW) green la-
ser. Dataacquisition, analysis, and real -time display
were performed by Windows-based FloM ax software.
Dud platform CD4 countswere performed by Sysmex
XE2100 hemocytometer and Facscalibur (Becton D.)
cytofluorimeter. Each CD4+ was counted in the volu-
metric 1-PF mode using the CyFlow Counter (Partec,
Miinster, Germany) equipped with photomultipliers for
forward (FSC) and sideward scatter (SSC) and for 2
or 3fluorescence parameters. The device containsa
blue solid-statelaser that is operated at 488 nmfor the
excitation of blood preparation. Theresultswereana
lyzed by using the CyFlow Counter and the FACS-
Calibur asareference system. The print-out for each
parameter of each samplewasmade. Theresultswere
entered into the excel spreadsheet from where they
wereexported to SAS statistical packageand anayzed.
Theresultswere compared with the standard |abora-
tory reference val uesfor each parameter analyzed.

Data analysis

All the datawas entered in themicrosoft excel and
wasthen sorted using the chronic a cohol-use self-re-
porting WHO AUDIT tool method for the use of
chronic alcohol aswell asbasing onthe chronic aco-
hol-use biomarkers method to produce 2 sets of data
whichwerethen compared satisticdly. It wasthenim-
ported into the SAS 2003 version 9.1 statistical pack-
agefor statistica dataanaysis. Thedatawas analyzed
at 95% confidence interval. The repeated measures
fixed model wasused inthe statistical dataanalysis.
The t-test was used to compare the means for HIV/
AIDS patients who were in the chronic acohol use
(chronic alcohol use group) and the control group at
different timeintervals. The outcome measureswere
the mean difference of the measured parameters be-
tween thechronic alcohol useand non-a cohol usebas-
ing on the chronic alcohol-use sel f-reporting WHO
AUDIT tool method and the chronic alcohol-use
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biomarkers. The pvaueof |essthan 0.05 wasregarded
asddidicdly sgnificant.

Quality assurance

All the study subjectswereinformed of the study
anditspurposeand requirement. Thentheblood samples
were collected into aclean vacutainersby thequdified
hedlth care personne. They wereimmediately processed
asper the standard |aboratory proceduresof processing
of body fluid samples. All the personnel that werein-
volved inthelaboratory work werefirst trained about
themethodsthat wereused and they werequdified tech-
nical people. The entered datain the Microsoft excel
spread sheet were proof read by theprincipal investiga-
tor to ensure accuracy of thedataentered.

Ethical consideration

The research work was approved by the Faculty
of MedicineHigher degrees, Research and Ethicscom-
mitteeof MakerereUniversty Indtitution Review Board
(IRB) (IRB#-2007-060), IRB of St. Raphadl of St
Francishospital, Nsambya (no. IRB 03: 01/03/2008)
wherethe study participantswererecruited from and
theUgandaNationa Council for Scienceand Technol-
ogy (UNCST)(no. HS 387), agovernment body that
overseeall theresearch activitiesdonein the country.
Inthisstudy, awritten informed consent was obtai ned
from each human subject and that all the procedures
used werein accordance with the ethica standards of
the responsi ble committee on human experimentation
(indgtitutiond or regiond) and withtheHelsinki Declara:
tion of 1975, asrevisedin 1983. They weregiven study
code numberswhich were used all through the study
period in order to protect their privacy and confidenti-
aity. Their namesor any identifier werenot used any-
whereinthe study.

RESULTS

The study determined the effect of chronic acohol
consumption onthe CD4* count inthe HIV/AIDS pa
tientson d4T/3TC/NV Pdrug regimen usingthechronic
a cohol-use sdlf reporting WHO AUDIT tool and the
chronic alcohol-use biomarkers. Theresults show that
the mean CD4* count in the chronic a cohol usegroup
inthe 3 and 9 month and in the control groupinthe 6
and 9 month for the chronic a cohol-use self reporting
WHOAUDIT tool group werewithinthe normal ref-
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erencerangesof 410— 1590 cell/ uL (TABLE 1). For
the chronic a cohol-use biomarkers group, the mean
CD4* count inthe 3, 6 and 9 month inthe control group
and in 3and 9 monthin the chronic acohol usegroup
weredsointhenormal referenceranges. In the control
group for the chronic a cohol-use self reporting WHO
AUDIT tool group and the chronic acohol-use
biomarkersgroup, therewasagradua increaseinthe
mean CD4* count whileinthechronicacohol usegroup,
therewas anincreasein the mean CD4* count upto 3
month and then gradually reduced in the 6 month for
both groups (TABLE 1). Themean CD4* count were
generally higher in the control group as compared to
the chronic a cohol usegroup in both the chronic aco-
hol-use self reporting WHO AUDIT tool group and
the chronic a cohol-use biomarkers group but the dif-
ferencewasnot statistically significant (p>0.05) inboth
groups) (TABLE 1, Figurela, b, candd, Figure2 and
Figure 3). The overall mean CD4* count in both the
control group and the chronic al cohol use group for
both the chronic a cohol-use sl f reporting WHO AU-

tientson d4T/3TC/NV Pdrug regimenusingthechronic
alcohol-use sdlf reporting WHOAUDIT tool and the
chronic a cohol-use biomarkers. Therewas a steady
improvement inthemean CD4+ count fromtheO month
to the9 month of theperiod of follow upinthecontrol
group and in the chronic a cohol consumption groupin
both the chronic a cohol-use sdlf reporting WHO AU-
DIT tool and the chronic a cohol-usebiomarkers. The
low CD4+ count in the chronic acohol usegroup may
have been due to the byproducts of ethanol metabo-
lism such as acetal dehyde, acetate, reactive oxygen
species (ROS) such ashydroxyl radicals, superoxide
anion and hydroxyl radicalsand fatty acid ethyl esters
(FAEESs) aswell astheincreased production of stress
factorslikethe glucocorticoidsthat may disorganizethe
physiological body functionsof varioustissues, organs
and especidly theliver, haemopoietic, haemodtatic sys-
temsaswell astheimmune system™1*17, Alsothere-
duced CD4+ count in the chronic acohol usemay aso
beduetothehighaffinity of theHIV virusto the CCR5
and CXCR4 receptors found on the CD4+ cells to

TABLE 1: Variation of mean CD4* countsintheHIV/AIDSpatientson d4T/3TC/NVPdrug regimen in the control and
chronicalcohol usegroup with timefor chronic alcohol-use self-reportingWHO AUDI T tool group and chronic alcohol-use
biomarkersgroup during the 9 monthsfollow-up period

Chronic alcohol-use self-reporting WHO AUDIT Tool group

Time of follow-up (months)

Mean CD4" count (cells/pL) Ref
0 3 6 9
CD4" (callgpL) Control 334.6+373.8 390.9+279.0 481.5+437.8 501.9+360.1 410-1590
Alcohal 336.7+198.5 419.2+220.7 378.1+196.7 428.3+208.7
p value 0.94 0.72 0.30 0.47
Chronic alcohol-use biomarkers group
CD4" (cells/uL) Control 333.1+261.1 411.2+310.8 584.2+496.8 534.5+420.5 410-1590
Alcohal 337.7+222.5 400.5+208.2 350.6+184.8 430.5+204.5
p value 0.84 0.99 0.10 0.23

DIT tool group and the chronic a cohol-usebiomarkers
group werewithinthe normal reference rangesbut the
mean CD4* count inthe control group werehigher than
inthechronic acohol usegroup. Though, however, the
differencewasnot statistically significant (p>0.05) in
both groups(TABLE 2).

TABLE 2: Effect of chronic alcohol consumption on mean
CD4* countsin theHIV/AIDSpatientson d4T/3TC/NVP drug
regimen for chronicalcohol-usesdf-reportingWHO AUDIT
tool group and chronic alcohol-use biomarker sgroup during
the9 monthsfollow-up period

Chronic alcohol-use self-reporting WHO AUDIT Tool

group
Mean CD4" Control Chronic alcohol p
(cellsuL) group consumption value
DISCUSSION (CC[e)If S/tslf 54974753 43076708 0258
The study determined theeffect of chronic acohol __Chronic alcohol-use biomarkers group
consumptionontheCD4+ countintheHIV/AIDSpa: SP45SE 4408047 4162536 0793

(cells/ul)
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Figure 1A : Distribution of CD4+ count intheHIV/AIDSpatientsin thecontrol group at baselinefor the chronic alcohol-use
self reportingWHO AUDIT tool
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which thevirusattach, enter thecell and replicatein  whichisimportant insupporting vird replicationand it
them hencedestroying the cellsleadingto areduction  isreported that itsdeficiency in HIV-1 makeit unable
intheir numbers. TheHIV viruscontainsthevif factor  toreplicatein CD4+. TheHIV virusa so contains nef
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factor which hasanumber of functionsincluding the
induction of the down regulation of CD4+ and HLA
class| moleculesfrom the surface of HIV-1-infected
cedllsthat providethe escape mechanismfor thevirusto
evade an attack mediated by cytotoxic CD8+ T-cells
and to avoid recognition by CD4+ T-cdlls. It may aso
interferewith T-cd | activation by bindingtovariouspro-
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teinsthat areinvolvedinintracdlular sgnd transduction
pathwaysaswell asbeingimportant for the high rate of
virus production and the progression of diseasd 044,
Also chronic acohol consumption canits metabolites
likethe acetal dehyde, acetate, reactive oxygen species
(ROS) suchashydroxyl radicals, superoxideanion and
hydroxyl radicalsand fatty acid ethyl esters (FAEES)

9.0
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formed inthebody caninterferewith the hemopoietic
processin the bone marrow and the lymphoid tissues
leading to reduced production of both the T- and B-
lymphocytes such asthe CD4+ cell 9223244, Alcohol

consumption may aso affect theleve of adherenceby
theHIV/AIDSpaientsonthedd T/2TC/NVPdrugregi-
men which later leadsto sub-therapeutic drug levels
enabling the HIV virusto attack and replicatein the
CD4+ cdlsand destroy them leading to reduced CD4+
cell count”*46l, Also alcohol hasadiureticeffect inthe
body and therefore can increase the excretion of the
drugs especialy thestavudine (d4T) and lamivudine
(3TC) whicharemainly excreted by thekidneysinurine
asafreedrug and thisreducesthe plasmahalf-life of
these drugs henceleading to sub-therapeutic drug lev-
elsand henceincreased HIV vird replication and hence
increased CD4+ cell destruction*’#8, Alcohol canaso
affect the metabolizing cytochrome P450 enzyme sys-
temmainly the CY P2E1 whichisinducibleby chronic
alcohol consumption aswell asto alesser extent the
CY P3A4. Theseenzymesmay also beinvolvedinthe
metabolism of other drugsliketheARV sdrugs espe-
cidly thenevirgpine(NV P) which undergo metabolism
and thereforethis al so leads to sub-therapeutic drug
levelsavailableto suppressthe HIV viral replication
and henceleading toincreased HIV vira replication
and destruction of the CD4+ cellsand thusareduction
inthe count*64%54, Theimproved CD4+ count during
thetimeof follow up could have been duetotheim-
proveadherence of the patientsto their treatment and
thusattai ning the therapeutic window of thedrugsthat
can suppressand reduce thereplication of the HIV vi-
rug“4443_Chronic acohol use by theHIV/AIDS pa-
tientsreducesthe CD4+ cdll count thoughthecellsmay
increase with good adherenceto thetreatment regimen
and thereforethese CD4+ countsareimportant marker
of the therapeutic outcome and they are used in the
monitoring of the HIV/AIDS progression of thedis-
ease.

CONCLUSION

Most of theHIV/AIDS patientsonthe d4T/3TC/
NV P drug regimen had aCD4+ count below 200 cells/
pL in the 3 month period of follow up but after the 9
month period of follow up most of them had their
CD4+count improved and some had reached the nor-

mal CD4+ count referencerange of 410-1590 cells/ulL
inboth thecontrol group and in thechronic acohol use
group. The continued closer monitoring of the HIV/
AIDS patientson thed4T/3TC/NVPdrugregimenis
very vitd intheimprovement of the CD4+ countinthese
patients. Chronic alcohol useand itsmetabolitesaffect
the bone marrow and thelymphoid system aswell as
the HPA axis. Thisthen suppressthenormal function-
ing of theimmune system aswell asthe CD4+ count as
observed. Chronic alcohol useby theHIV/AIDS pa
tientsreducesthe CD4+ cell count thoughthecellsmay
increase with good adherenceto thetreatment regimen
and thereforethese CD4+ countsareimportant marker
of the therapeutic outcome and they are used in the
monitoring of the HIV/AIDS progression of thedis-
ease.
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