LIV AUUFNY IO

Tasens : mswlaswndasnisasielalaladnvinlviie
Y o va ‘g A A A o
wazaunIsantauluddaiiatarlainiiaizaniay

::{' dy %7 a YV (- %7 (- %] Yo
L%B\‘lﬁ)’]ﬂﬂ’liﬂ%ﬂafﬂ“ﬂadizﬂﬂﬂ&l@!&lﬂ%ﬂ’lﬁlﬂadlﬂiﬂ g1
v [
awlaga

lag we. a3, 8105 WIlsziasy

a’?q‘mﬂ% 2551



T LaTIMRGA4980007

1INV RLUANY T

Tas9n1s - maasnudasnisastelalaladnniilmin
¥ Q/ U g ddld Q/
wazawnIsantauluddaiiataslainiiaizaniay

;:{' ;:{” (-9 a Y (-9 - [ Y-
L%E)\‘iﬁ]’]ﬂﬂ’]‘iﬂ%ﬂaﬁ?lad‘szﬂug&lQNﬂ%ﬂ’] El‘l/ia\‘]lﬂifu g1
v [
awlaga

WA. AF. 8103 WIUI2LEdg
AMAIBUNARANITUNNEG ABZINARANITUNNE

NHINYIRYLT 9 RN

aﬁumgufm HFEIRNIBNDINWARLARWNITIVY

(@nunlunsnuibiduveside an.lddndudasiudroianalyl)



UNAALD

swalasan1y . MRG4980007

ea o

Falasenis | miLﬂﬁamm.lmmiaé”nvlsﬂm"lﬂuwmiﬁﬁ@LLazﬁmﬂﬁé'mausl,uﬁam%a
La"}j"l,a":iﬁﬁmazé'ﬂl,auLﬁaomﬂm‘sﬁluﬂé’mao‘s:uugﬁ@j&lﬁumwé’a"léf%’u BN T E

Zownioe | Wel. a3, @1ns Wilszasy

E-mail Address : sakornmi001@yahoo.com

‘Jzilzna']‘[ﬂi\‘lﬂﬁi 21 (NINJHIAN 2549 - NINJH1AN 2551)

m’J:éTﬂLmJLﬁaaﬁnﬂﬂ’ﬁ‘?\luﬂé’waaizuugﬁﬁwﬁ‘umwé”ovl,ﬁ%‘umﬁ’mvl,ﬁa‘*ﬁﬁ@
highly active antiretroviral therapy (HAART) Iuﬂ'am%aLamvlafjﬁEl’i’lLﬂuﬂm_,W]ﬁé’lﬁfyﬁﬁ'm
o v Y et a { a Y = d AI J a { Yo
Afbansuazaadtdnsens I@Umm@;mmmnmsﬁi:uuguqmuﬁmeumwma'mﬁvl,mu
pduhiaifad jismaeuanesdadiiraniauandianasgearslamandagluiiime
U = Ej Jdv 6 d' a a a % U a d‘l’/ a
;dﬂ’m miﬂﬂmmmmmqﬂi:mﬂLwaﬂszmuﬂizammwmaamﬁﬂmgmm@mma"ﬁ"lm
auniwualilunibifagiiansguainudiseduwhimeadluglng @ wa. 2547) ¢ia
mia@a‘”mwmnﬁmmazé’mauLﬁaomﬂmﬁ\luné'wadizuugﬁﬁuﬁu "L@Whmiﬁﬂwﬂu;ja@
d%/ :ln; 2 % dl % ll a 6 % = 1 a
a7 eI N ITUNITI BN LTINEIUIRF WA 0ILasATRIA 29 aLTadlni laad

C2

W30 1ATINNINIER 67 318 Twdwiuit 18 1y InsGaraaialania waz 2 Muins

2

2
a A

AaLralsaauanauduaz/m3ad1halIa39 nawnaz laIuL1ew TaTha HAART Arhedn
famaanalanians 18 swﬂﬁ%‘umﬁﬂmﬁaU@Taslm@T’mﬁ;a%wLﬁa%‘ﬂmiiﬂam‘%amsl
Iamamuﬁszﬂﬂu%ﬁfaﬁagﬁa NN AN VYT AR INI TN AR UNLAZNNTADUR DY
magﬁﬁuﬁ'umwé’omnﬁ"lﬁ%’u HAART L& 1, 3, 6, 9, ez 12 1aaw wuinluwfaun
6 VaIN1IMIINEG28 HAARTAN CD4 cell count maanq’ug}”ﬂaUﬁ'@ﬁammﬂajam%amm
a A £ ' ) = Y a ' A v Aa
Tam &N NLTBaLNITALAY LAZARDATZLLLIAT 1 ﬂmaamsmm@muwmﬂuwdﬂasmu
Ureradadaanslanialusisnanisusy HAART ﬁ'@um"lﬂ;jm’szm’s:é’mauLﬁaaﬁ]’mmi
P [ P Aa o A AN ~ en A & ~
Wunauvesszuunlduns mm:wugﬂawmﬂwvl,mﬂwﬂi:mmmamﬁiamaumi
ﬁwmvl,ﬂgjm’szmazé‘mauLﬁaaﬁnﬂﬂ’]sﬁluﬂé‘waaszuugﬁﬁuﬁ‘wﬁﬁ@ﬁLﬁyuﬁaaﬁ‘m%ai‘m
> = 1 =Y J { uas 1
Ty TagnIwawadnaiatwluidaunaasuadin1siasy HAART @1 CD4 cell count 184
;jﬂaamyﬁLﬁuanﬁaﬂ%'aﬁauﬁﬁ]:vlﬁ%'u HAART @a 44 oaa/lulasaas 1w 155 o8/

lulasfiay lwdeun 6 wenanfidsananvanuldsugavaszavlolalaide  IFN-y,



TNF-o waz IL-10 lusiifeavasgihoneilutimaifanuinuainiinmes HARRT
% 6‘: [ CZ0 a dq‘ = A:l' o o A ) g v £

asuunmsinmdtsdasaesleinanimnualilunisfedlontsguainmdinendu
himeadludlng @ wa.  2547) enalnagroandannmisvauldgnisliniizaniay
A P [ Ao @ o Aa wna A ' a @ o

asnnnsiunsuvasszuuniduiulugihen vz iafazeaislamaranauinmdis
HAART ¢ adhslsnanulugihon@aizearslamaudin liuaasenmsneaifindaian uas
ldmunnanaiftsenisas Juanmsld sududaslaiunmguaienlalaadrilndaiie

v

‘i’]aoﬁ'umsﬁwmvlﬂgjmsﬁma:éhLauLﬁaaﬁnﬂmﬁluﬂé‘waaszuugﬁqu 9

v

awman : lalalal n3inwdae highly active antiretroviral nMsAunaUYaITzUL TGN

MIGaALTaN? UIaﬂ’]ﬁ



Abstract

Project Code : MRG4980007

Project Title : Modulation of pro- and anti-inflammatory cytokine production in HIV

infected patients with immune restoration disease after HAART

Investigator : Assist. Prof. Dr. Sakorn Pornprasert

E-mail Address : sakornmi001@yahoo.com

Project Period : 2 years (July 2006 — July 2008)

The immune restoration disease (IRD) is seriously concerned in HIV-infected
patients receiving highly active antiretroviral therapy (HAART). The majority of antigens
causing IRD are associated with infectious microorganisms. We analyzed the effects of
Thai guidelines for clinical management and treatment of HIV-infected adults (2004) on
IRD development. Prospective study was conducted at two hospitals in the Northern
Thailand. Sixty-seven HIV-infected patients were enrolled. Eighteen patients had active
opportunistic infections and two patients had chronic hepatitis B and/or C. All 18 patients
with active opportunistic infections were treated with antimicrobial agents before HAART
initiation under recommendations of Thai guidelines (2004). The follow-up were made at
months 1, 3, 6, 9, and 12 of HAART. At month 6 of HAART, a dramatically increased in
CD4 cell count was observed in both groups of patients with and without active
opportunistic infections. During a year of follow-up, there were no patients with active
opportunistic infections developed IRD. Where as, one of patients who had no previous
history of opportunistic infections developed IRD with tuberculosis of intestines,
peritoneum and mesenteric glands within 2 months of HAART. Her CD4 count was
increased from 44 to155 cells/uL during 6 months of follow-up. The imbalance between
IFN-y, TNF-o. and IL-10 cytokines was observed during the first three months of HAART.
Therefore, Thai guidelines (2004) effective in decreasing incidence of IRD in HIV-infected
patients with active opportunistic infections, however patients who had latently infected
with certain pathogens and escape the routine screening of opportunistic infections should

be aware.



Key words : Cytokines, HIV; Highly active antiretroviral therapy; Immune restoration

disease; Opportunistic infections; Thai guidelines
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(HAART) muﬁﬁmu@"[ﬂu%ﬁfaﬁag}'ﬁamsgua%’nmﬁfsslméT'm"L’s%'ma@ﬂmﬂmy
@ wet. 2547)

2. LﬁaﬁﬂmﬁomﬂﬂgU%LLURG?:@UMS&%’N pro-inflammatory cytokine (IFN-y LRz
TNF-0) U82 anti-inflammatory ~cytokine (IL-10) lugf@aigatarled  vaszuzraw
529919 uaswasnisiia IRD  manaslasuondwliasiio HAART Sananis

LRy AIAINET? mfuﬁﬂiﬂwmﬂumﬂﬁﬂuﬁmﬁ%?@iﬁE}“ﬂam’%uﬁmiﬁ'@um Sk

U

n172 IRD anaaanltaaaulsztiunan1Isnenda bl

ad
IDNA[DYI

% P a d%‘ =
mmaumgﬂwmmmmmﬂm

o A o . & wa & Ad o o [ o Y o A

pmadnInhnlasmuiugaazaierleindriumsinmdisaduliasiia
HAART Alsawenunasutiaad wazlsanenunanasfeg 39niadoslnd asuadifaunwans
Wel. 2549 119 SUMAN WA, 2550 IuIunidn 67 1o lasnaninasilun1sTugaaireitn
ulavnadas (1) Wugnfianguinndt 15 ¥ 2) laweldsueduwhimnesleinnes

v ra a d‘y dl nl g £ v [ U t:llt:l a dv

(3) daslifinmzfarearslamavmzNisuinmedineduwliia @) gieniniziase
arulama daslaTumainmdisendrwdaainaislomanus aundmuabilunitsie
ddanmiguainmdioedwhiimeadluglng @ wa. 2547) deudiezldsumedulada
wannigihonnmefidiiulasinmidesassaslagaluenauaasanuiuoenidii
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a o & A v [ Aa v JIda @
Iﬂidﬂ”li ﬂﬁiaﬂ]ﬂﬂ’)ﬁ]FJﬂidﬁvl,ﬂiﬂﬂ'liiﬂﬁﬁlﬂinﬂﬂmgﬂiiiJﬂ1§‘W‘I/]ﬂH’(?f‘1/]‘ﬁ ’ﬁ"J’(?fﬂﬂ1W!Lﬁ$ﬂ’fNﬂH
[ 1 Aav a -4 a (% 1
ﬂEJ“L!G]?1EJLLﬂ€J:‘Qﬂ'Ji]ﬂﬂmglﬂﬂuﬂﬂ'ﬁuwﬂﬂ 3\11’71’)1/]8]']@8!,%8\11%%

® o £
NIILNUAIAIY Lﬁaﬂifayammaum

mimuﬁué’aamuﬁamﬁﬂaw‘hﬁy'wm 6 axslapianzifivasiusniawnsldendmn
1h$smiia HAART uaztanzifulwdondl 1, 3, 6, 9 uazidaudt 12 vasm3lasumdulsa
monasldsusnduwhsa lagnmsanzifuidoaudaza sz udasanazianzszanm 3-5 mi
laasluraaaifiuidanisl EDTA uasiwdeauied wananiiluudazassnunvinnisans
WAUA28E1LREA ma’]aﬁ'mﬁawz"lﬁ%‘unwma'«nﬁdm@]mn’mnmm"nﬁLﬁ'a@dwﬁmiW@um
lugn1z IRD violiwsaiimsfadaarslamaniialnandala fniunsRasandigie
finne IRD vselizandonaninasialamnua linawnind 6, 12, 17, 18) M3aTiaiad
CD4 cell count maa;jﬂaslﬁ’lﬁy’mmamﬂ%ﬂ@m%ﬂLLsmi‘Jumimaﬁ]ﬁau"l@T‘fuméT’m"lﬁa
aSifimasuazmuanadialdiusndlhiaudwn 6 uaz 12 W@eauaudrey vasien s

lunszuaidon (plasma HIV RNA) @aT2anisn3sluldani 12 289n3 basueniuisa

M3UENLAY PBMCs UWazWalaan

éhasmLﬁa@ﬁl,ﬁuv[ﬁﬁ]zgndamﬁuﬁﬁdﬁaoﬂﬁ%ﬂ’liwuﬁmﬁ;ammuma@l%ﬂﬁﬁﬂ
anznaiansunnd aniinoasideslng anniuiinsiuusniunaaunfiaanuis
2500 vaudiawf tduwauwin 15 wif Lﬁuwmamﬁlu 1.5 ml microcentrifuge tube “7i -20
°c auniezldm aznawaasan lavinanazansln sterile phosphate buffer saline solution
(PBS) ﬂ%mmwhﬁ’miﬁmuwmamﬁgmaaﬂ niwssianTuLen Peripheral  Blood
Mononuclear Cells (PBMCs) @28 IsoPrep (Robbins Scientific Corporation, Sunnyvale, CA,
Norway) 71210157 1300 rpm w1 30 17 nans PBMCs fite3an'ldane sterile PBS
$un 2 A% I@Uﬂ%q@ﬁw@@ PBS aaniNaunue Wasldu 0.5 ml RNA Stabilization
Reagent (RNA later, Germany) LL&ZLﬁUﬁ -70 0C aunINaznIn

NN3&Na total RNA 911 PBMCs

PBMCs °naa;j@m%amﬂaﬁﬁﬁmsﬁ'@umgmaz IRD L8 PBMCs madqjﬂwam%a
Laﬁ‘iﬁvl,ajﬁ'@umgima: IRD @92z1413u control ﬁ]:gﬂﬁﬁmﬁuﬁmmﬁa 5,000 JaUGOUIN
Wi 10 wfl 1iiaris@ RNA Stabilization Reagent ﬁﬂﬁmﬂﬁq@ MNiusIETa total RNA
fenssuaEuaztingn RNA extraction Kit (Rneasy® Mini Kit; Qiagen, Japan) 1013

RNA &nalaeas UV spectrophotometer 1A1NN81IAAK 260 waz 280 nm wiaunawdulu



a1zl 1 unit/ul RNase inhibitor (Amersham Phamacia Biotech Inc., USA) fi 70 °c

aunInaz LI

N13LA38N cDNA

@384 cDNA ﬁwi{’]m Tagman Revrse transcription kit (Applied Biosystems, New
Jersey, USA) lagludfii3en 100 mi 9z1sznaudas 90 i reaction mix (1X RT Buffer, 5.5
mM MgClI2, 500 uM dNTP, 2.5 uM Random Hexamer, 0.4 U/pl RNase lhibitor Las 1.25
U/ul Multiscribe RT enzyme) taz 10 ul RNA aUudhIzning 0.1-1.0 ug FTUABUNS
#3719 cDNA 3z1/92naua38 Incubation 25 0C 10 w171 Reverse transcription 48 0C 30 w1
ILeZ Reverse transcriptase inactivation 95 OC 5 w171 cDNA ﬁﬁdm‘iﬁz%ﬂé’ﬁ]mﬂuﬁﬂu

{ 0 : ° )
microcentrifuge tube #aaaAaz 20 ml LAZLALN —20 C aunINazsnaN bEan

M3 nUSu1a319 cytokine mRNA Tag35 Real-time PCR

NaFaULUINIUMI&I IL-10 ez TNF-a. mRNA lagld primers was probe ﬁgﬂ
panuuul¥riU§ATen ldatn951mziy cytokines udazwfia uazludSunamanua 25 pl
209U FATENEMIUATIIIATTAUMIFNI IL-10 mRNA  azilsznaulUéas 2x  Tagman®
Universal Master mix, forward LR reverse primer Fhaaz 300 nM
(5TTGCTGGAGGACTTTAAGGGTTACS az 5" TCAGCTTGGGGCATCACCY mwﬁwé’u),
200 nM Tagman probe set (FAM-5TTGCCAAGCCTTGTCTGAGATGATCCA3'-TAMRA),

18S RNA 20X mixture (primers and probe; Ribosomal RNA control reagents Taqman®
PE Applied Biosystem, California) 48z 5 pl cDNA figaiameidle dwsunsasadsanm
TNF-o. mRNA 1w 25 pl maaﬂﬁﬁ%ma:ﬂszﬂaﬂﬂﬁw 2x Taqman® Universal Master mix,
20X TNF-a corresponding target primer LWRZ probe ﬁ@@amnﬁm FAM ar TEMRA
NNAK 5 UaT 3 NRIAL (Human TNF-o. reagents Taqman® PE Biosystems,
California), 18S RNA 20X mixture (primers and probe; Ribosomal RNA control reagents
Taqman® PE Applied Biosystem, California) LLaz 5 pl cDNA ﬁé’amﬁzﬂﬁ probe 193U
18S RNA il Endogenous reference 3:@aaa1néu 5 @18 VIC was 3’ 628 TEMRA
minasauluudazsiaues cytokineazyin 2 mqwf{'} (duplicate) Iﬂﬂﬂﬁﬁ%mgﬂﬁmum‘%aa
Sequence Detection System ABI PRISM 7000 (PE Applied Biosystems, Foster City,
California) T4&n172 hold # 50 °C 2 W1l waz denaturation 7 95 °C 2 wiflantiuwIsaw
@Tauifu@amaa real-time PCR U 40 iaiJ‘%dI%LLGiaziaUﬁ]ZﬂiZﬂa‘U@T’JEligu@]ﬂu
denaturation ﬁ 95 °C 15 w9 uaz annealing/extension ﬁ 62 °C1 Wl WauINVa9

ﬂﬁﬁ%m@"lﬁmnnmﬂﬁﬂﬁﬂguuvﬁﬁwaﬂau'ﬁaL@]aﬁm:émwm'ﬂu cycle threshold (C+)



JLAUMTEN cytokine LAz TRALAIUIMAN delta-C; Lo 'ldan delta-C; = C; FAM
(target cytokine) - C; VIC (18S RNA) ﬁ]’mﬁ?uﬁm’]ﬁ’ﬁzﬁllmiﬁﬁ”’m (Absolute delta) lag
W3suiieuniy Reference sample  Ala3ouldannidanaaadinsilidazaiarloduazd
gEMNAT NI 1 Meuazliansanmmasaslasazvhaiug luAummeseudietamaly
LAazASs fn Absolute delta = (delta-Cr sampie) — (d€Mta-Cr reference sample) HATAIWITATZALNT

-absolute delta

v [ dl ' ¥ o & =2
g9t unvinvas Reference sample I@ﬂl”ﬁfﬁ@li 2 MIBWHINTIINARDITIINEITW

lunii8u89 x Reference

n133aU3unow plasma cytokines Tag35 ELISA

MIATZAUNIETI TNF-a, IFN-y 18z IL-10 9:nagaueia3s Sandwich ELISA @1
mm%%ﬁjaaﬁwmmmimlﬁiaz*’g@ kit las TNF-a 4z IL-10 9zldua3uSEn Immunotech,
Becman Coulter, Marseille, France G9ianuly 10 uaz 0.5 pg/ml AN §1WIU IFN-y
l5u83U38N BioSource Europe SA, Nivelles, Belgium %dﬁm’]ﬂ’s 0.03 IU/ml nM1inagayu

lundazad8t19 plasma wazudasaiauas cytokine =¥ 2 Waud (duplicate)

A0RIATIEA

nansnaaadazianalay dads + duduunnasgiu mdensidayams
80@ kElUTWNTN SPSS for Windows (SPSS version 11.5, Chicago, IL) m3wSautisy
ﬁaga‘szmnmjwmaaﬂf non-parametric tests (Mann-Whitney test) @1 p value fitasnin

0.05 fadndANNULANGINEINREFIAYNIaTa

HanN1INaaad

Y

agmlaammaﬁmﬁﬂaﬂﬁmL%mataﬁ1afaﬁau1ﬁ'%'um@’f’m‘l’;%’ﬂ
ARDATIIMTANINT a1 FT AT TN ATIN SIS IUTIRS 67 T8 UAZINTNT
mﬁaﬂszi’@ﬁa;&ami@mﬁamUIamaﬂ'auL’éu%‘umﬁﬁuvlﬁamu’]m'i’]LLuﬂﬂsjwmmaﬁm
ldidumasngu @397 1) @ ﬂ&g:uﬁ"l,&iﬁﬂi:i'aﬂﬁaw,%amﬁIamaﬁaumsvl@T%'uméTm
hSasnwiedw 47 1o LLa:ﬂéuﬁﬁﬂi:"i’ami@mﬁammiamaﬁaumﬂ@ﬁumﬁmvl,’;%'a
SNIWTIR 20 518 IuﬁﬂuauﬁLLﬂdLﬂu;ja@L%a Pneumocystis jiroveci pneumonia 31%3% 6
318 Mycobacterium tuberculosis 311%3% 5 318 Candidiasis 4 318 Cryptococcosis 3 318
WA chronic hepatitis B Waz/%38 C 2 ¢ ﬁauﬁulﬁméﬁuﬁu%’maﬂa%;jﬂ'amﬁaw‘f?amm
Iamanmw g i 2 7187w chronic  hepatitis vlﬁ%'umi%'ﬂmﬁaUmﬁﬁuﬁ;a%‘wmuﬁ
fnua lilunibifeglansguainudioidwhiimaadluglng @ we. 2547) (@13197 2)



z%m%’uiagmﬁméfuvﬁu 818 97uI% CD4 cell counts WATTRAVBINFIUIITR (HAART
regimens)  2095iBudARNGN LLazms%'ﬂmﬁqﬂméﬁuga%whgﬂuﬂﬁam%amﬂama
LRAIITTHENT190 1 WAz 2 ANAIaU @hmﬁUmqmaa;ﬂ”ﬂaUﬁ‘aaaanﬁiuﬁﬁﬂﬂﬁlﬁmﬁ”u
=< v P g AN A waa & A '
D9uN1A a8 CD4 cell count maonqm&ﬂ’swhuﬂs:mmmmmUIama&lmgomwaa
1 n:l":l A A ‘g’ 1 =1 1 [ a v ) s aa dl

ﬂqmuﬂizmm@mamﬂama ud Lifenuuandiagnefinednnesia (@ 1)
msmanauaamagﬁé’uﬁu%ml,l,azn'lsﬁ'@umvlﬂgim'az IRD

Tul@aun 6 VaINIIINBIGILIFIWIITRTRG HAART WU71326L CD4 cell count

X & ' a £ . @ . o AN A e A & a
VI NIFRINF LAY I@Ummﬂm’maaﬂqugmw"l,uuﬂsz’mmmamsﬂamﬁmm

1 ] a o o s aAa di = A e 1 d'd A A d?/
gomwamauuﬂmmymaaﬂmwammumwnwaaﬂgumﬂs:mmmamﬂIaﬂﬂa (11319
1) anuzfidnais CD4 cell count vasgtheniseingulmfaun 12 vasmsinmen
HAART da1lnalfssns  wananiannninsagas 90 maaﬁ‘hmugﬂaﬂIuLL@iazﬂz\j&lﬁ@h
plasma HIV RNA tia&nd1 50 coppies/ml (@1319% 1)

Lﬁaﬁﬂmﬁamiﬁwuﬂﬂgma: IRD wudwvlaiﬁ;jﬂaﬂﬁaglunﬁjuﬁﬁﬂsﬁaam%mu
Iamaﬁmsﬁwmvlﬂgmaz IRD  mueNdgile 1 'smﬁagjilumjuﬁ"l&iﬁﬂszi’ﬁ@m%amﬂ
Tanms dnywaw ldilluw M. tuberculosis-IRD ngluwi@ani 2 281330628 HAART
lavgihouwuunnidisansilld uas dyspnea  daoliiieniidseiGioza M.
tuberculosis ¥1Tia% N1IAI79 acid-fast bacilli LERIHHAAL NANITATIVININLAN DAY
aaed tuberculosis U84 intestines, peritoneum LLAE mesenteric glands unndsaaaulals
81INWI M. tuberculosis THe isoniazid, rifampicin, pyrazinamide L8z ethambutol CONGRDS
@iamgﬂamn‘wuLmeT@T’JUmmsﬂmu’%nmﬁamazﬁa NFaUNINDINTARULALU Aaw
Wunfesfinadniay (cervical lymphadenitis) uwWndaanuainaaiedionsa M.
tuberculosis WaZlANZLRALNDEIRILRLILTE M. avium complex NANILNZLREINIREITHA
g 1 v 1 U Y 1 QI J =)
aanaNAHaaL 3NNN1IANIAN CD4 cell count mao;dmmmﬁwm%wwumm@w 44
cells/pl Tugasnawlasuenliilln 155 cells/ul luidanh 6 284n133NB628 HAART @9%hs
LLWV}ﬁ'ﬁﬁﬁaﬁa'ngﬂqmwﬁlﬂu M.  tuberculosis-IRD uazlTu¥nsa881 prednisolone

' o @ [y ' & . R & o
mugvl,ﬂﬂumﬁﬂmmﬂmmL%a M. tuberculosis Wwaz HAART Eﬂwﬁmmﬁmmﬂum@u
wazrawln@luIzaziign 7 teaunaa



157191 1. fa;gamaa;jﬂaUa@L%aLaﬂa%ﬁL?Tﬂs'auimamsﬁ'\iﬁauuawé’amﬂﬁ%’u HAART

Characteristics

HIV-infected patients

Without With P
opportunistic opportunistic

infection infection*
(n =47) (n =20)

Age (years) 37.94 £ 7.69 40.10 £ 8.17 0.33
(23-53) (25-58)

Gender : Male/Female 29/18 12/8

Baseline CD4 " cell counts (cells/pL) 102 + 82 77 75 0.45
(0-268) (7-283)

CD4 cell counts at month 6 (cells/pL) 242 + 120 175+ 76 0.04
(47-514) (58-309)

CD4 cell counts at month 12 (cells/pL) 267 £ 127 233 + 81 0.49
(52-647) (113-439)

Proportion of patients with plasma HIV load

<47 copies/mL at month 12

93% (n = 27)

94% (n = 16)

HAART regimens :
GPO-VIR (d4T + 3TC + NVP)
d4T + 3TC + NVP or EFV
Truvada (TDF + FTC) + NVP or EFV
EFV + TDF + FTC or 3TC
ZDV + EFV + DDI or 3TC
ZDV + 3TC + IDV

27

15

10

*included 2 HIV-1 infected patients with chronic hepatitis B and/or C

ddl, didanosine; d4T, stavudine; EFV, efavirenz; FTC, emtricitabine; HAART, highly active

antitretroviral therapy; IDV, indinavir; NVP, nevirapine; TDF, tenofovir disoproxil fumarate;

3TC, lamivudine; ZDV, zidovudine.




A1319N 2. ﬂ"lia(ﬂL%@Q’JUI?Jﬂ']ﬁLLE]&ﬂ'ﬁ%’ﬂH']@%J’JUEl’](;]/"lu"ga%w HAART initiation.

Opportunistic infections

Antimicrobial agents

Duration of antimicrobial
prophylaxis prior to HAART

initiation (days)

PCP (n =6)

Cotrimoxazole or Dapsone

24.5 + 6.25 (16-30)

M. tuberculosis (n = 5)

Isoniazid + Rifampicin +

108 + 94 (30-270)

Pyrazinamide + Ethambutol.

Candidiasis (n = 4) Fluconazole or Ketoconazole or 13.67 £ 2.52 (11-16)

Cotrimazole

Cryptococcosis (n = 3) Amphotericin B and/or 19.33 £ 1.15 (18-20)

Fluconazole

NMIATINIATLAY plasma pro-inflammatory La anti-inflammatory cytokines a4
é'ihil M. tuberculosis-IRD

INNIATIIAIZAU  plasma  pro-inflammatory (IFN-y ez TNF-o) Uae anti-
inflammatory (IL-10) cytokines maa;jﬂw M. tuberculosis-IRD Lﬂ%UULﬁUUﬁUTadﬂﬁju
control %aﬁﬂaﬂ@mﬁmam"la‘iﬁﬁﬂizi'aam%a M. tuberculosis ud liWamw lgn1az IRD
MERAITUMITNENIe HAART lasidunsdnusuuy retrospective wudn seau IFN-y 1w
Jraziawlesy HAART maagﬁfﬂmﬁlﬂu M.  tuberculosis-IRD ~ §4ni1289nga control
wananiiluszsnitsdaunasanldsy HAART  32@U IFN-y El'al,ﬁuga%umrmiﬁzﬁuﬁ
amanulaluaudné (0-0.89 1U/mI) (gﬂﬁ' 1A) VuAlUTIIRINENIT2AL IFN-y 224N§W
control {NIAARY 3L IFN-y 9847128 M. tuberculosis-IRD sassawiauiiszauiiaa
wulungw control Tugradandi 3 209mM 3N HAART  Laanadanwnsziitesaui
\WinAuNg control Aatilu 0 1U/mI Twdoudt 6 wazasfiluonnsznadoust 12 (gﬂﬁ' 1A)

32AU289 TNF-o.  uae  IL-10  luszezneunlesyu HAART maa;jﬂwﬁlﬂu M.
tuberculosis-IRD §4N31289N§¥ control uazdimIaaadagieTias lutradeuusnuadns
INH1G28 HAART Aonas lasun13snenesen prednisolone wui13zau TNF-a, IL-10,

O -
\Wndwandas (3UN 1B-C)




N13013293A32AY TNF-a. 48z IL-10 mRNA 229418 M. tuberculosis-IRD

NNMIANIINTZAU TNF-a Uag IL-10 mRNA 28351l M. tuberculosis-IRD
\WisuiisuiuvaInga control 6’1’30;&’11’;ﬂ&@L%@La%"laﬁﬁﬁﬂizi'aaﬂL%a M. tuberculosis w# L
ﬁ'@umvl,ﬂtjma: IRD AMEWaITUNNTINEG8 HAART WU3152aU289 TNF-oo mRNA 14579
fauld3u HAART w8951 M. tuberculosis-IRD @ifmiwaaﬂ&ju control uasiinsIANTH
aum:ﬁogaqdmﬁauﬁ 6 VOIM TN HAART ansinasanasuazlszaudninfinna
wuldlunga control (311“71' 2A) #MIUITZAUVBY IL-10 mRNA wuiw‘iﬂﬂdﬂumju control
anenszzafivnmsane lagluszozasuarowldsu HAART lUaunsevialdonsi 9 vas
71650 HAART laanT00T197a3ee IL-10 mRNA wasiimsiudwanitasluwdaud
12 (317 2B)

10



A 1.2 4 ——IRD

HAART —m— Control 1
—a— Control 2
—>— Control 3
—%— Control 4
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311 1. 326U plasma cytokines V84¢138 MTB-IRD uaziiloiiilziddarainlsaue |l

171 IRD wadlad3u HAART
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A HAART ——IRD

40 -

y —&— Control 1
351 —— Control 2
30 - —x— Control 3

—%— Control 4

MTB-IRD

TNF-a mRNA (x Reference)
N
o

IL-10 mRNA (x Reference)
I

0 & ‘ ‘ * ; ® ‘ * —
VO V1 V2 V3 V4 V5

317 2. 326U cytokine mRNA 28451178 MTB-IRD uazfilonfidszidaaraTulsaue |l

17w IRD waslau HAART
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sluazivnsniIvnsalnanimanas

a d‘f d' Y o va d%/ dd‘ s 1 d' o a ™
ms@m?jamuIamawwu"l@uaﬂsLu;dmwjaLmj"lmnmﬁyagiuﬂi:mﬂwmadwwm
leun m. tuberculosis, P. jiroveci pneumonia W8 C. neoformans LRTANTAALTOLAR L
dusmgddgivhligienlansinmedis HAART  Wawnldgnsfinnz IRD - a1n
ANIANENA WA HNLINTDERL 25-30 °uaaELJT@@L%aLam"La"”gﬁmsﬁwmvlﬂ;jmaz IRD laah
g}”ﬂ’; Eld’mslmyjﬁﬂizi‘aa@L%aa’miamamﬁ@ M. tuberculosis, M. avium complex, C.
neoformans, and T. gondii fawNaladsu HAART (2, 12, 19-21) mM3AnEAIINN
a 6 a d' c.l' a a a s U a dq‘ = d' o
mqﬂs:mwamwamzﬂszmuﬂsmmmwmaamﬁnmgﬂ’mmmaLa“ﬁ"lmm&mmvxm
HlunibiFegldansguainudrioandwhiimaadluglng @ we. 2547) danisaadasnna
Lﬁ@ma:é”mﬁmLﬁadﬁ]’mmﬁ\luﬂﬁwaasxuugﬁﬁuﬁu vL@Tﬁﬂﬂ’]i?iﬂmlugam%aLamvlafi
I@Umww:aa’w@o;\ij’ﬁam%aLaﬁvl,a’fiﬁﬁﬂi:i'a@m%aa’afJIamaag’ﬁauﬁaﬂﬁ%’u HAART
A [ o a & a A o v A A X dAa &
Lua\‘ﬁ]’mﬂ’ﬁ@LLﬂiﬂE’]Ed‘L]’JU@l@L°IIQL?J°EVL§J’J@lﬁuﬂﬂﬂﬁu@vl’ﬂuﬂ%dﬁaﬂwa dhondaizaads
Iaﬂ’]aﬁlzvl,é’ﬁumﬁﬂmﬁaym@ﬁmqa%wﬁauﬁﬁm’%wlﬁmﬁmvb%‘amﬁ@ HAART  910H&
ﬂfliﬁﬂmwudﬂ&iﬁgﬁ’sUﬁﬁﬂi:i’@@@L%amﬂamaﬁmsﬁwmvlﬂ;jm’sz IRD Do
;jﬂ’sﬂﬁam%amUIamammﬁaﬂﬁ%’u HAART slumm’mﬁvl,ﬁ%'uméﬁu@a%wuﬁqLﬂu
FLULIRIWIWEDLNIN 30 TN I@Uﬁ@hmﬁmﬁ’mi:mnmmaamﬂﬁ‘{umﬁwm%a@a%waw
@ { S ' v XA ' a o
lomafa 13.67-24.50 3% (319N 2)  TIa9annIAnsAawrtiniiwui1 nsisula
HAART luti9naun 30 'S'umwé’aa’mL‘%ulﬁmﬁmga%wﬁﬂﬁ@aﬂmammﬁmgoﬁﬁ]z
ﬁ'@umvl,llgimaz IRD LﬁaLﬂ%ﬂmﬁyuﬁugﬂmﬁvlﬁ%'u HAART #8331nN3nE1lsadalTaniy
aslamauardunaimuuinnii 30 34 (20) lasmldnsiiaa1iz MTD-IRD  sinwulu
;jﬂwﬁﬁu"lﬁ%’u HAART neludi932821087 2 160 wRaIINNINHIA88K LTI L0
(22) @9uMTSULH HAART %892 tdauaaimIsnenalsenainisaimlse azvililanmalu
ma’l,umsﬁ@um"lﬂgmaz MTB-IRDAAAI NIhLIL0ININWIRLT AL LD WALAUYDILTOI T
d'd 1 1 U =S >3 d' 1 o v A Aaaa d' > Aa v > d'
I'mmlagﬂ,mwmsl;dﬁhmza@awumsmuﬂwml%mmJgnsmwguuﬁaﬂmzuuguq;mum
QI J L { U s g; ¥ 1 U 1 1 {
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Effect of haematological alterations on thalassaemia
investigation in HIV-1 infected Thai patients receiving
antiretroviral therapy
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Objectives
To evaluate the effect of haematological alterations resulting from antiretroviral therapy (ART) on
the diagnosis of thalassaemia carriers in HIV-1 infected Thai patients.

Methods

Complete blood cell counts, osmotic fragility (OF) test and haemoglobin (Hb)-A, values were
measured in blood samples of 52 antiretroviral-treated and 14 untreated HIV-1 infected patients.
Data were analysed according to thalassaemia type and ART.

Results

Sixteen patients carried at least one of the investigated thalassaemia types and most of them (87.5%)
received ART. Their red cell indices [mean corpuscular Hb (MCH), mean corpuscular Hb
concentration (MCHC) and red blood cell distribution width (RDW)], OF test and Hb-A, values were
observed within the critical criteria of each thalassaemia type. Normocytic red cells were observed in
a-thalassaemia and Hb-E trait. Among HIV-1 infected patients who are non-thalassaemia carriers,
higher values of Hb-A,, MCH, macrocytosis and lower red cell counts were observed in the treated
group. Values of RDW, MCHC and OF test for treated and untreated groups were in the normal range.

Five treated patients had Hb-A, values within the critical criteria of f-thalassaemia carriers but
B-thalassaemia gene mutations were not observed by polymerase chain reaction analysis.

Conclusions

ART can alter many haematological figures. Therefore, diagnosis of thalassaemia should be
evaluated carefully in combination with those parameters.

Keywords: antiretrovirals, haematological alterations, haemoglobin-A,, HIV-1, thalassaemia
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Introduction

Normal adult haemoglobins are formed as tetramers
consisting of two o chains and two non-o globin chains,
which are predominantly haemoglobin (Hb)-A (o,B,; 95-
97%) and small amounts of Hb-A, (2,0,; 1.5-3.5%) and
Hb-F (a,y,; 1-2%) [1,2]. Thalassaemia is the most common

Correspondence: Dr Sakorn Pornprasert, Department of Medical Technology,
Faculty of Associated Medical Sciences, Chiang Mai University, 110
Intawaroros Road, Chiang Mai 50200, Thailand. Tel: + 66 53 945078;
fax: + 66 53 946042; e-mail: sakornmiO01 @yahoo.com

world-wide genetic disorder. Defects in the globin genes
result in impaired globin chain synthesis leading to
reduced normal Hb content of red cells and consequent
red cell pathology. In Thailand, o-thalassaemia, B-thalas-
saemia and Hb-E are common. Incidence levels are 20-30%
for o-thalassaemia and 3.5% for o-thalassaemia-1 with
south-east Asian (SEA) type deletion, 3-9% for f-
thalassaemia and up to 54% for Hb-E [3,4]. In order to
provide a rapid method for identifying thalassaemia in a
region with massive population and limited resources, the
preliminary screening of thalassaemia was performed by
using a modified one-tube osmotic fragility test (OF test)
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[5] followed by RBG, indices [6-8]. Then, specific Hb was
analysed by using high-performance liquid chromato-
graphy (HPLC) for B-thalassaemia and Hb-E [9] and Gap-
polymerase chain reaction (PCR) for a-thalassaemia-1 SEA
type deletion [10,11].

Treatment with antiretroviral (ARV) drugs was found to
decrease morbidity and mortality caused by AIDS drama-
tically and also lowered the rate of perinatal HIV-1
transmission. However, ARV drugs such as zidovudine
(ZDV) have been reported in association with a transient
macrocytic anaemia [12] and a lower concentration of
erythrocytic adenosine triphosphate (ATP) [13]. ZDV has
also been reported to inhibit B-globin gene expression in
human erythroid progenitor cells [14]. Moreover, an
elevation of Hb-A, value was observed in HIV-infected
patients receiving highly active ARV therapy (HAART) or
ZDV [15-17]. Therefore, unawareness of the effect of ARV
therapy (ART) on increased Hb-A, values may lead to
unnecessary investigations and anxiety over the presence
of thalassaemia. The aims of this study are to determine
whether ARV drugs used frequently in HIV-infected Thai
patients induce haematological alterations and affect the
thalassaemia investigation.

Patients and methods

Study population

The study was conducted at three hospitals: Health-
Promoting Hospital Chiang Mai, Sanpatong and Nakornp-
ing Hospital, in northern Thailand. Sixty-six HIV-1
infected patients were enrolled to receive ART. Patients
with active opportunistic infection by clinical features and
laboratory diagnosis were cured before starting ART. All
practices followed the Thai guidelines for the clinical
management and treatment of HIV-infected adults (2004).
Patients who were alcoholic and had liver disease were
excluded. This study was approved by the Ethics Commit-
tee of the Faculty of Associated Medical Sciences, Chiang
Mai University.

Haematological laboratory methods

The blood samples were collected in EDTA, anti-coagulation
tube (BD Vacutainer™, Franklin Lakes, NJ, USA). Haema-
tological parameters including Hb, haematocrit, red and
white blood cell counts, absolute neutrophil counts,
absolute lymphocyte counts and red cell indices (mean
corpuscular volume, MCV; mean corpuscular Hb, MCH;
mean corpuscular Hb concentration, MCHC; red blood cell
distribution width, RDW) were estimated with an auto-
mated blood counter (Sysmex KX-21; Sysmex Corporation,
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Kobe, Japan). OF test was conducted using 0.45% glycerin
saline solution (GSS), as described previously [5]. The value
of Hb-A, was determined by HPLC (Bio-Rad, Hercules, CA,
USA).

Molecular analysis of thalassaemia

Genomic DNA was extracted using Chelex method
(Chelex" 100 Resin; Bio-Rad) [18] and investigated for o-
thalassaemia-1 SEA type deletion and p-thalassaemia
mutations. Identification of o-thalassaemia-1 SEA type
deletion was performed in all HIV-1 infected patients by
using gap-PCR [19,20]. B-Thalassaemia mutations were
analysed only in patients who had Hb-A, values that rose
to the range of P-thalassaemia trait (3.5-7%) using
multiplex amplification refractory mutation system
(MARMS)-PCR at codons 41/42 (-TTCT), codon 17 (A>T),
IVS1 nt1 (G>T) and codons 71/72 (+ A) [21,22].

Statistical analysis

Continuous measures are described by mean and/or
median, standard deviation (SD) and ranges. Among HIV-
1 infected patients who are non-thalassaemia carriers,
haematological data of treated and untreated groups were
compared by using unpaired t-test. The level of signifi-
cance for all analyses was set at 0.05.

Results

Characteristics of the study population

Haematological parameters and thalassaemia status were
studied in 66 HIV-1 infected patients (33 men and 33
women). Their characteristics are shown in Table 1. Fifty-two

Table 1 Characteristics of the study population

Untreated Treated group
Characteristics group (n=14) (n=52)
Age (years) 28.69 + 5.22 38.71 + 7.92
(20-37) (23-58)
Antiretroviral drugs:
GPO-Vir (d4T + 3TC + NVP) - 28
Truvada (TDF + FTC) + EFV or NVP — "
d4T + 3TC + EFV - 6
TDF + EFV + 3TC or FTC - 2
ZDV + ddl + EFV - 1
ZDV + d4T + 3TC + NVP - 4

Duration of ART (months) —
CD4 cell count (cells/uL) 447.75 + 177.38
(235-864)

8.69 + 2.75 (2-12)
101.25 + 84.57
(1-356)

Data are shown as mean = standard deviation (range) or n.
ART, antiretroviral therapy; ddl, didanosine; d4T, stavudine; EFV, efavirenz;
FTC, 30000 NVP, nevirapine; TDF, 000 3TC, lamivudine; ZDV, zidovudine.

© 2008 British HIV Association HIV Medicine (2008)
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patients received ART with mean duration of treatment of
8.69 + 2.75 months. Twenty-eight (53.8%) patients received
GPO-Vir [a cocktail pill of stavudine (d4T), lamivudine (3TC)
and nevirapine (NVP)] and 24 (46.2%) received different
combinations of ARV drugs (Table 1). Among 14 untreated
patients, four had never received ART and 10 had discon-
tinued ART at least 2 months prior to enrolment.

Haematological parameters in thalassaemia carrier HIV-
1 infected patients receiving ART

Among the 66 patients, 16 (24.2%) carried one of the
investigated thalassaemia types including four (6.1%) with
a-thalassaemia-1 SEA type, four (6.1%) with -thalassae-
mia (three patients had mutations at codons 41/42 and
another one had mutations at codon 17), seven (10.6%)
with Hb-E trait and one (1.5%) with a combination of o-
thalassaemia and B-thalassaemia (codons 41/42 mutation).
All except two patients with Hb-E trait received ART. The
haematological parameters of patients who are thalassae-
mia carriers were classified into three groups according to
thalassaemia types, as shown in Table 2 and Fig. 1. The
ranges of Hb-A, values among the three groups did not
overlap each other. HIV-1 infected patients with f-
thalassaemia trait had a higher Hb-A, value than patients
with o-thalassaemia-1 SEA type, but this value was lower
than that of patients with Hb-E trait (Fig. 1a). Moreover,
Hb-A, values of two patients with Hb-E trait who did not
receive ART (26.9% and 28.5%, respectively) were similar
to those of patients who received ART.

The mean value of OF test in patients with o- and
B-thalassaemia carrier was lower than the cut-off (60%)
(Fig. 1b). The patients with a- and B-thalassaemia trait also
had mean values of MCH and MCHC that were lower than
the normal range (27-31 pg and 320-360 g/L, respectively)
(Fig. 1d and Table 2). Microcytosis, MCV less than 80 fL and
a lower level of Hb were found only in patients with f3-
thalassaemia trait (Fig. 1c and Table 2). The mean RDW of
patients with o~ and B-thalassaemia trait was higher than
the normal range (11.5-14.5%) (Fig. 1e), whereas the mean
values of other investigated haematological parameters of
the three groups were found to be in the normal range
(Table 2).

Haematological alterations in non-thalassaemia carrier
HIV-1 infected patients receiving ART

The remaining 50 patients who were non-thalassaemia
carriers were divided into two groups: ARV-treated and
untreated groups. The haematological parameters among
the two groups are shown in Fig. 1 and Table 2. Mean Hb-
A, value was significantly higher in the ARV-treated group
(3.11% wvs. 2.64%; P<0.001) (Fig. 1a). Two of thirty-eight
(5.3%) treated patients had Hb-A, values (3.7% and 3.8%)
higher than the normal range (1.5-3.5%) and three
(7.9%) treated patients had Hb-A, values raised to 3.5%.
However, all of these patients showed negative results for
B-thalassaemia MARMS-PCR analysis.

The mean values of OF test in the ARV-treated and
untreated groups were not significantly different (84.66%

Table 2 Haematological parameters of HIV-1 infected patients who are thalassaemia carriers and non-thalassaemia carriers

Thalassaemia carriers

Non-thalassaemia carriers

a-thal-1 SEA type p-thal trait” Hb-E trait Untreated group Treated group

Haematological parameters (n=4) (n=15) (n=7) (n=12) (n=138) P-value®

Haemoglobin (g/L) 121 + 49 112.6 + 20.4 125 4+ 19.2 126.3 + 9.8 131.4 + 28.7 0.25
(115-127) (99-112) (107-148) (111-141) (81-163)

Haematocrit (L/L) 0.39 + 0.01 0.37 £ 0.05 0.37 £ 0.05 0.38 + 0.02 0.39 + 0.08 0.53
(0.38-0.40) (0.34-0.46) (0.32-0.45) (0.36-0.43) (0.24-0.46)

MCHC (g/L) 306.5 + 6.4 301.2 & 10.6 334.3 + 31.5 328.8 + 15.1 336.3 4 56.5 0.16
(300-315) (295-320) (309-403) (293-351) (304-374)

WBC (x 105§ 6.03 + 1.64 5.80 + 0.75 573 + 0.84 6.43 + 1.50 6.32 + 2.58 0.86
(4.2-8.0) (4.6-6.4) (4.2-6.7) (3.9-8.2) (2.9-12.6)

Neutrophils (x 10%) 2.58 + 0.76 2.88 + 1.48 (1.9- 294 + 1.55 323 + 1.51 2.53 + 1.49 0.07
(1.7-3.5) 3.8) (1.8-3.7) (1.9-4.5) (0.9-8.6)

Lymphocytes (x 102/¢) 1.88 + 0.68 1.82 £+ 0.73 (1.3- 1.59 £ 0.50 2.26 + 0.64 2.09 + 0.83 0.46
(0.9-1.9) 3.1) (1.2-2.3) (1.2-3.3) (0.8-4.7)

Platelets (x 1g§-’/AL) 230 + 76 325 + 189 259 + 73 192.9 + 443 2105 + 79.5 0.32
(185-341) (171-643) (147-40.3) (124-279) (33-345)

Data are shown as mean =+ standard deviation (range). Normal ranges for the measurements elaborated in the table are as follows: haemoglobin 120-180 g/L;

haematocrit 0.37-0.52 L/L; MCHC 320-360 g/L; WBC 4.8-10.8 x 109eehsft; neutrophils 2.3-7.6 x 10%eehstt; lymphocytes 0.8-4.0 x 105eehsf; platelets

150-450 x 10

9
b
*Included an HK‘/-] infected carrier with a combination of a- and B-thalassaemia.
P-value of the comparison among non-thalassaemia carriers according to antiretroviral therapy.
MCHC, mean corpuscular haemoglobin concentration; SEA, south-east Asian; WBC, X%

© 2008 British HIV Association HIV Medicine (2008)
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Fig. 1 Hematological parameters between HIV-1 infected patients who are thalassaemia carriers and non-thalassaemia carriers and among
non-thalassaemia carriers treated and untreated with antiretroviral drugs. Data are presented as median (horizontal line), mean (dot), standard
deviation (box), and 1st and 99th percentile (whisker lines).

vs. 82.93%; P = 0.82) and was higher than the cut-off value 87.1fL; P<0.001) (Fig. 1c). Moreover, the mean MCH in the

(60%) (Fig. 1b). Macrocytosis — MCV higher than 100 fL - treated group was significantly higher than that in the
was observed only in the ARV-treated group (107.26 vs. untreated group (36.13 vs. 28.70pg; P<0.001) and also
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higher than the normal range (27-31pg) (Fig. 1d). Even
though the mean RDW in the treated group was higher than
that in the untreated group (14.31% vs. 13.23%; P = 0.01),
it was in the normal range (11.5-14.5%) (Fig. 1le).
Furthermore, a lower mean red cell count was observed
in the group of ARV-treated patients (3.68 x 10'* uvs.
4.41 X 10%\@@1—1—5#17\, P<0.001) and was also less than the
normal range (4.2-6.1 X 10%\@%1-1—5#7) (Fig. 1f). The mean
values of other investigated haematological parameters
were not significantly different between ARV-treated
and untreated groups and were in the normal range
(Table 2).

Discussion

This study showed that ART including multiple drugs or a
cocktail pill (GPO-Vir) caused a haematological alteration
by increasing the value of Hb-A,, MCV, MCH and RDW. An
increase of Hb-A, value is an important diagnostic
criterion for B-thalassaemia trait. Moreover, nearly all -
thalassaemia traits have a higher value of RDW [23].
Therefore, the increased value of Hb-A, and RDW may lead
to unnecessary further investigation and anxiety in getting
B-thalassaemia [15-17]. In the present study, a high value
of Hb-A, was observed in the group of ART patients. Two
of thirty-eight (5.3%) treated patients had Hb-A, values
higher (3.7% and 3.8%, respectively) than the normal range
(1.5-3.5%). The patient with Hb-A, value 3.7% had OF test
of 95%, MCV of 104 fL, MCH of 33.7 pg and RDW of 13.50%.
These haematological parameters were different from those
observed in patients with [B-thalassaemia trait. Another
patient with Hb-A, value 3.8% had OF test of 45% and
RDW of 16.5%; these values were similar to those of B-
thalassaemia trait. However, he had MCV of 96% and MCH
of 30pg, which were higher than the B-thalassaemia
diagnostic criteria. Moreover, both patients showed nega-
tive results for MARMS-PCR, the analysis for B-thalassae-
mia mutations at codons 41/42 (-TTCT), codon 17 (A>T),
IVS1 nt1 (G>T) and codons 71/72 (+ A). These mutations
are the most frequently found (96%) in B-thalassaemia in
the Thai population [24]. Our results are consistent with
previous studies, which showed that the elevation of Hb-A,
and macrocytosis were associated with ART while no
evidence of [-thalassaemia was observed by genetic
analysis [15,16].

ART did not affect the OF test. Patients who were non-
thalassaemia carriers and received ART had a per cent
haemolysis higher than the cut-off values (60%). The
treated patients who were carriers with o-thalassaemia-1
SEA type and [B-thalassaemia had a per—eent haemolysis
less than the cut-off values and it was similar to those

© 2008 British HIV Association HIV Medicine (2008)

usually observed in the a-thalassaemia-1 SEA type and -
thalassaemia carrier [5].

The thalassaemia carriers with o-thalassaemia, B-tha-
lassaemia and Hb-E trait usually have values of MCV
and MCH that are below the normal range (80-100 fL and
27-31 pg, respectively) [6-8,25,26]. ART has been reported
to cause a rise in MCV and MCH [27,28]. The present study
showed that the normal value of MCV was observed in
HIV-1 infected patients who are carriers with a-thalassae-
mia-1 SEA type and Hb-E trait. Moreover, the normal
value of MCH was observed in patients who were carriers
with Hb-E trait. These results suggest that ART could
raise the size of microerythrocytes and lower MCH values
of thalassaemia carriers to normal values. However,
a lower value of MCV and MCH was still observed in
ART patients who were carriers with [-thalassaemia.
Alcoholism, folic acid or vitamin B12 deficiency, liver
disease, concomitant drug use other than ART and hepatitis
co-infection can be the cause of macrocytosis. However, in
the present study patients with alcoholism and patients
with liver disease were excluded. Patients with hepatitis
co-infection or with active opportunistic infection by
clinical features and laboratory diagnosis were cured
before starting ART by following Thai guidelines for the
clinical management and treatment of HIV-infected adults
(2004). Moreover, the macrocytic anaemia at baseline was
not found in all enrolled patients. Therefore, the increased
value of MCV was the result of ART. An increase of MCV
has been reported in association with the use of nucleoside
reverse transcriptase inhibitors (NRTIs) such as ZDV, d4T
and 3TC [27-31]. In our study, we found that HIV-1
infected non-thalassaemia carriers receiving d4T plus 3TC
had mean values of MCV that were significantly higher
than those of patients receiving other regimens without
d4T and 3TC [Truvada + efavirenz (EFV) or NVP] (110.55
vs. 95.09fL; P<0.001). It was confirmed that an ART
regimen containing d4T and 3TC is mainly associated with
an increase in MCV. Moreover, the use of a regimen
containing a combination of ZDV, d4T and 3TC might
have a synergistic effect in the induction of macrocytosis.
Therefore, HIV-1 infected thalassaemia carriers who are
treated with ZDV, d4T and 3TC may have a normal value
of MCV.

ART has been reported as the cause of haematological
complications. Cytopenia - particularly anaemia and
leukopaenia - are more common and result from both
bone marrow failure and peripheral destruction [32]. In our
study, a lower mean value of red blood cell counts was
found in ARV-treated non-thalassaemia carriers only,
while mean value of red blood cell counts of ARV-treated
patients who are thalassaemia carriers was found to be in
the normal range. These results could be explained by the
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compensatory erythropoietic response in thalassaemia
carriers.

In conclusion, our results indicate that ART increases the
Hb-A, value and alters some haematological parameters
that might affect the diagnosis of thalassaemia carriers,
especially the investigation of B-thalassaemia trait. There-
fore, without molecular testing, in order to provide
accurate diagnosis of thalassaemia in HIV-1 infected
patients receiving ART all haematological parameters -
including OF test, MCV, MCH, MCHC, RDW and the cut-off
value of Hb-A, at 4% - should be considered carefully
together.
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Abstract

Objectives: To assess the effects of highly active antiretroviral therapy (HAART) on
haematological parameters in HIV-1-infected patients with and without thalassaemia
carriages.

Methods: Prospective study of HIV-l-infected patients receiving different HAART
regiments. Haematological parameters were measured at baseline and at month 6 of HAART.
B-thalassaemia and haemoglobin-E trait were diagnosed using a high performance liquid
chromatography (HPLC). PCR-genotyping techniques were used to investigate o-
thalassaemia-1 Southeast Asian type deletion and [-thalassaemia mutation. The changing of
haematological parameters at baseline and at month 6 was compared according to
thalassaemia carriage and HAART regimen.

Results: After HAART initiation, increased values of CD4 counts, haemoglobin, haematocrit,
mean corpuscular volume (MCV) and mean corpuscular haemoglobin (MCH) were observed
in both groups of patients. Moreover, independent of haemoglobin abnormalities, patients
who received HAART regimens containing at least one of zidovudine, stavudine and
lamivudine had significantly higher absolute increased mean values of haemoglobin,
haematocrit, MCV, MCH and absolute lymphocyte counts than those who received Truvada
plus efavirenz or nevirapine.

Conclusion: HAART regiments containing at least one of zidovudine, stavudine and
lamivudine did not induce worsening anaemia. They increased the value of haemoglobin,
which benefits in the treatment of anaemia in HIV-1-infected patients with and without

thalassaemia carriages.

Key words: Anaemia; Haematological parameters; Highly active antiretroviral therapy; HIV-

1; Thalassaemia
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Introduction

Highly active antiretroviral therapy (HAART) dramatically reduces the morbidity and
mortality of HIV-1 infected patients in developed and developing countries, including
Thailand. Concerning first-line HAART in resource-limited countries, the World Health
organization (WHO) guideline recommend a combination of two nucleoside reverse
transcriptase inhibitors (NRTI) and one nonnucleoside reverse transcriptase inhibitor
(NNRTI). However, different regimens of triple therapy have been shown to lead to adverse
events. For examples, HIV-1 infected patients treated with zidovudine (ZDV)-containing
HAART had greater risk in developing new anaemia or worsening anaemia than patients
treated with non-ZDV-containing HAART [1-3]. Even though stavudine (d4T)- and
lamivudine (3TC)-containing HAART rarely result in anaemia, they induce a metabolic
defect in developing red blood cell (RBC) precursor, which can be identified through the
presence of an elevated mean corpuscular volume (MCV) [4-6].

Anaemia, neutropenia, lymphopenia and thrombocytopenia in HIV-1 infected patients are all
associated with not only antiretroviral regimens but also opportunistic infections, genders,
ethnographies and genetic disorders [7-9]. Previous studies showed dramatically decreased
haemoglobin (Hb) and elevated MCV of RBC in two patients with o- or B-thalassaemia and
treated with ZDV. These observations make clinicians reconsider about potential increasing
toxicity of ZDV in patients with haemoglobin abnormalities [10, 11].

Thalassaemia is one of the most common inherited disorders of haemoglobin throughout all
tropical and subtropical regions of the world. In Thailand, there are three types of
thalassaemia carriers, a-thalassaemia-1 Souteast Asian (SEA) type, -thalassaemia and Hb-E
and all are associated with severe anaemia. Their incidences are 3.5% for a-thalassaemia-1
SEA type deletion, 3-9% for B-thalassaemia, and up to 54% for Hb-E [12, 13]. These

incidences were similarly observed in HIV-1 infected patients [14]. Whether HAART
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regimens commonly used in Thai HIV-1 infected patients induce worsening anaemia and
other haematologic toxicities in patients with thalassaemia carriage is unclear. We report here
a comparison of the haematological evolution in HIV-1 infected Thai patients exposed to

HAART, according to their haemoglobin genotype.

Materials and methods

Study population

The study was conducted at 2 hospitals in Chiang Mai province located in the Northern part
of Thailand, Sanpatong and Nakornping Hospital. Fifty-eight HIV-1 infected patients were
enrolled to receive HAART during September 2006 to December 2007. Inclusion criteria
were as follows : (1) HIV-1 infected patients >15 years of age; (2) no previous treatment with
antiretroviral drugs; (3) no active opportunistic infections at the time of HAART initiation;
(4) patients with active opportunistic infections by clinical features and laboratory diagnosis
were treated before starting HAART by following Thai guidelines for clinical management
and treatment of HIV infected adults (2004). An iron supplementation was provided for all
anaemia patients who had haemoglobin levels of less than 100 g/L. Any patients who have the
condition of alcoholism, liver disease, hypothyroidism and history of IV drug use were
excluded. All HIV-1 infected patients participating in this study provided written informed
consent before enrolment. This study was approved by the Ethics Committee of the Faculty of

Associated Medical Sciences, Chiang Mai University.

Haematological laboratory
The blood samples were collected in ethylenediamine tetraacetic acid anticoagulation tube

(BD Vacutainer™, Franklin Lakes, NJ, USA) at bascline and at month 6 of HAART.

Haematological parameters including haemoglobin, haematocrit, red- and white- blood cell
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counts, absolute neutrophil counts, absolute lymphocyte counts and red cell indices (the mean
corpuscular volume; MCV, the mean corpuscular haemoglobin; MCH, the mean corpuscular
haemoglobin concentration; MCHC, and the red blood cell distribution width; RDW) were
estimated with an automated blood counter (Sysmex KX-21, Sysmex Corporation, Kobe,

Japan).

Thalassaemia investigation

Three types of thalassaemia were investigated : a-thalassaemia-1 SEA type deletion, [3-
thalassaemia and Hb-E trait. Hb-A, value was used for diagnosis of -thalassaemia and Hb-E
trait and it was measured by using a high performance liquid chromatography (HPLC).
Patients with Hb-A, values from 4 to 9.9% and 10 to 30% are diagnosed as having [3-
thalassaemia and Hb-E trait, respectively. Moreover, the [-thalassaemia was further
investigated for mutations at codons 41/42 (-TTCT), codon 17 (A>T), IVS1 ntl (G>T) and
codons 71/72 (+A) using multiplex amplification refractory mutation system (MARMS)-PCR,
described previously [15, 16]. Identification of o-thalassaemia-1 SEA type deletion was

performed using Gap-PCR, as previously described [17-19].

Statistical analysis

Haematological parameters at baseline and at month 6 were compared between HIV-1
infected patients with at least one type of thalassaemia and patients without thalassaemia
carriage. The observed mean values were compared using Mann-Whitney U. Furthermore, the
evolutions of haematological parameters during HAART prophylaxis were compared within
the same patients using Paired-Sample T-Test. All analyses were performed with SPSS for
Windows (SPSS version 11.5, Chicago, IL). A p value less than 0.05 was considered

statistically significant.
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Results

Participants and baseline characteristics

Among the 58 patients, 34 males and 24 females, included in the analysis, 13 (22.4%) carried
one of the investigated thalassaemia type including 4 (6.9%) a-thalassaemia-1 SEA type, 2
(3.5%) B-thalassaemia with codons 41/42 and codon 17 mutation, 7 (12.1%) Hb-E trait. The
baseline characteristics of patients with and without thalassaemia are shown in Table 1. They
were not significantly different, mean (standard deviation) ages were 41.0 (5.93) and 38.6
(7.81) years, respectively (p = 0.24), mean CD4 cell counts were 118 (91.65) and 80 (74.66)

cells/uL (p = 0.19). HAART regiments used in both groups are shown in Table 1.

(Table 1 should be inserted at this point)

Patients with thalassaemia had a significantly lower MCV and MCH than patients without
thalassaemia (Figure 1 D and E). Moreover, their RDW were observed higher than the cut-off
value (14.5%) (Table 2). Except the red blood cell counts of patients without thalassaemia,
mean values of other investigated haematological parameters of the two groups were found in

the normal range (Table 2).

(Table 2 should be inserted at this point)

Changes in haematological parameters from baseline to the end of first six months after
HAART initiation

After HAART initiation, the changes in mean values of CD4 cell counts, haemoglobin,
haematocrit, MCV and MCH were increased in both groups of HIV-1 infected patients with

and without thalassaemia carriage (Figure 1). Moreover, the mean values of haemoglobin,
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MCV and MCH of patients without thalassaemia were significantly higher than those of
patients with thalassaemia (Figure 1 B, D and E). Even though, the red blood cell counts and
platelet counts were decreased in both groups, the significant differences were observed in
platelets counts only (Table 2). Moreover, the absolute lymphocyte counts were significantly

increased only in the group of patients without thalassaemia carriages (Table 2).

Changes in haematological parameters were associated with HAART regimens

Among the two groups of patients with and without thalassaemia, patients who received
HAART regimens containing at least one of ZDV, stavudine (d4T) and lamivudine (3TC) had
significantly higher absolute increased mean values of haemoglobin, haematocrit, MCV,
MCH (Figure 2 A-D, respectively) and absolute lymphocyte counts (Table 3) than patients
who received HAART regimens without ZDV, d4T and/or 3TC [Truvada plus efavirenz
(EFV) or nevirapine (NVP)]. The absolute mean values of other haematological evolutions
were not significantly different between patients treated with ZDV, d4T, and/or 3TC-

containing HAART regimens and with Truvada plus EFV or NVP (Table 3).

Discussion

This study showed that HAART prophylaxis induced haematological changes in HIV-1
infected patients. However, these changes did not cause worsening anaemia and other
haematologic toxicities in patients with thalassaemia carriages. An increased haemoglobin

and haematocrit at the end of month 6 after HAART initiation were found in both groups of
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patients with and without thalassaemia carriages. Moreover, when compared to the HAART
regimens without ZDV, d4T, and 3TC (Truvada plus EFV or NVP), the regimens containing
of ZDV, d4T, and/or 3TC had a higher effect on the increased values of haemoglobin,
haematocrit, MCV and MCH in the two groups of patients. On the contrary, previous studies
showed that a poor tolerance of ZDV treatment in HIV-1 infected patient with heterozygous
o- and B-thalassaemia has been reported by observing the rapid decrease of haemoglobin and
increase of MCV [10, 11]. Curkendall et al. [1] reported that patients receiving ZDV-
containing HAART were at greater risk of developing new anaemia or worsening anaemia
than patients with non-ZDV-containing HAART and the incidence of anaemia in both groups
was significantly higher during the first 6 months. Furthermore, HAART regimens containing
ZDV led to net decrease in the haemoglobin level whereas d4T based regimens led to a net
increase [1]. In present study, most patients with and without thalassaemia (62 and 69%,
respectively) received HAART regimens containing of d4T. Therefore, the increased
haemoglobin might result from d4T. However, the increase of haemoglobin was also
observed in the patients receiving ZDV and/or 3TC containing HAART regimens. Since there
was a limited number of patient receiving ZDV and 3TC, we did not compare the evolution of
the haematological parameters for each regimen. Increased haemoglobin in these patients
might have resulted from iron supplementation however, HAART itself had been reported by
several studies in prevention of severe anaemia [20-23]. Moreover, Moore et al. [20]
demonstrated that an increase of haemoglobin level in patients who received ZDV-containing
HAART regiment was not significantly different from those who were treated with alternate
HAART regiments without ZDV.

Since both group of patients with and without thalassaemia who were treated with HAART
regimens containing of ZDV, d4T, and/or 3TC had higher values of MCV and MCH than

those who were treated with Truvada plus EFV or NVP, it was confirmed that HAART
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regimens containing ZDV, d4T and/or 3TC are mainly associated with an increase in MCV
and MCH [4-6, 24, 25]. Even though, the increased value of MCV and MCH was not
associated with the severe anaemia, these might affect the thalassaemia screening. Therefore,
unawareness of the effect of HAART regiments on increased MCV and MCH values may
lead to misinterpretation of thalassaemia diagnosis.

Lower platelet counts were frequently observed in HIV-1 infected patients receiving
antiretroviral therapy [26]. In the present study, platelet counts were decreased in both groups
of patients with and without thalassaemia carriages receiving HAART regimens containing
with and without ZDV, d4T, and/or 3TC. However, the thrombocytopenia was not observed.
Moreover, the neutropenia and lymphopenia were not found. This is consistent with
Nacoulma et al. [27] finding that HAART regimens did not cause neutropenia. Furthermore,
HAART regimens were found to be effective in reducing of haematological anomalies [27].
The thrombocytopenia, neutropenia and lymphopenia in HIV-1 infected patients might result
from many effects including the antiretroviral regimens, opportunistic infections, genders and
ethnographies [7-9].

In summary, HAART affected neither worsening anaemia nor other haematologic toxicities in
patients with thalassaemia carriages. On the other hand, the effective use of HAART is
associated with improvement in haemoglobin and haematocrit levels in both groups of
patients with and without thalassaemia carriages. Moreover, these improvement including
increased values of MCV and MCH predominantly occurred in the use of HAART regimens
containing AZD, d4T and/or 3TC. These results are reassuring for regions of high prevalence
of both thalassaemia and HIV-1, especially in Southeast Asia. Although HAART prophylaxis
can be provided to HIV-1 infected patents regardless of their haemoglobin type, using

appropriate HAART regimens and monitoring haemoglobin levels during HAART
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prophylaxis remains important to ensure their safety. Moreover, consideration in the use of

different HAART regimens might rule out the misinterpretation of thalassaemia screening.
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Figure legend :

Fig. 1 Changing of haematological parameters in HIV-1 infected patients with and without
thallasemia carriages during HAART. The results are shown by Mean + SD and p value of the

comparison between HIV-1 infected patients with and without thalassaemia carriages.

Fig. 2 The absolute haematological parameter changing in HIV-1 infected patients with and
without thalassaemia carriages during receiving different HAART regimens. The absolute
haematological parameter changes were obtained by subtracting the values at month 6 from
those at baseline. Data are presented as median (horizontal line), mean (dot), SD (box), and 1*
and 99" percentile (whisker lines). (1) and (3); patients without and with thalassaemia
carriages receiving ZDV/d4T/3TC-containing HAART regimens (n = 33 and 8, respectively),
(2) and (4); patients without and with thalassaemia carriages receiving Truvada plus EFV or

NVP (n =12 and 5, respectively).
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Table 1 Characteristics and baseline data of the study population
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Characteristics Nonthalassaemia carriages Thalassaemia carriages
(n =45) (n=13)

Age (years) 38.60 + 7.81 (23-58) 41.00 +£5.93 (31-53)

HAART regimens

GPO-Vir (d4T + 3TC + NVP) 25 7

d4T + 3TC + EFV or NVP 6 1

Truvada (TDF + FTC) + EFV or NVP 11 5

TDF + EFV + 3TC or FTC 2 -

ZDV +ddl + EFV 1 -

CD4 cell count (cells/pL) 80 + 74.66 (2-268) 118.00 £ 91.65 (13-283)

The results are shown by Mean + SD (range) or n.

ddl, didanosine; d4T, stavudine; EFV, efavirenz; FTC, emtricitabine; HAART, highly active

antitretroviral therapy; NVP, nevirapine; TDF, tenofovir disoproxil fumarate; 3TC,

lamivudine; ZDV, zidovudine.
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Table 2 Changing of haematological parameters in HIV-1 infected patients with and without thallasemia receiving HAART

17

Haematological parameters

Nonthalassaemia carriages (n = 45)

Thalassaemia carriages (n = 13)

At baseline At month 6 P At baseline At month 6 I

RBC (x 10° cells/uL) 4.02 +0.63 3.87+0.61 0.12 4.76 £0.97 4.54 +0.78 0.42
(2.45-5.46) (2.19-4.95) (2.64-5.99) (3-5.62)

MCHC (g/L) 333 +0.92 333 £1.76 1.00 326 + 1.12 315 £ 1.56 0.90
(314-362) (304-374) (310-345) (295-345)

RDW (%) 14.25 +3.07 14.38 + 1.47 0.77 16.15+3.24 15.97 £2.56 0.83
(10.3-25.3) (11.1-19.2) (11.9-23.6) (10.3-19.5)

WBC (x 10° cells/pL ) 573 +2.04 6.45 +£2.30 0.07 520£2.15 5.82+£0.95 0.34
(3.12-12.5) (2.9-12.6) (2.39-8.70) (4.50-8.00)

Neutrophils (x 10° cells/uL) 3.26 +1.86 2.69 +1.30 0.08 2.89+1.23 2.86 £0.70 0.93
(1.42-10.7) (0.9-8.6) (1.35-5.88) (1.8-3.7)

Lymphocytes (x 10° cells/pL ) 1.51 £0.79 2.09£0.76 <0.001 1.36 £ 0.89 1.62 +£0.52 0.28
(0.29-3.22) (0.8-4.7) (0.30-2.92) (0.90-2.4)
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Platelets (x 10° /uL) 283.80 = 120.24 205.44 £73.07  <0.001 320.77 = 124.15 251.08 £ 60.32 0.02

(114-631) (10-345) (153-552) (180-352)

The results are shown by Mean + SD (range). Normal ranges for the measurements elaborated in the table are as follows : RBC 4.5-6.0 x 10°
cells/uL, MCHC 320-360 g/L, RDW 11.5-14.5%, WBC 4.8-10.8 x 10’ cells/uL, Neutrophils 2.3-7.6 x 10’ cells/uL, Lymphocytes 0.8-4.0 x 10
cells/uL, Platelets 150-450 x 10°/pL.

MCHC, mean corpuscular haemoglobin concentration; RBC, red blood cells; RDW, red blood cell distribution width; WBC, white blood cells.
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Table 3 The absolute haematological parameter changes in HIV-1 infected patients with and without thalassaemia carriages during receiving

ZDV/d4T/3TC-containing HAART regimens and non-ZDV/d4T/3TC-containing HAART regimens (Truvada plus EFV or NVP)

Haematological parameters

Nonthalassaemia carriages

Thalassaemia carriages

ZDV/d4T/3TC- Non-ZDV/d4T/3TC- P ZDV/d4T/3TC- Non-ZDV/d4T/3TC- P
containing HAART  containing HAART containing HAART  containing HAART
(n =33) (n=12) (n=38) (n=5)
CD4 cell counts (cells/pL) 167 + 65.56 133 + 88.54 0.85 102 + 96.25 106 + 71.67 0.94
(21-280) (35-298) (-105-195) (20-185)
RBC (x 10° cells/uL) -0.15 £ 0.64 -0.12 £0.48 0.89 -0.07 £ 1.13 -4.46x 0.56 0.72
(-1.35-2.01) (-0.82-0.77) (-1.17-2.18) (-1.02-0.36)
MCHC (g/L) 33 +£20.89 -4.67 £ 13.57 0.18 -12.88 £25.53 -297.14 £11.23 0.72
(-48-47) (-23-30) (-44-28) (-18-4)
RDW (%) 0.28 +3.45 -0.28 £ 1.69 0.34 0.09 +3.42 -0.62 +£2.83 0.52
(-10.6-8.8) (-2.7-2.62) (-6.3-4.4) (-2.9-4.2)
WBC (x 10° cells/uL) 0.95 +2.87 0.08 £1.72 0.17 1.29 £1.94 1.01 £2.31 0.83
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(-7.9-7.94) (-2.4-2.68)
Neutrophils (x 10° cells/uL) -0.78 £2.37 0.02+1.12
(-8.57-2.09) (-1.33-2.65)
Lymphocytes (x 107 cells/uL) 0.75+0.89 0.12+0.7
(-0.94-3.45) (-1.09-1.5)
Platelets (x 10° /uL) -84.70 = 116.04 -60.92 £126.26
(-463-144) (-387-166)

(-1.7-3.7)
0.38 0.05 + 1.09

(-2.1-1.13)
0.02 0.64 + 0.48

(-0.12-1.51)

0.71 -87.13 £ 103.32

(-295-53)
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20
(-3.03-2.5)
-0.15+1.59 1.00
(-2.28-1.38)
3773+ 1.14 0.002
(-5.11-(-2.22))
-41.8 +£63.95 0.52

(-113-27)

The absolute haematological parameter evolutions were obtained by subtracting the values at month 6 from those at baseline. The results are

shown by Mean + SD (range).
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ABSTRACT

The immune restoration disease (IRD) is seriously concerned in HIV-infected patients
receiving highly active antiretroviral therapy (HAART). The majority of antigens
causing IRD are associated with infectious microorganisms. We analyzed the effects
of Thai guidelines for clinical management and treatment of HIV-infected adults
(2004) on IRD development. Prospective study was conducted at two hospitals in the
Northern Thailand. Sixty-seven HIV-infected patients were enrolled. Eighteen
patients had active opportunistic infections and two patients had chronic hepatitis B
and/or C. All 18 patients with active opportunistic infections were treated with
antimicrobial agents before HAART initiation under recommendations of Thai
guidelines (2004). The follow-up were made at months 1, 3, 6, 9, and 12 of HAART.
At month 6 of HAART, a dramatically increased in CD4 cell count was observed in
both groups of patients with and without active opportunistic infections. During a year
of follow-up, there were no patients with active opportunistic infections developed
IRD. Where as, one of patients who had no previous history of opportunistic
infections developed IRD with tuberculosis of intestines, peritoneum and mesenteric
glands within 2 months of HAART. Her CD4 count was increased from 44 to155
cells/uL during 6 months of follow-up. The imbalance between IFN-y, TNF-a and IL-
10 cytokines was observed during the first three months of HAART. Therefore, Thai
guidelines (2004) effective in decreasing incidence of IRD in HIV-infected patients
with active opportunistic infections, however patients who had latently infected with
certain pathogens and escape the routine screening of opportunistic infections should

be aware.



Key words: Cytokines, HIV; Highly active antiretroviral therapy; Immune restoration
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INTRODUCTION

The use of highly active antiretroviral therapy (HAART) has dramatically changed the
prognosis of HIV disease by improving immune function and decreasing mortality,
morbidity, and opportunistic infection®. Despite satisfactory control of viral
replication and improvements in CD4 cell counts, up to 25% of HIV-infected patients
with HAART exhibit paradoxical deterioration in their clinical status. This clinical
deterioration, known as the immune restoration disease (IRD) or immune
reconstitution inflammatory syndrome (IRIS), is a result of an exuberant
inflammatory response to several active or quiescent opportunist infections and
antigens of non-viable pathogens and usually occurs during the first six months of
antiviral (ARV) treatment*”’. A variety of manifestations of IRD have been described,
most prominently including Mycobacterium avium complex lymphadenitis,
paradoxical exacerbations of pulmonary and central nervous system Mycobacterium
tuberculosis (MTB) infection, paradoxical exacerbations of Cryptococcus neoformans
meningitis and cytomegalovirus uveitis®. A retrospective study between 1997 and
2000 by Shelburne et al. showed that 30.5% of HIV-infected patients who were
coinfected with M. tuberculosis, M. avium complex, and C. neoformans developed
IRD within 46 days of the median time between starting HAART and diagnosing IRD.
Furthermore, the patients with IRD were more likely to have initiated HAART nearer
to the time of diagnosis of their opportunistic infection®. In Thailand, a retrospective
study between 2003 and 2004 by Manosuthi and et al. showed that 12.6% of HIV-
infected patients coinfected with M. tuberculosis develop MTB-IRD with in the first
two months of HAART (stavudine, lamivudine and either efavirenz or nevirapine),
despite the HAART was initiated at more than 2 months after initiation of MTB

treatment®. Moreover, the incidence of IRD in HIV-infected Thai children has been



report at 19% that caused by mycobacterial organisms, varicella-zoster virus, herpes
simplex virus, Crytococcus neoformans and Guillain-Barr'e syndrome™*.

The majority of antigens causing IRD are known to be associated with infectious
microorganisms. Furthermore, an increased risk for IRD development has been shown
in patients who started HAART in closer proximity to the diagnosis of their
underlying®. After May 2004, Thai guidelines for clinical management and treatment
of HIV-infected adults are used as a guideline for ARV treatment since it recommends
for a treatment of opportunistic infections that should be implemented before ARV
initiation. There are no prospective therapeutic trials concerning the prevention and
management of IRD. Therefore, the goals of this study were to determine whether
HAART initiation following Thai guidelines for clinical management and treatment
of HIV-infected adults (2004) decrease the incidence of IRD even in high-risk
patients.

The increased level of plasma pro-inflammatory cytokines like interleukin (IL)-6 has
been reported as the exuberant Thl immune response to mycobacterial antigens in
patients with MTB-IRD'***. However, the predominance of Th2 over Thl immune
response was found in patients with IRD due to Cytomegalovirus (CMV) and Epstein-
Barr virus (EBV)™ . Therefore, analysis of plasma pro-inflammatory {interferon
(IFN)-y and tumour necrosis factor (TNF)-a} and anti-inflammatory (IL-10) cytokine

profiles may provides new evidence valuable for the diagnosis and treatment of IRD.

METHODS
Patients
The study was conducted at 2 hospitals, Sanpatong and Nakornping Hospital, in the

Northern Thailand. From September 2006 to December 2007, we prospectively



enrolled 67 HIV-infected patients to receive HAART. Inclusion criteria were as
follows : (1) HIV-infected patients >15 years of age; (2) no previous treatment with
antiretroviral drugs; (3) no active opportunistic infection at the time of HAART
initiation; (4) patients with active opportunistic infection by clinical features and
laboratory diagnosis were treated with antimicrobial agents before starting HAART
by following Thai guidelines for clinical management and treatment of HIV-infected
adults (2004). All HIV-infected patients participating in this study provided written
informed consent before enrollment. This study was approved by the Ethics

Committee of the Faculty of Associated Medical Sciences, Chiang Mai University.

Procedures

All patients were followed at baseline (before HAART initiation) and at month 1, 3, 6,
9, and 12 of HAART. During each visit, the patient’s medical history review and
physical examination was done. Patients and caregivers were counseled initially and
at each visit to adhere closely to HAART, to recognize signs and symptoms indicative
of opportunistic infection or an IRD, and to seek appropriate care. Data collected
included patient demographics, pre- and post-HAART CD4 cell counts and plasma
HIV load, specifics regarding diagnosis and treatment of the opportunistic infection,
and clinical outcome, including development of IRD. The diagnosis of IRD was
based on a previously published definition®. Briefly, the patients with HAART have
clinical evidence of an inflammatory process that was not consistent with the usual
course of an established infection or a new infectious process, and to have a rising
CD4 cell counts and a falling plasma HIV load. Moreover, the specifically clinical
manifestations of IRD of each opportunistic infection were analyzed based a

previously described® 8178,



Quantification of plasma cytokines

Quantification of plasma cytokines were performed using enzyme-linked
immunosorbent assay (ELISA) kits : IFN-y (BioSource Europe SA, Nivelles, Belgium)
with a sensitivity of 0.03 1U/ml; IL-10 and TNF-a (Immunotech, Beckman Coulter,
Marseille, France) with a sensitivity of 10 and 5 pg/ml, respectively. All kits were

used according to manufacturer’s instructions.

Statistical Analysis

All analyses were performed with SPSS for Windows (SPSS version 11.5, Chicago,
IL). Comparisons between groups were made using non-parametric tests (Mann-
Whitney test) as appropriate. A p value less than 0.05 was considered statistically

significant.

RESULTS

Participants and baseline characteristics

From September 2006 to December 2007, 67 HIV-infected patients were enrolled for
receiving HAART regimens as shown in Table 1. Eighteen patients (26.87%) had
active opportunistic infections including 6 Pneumocystis jiroveci pneumonia, 5
Mycobacterium tuberculosis, 4 Candidiasis and 3 Cryptococcosis while 2 patients had
chronic hepatitis B and/or C. Following, the Thai guidelines for clinical management
and treatment of HIV-infected adults (2004), all patients with active opportunistic
infections were treated with antimicrobial agents as shown in Table 2. The mean
number of months between beginning treatment for M. tuberculosis and commencing

HAART was 3.6 (range 1-9) months. Whereas, the mean number of days between



beginning treatment for others opportunistic microorganisms and commencing
HAART was 21 (range 11-31) days (Table 2). Two patients with chronic hepatitis B
and/or C did not receive any anti-hepatitis treatment before starting HAART.

The mean of age and baseline CD4 cell counts measured at the day of HAART
initiation between patient with and without active opportunistic infections did not

differ significantly (Table 1).

Immune response and IRD development after HAART initiation

During a year follow-up period, CD4 cell counts were increased in both groups of
patients with and without active opportunistic infections (Table 1). At month 6 but not
at month 12, an increasing of mean CD4 cell counts in the group of patients without
opportunistic infections was significantly higher than those with opportunistic
infections (Table 1). Moreover, at momth12, more than 90% of patients with and
without opportunistic infections had plasma HIV load less than 50 coppies/mL.

There were no patients with active opportunistic infection developed IRD symptoms.
One of forty-seven (2%) patients without opportunistic infection had tuberculosis of
intestines, peritoneum and mesenteric glands at month 2 of HAART. She had fever,
dyspnea and no previous history of mycobacterial infection. In addition, her sputum
acid-fast bacilli were negative during her appearance clinical symptoms. Without
termination of HAART, she was commenced on antituberculous therapy with
isoniazid, rifampicin, pyrazinamide and ethambutol. Two months later, she was
admitted with abdominal and joint pain, nausea and cervical lymphadenitis. Pus was
aspirated from the cervical lymph node and cultured for M. tuberculosis. Moreover,
her blood was also cultured for M. avium complex. Both cultures were sterile on week

8 and 6 of incubation, respectively. Her CD4 cell count was increased from 46



cells/uL at baseline to 155 cells/uL at month 6 of HAART. Therefore, the diagnosis
of developing MTB-IRD was made. The patient was treated with prednisolone in
addition to the antituberculous agents and HAART. Her clinical symptoms were

gradually improved and complete recover in 7 months.

Cytokines assessment in a patient who developed MTB-IRD

The plasma IFN-y, IL-10, and TNF-o. was measured retrospectively using ELISA kits
in patient with MTB-IRD compared to four patients with previous history of M.
tuberculosis infection without IRD as a control.

Before starting HAART or at the base line, the levels of plasma IFN-y, TNF-o and IL-
10 in patient with MTB-RID were higher than those in the controls (Fig. 1A-C).
During a month of follow-up, TNF-oo and IL-10 cytokines except IFN-y were
decreased and reached the levels found in those controls at month 3 (Fig. 1A-C).
IFN-y, a major effector cytokine in immune response to various pathogens was
increased beyond the normal range of healthy persons (0-0.89 IU/ml) in the first
month of HAART and rapidly decreased near the control level in the third month then
slowly decreased to the control level (0 IU/ml) at month 6 (Fig. 1A). After
administration of prednisolone, the levels of TNF-a and IL-10 were a little bit
increased (Fig. 1B-C) while the level of IFN-y remained constant at 0 1U/ml (Fig.
1A). These results suggested that a rapid change in plasma pro-inflammatory (IFN-y
and TNF-a) and anti-inflammatory (IL-10) cytokines during the first three months of

HAART may be a marker of MTB-IRD.
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DISCUSSION

In developing countries where endemic area of opportunistic microorganisms such as,
M. tuberculosis, P. jiroveci pneumonia, and C. neoformans are usually found as a
coinfection of  HIV-infected patients. They were also associated with the
development of IRD after HAART initiation. Previous studies showed that the
incidence of IRD in HIV-infected patients who receiving HAART was approximately
25-35%. Most of the patients were coinfected with M. tuberculosis, M. avium complex,
C. neoformans, and T. gondii> * *®%°. The goal of this study was to evaluate an
efficiency of Thai guidelines for clinical management and treatment of HIV-infected
adults (2004) in decreasing the incidence of IRD especially in HIV-infected patients
who had active opportunistic infections before HAART. Following the guideline,
infectious microorganisms have to be cured before initiation of HAART. In present
study, there were no patients with opportunistic infections developed IRD, even
thought all, except 5 patients with M. tuberculosis and 2 patients with chronic
hepatitis B and/or C, receiving HAART within 30 (13.67 - 24.50) days after treatment
of opportunistic infections. It was discrepancy to the previous study that patients who
receiving HAART before 30 days after treatment of opportunistic infections had
higher risk in developing IRD than those who receiving HAART after that’. In
general MTB-IRD usually occurred in patients receiving HAART before two months
of antituberculous therapy®:. Therefore, a longer duration (>2 months) of
antituberculous therapy may lower bacterial load and its antigen that lead to
decreasing the risk of MTB-IRD development10. Fortunately, in our study, most M.
tuberculosis HIV-infected patients were receiving HAART after two months of

antituberculous therapy, thus no MTB-RID was observed in those patients.
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At month 6 of HAART, a significantly higher CD4 cell count was observed in the
group of patients without opportunistic infections. One of them developed MTB-IRD
in 2 month of HAART. Her CD4 cell count was increased from 46 to 155 cells/uL
(3.4 times) during 6 months. The rapidly increasing of CD4 cell count with some
microbial infections is a major factor in development of IRD. Moreover, the previous
study showing that a high-fold increase in CD4 cell counts was correlation to the risk
of IRD development®. Although, the patient had no previous history of active
pulmonary M. tuberculosis infection, the extrapulmonary latent infection was not
ruled out. Additional monitoring assay such as measurement the level of some plasma
cytokines especially pro-inflammatory (IFN-y and TNF-a) and anti-inflammatory (IL-
10) should be included.

IFN-y has been demonstrated to be a major effector cytokine in human host responses
against tuberculosis®. It is produced mainly by T lymphocytes of both CD4+ and
CD8+ cells, and it stimulates macrophage function in a variety of ways including
increasing production of both reactive oxygen and reactive nitrogen species which
implicated in intracellular killing or growth inhibition of M. tuberculosis. A number
of studies showed that high level of IFN-y transcription was observed before HAART
and decreased during HAART??, Thus, the increased level IFN-y at the first month
of HAART in the patient who developed MTB-IRD may indicate the presence of
latently M. tuberculosis infection. An imbalance between pro-inflammatory (IFN-y)
and anti-inflammatory (IL-10) cytokine production may also play a role in
development of MTB-IRD, since the imbalance of those has been observed in
peripheral blood mononuclear cells (PBMCs) of MTB-IRD patients®. IL-10 is an
anti-inflammatory cytokine which inhibits the expression of TNF-a known as a pro-

inflammatory cytokine to keep a balance in immune response in normal human being
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%0.31 " In the presents study, we found that the 1L-10 level of the patient with IRD at

baseline was almost fifteen times higher than the controls and then dramatically
decreased close to the control level with in first month. In the same period of time, the
level of TNF-a was slowly decreased and remained higher level than the control after
the first month of HAART. Thus, the imbalance between IL-10 and TNF-a. may
involve in developing IRD.

The limitations of the present study include the CD4 cell counts and plasma HIV load
could not be monitor in every visit. Therefore, the level of CD4 cell counts and
plasma HIV load could not be demonstrated exactly at the IRD development.
Although, there are numerous descriptions of the manifestations of IRD, its
pathogenesis remains largely speculative. Thus, patients with subclinical
manifestations of IRD maybe underestimate.

In conclusion, this study has demonstrated HAART initiation following Thai
guidelines for clinical management and treatment of HIV-infected adults (2004)
which regards to the treatment of opportunistic infections before initiation HAART
can decrease the incidence of IRD. The IRD can be developed also in patient who had
no previous history of opportunistic infections sine the restoration immune might
response to the subclinical opportunistic infection or other yet undefined antigens.
Therefore, the changes in balance of plasma pro-inflammatory (IFN-y and TNF-a)
and anti-inflammatory (1L-10) cytokines during the first three months of HAART may

be an importance marker of developing IRD.
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Table 1. Characteristics of HIV-infected patients. The data are expressed as mean + SD (range) or n.

Characteristics

HIV-infected patients

Without opportunistic infection With opportunistic infection* P
(n=47) (n =20)
Age (years) 37.94 + 7.69 (23-53) 40.10 + 8.17 (25-58) 0.33
Gender : Male/Female 29/18 12/8
Baseline CD4" cell counts (cells/uL) 102 + 82 (0-268) 77 £ 75 (7-283) 0.45
CD4 cell counts at month 6 (cells/uL) 242 + 120 (47-514) 175 + 76 (58-309) 0.04
CD4 cell counts at month 12 (cells/uL) 267 + 127 (52-647) 233 + 81 (113-439) 0.49

Proportion of patients with plasma HIV load
<47 copies/mL at month 12
HAART regimens :

GPO-VIR (d4T + 3TC + NVP)

d4T + 3TC + NVP or EFV

93% (n = 27)

27

94% (n = 16)

10

18



Truvada (TDF + FTC) + NVP or EFV 15 1
EFV + TDF + FTC or 3TC - 2
ZDV + EFV +ddl or 3TC - 3
ZDV + 3TC + IDV 1 -

“included 2 HIV-1 infected patients with chronic hepatitis B and/or C
ddl, didanosine; d4T, stavudine; EFV, efavirenz; FTC, emtricitabine; HAART, highly active antitretroviral therapy; IDV, indinavir;

NVP, nevirapine; TDF, tenofovir disoproxil fumarate; 3TC, lamivudine; ZDV, zidovudine.
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Table 2. Active opportunistic infections and antimicrobial prophylaxis prior to HAART initiation.

Opportunistic infections Antimicrobial agents Duration of antimicrobial prophylaxis prior to

HAART initiation (days)

PCP (n =6) Cotrimoxazole or Dapsone 24.5 £ 6.25 (16-30)
M. tuberculosis (n =5) Isoniazid + Rifampicin + Pyrazinamide + Ethambutol. 108 + 94 (30-270)
Candidiasis (n = 4) Fluconazole or Ketoconazole or Cotrimazole 13.67 £ 2.52 (11-16)

Cryptococcosis (n = 3) Amphotericin B and/or Fluconazole 19.33 £ 1.15 (18-20)
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Figure legend :
Fig. 1. The plasma pro-inflammatory IFN-y(A) and TNF-o. (B) and anti-
inflammatory IL-10 (C) cytokine profiles in a patient who developed MTB-IRD and

controls after HAART initiation.

VO = baseline, V1 - V5 = visit at month 1, 3, 6, 9, and 12 of HAART, respectively.
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