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Abstract

Project Code: MRG5380045

Project Title: T-cell receptor rearrangement excision circles (TRECs) levels over one-year

highly active antiretroviral therapy (HAART) in HIV-infected patients with no or treated

opportunistic infections at HAART initiation.

Investigator: Assoc. Prof. Dr. Sakorn Pornprasert

E-mail Address: sakornmi001@yahoo.com

Project Period: 2 years (June 2010 — September 2012)

Background: T-cell receptor rearrangement excision circles (TRECs) are byproducts of T-
cell receptor gene rearrangements, generated during lymphocyte maturation in the
thymus. An increase of TRECs levels after highly active antiretroviral therapy (HAART)
initiation is an indicator of immune reconstitution. There is no report whether treating
opportunistic infections (Ols) prior to HAART initiation affects immune reconstitution on
HAART. The objective of this study was to assess whether treating opportunistic
infections (Ols) prior to HAART initiation affects CD4 T-cells recovery and TRECs in
patients on HAART.

Methods: Blood samples were collected from 44 HIV-infected patients, 31 presenting no
Ols and 13 with treated Ols at HAART initiation. CD4 T-cells and TRECs were measured
at baseline, 6 and 12 months HAART and compared between patients presenting no Ols
and those with treated Ols. Univariate and multivariate logistic regression models were
used to identify potential factors associated with low TREC increase after 12 months
HAART.

Results: Patients presenting no Ols tended to have higher CD4 T-cell gain than those
with treated Ols (151 vs. 89 cells/uL; p = 0.05) after 6 months HAART but not after 12
months HAART (120 vs 149 cells/uL; p = 0.84). Among patients presenting no Ols, TREC
levels significantly increased from baseline through 12 months HAART while among those
with treated Ols, there was a trend for increase only after 12 months. However, TREC

increases were not significantly different between the two groups after 6 and 12 months



HAART (p = 0.90 and 0.66, respectively). Moreover, there was a significantly low TREC
increase when patients had CD4 T-cells >200/uL after 6 months HAART (OR = 9.0;
95%Cl: 0.9-88.2; p = 0.03).

Conclusions: Treatment of Ols prior to HAART does not lead to impaired CD4 T-cells
recovery and thymic outputs. However, immune reconstitution may differ according to the
type of Ols therefore the study in larger population with different type of Ols should be
performed. Moreover, the levels of TREC in the memory or naive sub-populations

(CD45RO+ and CD45RA+) of both CD4 and CD8 T-cell should be also analyzed.

Key words: CD4 T-cells; Highly Active Antiretroviral Therapy; HIV; Opportunistic

infections; T-cell receptor rearrangement excision circles
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FUWIZAL endogenous  B-actin fa forward primer  AMNLTUT® 300  nM (5-
TCACCCACACTGTGCCCATCTACGA-3'), reverse primer @213 3N%G% 600 nM (5'-
CAGCGGAACCGCTCATTGCCAATGG-3") uaz fluorogenic probe AULTNTW 200 nM
(5-ATGCCCTCCCCCATGCCATCCTGCGT-3) ﬁammﬂﬁw hexachlorofluorescein
(HEX), (Human B-actin gene GenBank sequence accession number DQ858179.1) il
lgUsnemmuven jAsnrmuaiu 25 pL dndulunaeaufisofiie non- template
control Finnaudaaaiaununisidudiatng DNA Ml fAsenlHie3as Rotor-Gene
6000™ (Corbett Research; Mortlake, New South Wales, Australia) ‘ﬁﬁm’l’sz preheat "?‘i
gawnndl 95°C Lunmwn 15 win AT UABUYBY real-time PCR $1143% 50 50U lag
uAazsouLsznandstuaet denaturation ﬁqm%{]ﬁ 95°C Jum s 15 TN uas
annealing/extension ‘ﬁ'qm%{}ﬁ 60°C tHwaawn 1 Wil fadnudaznsvinseazausn
(triplicate) WaUINDBIUFATE1W Id91NA" cycle threshold (Cr) %ouﬂwnﬁuﬁuﬁﬂmum
(copy number) 289 DNA 1flhwany 5260 TRECs lwdiandi 6 uaz 12 va9mssnendas
HAART 1u€haﬂw,wiazmmziwmmaanmlugﬂaﬁwmmﬂwaas:é’u TRECs lwidiandi 0
(baseline) #%3UTLAU TRECs b4 CD4" uaz CD8  T-cells azuanutduanuidudulu
Wiae pg/10° cells laganududuasndaunsndiwimldaanniwanasgiuses TRECs

plasmid Nn13vhaIug lUiun13a329 DNA dhati

A0ALAIIEA
foyannmsansninuaiiiaueluzdanisagiu (median) w3a duads (mean)
uaz FudsaluuINAIZIU (standard deviation) MFIlaMzvidayavaddaitolarlainda
wazlaifamaanslanmanszvinlas STATA software package version 10 (College Station,
TX) mMInagay Mann-Whitney %38 Fisher's exact test LTiNalUSauifiaudn CD4 T-cells
320U TRECs \WearaInguaaeing LLazgmmﬁmvh%'mﬁ@ HAART 32#i9nguanaeining
a 6 v s . A v o ¢ ' ° +
§84 NNIILATIZHAAIY Pearson’s correlation LWARIAMURUNBDIZHINNNUIU CD4 T-cells
A a J’ [ [ a 6 a A & . . . .
ARNIUAUILAU TRECs NI Rnanasuuuladg@nng univariate Way multivariate
logistic regression models ﬁﬁwﬁlﬁ'ﬁﬂﬁ%'umﬁLﬂi’]tﬁ“ﬁ”agalmaauﬁ 0 (baseline) Laza
d s ﬁ o a ™ s
CD4 T-cells lwidaun 6 289n71630 HAART G9e1alanuauWnsnuszay TRECs lu

{ o v . @ @ ] i o
Laauﬁ 12 ‘ﬁdl%ﬂ’]iﬂ@]ﬂﬂdﬁ%@&ﬂdﬂ@}gamEl\ﬁz@m TRECs aaﬂLﬂuaa\‘]ﬂf‘qlNﬁa ﬂ’]@]’]LLazg\‘]
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(=1 usz >1) UfFunutszwitsandsmigasnivpdaynisid (p <0.2) Alaanms
ANZADANBLULL univariate logistic regression zNIAIITRDADLUY multivariate

logistic regression szé’uﬁfﬂéwﬁtymaaﬁaém%'unﬂm‘smaauﬁmu@lﬁﬁ 0.05

NANIINAADY
v ci % Y Y ¥ aAa
Jaganaanudizniaalassmsuaztayanivadin
U aaAa va dql/ dd‘a ra d%/ A d'
°nagammauﬂmaagmm"ﬁaLaﬂjvlawwLLa:"l,ml@meﬂamﬂm@au'ﬂ 0
(baseline) LEAILUANTIIN 1 ﬂizﬂauéhm&”ﬂaUﬁ"l,&i?\m%amﬂamaﬁhmu 31 318 UAs
pjﬂmam%amUIamaﬁ"L@‘T%'ums%'ﬂmﬁwmﬁmqa%wﬁaﬂﬁu HAART 31%73% 13 918
A o o . .. . . °
Fasuwniin ;dlhﬂ Pneumocystis jiroveci pneumonia (PCP) 3743% 5 318 pulmonary
tuberculosis 1 918 oral candidiasis 3N1%3% 4 318 WA cryptococcal meningitis 31434 3

378 ATLATU mﬁm@a%wuaziwm mlums%’nmﬁmmﬁaUm@”’mqa%wﬁauﬁﬁu

]
=

HAART ugadluasen 2 dihonnnoldfumdwhiiaganausiia HAART
132naua8 nucloside reverse transcriptase inhibitor (NRTI) 2 %@ WAz non-nucleoside
reverse transcriptase inhibitor (NNRTI) 1 Tia Wazwuin CD4 T-cells luidaun 0

. U d' a dw A o 1 Y n:l'n d‘y dl Qs
(baseline) vaitlaf liGazaaislamaiiitwiuunnidihendazeaislomanlaiy
MIMNINEBNEUIATH  adifauaNuuandaIna liitbdAyneata (uaadlu

a3 1 uazgUn 1)

mmauauaamagﬁé’uﬁuuaﬂa%’a%mmwé’alﬁ'%’u HAART
WaINMI AU T HAART (Hunauwiu 6 was12 @aunuiniinng
s X & Ce - ¥ o dwa A
\WNAUVEI CD4 T-cells lunimaingudintng (Ui 1) uananingugthonludaizeans
lamafismin CD4 T-cells annnhgthonfadeaislemaetneliiuidnynaaiia (255
vs 158 Uz 269 vs 172 cells/ul; p = 0.003 Uaz 0.03 AwdAaL) (U 1) uananitszay
{ % Y { & & . .
CD4 T-cells lbi@auf 6 VaINMITNBG28 HAART NLANLKINN baseline (CD4 T-cell gain)
OX] A a & a @ . | A e o @ aa A a ~ 'Y
lugihonliGaizaanslamadumlduginiadadisdmdynesifilaSouiouiuly
U IQ g ] QI J Qs
Athefidaimaainlonma (151 vs 89 cells/ul; p = 0.05) 8t lsianaumMainduvedszay
+ { % % 1 & 1
CD4 ™ T-cells (CD4 T-cell gain) luifiaul 12 289n133n81698 HAART 3ewinanImadng
Tdfanuuandvasalnoian19ata (120 vs 149 cells/ulL; p = 0.84)
a [ A . = o A A [ Y
YSunanhialunszuafon (vikal load) T9937370lutAaUN 12 #adla3u HAART
wudwﬁﬁﬂmﬁ"t&iﬁm%amUIamaa‘hmu 29 78NNIRNG 31 7o (Aalduiasas 94) ua
dthendazaaislemannie (@aidusasaz 100) SUsmmhialunzusiaaaaasanld

RN1TNATIIA LG (¥B8N31 50 copies/mL)



32U TRECs Mg#%adlasu HAART
o d o 'Y a £ d
320U TRECs 4 LAawh 6 Was 12 289n133N11628 HAART WNNTUBANL@aRh 0
. ' A e o aa X AV 1a & A X Aa &
(baseline) atsiitbimanymiadialudief lifaseaislama anzfilugiondazoads
v QI J e { g v
Tomaduwiliduwesm ANt uwaIseay TRECs  awizluldauil 12 wa9nm3inmans
- . . s . -
HAART (3U1 2) athalsimuszaunaindngasszau TRECs luidaui 6 uaz 12 28413
TN HAART sewinngud@aimauas lidarearslanmalifianuuandraiuadned

wedAYNeEia (U 2)

ANNANNIHTENI195201 TRECS Uazs1%Iw CD4” T-cells TiLANY 1

[oRasanaNuFNR I M TIRNE WYDIT2eL CD4™ T-cells (CD4 T-cell gain)
fUs=@u TRECs Atndn wuiluidousi 6 1a9msldsy HAART mafinduvedssey
CD4" T-cells Lifanusnnuiiuszay TRECs ﬁl,ﬁu%uﬁzﬂumjuga@LLazmjmﬂﬂ?\m%a
aulans (gﬂ‘?‘i 3A Ua B) woizfinnuduRENIuInTznieminiwiasseau cD4’
T-cells uaz 320U TRECs Wu'ldluiiiondl 12 va9m3snendas HAART 1uﬂ§jm§ﬂwﬁvl,sj§@
Haanslama LL@i"l&iwué'ﬂumzmmé’uﬁufﬁoﬂdnluﬂ@ugﬂaﬂﬁamfgamﬂIama (Eﬂﬁ'
3C uaz D)

Tunrsdszifiunansznuuesdadnsingndg flenasenadonisiinduresszay
TRECs lwidiaufi 12 vasn1ssnmeis HAART fivkasninwiowiiny 1 1ihass TRECs
baseline 1::'% lagNnNTALATNERAY univariate regression analysis wudijﬂ’mﬁﬁ CDh4
T-cells lw@ouft 6 va9m35nHNaI8 HAART W1NN31 200 celis/ul faaTLaesfirnlwszau
TRECs findwiagninviiatviniu 1 witwes TRECs m baseline mﬂﬂ’j’wjﬂwﬁﬁ CD4 T-
cells #88NINWIBLYNAL 200 cells/uL 919 9 1¥i1 (OR = 9.0; 95%Cl: 0.9-88.2; p = 0.06)
LﬁuLﬁmﬁumiﬁQ’ﬂaaJLflul,wwmjdwudwﬁé’mm?mﬁﬁﬂﬁi:é’u TRECs \wTurtounin
WI8LNNU 1 1¥inv89 TRECs t baseline mﬂﬂ’jwjﬂamw%’m £193.3 111 (OR = 3.3;
95%Cl: 0.6-20.2; p = 0.19) (m‘swﬁ 3) atnalsfiaudatirasesifassunriimsie e
ANMUFNANBTIZI9IT8uRa18a387UTEaU TRECS @28 multivariate regression
analysis wudwmww:ﬁﬂwﬁﬁ CD4 T-cells lwdandl 6 209MI3NB1828 HAART nn
200 cells/uL ntiufidsasuaesiivinliseau TRECs induitoaninuiaindy 1 wiwes
TRECs t baseline (OR = 9.0; 95%CI:0.9-88.2; p = 0.03) (mS’mﬁ 3)



@13197 1. Tayanadfinvesgaaizeiarled Tayauansadlugdedsugu (interquarlie range) %3a n

ANBWENIARRN é’ﬁm%ymmﬂafi
v[aiﬁm??aga%wmsfama am%”aaga%wmﬂfama P-value
(n=31) (n=13)

g (1) 39 (33-45) 36 (34-42) 0.72*
LWL TR 19/12 5/8 0.20"
CD4 T-cells Laauﬁ 0 (Baseline) (cells/uL) 135 (6-200) 36 (24-68) 0.13*
HAART regimens :

d4T + 3TC + (NVP or EFV) 17 12

Truvada (TDF + FTC) + (NVP or EFV) 14 1 0.02"

d4T, stavudine; EFV, efavirenz; FTC, emtricitabine; HAART, highly active antitretroviral therapy; NVP, nevirapine;

TDF, tenofovirdisoproxilfumarate; 3TC, lamivudine.
*Mann-Whitney U test

#Fisher’s exact test




A19191 2. Isadairaan ﬂIammmz‘::mznmiumﬁﬂmﬁaﬂméﬁm;a%wriau"lﬁ%’u HAART

Tsaaamaadalania mé”mfga%w ‘szﬂsl,'m'lﬁ%'ums%'nmﬁ'aﬂméf'mfga%wﬁam%w%'n

HAART (Mean * SD) (%)

PCP (n =5) Cotrimoxazole or Dapsone 24.2 + 5.3 (16-30)
M. tuberculosis (n = 1) Isoniazid + Rifampicin + Pyrazinamide + Ethambutol. 270

Candidiasis (n = 4) Fluconazole or Ketoconazole or Cotrimazole 16.5 £ 6.0 (11-16)
Cryptococcosis (n = 3) Amphotericin B and/or Fluconazole 19.3 £ 1.2 (18-20)




3UN 1. maAsuudasiuiu CD4 T-cells sl,u;j?lm%al,amvl,a%ﬁa@LLa:Vl,aiam%amslIama

Tugaeaan 1 Yuanndamsdnmnedsduliiasiia HAART Fayauaaslugldads (39)
ANTUIIN (LFULUITIN)
i@

dayaludunailadiaulnan 25, 75 (ndad) uaz 5, 95 (1Fu
wwaua) lasgianlide

dw £ 1 = EZN p.l'n ,ﬁ'
Waala lan RN pyUndasfiuuazihondeizaan glana
LNUAILNADIRVIN
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=

sUf 2. nAuunladszau TRECs 71 6 uaz 12 LABURNINIIINBIAIY HAART

2

~ a o A A i wa A Aa a & @
Wisuisuiuiieun o (baseline) lug@aizaiarloifauaz lidaimoarslanma Tayauaas

lugﬂﬂ'ﬂmﬁm (39) ANTUIIN (LEULUITIN) ﬁagah@‘inmmmaﬁmﬁlﬂﬁﬁ 25, 75 (N&943)
U8z 5, 95 (LHFUWAWIALNA) I@mjﬂwﬁvl,ﬂam%amﬂIaﬂwaLmuﬁaUgﬂﬂﬁiaaﬁmm:gﬂaU‘ﬁ@@

=

Waan s lanRUNUAILNRDIRTN LAz lAWUIZURAIANE1989U09520U TRECs  lul@and

(baseline)
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{ > ' ° { A & . o o { s [
UM 3. ANUAENRUTITAIN9 U CD4 T-cells AN (CD4 T-cells gain) MUzAL TRECs lulfaun 6 Uaz 12 VaINIINIGI8 HAART i

Athanlidareaislonma (A uaz C) uazluihon@aizaanalana (B uaz D)
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A39N3. MIATNzAnansuULla’ANNI univariate WA multivariate regression L@

WIANMUTNABTIENI19TT8TINA19 9 NANAAENITANTZAL TRECs 01 <1 AT29a7W

oI uIaUas 95 MW lATUNNTINBIGI8 HAART LTwa1ww 12 1han

298 Univariate analysis Multivariate analysis
Odds ratio | p-value Odds ratio | P-value
(95%Cl) (95%Cl)

naagilg

No opportunistic infection 1.0

Treated opportunistic infections 1.5 (0.2-9.5) 0.69

El']E!

< 40 years 1.0

> 40 years 0.5 (0.1-2.8) 0.40

HAART regimens

Truvada + (NVP or EFV) 1.0

d4T + 3TC + (NVP or EFV) 1.4 (0.2-8.5) |0.72

LNE

P8 1.0

W4 3.3(0.6-20.2) | 0.19 3.2 (0.4-23.7) | 0.25

CD4 counts Slwﬁawﬁ O(baseline)

< 40 cells/uL 1.0

> 40 cells/ pL 2.0 (0.3-12.2) | 0.45

CD4 counts #8951 HAART 6L 8%

< 200 cells/ pL 1.0

> 200 cells/ pL 9.0 (0.9-88.2) | 0.06 9.0 (0.9-88.2) | 0.03

95%Cl = Fr9nnuLiaawiisasas 95 (95%Confidence Interval)

14




3@ TRECs 11t PBMCs, CD4 1az CD8 T-cells

11a1i1N13AT197a32AL TRECs M9l PBMCs, CD4 uaz CD8 T-cells NNMIFA
A o 1 1 U t:lI ra dy o 1 U t:lln:\ dq,
Laaﬂmamamnﬂqwgﬂam"lmm'*namzﬂamammu 3 g uazngudthenfaroans
Tanm &3 wI% 3 318 WUz TRECs 11 PBMC Waz CD4 T-cells maa;&”ﬂwﬁaaaamjuﬁ
[ ~ P A o A a £ ~ & o A ~ a
anwm:gﬂLLuumsLﬂaﬂuLLﬂawmuaunuﬂmwwmwmmnuaylumauﬂ 6 WazIN1T
A £ A P o o a ~ o
LN ILABUN 12 2aIN1IINBNA8 HAART (3UN 4A Uz B) UeNszal TRECs T
1 U { a ¥ QI ‘g, g; ] { Qf/
CD8 T-cells maaﬂqwgmmﬁ"lm@L%amUIamameumﬂmLLmaauﬁ 6 launvznine
W@aui 12 YaINT1T AU HAART e‘fmmﬂ@mmnmngﬂamﬁam%amﬂamaﬁwumi
o ¥ . o ; o .
lWNUUTY TRECs 1w CD8 T-cells tNpdtantasluidani 6 waztNudwiuinwiwuinln

{Houil 12 283m3FnEnee HAART (3U 4C)
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31 4. maUauuulasszey TRECs T PBMCs (A), CD4 T-cells (B) Laz CD8 T-cells (C)

vasfjihoi l@aiTasnslama (n = 3) wazdithedaeaislanmia (n = 3)

unIvIniuazasuaninaasy
@1'au%ifmﬂuai’mzﬁﬁuwmwz%ﬁﬁ'tyslum‘sﬁuﬂé’uﬁmaas:uugﬁﬁuﬁ'ﬂmﬁ@Lfga
arle3f ldsumssnmdnendiwlasania HAART (10, 15, 16) 3alludsziaudiinanlat
nﬂﬁﬂwﬂiﬂa@L%amuiamaﬁaﬂmé'ﬁmga%wﬁaulﬁ HAART fnansznudemsiinduues
32U CD4 T-cells wazmsvinuvaddeylsia (TRECs) e lanazatndly :nnmsanmn
assitledn M a s a3y CD4 T-cells Uaz326L TRECs ‘lu;ﬂ?@m*’%@mﬂﬁﬁ&@

' [
vaa A

LLazvl,xia@L%ﬂﬂﬁﬂIama%*ﬂwdm@mamUIaﬂwafuazvlﬁ%'unWi%'nwwﬁaﬂmﬁmﬁga%wﬁau
163U HAART s'fiwami?mmLLamaiﬁLﬁu’j’]ﬂﬁﬁuﬂé’uﬁmaaszuugﬁﬁwﬁﬂmjﬁvléﬁumi
Snunlsndaidaanslamanewldsu HAART "l&iﬁmmLmﬂ@mvl,ﬂanﬂgﬁvl,sja@L%amzﬂama
T,@mMﬁmﬁ’;LLﬁiijﬂ’sﬂﬁ"l,sjaﬂl,%amﬂamm:ﬁ CD4 T-cells gaﬂ'jwj@m%am alana
aensfind AN IRBaNAeud 6 ua 12 289M33L HAART usifin CD4™ T-cells
\Audn (CD4 T-cell gain) ﬂé'u"l,&iﬁmmu,mﬂ@mﬁ'mmiwmjwéffsamaﬁg@aaamwé’ﬁu
HAART (%ian17% 12 1@ow (120 o 149 cells/uL; p = 0.84) wananiiszeu TRECs 7
Lﬁ'u%uvlajﬁmwLmﬂ@maﬂ'nﬁﬁfﬂz%ﬂﬁ'zymaaﬁaiwdnmjuﬁaaﬂ'"mﬁy'oaaqmwé'oms%'u
HAART (Julaa w1t 6 Waz 12 1aaw (gﬂ‘ﬁ' 2) ’é‘ﬂﬁz\igﬂLLuumiLﬁu"fumaaizﬁu TRECs 14
PBMCs uazlu CD4 T-cells °1Jad;&“ﬂ’szlﬁv'aaadmjuﬂ'@ﬁé’ﬂwmzﬁﬂﬁﬂﬂﬂﬁdﬁu (Eﬂﬁ' 4A 18z B)
warhaLdTeay TRECs 'l CD8 T-cells maa;jﬁvhia@L%amﬂIﬂﬂﬂﬁﬁﬂﬁiLﬁw"fuuﬂﬂé’aLL@i
LAaudi 6 VaINITINEITIY HAART ﬁ’fia@mmﬂlumjw&”@@L%amyiamaﬁwuﬁmuﬁwﬁu
w89 TRECs Tn CD8 T-cells luidioufi 12 209m 31650 HAART agnslsfieanuszeu TRECs
lu CD8 T-cells maa;jﬂaslﬁv'oaaoﬂz\jwﬁﬂ%mmﬁﬁam’j’]ﬁm’mwulu PBMCs Waz CD4 T-
cells G35HNN1IATITATEAL TRECs % CD8 T-cells anageriandamsrniunasdenlsda
Ielaisvinnsaiaias=e TRECs 1w PBMCs Waz CD4 Tecells Mstfinduodseay
TRECs ﬁv'o‘lu;jﬁ’syﬁ(‘?lml,azvl,;ia@L%vamsﬂamaﬁwulumiﬁﬂmw%ﬁﬁmmaa@ﬂﬁaaﬁu
mMsonutewninitlay Lewin uazame (17) AMNmMsansmsiasuutasszeu CD4 T-
cells WAz TRECs Iu;jam%aLaﬁvlafiﬁvlﬁ%urnﬁﬂmﬁw HAART tJuaanwiw 2 1
wananianuesas 18 madgﬂaﬂﬁvlaiaﬂt,%amﬂaﬂna uaziaaas 11 maa;jﬁam%m’m
Tomafinsinduuassean TRECs luidoudi 12 989m35nwnde HAART 1w 2 1viwes
357U TRECs t baseline G9gannaasnunans § midnsiauntiifinuinmafisiuaas
TRECs ‘Lug}”@@L%ﬂﬁmmvlﬁmwé'avlﬁ%'u HAART ulaanwiu 12 1eew dxesgtuuufail

A X @ A £ ! . ' v
ﬂ'ﬁLW&ITuL‘ﬁEldLgﬂuaElLLmLW&l"llu&l’mﬂ’]’] 2 U4 baseline (ﬂﬂ%ﬂ’]ﬂ@iu HAART) (12, 18-
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20) uazlunmsdnsnasafigawnin HAART ﬁlﬁﬁu;jf?mL%@Lam"l,aﬁﬁgaaaamjummmﬁuga
mstniwwesdehialdadeiilsininwlastasss 04 maagﬂwﬁvl,ajam%am ANNE
LLazéﬂmuﬁgmmmaa;jﬂaUﬁ@@l,%amUIamaﬁﬂ%mm%%’aluns:umﬁawﬁaslmh 50
copies/mL uanmnf‘?l;iﬁﬁﬂauﬁa@L%amuIammwl@ﬁﬁ'@umeLﬂu IRIS

M3 linD AN UFIR S TR IS AN WY09326 L CD4 T-cells (CD4 cell gain) Wz
TRECs lutdaufl 6 289m133N81628 HAART ﬁtﬂumjwﬁﬂqmﬁamaz"[&iam%amﬂama
onatflasinanniafouszianlaey CD4 T-cells aanaNesEIziNMABIINNNINMIFIS
Juanlwal (de  novo) andewlsda %a‘*ﬁaé’uﬁwgmﬁdﬂﬁnmmmaﬁfum&ﬂﬁmmﬁﬁ
wuﬁw;&”ﬂ’mﬁ'ﬁ CD4 T-cells 3NN91 200 cells/ul fdas 1 de9fis=et TRECs Rndusian
NINRI0WNY 1 LYiNuas TRECs th baseline mﬂn’h;jﬂ'mﬁﬁ CD4 T-cells $ha8N31M30
LYinfi 200 cells/ul 9 9 11 (OR = 9.0; 95%Cl: 0.9-88.2; p = 0.06) TIFaAARAINUNE
M3ANWV0I Pakker wazame (21) Auaaslifiuwinmsiniues CD4 T-cells nasldsy
sneulasaudseaniu 2 szuzfieszozusn CD4 T-cells Wiinduasnssaaiaiiesanns
§519 CD4 T-cells Indannasuazinwias uazluszardandumstininuinasnet g an
L?Tﬂgjamazmnﬁ'w%uamamﬁ'ﬁa naive War memory CD4 T-cells FaRaannsinen
ufurniesuazinmasiazdanlsiaodolsianunuin CD4 T-cells fitndu (CD4
cell gain) lugﬂaUﬁ"l,ajam*‘f?amﬂiamafrﬁm']ué’uﬁuﬂ%amﬂﬁmzﬁu TRECs #aI3U
HAART lwdauft 12 nafianatinannnszuanmsans CD4 T-cells (de novo) :ndaxlsea
inTuluiaeszozanesnana LLazmsﬁvlaJ'wummé’uﬁufﬁaﬂmﬂuﬁﬁamﬁ?amUIama
mmﬁaammnmsﬁmjwéﬁamoﬁmmmﬁﬂ ¥30LAA9N N7 memory CD4 T-cells ﬁﬁagj
ﬁauvlﬁ%'umim:@jmmLLauameadL%aﬁga%wmﬂIama‘ﬁﬁﬂamﬂﬂ?\m%auazvlﬁ%'umi
$nEnrawBNTy HAART Sevnlstimsutamadiinanniudsassonaliinnsisans (diute)
U5anm TRECs  Isfastasas nafidadufivgruusnfianudulyldunniniasnnszdy
TRECs MAindulumidondt 6 uaz 12 289m31650 HAART i:mﬁaﬂsjwjﬂmﬁaml,azvlsja@
geaslomalifanuuandrsagafitoiaymisda

fadiaunetsznsamsunsanunaseitlauinsilianisniazissey
TRECs sl,ugi]’amL%al,a"ﬁvl,a"”sﬁ@m‘f?amzﬂamau,azEl'a"lsjvl,ﬁ%'ums%'ﬂmméf’m@a%wﬁaﬂﬁ%’u
HAART Lﬁaamﬂﬁaﬁmu@luﬁamﬁn‘méﬁalﬂ"n@Tﬂu"La%'aeLugil’a@L%aLaﬂa%ﬁL‘ﬂugﬂm}uj
LLazfﬂLﬂ%mwﬁ'uﬁf auul w. ¢. 2553 (Thai National Guidelines for Antretroviral Therapy in
HIV-1 Infected Adults and Adolescents 2010) (6) ﬁmmvﬁ’hiwmﬁ'ﬂmimamL%”afga%w
arnlomanisnizinewsuliondiunlsa LLa:Lﬁaommﬁﬁmugﬂuuam%?amﬂamaﬁvlaj
annnasslausaIA TR AN FNRRESTR I RN TUYBITEAL CD4 T-cells ua

320U TRECs luudazuiavaslinaairaaislanizle wiaunuitiitadandSuiasvas
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Abstract: In patients receiving highly active antiretroviral therapy (HAART), increase of naive T-cell production, as
measured by T-cell receptor rearrangement excision circles (TRECs), is an indicator of immune reconstitution. Our
objective was to assess whether treating opportunistic infections (Ols) prior to HAART initiation affects CD4 T-cells
recovery and TRECs in patients on HAART. HIV-infected patients presenting no Ols or treated Ols were prospectively
enrolled prior to HAART initiation and followed-up over 12 months of HAART. CD4 T-cells and TRECs were measured
at baseline, 6 and 12 months HAART and compared between patients presenting no Ols and those with treated Ols.
Univariate and multivariate logistic regression models were used to identify potential factors associated with low TREC
increase after 12 months HAART. Forty-four HIV-infected patients, 31 presenting no Ols and 13 with treated Ols at
HAART initiation were enrolled. Patients presenting no Ols tended to have higher CD4 T-cell gain than those with treated
Ols (151 vs 89 cells/uL; p = 0.05) after 6 months HAART but not after 12 months HAART (120 vs 149 cells/uL; p =
0.84). Among patients presenting no Ols, TREC levels significantly increased from baseline through 12 months HAART
while among those with treated Ols, there was a trend for increase only after 12 months. Our study indicates that

treatment of Ols prior to HAART does not lead to impaired CD4 T-cells recovery and thymic outputs.

Keywords: T-cell receptor rearrangement excision circle; HIV; Opportunistic infections; Highly Active Antiretroviral Therapy;

CD4 T-cells.

INTRODUCTION

Highly active antiretroviral therapy (HAART) has
dramatically reduced the morbidity and mortality of HIV-
infected patients [1] through effective control of viral
replication and immune restoration. However, up to 25% of
AIDS treated patients exhibit paradoxical clinical
deterioration known as the immune reconstitution
inflammatory syndrome (IRIS) [2, 3]. This overwhelming
inflammatory response results from restored immunity to
antigens associated with previously acquired opportunistic
infections (Ols) and has been associated with lower CD4 T-
cell counts at initiation of HAART. In limited-resource
countries, HIV-infected patients often present late with
advanced AIDS and Ols [4, 5] and in order to prevent the
occurrence of IRIS, usually receive antimicrobial agents
against Ols before starting HAART [6, 7].

Thymus is the primary source of naive T-cells and plays
a key role in establishing and maintaining the peripheral T-
cell pool [8]. It reaches its maximum volume by one year of
age; thereafter, its size as well as its function decrease with
age [9]. The thymus production of naive T-cells can be
quantified by measuring the T-cell receptor rearrangement
excision circles (TRECs) formed during the T-cell receptor
gene rearrangement. These thymic outputs are episomal and
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University, 110 Intawaroros Road, Chiang-Mai, 50200, Thailand; Tel: 66-
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diluted during cell division [10]. Low TREC contents in T-
cells and peripheral blood mononuclear cells (PBMCs) have
been observed in a large percentage of untreated HIV-
infected individuals [11, 12]. The rapid decline in TRECs
observed during HIV infection may result from the
expansion of memory T-cells following chronic activation
by pathogens [13]. Effective suppression of viral replication
in HIV-infected patients on HAART has been associated
with immune reconstitution and an increase of TRECs,
suggesting an improvement of thymic function [11].

Several studies analyzing the optimal time to start
HAART in HIV-infected patients presenting Ols have shown
an improved survival when initiating HAART during the
first 2 weeks of treatment of Ols [14-16]. Although immune
reconstitution in tuberculosis-HIV co-infected patients
treated before antiretroviral drugs initiation has been
reported in different studies [17-19], limited data are
available on CD4 T-cells recovery and thymic output or
TRECs in patients on HAART who previously treated for
other Ols prior to HAART initiation. The aims of this study
were to measure TREC levels over one-year HAART among
patients presenting no Ols and patients with treated Ols
before HAART initiation and analyze TREC levels in
relation with the increase of CD4 T-cells.

MATERIALS AND METHODS

Study Population

Forty-four HIV-infected patients, 31 presenting no Ols
and 13 treated for Ols, were enrolled at 2 hospitals,

© 2012 Bentham Science Publishers
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Sanpatong and Nakornping, in Chiang-Mai, Thailand prior
to HAART initiation. Inclusion criteria were: (1) HIV-
infected patients >15 years of age; (2) antiretroviral naive;
(3) no history of alcoholism or IV drug use. All HIV-
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. The patients were
followed over the first 12 months of HAART. Baseline data
collected included patient demographics, CD4 T-cells,
diagnosis and Ols treatment. During the follow-up,
according to the Thai guidelines for monitoring HIV
treatment, CD4 T-cell enumeration was performed at 6 and
12 months using flow cytometry at Sanpatong and
Nakornping hospitals. CD4 T-cell gain at 6 and 12 months of
HAART was analyzed by subtracting CD4 T-cell counts at
baseline from those at 6 or 12 months of HAART. Plasma
HIV RNA load was performed at 12 months of HAART
using Cobas® Ampliprep/Cobas® TagMan® test (Roche
Molecular Systems, NJ, USA).

Blood Preparation

Blood samples were collected in EDTA tubes at each
visit and shipped to the microbiology laboratory of the
Faculty of Associated Medical Sciences, Chiang-Mai
University, within 3 hours. Upon arrival peripheral blood
mononuclear cells (PBMCs) were isolated using Ficoll-
Hypaque gradient (IsoPrep, Robbins Scientific, Sunnyvale,
CA, USA). Cells were aliquoted and stored frozen at -20°C
as dried pellets until use.

DNA Preparation and Quantification of TRECs

DNA was extracted from one million PBMCs using the
NucleoSpin® kit (Macherey-Nagel, KG, Duren, Germany)
according to manufacturers’ instructions. DNA extracts were
stored at -20°C until use. TREC analysis was performed as
described by Ometto et al. [20] with slight changes. The
real-time PCR amplification was carried out in a 25 pL
reaction mixture containing 5 uL DNA sample or sterile
distilled water as a no template control, 1x real-time PCR
Master Mix (Thermo Scientific ABsolute™ QPCR ROX
Mix, Surrey, UK), 400 nM each primer (forward, 5'-
CACATCCCTTTCAACCATGCT-3"; reverse, 5-GCCAG
CTGCAGGGTTTAGG-3' : GenBank sequence accession
number DQ858179.1) and 200 nM of the fluorogenic probe
(5-ACACCTCTGGTTTTTGTAAAGGTGCCCAC T-3)
conjugated with FAM (6-carboxyfluorescein) at the 5'-end,
and TAMRA (6-carboxytetramethilrhodamine) at the 3'-end.
To normalize for cell equivalents, the B-actin gene was
quantified in the same reaction tube for TREC
quantification. The B-actin primer and probe concentrations
were as follows: 300 nM of forward primer (5'-
TCACCCACACTGTGCCCATCTACGA-3"), 600 nM of
reverse primer (5'-CAGCGGAACCGCTCATTGCCAATGG
-3) and 200 nM of the fluorogenic probe (5-ATGCCCT
CCCCCATGCCATCCTGCGT-3") conjugated with the
hexachlorofluorescein (HEX), (Human p-actin gene Gen
Bank sequence accession number DQ858179.1). The real-
time PCR reaction was performed using Rotor-Gene 6000™
(Corbett Research; Mortlake, New South Wales, Australia).
The mixture was preheated at 95°C for 15 min, followed by

Pornprasert et al.

50 cycles of 15 sec at 95°C and 1 min at 60°C. Each sample
was run in triplicate. For each sample, the TREC level was
reported as fold change as compared to level before HAART
initiation.

Statistical Analysis

The data are presented as median or mean and standard
deviation (SD). Statistical analyses were performed using
STATA software package version 10 (College Station, TX).
CD4 T-cells, TREC levels, gender and HAART regimens
were compared between groups using Mann-Whitney test or
Fisher’s exact test. Levels of TREC were dichotomized into
two categories, low or high (<1 or >1) and possible factors
associated with low TREC levels after 12 months HAART
were analyzed using univariate and multivariate logistic
regression models. Baseline characteristics as well as CD4
T-cells after 6 months HAART were included in the
analysis. Interactions between significant variables (p-value
equal or lower than 0.2) were tested in univariate logistic
regression analysis. Multivariate logistic regressions models
were constructed following a forward-backward variable
inclusion scheme. Significance was determined as p<0.05.
All reported p-values were two-sided.

RESULTS

The baseline characteristics of the 2 groups of patients
are shown in Table 1. Thirty-one patients presented no Ols
and 13 patients were treated for Pneumocystis jiroveci
pneumonia (PCP) (n=5), pulmonary tuberculosis (n=1), oral
candidiasis (n=4) and cryptococcal meningitis (n=3). Mean
duration of antimicrobial treatment for Pneumocystis jiroveci
pneumonia, oral candidiasis and cryptococcal meningitis was
20 + 4 days prior to HAART initiation while duration of
pulmonary tuberculosis treatment was 270 days prior to
HAART initiation. All started HAART combinations with 2
nucleoside reverse transcriptase inhibitors (NRTIs) and one
non-nucleoside reverse transcriptase inhibitor (NNRTI).
Patients with no Ols had higher baseline CD4 T-cells than
patients with treated Ols though not significantly different
(Table 1). There was a trend for higher CD4 T-cell gain after
6 months of HAART in the no Ols group as compared to the
treated Ols group (151 vs 89 cells/uL; p = 0.05) but not after
12 months HAART (120 vs 149 cells/uL; p = 0.84). Plasma
HIV RNA load was undetectable (<50 copies/mL) after 12
months HAART in 29 of 31 (94%) no Ols patients and in all
treated Ols patients.

There was a significant increase of TRECs in the no Ols
group from baseline through 12 months of HAART (p =
0.004 at 6 months and p <0.001 at 12 months) while there
was a trend for higher increase only after 12 months HAART
in the treated Ols group (p = 0.07) (Fig. 1). The median
TREC increase was not significantly different between the
two groups after 6 (p = 0.90) and 12 months (p = 0.66)
HAART (Fig. 1).

Univariate logistic regression analysis of factors
associated with low TREC level after 12 month HAART
showed that there was a trend for low TREC increase when
patients had CD4 T-cells >200/uL after 6 months HAART
(OR =9.0; 95%CIl: 0.9-88.2; p = 0.06) or in women (OR =
3.3; 95%CIl: 0.6-20.2; p = 0.19). In the multivariate model,
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Table 1. Baseline Characteristics
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HIV-Infected Patients

Characteristics No Opportunistic Infections Treated Opportunistic Infections
(n=31) (n=13) p Value
Median (Interquartile Range) or n Median (Interquartile Range) or n

Age (years) 39 (33-45) 36 (34-42) 0.72*
Male/Female gender 19/12 5/8 0.20"
Baseline CD4 T-cells (cells/uL) 135 (6-200) 36 (24-68) 0.13*
HAART regimens :
d4T + 3TC + (NVP or EFV) 17 12 0.02*
Truvada (TDF + FTC) + (NVP or EFV) 14 1

d4T, stavudine; EFV, efavirenz; FTC, emtricitabine; HAART, highly active antitretroviral therapy; NVP, nevirapine; TDF, tenofovir disoproxil fumarate; 3TC, lamivudine.

*Mann-Whitney U test.
*Fisher’s exact test.

remained only CD4 T-cells >200 cells/uL after 6 months
HAART (OR =9.0; 95%ClI: 0.9-88.2; p = 0.03) (Table 2).

Fig. (1). Changes in the levels of TREC are expressed relative to
baseline level among HIV-infected patients with no Ols and those
with treated Ols during the first 12 months of HAART. Data are
presented as median (horizontal line), 25" and 75" (box) and 5"
and 95 percentile (whisker lines). Dot line represents the reference
TREC level at baseline before HAART initiation.

DISCUSSION

Thymus has been shown to play a role in the immune
reconstitution of HIV-infected patients receiving HAART
[11, 21, 22]. We have investigated whether treating Ols prior
to HAART initiation has an effect on CD4 T-cells recovery
and thymic output or TRECs. Our results indicate that
treating Ols before HAART initiation leads to immune
reconstitution on HAART similar to that observed in patients
with no Ols. The CD4 T-cell gain was not different between
the 2 groups after 12 months HAART (120 vs 149 cells/uL;
p = 0.84). Although TRECs levels were significantly
increased at 6 and 12 months HAART in the no Ols group
and at 12 months of HAART in the Ols group, the TREC
increase was not significantly different between the two
groups either after 6 or 12 months HAART suggesting a

similar level of thymic function on HAART in the two
groups. In both groups, the increase of TRECs after 12
months HAART (Fig. 1) was consistent with the increase
reported by Lewin et al. [23] in patients receiving over 2
years HAART. As described by others, we also observed a
fraction of the patients on HAART, 18% of no Ols and 11%
of treated Ols patients, who exhibited at least a 2-fold
increase in TREC levels after 12 months HAART [12, 24-
26]. Furthermore in both groups, HIV replication was well
suppressed in the majority of patients and none of the treated
Ol patients developed IRIS.

A trend for a lower TREC increase in patients who
achieved >200 CD4 cells after 6 months HAART was
consistent with the findings of Pakker et al. [27] who
showed a bi-phasic CD4-cell increase on HAART; a rapid
increase in CD4 T-cells due to the redistribution of CD4 T-
cells from lymphoid tissues followed by a slow and steady
increase of both naive and memory CD4 T-cells.

Our study has some limitations. First the number of
patients and the heterogeneity of opportunistic infections; the
level of immune reconstitution may differ according to the
type of Ols however we could not answer this due to the
number of patients presenting a particular Ol type. Second, it
was not possible to analyze the TREC levels in HIV-infected
patients with untreated Ols at HAART initiation since
treatment of Ols before starting HAART is recommended in
the “Thai National Guidelines for Antiretroviral Therapy in
HIV-1 Infected Adults and Adolescents 2010” [6]. Third,
due to the limited volume of blood collected it was not
possible to analyze the levels of TREC in the CD4 and CD8
T-cell population as well as in the memory or naive sub-
populations (CD45RO" and CD45RA"), which are immune
resources, and also measure the levels of IL-7 and IL-7R,
which are both involved in homeostatic regulation. Indeed
previous studies have demonstrated that these two markers
influence immune reconstitution of T-cell compartment after
HAART, independently of the thymus [28, 29].

In summary, our study indicates that patients with treated
Ols at HAART initiation have comparable immune
reconstitution to that of patients presenting no Ols after 12
months HAART. Further studies in a larger population with
different types of Ols are needed to confirm our findings.
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Table 2. Univariate and Multivariate Analysis for Association with Low TREC Increase (<1) After 12 Months of HAART
Univariate Analysis Multivariate Analysis
Characteristics
Odds Ratio (95%Cl) p Value Odds Ratio (95%Cl) p Value
Group
No opportunistic infections 1.0 0.69
Treated opportunistic infections 1.5(0.2-9.5) '
Age
<40 years 1.0 0.40
> 40 years 0.5 (0.1-2.8) '
HAART regimens
Truvada + (NVP or EFV) 1.0 0.72
d4T + 3TC + (NVP or EFV) 1.4 (0.2-8.5) '
Gender
Male 1.0
0.19 3.2(0.4-23.7) 0.25
Female 3.3(0.6-20.2)
Baseline CD4 T-cells
<40 cells/uL 1.0 0.45
> 40 cells/uL 2.0(0.3-12.2) '
6 months HAART CD4 T-cells

<200 cells/uL 1.0

N " 0.06 9.0 (0.9-88.2) 0.03

> 200 cells/uL 9.0 (0.9-88.2)
95%CI = 95% Confidence Interval.
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T-cells analyses due to the limited volume of cord blood samples which is described in
“Discussion”.
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described in more detail under “Isolation of cord blood mononuclear cells (CBMCs)” as
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“Cord blood samples were drawn from clamped umbilical vein within 5-10 minutes after
deliveries into ethylenediamine tetraacetic acid anticoagulation (EDTA) tubes (BD
Vacutainer, Franklin Lakes, NJ, USA).”

4. What was the method of taking cord blood for analysis is not described by the
authors.
» Method of taking cord blood was answered for the previous comment (#3).

5. Certain other baseline characteristics should be provided which can affect the
haemoglobin status at birth and hence introduce bias in the study. For example
maternal and cord ferritin levels.

» Other parameters that may affect the hemoglobin status at birth were used as the
exclusion criteria for the enrolment. In addition, the information regarding iron and
folate supplementation given to all pregnancies has been added in the “ Study
population” section as shown below:

“All women in our study were given iron and folate supplementation as recommended
by the Thai National Guidelines for Pregnancies. [20].”

6. Overall haemoglobin is less in the population. In controls the HCT was 46% which is
less than the standard literature. Any specific reason for that observation.

* The reasons for the lower Hb and Hct found in studied population were described
under “Discussion” as the following:

“Although, the hemoglobin and hematocrit in newborns of HIV-infected mothers were
significantly lower than those of HIV-uninfected mothers. We also found that, mean
levels of these two hematological parameters in both groups were lower than normal
range levels (hemoglobin 165-215 g/L and hematocrit 0.48-0.68 L/L). These lower
levels might have caused from the hematologic genetic disorders such as thalassemia
and G-6-PD deficiency frequently found in Thai population [28]. However, the
hematologic genetic disorders were not used as a variable factor in our study.”

7. The difference in the hematocrit is highly significant. However after drawing the
Gaussian curve according to the dispersion, there is lot of overlap in the controls and
cases. s the calculation accurate.

» We have rechecked and reanalysed the hematocrit levels, and found that the
previous calculation was accurate.

8. While the authors have found less hematocrit in cases, their MCHC is higher than
controls. How do the authors explain this paradox?

» The MCHCis measured in percentage and calculated by using the following formula:
MCHC = (Hb/Hct) x 100

Since the Hb levels between two groups were slightly different, whereas the Hct levels
of the cases were significantly lower than the controls. Therefore, MCHC of the former
was higher than the latter.

9. Neonates born to HIV positive mothers were 150 gram lighter than controls. As the
mothers had HIV they are predisposed to other STDs. Certain viral infections may also
affect hematopoisis. Did the authors check for clinical/ lab features of other viral
infections?

» The weight different between 2 groups was not significantly different (2,873 + 461 vs
3,029 + 412, p = 0.18)

* The clinical features (see-the exclusion criteria) were used to screen all participants.

10. How did the authors decide sample size?

» The authors enrolled all pregnant women who have all designated criteria and
consent to participate in our study and gave birth from March to December 2011.
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1. There could have been a comparison between the mothers' parameters with those
of the infants' cord blood parameters as that would have added more credibility to the
comparison between babies born to HIV-infected and uninfected mothers.

 The study of hematological parameters in mothers would certainly provide interesting
results. However, the authors did not have the inform consent from the mothers for
collecting their blood at delivery.
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Abstract

Objectives: To investigate the effects of antiretroviral (ARV) drugs on hematological
parameters and thymic function in HIV-uninfected newborns of HIV-infected mothers.

Study design: Cross sectional study.

Setting: Chiang-Mai University Hospital, Chiang-Mai, Thailand.

Participants/Patients: 49 HIV-uninfected and 26 HIV-infected pregnancies.

Methods: Cord blood samples of newborns from HIV-uninfected and HIV-infected mothers
were collected. Hematological parameters were measured using automatic blood cell count. T-
cell receptor excision circles (TRECs) levels in cord blood mononuclear cells (CBMCs),
CD4" and CD8" T-cells were quantified using real-time PCR.

Main Outcome Measures: Effect of ARV drugs used for prevention of HIV-mother-to-child
transmission (MTCT) on hemotological parameters and thymic function.

Results: Newborn of HIV-infected mother tended to have lower mean levels of hemoglobin
than those of HIV-uninfected mother (137 + 22 vs 146 + 17 g/L, P = 0.05). Furthermore,
mean of red blood cell (RBC) counts and hematocrit and median of TRECs in CD4" T-cells in
the newborns of the former were significantly lower than those of the latter [3.6 = 0.7 vs 4.8
0.6 x 10" cells/L, P <0.001; 0.40 = 0.07 vs 0.46 + 0.05 L/L, P <0.001 and 0.53 (IQR: 0.03-
5.76) vs 13.20 (IQR: 2.77-27.51) x 10~ pg/uL, P = 0.02, respectively].

Conclusion: The finding suggested that the ARV drugs altered hematological parameters and
impaired thymic function (TRECs CD4" T-cells) in HIV-uninfected newborns of HIV-

infected mothers.

Key Words: Antiretroviral drugs, Hematology, HIV, Newborn, Thymic function
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Introduction

Almost half of the estimated 40 million people living with HIV are women of
childbearing age [1]. The risk of these women to transmit HIV to their infants is 15-25%
when no precautions are taken [2]. The HIV-mother-to-child transmission (MTCT) rate has
dramatically reduced to be less than 2% if antiretroviral (ARV) drugs of highly active
antiretroviral therapy (HAART) regimen were administrated to the HIV-infected woman
during pregnancy and labor as well as to her infants [3, 4]. The previous studies showed that
Zidovudine (ZDV) which is a potent inhibitor of bone marrow function is associated with
hematological abnormalities not only in mothers, but also in newborns, because this drug can
cross the placental barrier and negatively affect fetal erythropoiesis [5-8]. Moreover, ZDV-
based HAART commonly associated with a greater negative impact on hematologic
parameters than ZDV-free regimens [9]. The adverse hematologic effects of ARV drugs have
been reported in HIV-uninfected infants, especially in their early life [10]. The frequently
adverse hematologic effects found are anemia, neutropenia, lymphocytopenia and
thrombocytopenia [7, 11-13].

The thymus is a primary source of naive T-cells and plays a key role in establishing
and maintaining a peripheral T-cell pool [14]. Thymus reaches its maximum volume by one
year of age. After that its size as well as its function decline [15]. A production of naive T-
cells by the thymus can be quantified by measuring T-cell receptor excision circles (TRECs),
a DNA fragment formed during T-cell development. These DNA fragments do not replicate
during mitosis and are thus diluted during cell division [16]. Previous studies demonstrated
that both HIV-proteins and some antiretroviral drugs inhibited progenitor cells and thymic
functions, as indicated by the frequency of TRECs [17-19]. However, an evaluation of
hematological and immunological toxicity in newborn exposed to maternal ARV drugs

administered during pregnancy has been limited. The aims of this study were to measure and
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compare hematological parameters and TRECs levels in HIV-uninfected newborn of HIV-
infected mother receiving ARV drugs for prevention of HIV-MTCT with those of normal

control newborn.

Materials and methods
Study population

This study was conducted at Chiang-Mai University Hospital, Chiang-Mai, Thailand.
The protocol was approved by the Faculty of Medicine Ethics Committee, Chiang-Mai
University, Chiang-Mai, Thailand. All pregnant women participated in this study had signed a
written informed consent. To obtain the subjects, the exclusion criteria for the study were set
as follow: women with twin or multiple births, infected with other microorganisms, used of
psychopharmaceutical drugs, illicit drugs, alcohol and tobacco during gestation. From March
to December 2011, 26 HIV-infected and 49 HIV-uninfected pregnant women were enrolled.
These HIV-infected women received ARV drugs [ZDV plus Lamivudine (3TC) and
Lopinavir/Ritonavir (LPV/r)] during pregnancy and labor every 12 hours with adding of ZDV
every 3 hours during labor and delivered vaginally or elective caesarean section. The
following data were collected from all women: age, gestational age at delivery and mode of
delivery. For the HIV-1 infected women, the following additional data were collected:
antiretroviral prophylaxis (type and timing), CD4" T-cell counts (cells/pL) during pregnancy
and plasma HIV-1 RNA viral load measured in a week before delivery (log;o copies/mL). All
women in our study were given iron and folate supplementation as recommended by the Thai
National Guidelines for Pregnancies [20]. Diagnosis for HIV-1 infection in infants born to

HIV-1 infected mothers was performed at one and four months of age using DNA PCR

(Amplicor® HIV-1 DNA assay version 1.5, Roche Molecular Systems Inc., USA).
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Isolation of cord blood mononuclear cells (CBMCs)

Cord blood samples were drawn from clamped umbilical vein within 5-10 minutes
after delivery into ethylenediamine tetraacetic acid anticoagulation (EDTA) tubes (BD
Vacutainer™, Franklin Lakes, NJ, USA). The sample tubes were then shipped to the
hematology laboratory, Faculty of Associated Medical Sciences, Chiang-Mai University
within 3 hours. Upon arrival, hematological parameters were measured using an automated
blood counter (Sysmex KX-21; Sysmex Corporation, Kobe, Japan). Cord blood mononuclear
cells (CBMCs) were isolated using Ficoll-Hypaque gradient (IsoPrep, Robbins Scientific,

Sunnyvale, CA, USA). Cells were then aliquoted and stored in liquid nitrogen until used.

Separation of CD4" and CD8" T-cells

CD4" and CDS8" T-cell separation was performed from CBMCs of the 15 HIV-
uninfected newborns of HIV-infected mothers and only 12 HIV-uninfected newborns of HIV-
uninfected mothers. Frozen CBMCs were thawed and washed twice in cold phosphate-
buffered saline solution. CD4" and CD8" T-cells were separated using a magnetic cell
separator (EasySep®, STEMCELL Technologies, USA) according to manufacturers’
instructions. The separated CD4" and CD8" T-cells cells were count on hemacytometer under

light microscope using Turk’s solution.

DNA preparation and quantification of TRECs

DNA was extracted from 1.5 x 10° cells of CBMCs, separated CD4and CD8" T-cells
using the NucleoSpin® kit (Macherey-Nagel, KG., Duren, Germany) according to
manufacturers’ instructions and was stored at -20°C until used. TRECs analysis was
performed by quantitative real-time PCR as described by Ometto et al. [21] with slightly

modification. The DNA amplification was carried out in a 25 puL reaction mixture containing



OCoO~NOUAWNE

5 uL DNA sample or sterile distilled water as a no template control, 1x real-time PCR Master
Mix (Thermo Scientific ABsolute™ QPCR ROX Mix, Surrey, UK), 400 nM each primer
(forward, 5'-CACATCCCTTTCAACCATGCT-3"; reverse, 5'-
GCCAGCTGCAGGGTTTAGG-3' : GenBank sequence accession number DQ858179.1) and
200 nM of the fluorogenic probe (5'-ACACCTCTGGTTTTTGTAAAGGTGCCCAC T-3")
conjugated with FAM (6-carboxyfluorescein) at the 5'-end, and TAMRA (6-
carboxytetramethilrhodamine) at the 3'-end. The PCR primers and the fluorogenic probe were
specifically designed for the detection of human TRECs. The amplification was performed in
a Rotor-Gene 6000™ (Corbett Research; Mortlake, New South Wales, Australia). The
mixture was preheated at 95°C for 15 min, followed by 50 cycles at 95°C for 15 sec and 60°C
for 1 min. A cycle threshold (Cr) is defined as the PCR cycle at which an increase in the
fluorescence above the baseline signal is first detected. The Cr value is inversely related to the
copy number of the target sequence. TRECs concentrations were calculated from a standard
curve of a plasmid clone containing TRECs which run in parallel with the test. All samples
and TRECs plasmid were run in duplicate. TRECs level in CBMCs was presented as
concentration of TRECs per 1.5 x 10°® CBMCs while those in CD4" and CD8" T-cell was

presented as concentration of TRECs per cell.

Statistical analysis

The data are presented as median, mean and standard deviation (SD). Statistical
analyses were performed using SPSS software package (Statistical Package for the Social
Sciences 11.0, Chicago, IL, USA). Characteristics and hematological parameters were
compared between 2 groups of newborns of HIV-infected and uninfected mothers using

Compare Means with Independent Samples t test and Fisher’s exact test while levels of
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TRECs between the two groups were compared using Mann-Whitney test. The level of

significance for all analyses was set at 0.05.

Results
Participants and clinical data

The clinical data of participants are shown in Table I. Mean of maternal ages and
gestational ages at delivery were similar between HIV-infected and uninfected women. All
HIV-infected mothers received ZDV plus 3TC and LPV/r starting at the average of gestational
age at 21 weeks. Most of HIV-infected and uninfected women delivered vaginally (65% and
85%, respectively). Means of birth weight of the two groups have no significantly differences.
Mean CD4" T- cell count of HIV-infected mother was 517 cells/uL. The HIV RNA viral
loads measured at one week before delivery of HIV-infected women were less than 40

copies/mL and none of all newborns born to HIV-1 infected mothers were HIV-infection.

Hematological alterations in HIV-uninfected newborns of HIV-infected mothers

Mean levels of white blood cell (WBC) counts, absolute neutrophil counts, absolute
lymphocyte counts and platelet counts in newborns of HIV-infected and uninfected mothers
did not differ significantly (Table II). There was a trend of lower hemoglobin levels in
newborns of HIV-infected mothers than those of HIV-uninfected mothers. Moreover, means
of red blood cell (RBC) counts and hematocrit in newborns of HIV-infected mothers were
significantly lower than those of HIV-uninfected mothers. On the other hand, newborns of
HIV-infected mothers showed higher mean levels of red cell indices including mean
corpuscular volume (MCV), mean corpuscular hemoglobin (MCH) and mean corpuscular

hemoglobin concentration (MCHC) than those of HIV-uninfected mothers (Table II).
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Decrease of TRECs CD4" T-cell in HIV-uninfected newborns of HIV-infected mothers
No significant difference in median of TRECs levels in CBMCs (Fig. 1a) and in CD8"

T-cell (Fig. 1b) between newborns of HIV-infected mothers and uninfected mothers.

However, TRECs levels in CD4" T-cell (Fig. 1c) in newborns of HIV-infected mothers were

significantly lower than those of HIV-uninfected mothers.

Discussion

Antiretroviral drugs administered to HIV-infected mothers and their offspring
diminished the risk of HIV-MTCT to lower than 2% [3, 4]. Despite the fact that infant born to
HIV-infected mother receiving ARV drugs remain uninfected, hematological parameters have
been shown to be impaired [11, 12]. The current study showed that ARV drugs (ZDV plus
3TC and LPV/r) administered to HIV-infected mother for prevention of HIV-MTCT altered
the hematological parameters of newborns as indicated in the decrease of RBC counts,
hemoglobin and hematocrit levels and the increase of MCV, MCH and MCHC. Furthermore,
the thymic function of these newborns was also impaired as indicated in the decrease of
TRECs CD4" T-cell. The previous study showed that maternal derived HIV-proteins diffusing
across the placental barrier during pregnancy could reduce thymic function [19, 22]. In
addition, both HIV-proteins and ARV drugs are known to inhibit progenitor cell function [17,
18]. However, in present study, the effects of HIV-proteins on thymic function might be less
than those of ARV drugs since maternal viral loads in all HIV-infected mothers measured at
one week before delivery were less than 40 copies/mL.

Our data are reassuring, ARV prophylaxis dose seem to significantly reduce
hematological indices because the mean MCV in newborns of HIV-infected mother was
significantly higher than those of HIV-uninfected mothers. Moreover, some newborns (31%)

of HIV-infected mother had MCV higher than the normal upper limit value (120 fL). In
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present study, all HIV-infected mother received ZDV and 3TC which have been report for the
induction of macrocytic anemia [10, 23]. Antiretroviral drugs are routinely prescribed during
the second trimester, in which hematopoiesis and lymphopoiesis are active, i.e., hepatic
hematopoiesis and lymphopoiesis, spleen development, thymic education and bone marrow
development. The administration of ARV drugs during the critical window of hematopoiesis
and lymphopoiesis may affect the generation of these precursors [12]. Therefore, an impaired
of hematopoiesis and lymphopoiesis may have contributed to the hematopoietic alteration and
the reduction of thymic output, respectively. The decrease of CD4 -TRECs levels observed in
the present study was consistent with the previous study by Clerici et al. that showed
CD4'/45RA/62" (naive lymphocytes) in HIV-uninfected newborns of HIV-infected mothers
received ZDV for prevention of HIV-MTCT were significantly lower than those of newborns
of HIV-uninfected mothers [22]. In contrast, Kolte et al. showed that thymic size but not
thymic function (TRECs CD4" T-cell) in HIV-uninfected newborns of HIV-infected mothers
received ARV drugs [ZDV/ plus 3TC and LPV/r or Nevirapine (NVP)] for prevention of
HIV-MTCT was significantly lower than those of HIV-uninfected mothers [24]. These two
different observational results can be explained that there was a difference in the study
populations. While our cohorts were newborns, Kolte’s cohorts were children with age of 15
months, that was probably when the side effect of ARV drugs resolved. Moreover, the
maternal ethnicities between the two groups of children were different [24]. There are many
parameters that have been shown to be associated with the hematologic variables such as
maternal ethnicity, drug use, maternal CD4" T-cell count at delivery, mode of delivery and
also infant gestation age, birth weight and sex [25, 26]. In a current study, these factors are
controlled by matching of maternal ethnicity, maternal age at delivery, gestational age, mode

of delivery, fetal sex and birth weight between the test group and control group.
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WBC counts, absolute neutrophil counts, absolute lymphocyte counts and platelet
counts in newborns of HIV-infected mothers were similar to those of HIV-uninfected mothers
(Table II). These results were consistent with the previous study by Bunders et al. that showed
the levels of WBC counts, absolute neutrophil counts, absolute lymphocyte counts and
platelet counts measured at birth in HIV-1/ARV-exposed infants were not different from those
in matched comparison group. However, a lower WBC counts, absolute neutrophil counts in
HIV-1/ARV-exposed infants were observed at 5 weeks of age while a lower level of
hemoglobin in these infants were observed at birth and 5 weeks of age [27]. Thus, further
studies are needed to evaluate how long the hematological alteration and impaired thymic
function persist.

The present study has a limitation in the limited volume of cord blood collected thus
levels of TRECs in CD4" and CD8" T-cells could be analyzed in only 12 and 15 samples of
newborns of HIV-uninfected and infected mothers, respectively. Moreover, it was impossible
to analyze the levels of TRECs in memory or naive CD4" and CD8" T-cell sub-populations
(CD45RO" and CD45RA"), which are the immune resources. Although, the hemoglobin and
hematocrit in newborns of HIV-infected mothers were significantly lower than those of HIV-
uninfected mothers. We also found that, mean levels of these two hematological parameters in
both groups were lower than normal range levels (hemoglobin 165-215 g/L. and hematocrit
0.48-0.68 L/L). These lower levels might have caused from the hematologic genetic disorders
such as thalassemia and G-6-PD deficiency frequently found in Thai population [28].
However, the hematologic genetic disorders were not used as a variable factor in our study.

In summary, our study indicates that ARV drugs (ZDV plus 3TC and LPV/r) for
prevention of HIV-MTCH altered the hematological parameters and impaired thymic function
(TRECs CD4" T-cell) in newborns of HIV-infected mothers. These phenomena may impact

the quality of life including growth, development, vaccination responses and susceptibility to
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infections of infants. Therefore the long-term effects of these drugs in larger population are

needed to be clarified.
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Figure legends:

FIG.

1 T-cell receptor excision circles (TRECs) levels of newborns of HIV-infected and

uninfected mothers. (a) TRECs in CBMCs, (b) TRECs CD8" T-cell, (c) TRECs CD4" T-cell.

Data

are presented median (horizontal line), 25™ and 75" (box) and 5™ and 95" percentile

(whisker lines). TRECs levels in CBMCs were analyzed from 26 and 49 newborns of HIV-

infected and uninfected mothers, respectively while TRECs CD8" and CD4" T-cell were

analyzed from 15 and 12 newborns of HIV-infected and uninfected mothers, respectively.
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TABLE I Characteristics of HIV-infected and uninfected mother and their newborns. The data are expressed as Mean + SD (ranges).

Characteristics :

HIV-infected mother (n = 26)

HIV-uninfected mother (n =49) P-Value

Age at delivery (years)

Gestational age at delivery (weeks)
Gestational age at ARV prophylaxis initiation (weeks)
CD4" T-cell count during pregnancy (cells/uL)

HIV RNA load measured at one week before delivery

(copies/mL)

Mode of delivery VD : CS

Gender of newborn Male : Female

Birth weight of newborn (g)

30+ 7 (17-42)
38 + 2 (33-40)
21+ 5 (14-27)
517 + 188 (186-859)

<40

17:9
18:8

2,873 £ 461 (2,050-3,910)

27 +6(15-42)
38 +1(34-41)
Not Relevant

Not Relevant

Not Relevant

39:10
24 :25

3,029 +412 (2,250-3,950)

ES

0.08

*

0.58

0.24%
0.08"

0.18

VD = Vaginal delivery, CS = caesarean section

“Compare Means with Independent Samples t test

*Fisher’s exact test
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TABLE Il Hematological parameters of newborns of HIV-infected and uninfected mothers. The results are shown by Mean + SD (range).

Hematological parameters Newborn of HIV-infected mother Newborn of HIV-uninfected mother P-Value
(n=26) (n=49)

WBC (x 107 cells/L) 13.0 £ 5.0 (3.5-24.3) 14.6 + 5.6 (5.3-35.1) 0.24
Absolute neutrophils (x 10° cells/L) 74+2.6(2.4-12.3) 6.5+2.7(0.8-11.5) 0.27
Absolute lymphocytes (x 10° cells/L) 4.8+2.9(2.1-12.8) 5.8+3.1(2.8-21.2) 0.19
RBC (x 10" cells/L) 3.6+ 0.7 (1.7-4.9) 4.8+0.6(3.7-6.2) <0.001
Hemoglobin (g/L) 137 £22 (71-166) 146 £ 17 (104-180) 0.05
Hematocrit (L/L) 0.40 £0.07 (0.21-0.51) 0.46 = 0.05 (0.36-0.54) <0.001
MCV (fL) 113 + 10 (95-130) 95 + 9 (75-110) <0.001
MCH (pg) 38.4 + 4.3 (30.7-49.4) 30.48 + 4.1 (21.2-36.4) <0.001
MCHC (g/L) 339 + 16 (305-380) 319 + 20 (271-356) <0.001
Platelet counts (x 10°/L) 318 £ 92 (157-511) 287 + 64 (181-422) 0.12
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