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ABSTRACT

Human immunodeliciency viras (HIV) infection is the primary cause of morbidity and mortality in Malawi,
Africa, because of its many cffects on the immune system. Immune cells communicate through cytokines;
thercfore, we examined the relationships between HIV serostatus and cell-specitic cytokine production for 44
asymptomatic, employed adults and 312 acutely ill, hospitalized patients in Malawi, We also measured the
plasma HIV-1 RNA levels of 13 asymptomatic persons and §3 patients found to be HIVT, We incubated pe-
ripheral whole blood with brefeldin-A + phorbol 12-myristate 13-acetate and ionomycin and then permeabi-
lized, fixed, Muorescently stained. and examined the mononuelear cells with four-color. sixn-parameter flow cy-
tometry. The percentage of lymphocytes expressing C14 did not differ significantly between the HIV™ and
HIV™ healthy adults (medians, 35.2 vs. 40.8%, respectively), but a wide array of eytokine parameters were
lower in the HIV™ than in the HIV™ asymptomatic persons, for example, median percentages of T cells pro-
ducing induced interleukin 2 (11-2) (8.7 vs. 16.5%, respectively) and spontaneously producing 1L-6 (L7 vs.
11.0%, respectively). Also, four T cell parameters reflecting type 2-to-type 1 cytokine balances (12/T1) were
higher in the HIV™, versus HIV ™. asymptomatic persons. Unlike the healthy adults, for patients with my-
cobacteremia/fungemia or malaria, the HIVY patients had higher median percentages of T cells and CDET T
cells producing induced interferon 5 than did the HIV - patients, For both asymptomatic and acutely ill per-
sons, HIV-1 plasma levels were positively correlated with T2/1'1 parameters. Cell-specific cylokine effects of
HIV infection may precede measurable effects on CD4 expression. Cytokine therapies. even bevond periodie
administration of IL-2, may improve the responses of HIV-infected persons to both HIY and coinfections,

INTRODUCTION tunistic infections occurring secondary 1o these effects. We
studicd immune determinants of bloodstrean infections m hos.
pitalized Malawisns, many ol whom were infected with HIv -2
Herein, we sought to determing the specitic contribution of 1TV
mfection to cell-spedific cytoking production bv comiparing pe

Ir.\ tHE Uniten Stares, most persons known 1o be infected
with hwman immunodeticiency virns (HIVY are able to re-
ceive highly active antiretrovirzl therapy (HAART). if such

therapy is indicated. The coonomic situmtion in most Alrcesn
countrics, however, docs not permil similar reatment of HIY-
mfected individuals. Thus, although in the United States 11V
infection is now in many ways o chronie disorder, in Africa
HIV is the primary cause of premature mortality, through s
many effects on the immune system and the resulting appar-

ripheral blood cells of asymptomatic HIV-inlecied PETaons,
gcutely i1l HIV-nfected paticnts, and non-HIV-infected per-
S0 A,

Cytokines represent 2 major means of communication be-
tween immme colls. Cviokings snd chemokings interact wilh
HIV in complex ways** On the mosl basic level, certuin

'HIV Tmmunalogy and Diagnostics Branch, Division of AIDS, $TO, and T8 Labowatory Beseurch, Mational Center for Infectious Diseases,
Centers for Msease Control and Prevention: U8, Erepartmant of Heulth and Homon Services, Public Health Serviee, Allanbs, Gioorgia 30333,
*Offiee of Global Health, Nationel Center for Infectious Discases, Cenlers for Digenge Cuntral and Prevention. 1S, Department of Healil

zlud_ [Hum
v

1 Bervices, Public Health Servies. Allants, Georgia 30333,

estigation and Prevention Branch, Divisicn of Heultheare Qulity snd Promartion, Mational Cester for Infections Diseuses, Centers fro

Diiseuse Contral and Prevention, L5, Department of Health amd Human Services, Public Health Service, Adlanta, Geargia 30333,
Lilongwe Central Hospiral and Communiry Health Seiences Unit, Minisiry of Heaith and Population, Lilorzwe. Malawd,

1367



E365

chemokinge recephoes act as colacions fr vire eatey o O3
celly. In addition, HIV affecte the balance boiween pro- amd
antiinflammatery sytekines wind betwesn type | und type 2 ey-
tedises Cuetekines, in loon affect both M1V winnd replication
a cthe ability of the immone svstem o consrol the vims, They
nuve been psed therapentieally o oeat HIV infection; with some
sugcess reported with interleylin 2 (112 therapy, ™ Much of
w15 B or posttlated aboun e rebes of oyviokines lmpe-
sons with ootrested HIY infection is bascd on i witrer sindics
or non-celbspeciize assays (C.g.. thowe Meanming serum or 50
permaiant gyiokines or cellular eytokine-rclated RNA of pe
vigheral Blood o bronehial Tevage cells),

Cell-specific evtokine assessmon! dsing Oow Celomelry e
came proctically feasible only afier the Smplementation of
HAART i the Umted ‘Siates. Thu=. althoogh rescarch con-
cermng cell-speeific eyiokines is proceeding rapidly. muost sod-
fres Pocs vn the relationship betseon cell spesitic sviokineg pro
files and the pesponse 10 HAART.™® We have adapted
intrzccilular cyiokine assessment lechnology for ose in davel-
aping countrics mnd assessed cell-specific cvtokines in refation
oy Blood stresam infections, maolaria prrasitemia, on deliciomey,
and vitanin A deficiency." M In a sty of TS NIV
fogtad powreenx, we found thal izt Frst wesks of HAART. ov-
tokine chanzes preceded chimzes 1n CD4= T cefls” Wi by
pothesized that, similarly, in bealny UV -infecsed  persons,
cyvtokine dltorstions night exist belurs dealines i COAT T eell
porsentages. W also wanted o assess the eftects of intercur
rent Ul opporamstic miectons on HIV - mfected perogs oy-
tokine profiles. br particular, e poslated thal asympomastic
HIY infeciion woulkl be associated walbh o meloive type 2 cyio-
king dominance-andfor chingss in the prodoction of the (k"
T cell cviokine TL-7 even when CIXE 7 cell chy
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noted. Fusther, wye postuiaeed fhat the socirencr OF acuts op

POTTmsIc misctions in pabients with more advanced HIV -
Fection might cause the immone profile woreverl o more of o
vype boprodile. Wetheroloee evituaied fhe relationslips between
the cell-specific evtokings and (1) the presemes or absence of
HIV mfection. (2) plastas HIV-1 BNA levels m infected per-
sons, and (33 the presence or absence of copxistent acute ooin

Fections. Chur goul was e clacily e iteraction Betwean e i

e cellspecific cvloking network and  anieested HIY
infecion. 7 has haen sussesiod th Syokine-modufatory ther-

apies raay prove wefil in controlling TV infection. ™ TFso
aul findings may be valuable n determining new and, pechaps,
less expunsive, bess oxic, amd more effective additions 1o HIV
HLETaTW_

PFARTICIPANTS AND METHODS
Frutienls

[uring, thres periods in 199 and 199E, we determingd 1he
HIW seroleey of 165 Tebrile (oral lempoernture 5=387Ch adull
=13 vears old) umd 147 pediarse (<13 yoams old b peiients who
bad been adminted w the Lilongwe Central Hospital m Malewi,
Advica, angd Bael encolled oo study of the mmune determinanis
of mfections dismses’ S (Pable 11, AT chilidzen selmivted 1o the
hospakal durng the enroliment period were inCladed jn the
shdy. Trrespeciive of Thelr tempenilure of admission. Because
infected children ofter do nol present wih fever, Selfection for
e study was raubony and phesicipiols were comparalle tooall
hospitalived paticnis.” For each pativnt ot admission, blogd sam-

plos. epademinloes data amgd & medieal nistory were: obtaimed

Tasir 1. CuagacTogesies aso HIV-1 Prassia Tities o Favewt Particreasgs ™ iy HIY Srarns
Hi FIv—

Cherragcterisiio® ‘h = {56) fn = 1360 [ Value?
Malke (769 4i 55 0.0 |
Age (years)

Mean 247 .z

Nedion RO qn =000

Hanpe 0160 0-61.0
Tdied (%59 1% 3 .00
flood cufure positive? (%) it 13 0.001

Mumber myeabasicrenmed I (1 LO01

Mumber lungemic! 4 I IRl

Buctera positive” (4] n I NE
Malaria smear positive® (503 Ii i4 Wy
HIV-T plasma BENA level (copiesiml) (e = EIF

Median 453068 NS

Fange NS LA T

“Pomearaphic nfosnation was not obiained o hesithy adolt pasicipuniss therefore ey ore not included.

"Sen was not recorded for four persons, and exact age was ot recorded Tor 51x persons. Mulariz simears wers not done for four
persons, Moriality status was nol reconded for 43 persons and wus waknown for those who wete cither stll hospitaliosd s the
eind of the study (o= 181 o whe Tefl e hospiad against madies) advics (n = 12).

Fisher exact or Wilcoxoe rank somy tesi
Ungludes thires pérsoas with mufiiple o

anizms i their bioodstir=zm

ot siznilicant (MS). nonapplicable (NAY nondwlectable (XD
"For the 13 asympromatic adull contol persons, the median viral load was nondetectable (range. ND=1,018,1 78 copigs/mm’').
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and o physical examination was performed by one of the in-
vestigators. Mortality stalus war based on the status of the pa-
lient a1 the close of the study peciod. It was nol Known [or 18
patients who rémained hospitalized w the conclusion of the
arugdy and for 12 patients who left the hospital againsgl meadical
advice. Mortalicy status was ool recorded [or an additional 435
eSO

Healthe adwlt participanis

We enrolled 40 actively employed adulis: 2l healthy by sell-
report, 16 of whom were found to-be FIV seropositive (HIV ™)
ar enrollmenl testing, These individuals were complenely
asymptomatic, Children were not incloded in tbs sroup for eth-
tcal reasons, Epademiclogic dala were not obtained for these
participanls,

The sty protocol was approved by the institutional review
boerels of the Centers for Disease Control and Prevention (O,
Adlanta, GAcand the Malawian Fealih Sciences Rescarch Com
mittes: informed consent was obtained from all participanes ar
their guardians, As i most developing nations, HIV-infected
persons Lo this study were neither receiving antiviral therapies
nor being moniored for chunges 10 €04 cell count or HITY
plasmi BNA lovel

Lafserratory procedives

Virreldniceediodagio, HIV antibody testing was done o siudy
erpllment,  wsing enzyme-linked.  mmunasorhent  assiay
(ELISA ) test kit (hurex Dizgnostics, Norcross, Gay HIV-2
has pot been reported in Malawi. During the last two phases of
the study, plusma HIV-1 BENA levels were determined for 45
HIV adule patients, 33 1Y children, and 13 HIV . asymp-
tonmatic, employed adolt participants (Roche Manitor version
1.5; Roche Digenostics. Indianapolis; INY. OfF the 21 children
L3 years old, 13 were HIIV™; all but 3 hud detectable plasma
HIV-T BENA lavels, mdicating infection. Blood was cultored for
Bacterin, fungl, and myveobasteda as deseribed previously,
Plates were incubated at 353°C wnd examined daily for 7 days.
Of the patians, 97 adults (6% HIV' and 28 HIV ) and 114
children (28 HIVT and 80 HEY "} had nggative blood cultunes.
The blood cultures of eight HIV® adults grew only mveabac-
reria and those ol Tour adults (three HIV O and ong IV ™) grew
anly Tungi, Only bacteria grew from the Blood cultores of 31
adules (25 HIV' and 6 HIV ™) and 22 children (7 HIV' and 13
I ™) Thick and thin malaria smears were done al wdimission
ancd read by a single highly exgerienced individual not aware
of the patient’s clinical status or lindings. A smear was con-
sicleved positive 10 any Plasmeadiom (Tociparam) asexual par-
siles wore seen on examination ol periphersl blood smears
ithick films and the tails of thin [ims)? Smears from 23 adulis
R BNV and 1] HIV ™) and 13 children {2 HIY - and 11 HIV ™)
were positive for P faleipagrmn. An additonal (hree patients
were positive for myeobacteria and Tungt, malaria. or hacteria.

Stimweleesion of cvrokine producrion. Blood was prepared Tor
eytokine stimulation as described previously, Blood was cither
stimulated for 5 he at 3790 with phorbol F2-myristate 13-ac-
erzte (PMA, 200 ngfml: Sigma, St Louts. MO} and iononyein
(4 pegfml) (3igma) in the presence of breteldin-A (40 pefml;
Sigmad and RPAML 1640 with tglutarmng (nduced or stomu
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lated cytokine expression) o retained i ddentical mediom with-
out PMA and ionomycin bul with brefeldin-A (spontaneous or
unstimulated cytokine expression). No serum was added Lo the
culres. Afer being washed, the red blood cells were ysed
with wnmoniom chloride solution and lymphiocyees were per-
meabilized and fixed with Onbo Permeufis (Onhe Dizgnostic
Syalems, Rartun, NI), After processing, samples were shipped
gt 487 1o the CLC for further analysis, In apmalyses, the per-
centge of lymphovytes expressing CD4 (% CDE) was hasead
on data for anstimubared cells.

Flenw cvtomeirie veapeatss The swriace anligens assessed in
this sy were thase shown inoor laboratory to be stable with
this permeabilizationdixation protocol, thais, using these 1ech-
niques: we had compamble resulls for the surface-relaed
anligens when slaining was done either pre- or posiperme-
shilization, Fluorescein isotbiocyanate (FITCl-conueated., phy
coeryihrin (PEl-conjueated,  peridinin ehlorophyll protein
(PerCPconjugated. or  allpohycocyanin (APC-conjugated
muring manociondal amibodies were obtained from the fallow-
i sonrcess (1) Beoton Dickinson Imimunocyiometry Sys-
temsPharMingen (BINPMO: San Jose, CA) (CDE-FITC and
-PE  |clone SKI1], CD3-PerllP und —APC  |clone SKET],
CPM=APC [clong SK3], CD45-FITC [cleme 2101 [, CI29=APC
[clone SI25CT). CDIFPE jelone MaP9, CDI6=PE [clone
BT EHL and €36 jelone MY31) [L-4-FE [clone ELL-E].
[TE-PL [clone GZa5-8] and [L- 10-PE Folons JES3-907]0L 02
Rescarch and Diagrosties (Minneapolis, MM (IL-6-PE [cl
L927311 |1 and (31 lonmune Svurce {Beno, WV ICDE- AP
[etonge KT.12]| IL-2-APC [E-56.20L mmor necrosis fcmor o
[TNF-ex]-FITC [elone 121K 34|, and interleron v (IFN-v1-APC
[clone 13, TR] Y Tsolype controls were obtained from BIVEMG,

Flow eveoratee, Al slaining was dong al coom temgerature
for 30 min in the dark sfter permeabilization, Tixaton, and
shipment to the TN Staining was followed by buffered
saline wash. Four-color gytofleoromerry was performed with o
FACSw or FACSCalibur evtometer and CaliQuest soltwur
(BENPMG). Berween S0.006 and 80,000 ungated events were
cotlected Trom each fuhe m the pancl

Anralvtic fechnigues

For cach participant, analyses were done for various combi-

mations ol ol lvmphoevtes. CR3 Ty Iyinphocyies,
CDATCDE” lvmphocvtes,  €DATCDET  lymphocyvies,
CDATCDIaE0" lymphooyvies (patural T oeells [NTL

CLITCRAS0T Iymphoovtes  (matural Killer cells [NK].
ED19™ (B) lvmphoeyees, and monoeytes. depending on the
tube configuration. ' The relative balunces between type 2 and
type | eytokings (T2T 1 were represented by the vatios of the
percentage of CD3T lvmphocytes producing TL-10 or IL-4 o
1he: percentage producing each of the other evlokines. Note tha
this was not limited 10 CO47 T cells, because other 1 cells also
produce mest of the extokines being assessed. We calenlyiw
sitnilar rulios for monocyte production of 10-10 and [L-6, TL-
&, und THF -z,

IL-T0and 11-4 were both assessed mnd represent mmi-
inflarmmatory, regulatory, and type 2 ihumoral) cviokines. Thiy
incluce antibedy. maturation and production. as well as the pro-
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duction of ather type 2 eytokines (i, 1123 o [Le6), and T1-
) inhibits the prosluction of type 1 eytokines (e IEN-yh We
reler o THE-ce. TL-6, and [L-8 as proinflammatory cyviokings.
IL-2 and TFN- represented type | eviokines, which induce and
are iovolved in cellular immunity and are gssential for immu-
pily 1o iotracedlular organisms.

Fraristical rechnigues

Comparisons of continnous variables between HIV® and
IV participants were made by Wilcoxon rank sum tests and
fowistic resression analyses, Catenorical dats wers compared by
Fisher exact or p7 tests. For all analyses of HIV-1 virsd lers,
nondetectable levels were set st half the detection limit: Com-
parisons of contindous varizhles o ong another were made by
determining Pearson correlation voellicients {ro) and lincor re-
oression analyvses, Univariate analyses were done on three par-
ligipant subgroups: healthy adults, adult patients, and pediatric
pabients. Dnivariate analyses were also done for the following
infeeticn groups within each of the two patient age groups; those
with hacterial infections, those with malaria parasitena, and
those with nezative blood culiures and negative malaria smears:
If o variable was statistically significant I any of thesc sub-
aroups, multivariale snalvees were done for each of the three
subgroupe and, when nymbers would allow, to control for the
cffeot ol avue infercurrent infeetions, Tor the patient subgroups

CHATT ET AL,

listed above, Numbers did not permit separate multivariale
analyses of those with mycobacteremia/fungemia, For lngistic
and linear regression analyses, the statistics provided here are
for the fmal, reduced models containing only the significant
variables, bi the nitial medels involving patents, the follow
ing independen variables were included: sex, age, type of in-
fecrion, and % CR4 For healthy adult participans, the initial
models included % CD4 and the vaciable of interest. The sig-
nificance Ievel was set al p <0 (W05 data not provided herein
did not reach that level of sienificance onany tvpe of analysis,

RESULTS

Clindvad cndd demographic charaelerisiics

Clinteal and demupgraphic reswlts {Table 1) were not recorded
For rhe asviptomatie, healthy participants, Comparad with the
HIV ™ patients, the HIV™ patients were significantly older and
included @ slighily lower proportion of males {Table 1) As ex-
pected, acute mortalily was higher and blocdsiream infections
were more comman in the HIVT putients. All patients with iso-
lated myeobauteramia were HIV infected, ' Rates of malaris par-
asitemia and hactersmia did not vary sigoificanty by HIY
serostatus.” HIV-1 plasma levels did not differ stgmilicamly be-
tween adull and pediatric patients (medians, 257,000 vs
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FIG, 1. Percentage of lymphocyies expressing CDd, by BV serostatus and parlicipant category, Bumes include medians (lines)
ardl values berween the 25t and 75th percentiles for the following participan groups: HIV-seropositive (HIIV '} healthy adults
i = Ty, HIY - seronegative (1111 healthy adults (r = 241, HIVT patients (w = 154}, and HIV™ patients (n = 156). Lines ex-
iend to = 1.5 times the interquartile ranges; outliers within 3 interquartiles are presented as circles, outliers beyond 3 interguas-
tiles are presented ns circles, and the mean is presented as a plus sizn
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667054 coples/ml, respectively ), but did differ between patiznis
and HIV' asympiomatic participants  (medians, 483,388
copiesiml vs, nondetectable, respectively, g 0001,

{mumnng paarameters related to the presence or absence
af AV infection

Asvmiptomaric. actively emploved adult purticipants, Al
though tending to be lower. the % CIM did not differ signifi-
camtly between HIY ' and FIV~, healthy participants (Fig, 1)
however, a wide array of cytokine parametars did vary by HIV
serostatus (Table 23 In parmicular, differcnces invelved both
sponbineous and induced cylokine production by both lym-
phecytes and monoeytes, They did not involve any parameter
relatedd o TWFeoe, Exeepr for spontancous production of 11-#
by lymphocytas, in every instance the median pereentage of
cells producing a given eyvokine was lower among the 11V
compared with the HIV™, healthy adult participanis (Fig,
2A-13). Also among this group, the median ratios of the per-
centage of T cells making 114 1o the percentaze making I1-2
or IL-6 were greater in the HIV' healthy adalt participans,
compared wilh the HIV™ healthy adull parlicipants, as was the
madian mtio of T cells making TL-10 o these making [FN-v
(Table 2.

Patiert participantz, Unlike [or healthy adult participanis,
for both adubt and pediatric patients the % 14 srongly dif-

1371

ferad between HIVY and HIV™ persons (Table 3) (Fig. 1) In
multivariate 2nalyses in which HIV serostatus was the depen:
dent varable, the % CD4 was usually the only significant im-
miune variable. The anty cellular exvtokine findings thal netained
significance in multivariate analyses were (he percentages of
all lymphocytes, U cells, and CDE™ T cells making incuced
IFN-y. Unlike for the healthy adul participanis, fur patients,
the mwdian porecentages of these overlapping cell types pro-
duging IFN-y with induclion were higher for HIV™ paticnts
than tor HIV™ persons (Table 3 and Fig 2B

These findings. the opposite of those of healthy adiell per-
ticipants, were nol present in all patient subgroups, Specifically,
these differences were present in those with mycobacterizlifun-
gal infections: for the 14 HIV™Y persons, a medipn of 56.04 of
Teells made induced [FN-+ {range, 6,3-8 1.1 %) comparad with
6.6% of the T cells of the single, HIV-nesative, fungemic por-
sott. They were also present in those with negative blood cul-
turesfmabaria smears (medians: HIV™, 22.7% va. HIV -, 11,750
and those with malariy parasitemia (medians, 24.0 und 12.3%,
respectively), They were not present in those with bacteremia
(28.0 and 25.3%, respectively),

In turther analyses of patient subgroups, the variables thar
were signilicant for healthy adult participants {Table 2) had sim-
ilar trends i the hacteremic and i the blood culure-negs-
tvedmalaria smear-negative patients, that is, lor cach of these
twer groups, for the variahles outlined in Table 2, the HIV © pa-
tients had lower median percentages and hizher ratios than did

Tapue 20 Ivinuwe Fivoieos ny HIV STatus oF HEALTHY ADULT Pagmicieants, Malawi, Aswca
HIvr HI
m = 1) = 3 p Vel
Median percentage of:

Lymphocyies producing indiced 11-2 50 123 02
T calls producing induced 11.-2 8.7 163 0007
Lymphocyles producing [L-6 sponiangously 0.4 12,5 0.0
T cells producing IL-6 spontaneoasly 0.7 LED 0003
CD8-negative T cells producing:

Induced 176 (.1 40 <2000

[L-& spontanecusly 0.2 2.5 <20.001
Monoeytes produecing:

Induced 11.-f i) 0.5 0,006

IL-& spontaneous]y 0.3 0.5 (1,005
Lymphocytes producing 11-8 spontaneously 35 I (LIS
Monceytes producing induced TL-8 378 &l ] .007
Lymiphocytes praducing TTN-v 16,1 272 {L0TE
T eells producing IFM- 260 32 (047
Lymphocyies cxpressing £ 352 ETER S NAY

Median ratios of the percentage of T vells spontaneously producing:

1L-4 o

The percentage producing [L-2 spontancously 300 1.69 GOy

The percantage producing [L-6 spontanconsly 129 012 ERII
IL- 10 e

The percentage producing IFN-v sponiancously 383 |67 (1008

“The p value is for the contibution of the varishle wa logiste regression analysis that also included the percentase of res
ing lymphocytes expressing C14 as an additional independent variable and where HIV serastatus was the dependent variable
For all but two variables, includes only variables for which p < 001 and the significance of the T4 variable to the model was
=0.05. For the two ITNy variables, the coniribution of the CD4 varishle was sssociated with a 7 ovadue of 0001,

PNonapplicable {NA).
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A} % of T-cells making induced IL-2

100 +
I
BG +
I
I
I
&l +
40 +
0
I
20 + | e * 1
faman= - Wamdp W L] i
e e Q g
Fra ===t Rt e | *omgom =¥
o + L . L d=ua=a &
———————————— o S e i
HIV + = - =
Healthy adulta Patients
E} % of T-cells making induced IFN-v
I
100 =+
I
I
I I
80 + | il
I I 6
I ;
| | o
60 « |
| | $Fom=-- + I:
[ I I | | I
i I i | I |
A0 = | R + L I
[ I L D [
| e N (N (R Sth
| e S Er N S S B
Z0 » | | #esano + R
I I | | I I |
| FeSniE + | Felnad +
I | o I |
oo+ | I I
———————————— B e B
HIV + - * =
Healthy adults Patients

FIGr. 2. (A=D) Representative cytokine parameters differing significantly botween HIV-scropositive (HIV ™) and HIV -seroncg-
ative (HIV 7)) healthy adult paticipants. by HIY scrostatus and participant category. Boxes include medions (lines) und values
Between the 25th and 75th percentiles for the following participant groups: HIV™ heahby adules (= 16), HIV™ healthy adulis
(7= 243, HIV™ paticnts (o = 1543, and HIV™ patients (7 = 1565 Lines cxtend o = 13 Gmes the intergquarile rimges; oulliers
within 3 inlerguartiles are presented as circles, and (the mean i preseoted as o plus sign, Outliers beyond 2 interguartiles are pre-

semled gs asteriskhs (eraphs A and O

the HIV™ paticnts. These differences were statistically signifi-
cant in univariate analyses of the [L-2 variables, the lympho-
ete amt T-cell 1L-6 variables, the monceyle-induced 1L-6 aml
IL-8 vanables, and the [L-4 ratio vartables (xee Table 2 for list
of varizbles and healthy participant data: patient data noc

shown). For patfients with negative blood colinres/negative
miabiria seears. the difference between HIVT and HIV™ pa-
tients in the percentage of CE T cells producing induced IL-
& owas significant on univariate analysis hut did not retain sie-
ntficapee omoltivariale analysess the dillerence in the median
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FIG. 2.

percentage ol T cells produecing induved 1L-2 and the median
pereentuge of lymphocyies spontancovsly producing 1L-6 did
retain significapee pn multivarlate analyses. Thus, the my-
cobacteremic/fungeimic and mataria smear-positive palients Jil-
fered from the healthy wdull parlicipunts, wheress the paticnts
with bacteremia or both negstive blood cultures and negative
mzlaria smears were, or tended to be, similar @ the healthy
adult participants.

feaniined)

Tnmne parameievs velaved o HIV-1 plasma
RNA levels

For bath healthy aduls and patients, the vast magority of cor-
redations with HIV-1 RNA plasmy levels were inog positive di-
rection, involved T2 ratios, and were stronger with nog
transformed than with logyg-transformed variable data. Foy
healthy adule participants, these ratios involved indoced oyio-
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Tapie 3. bsvune Fworads vy HIY Starus oF Pamimxrs, Malawe Arrica
Hiv MV p Velue?

Percentage of lvmphocyles expressing CD4 (r = 155, 135)°

Median R 324 <L
Percentage of lymphocyies producing indeced [Fh-y (2 = 135, 152

Median 103 12.3 =200001
Percentage of T vells producing induged IFN-y (0 = |55, 154)

Madian A58 20,7 (103
Percentage ol CNET T cells producing induced IFN-y {r — 149, 150)

Medisn Al 4 0,017

"The p value is for the eontribution of the variable to & Iug’uﬁ: regression dialysis that also ingluded the percentuge of rest-
ing Iymphocytes expressing CD4 as an additional mdependent variable snd where HIV serostatus was the dependent variable.
For all models the o value for the comribution of the CD4 variable was =0.001.

Brndividuals locked data because of changes in tbe prowceds between study phases or begause of poor qus ity ol data from
particular wbeis): therefore, actuyl numbers with data are given in parentheses.

kine production enly, myvolving 1L-10 more ofien than IL4. T
cells (not monocyiesy, and [L-2, TFN-y and the proinflimima-
1oy chemokine 11.-8 (Table 43, For adult patients, all ratios in-
volvedd T~ spontancous (as well as inducedd cvtoking pro-
duction, 106 and TNF-o tus well as [L8 and TFN-v), and
monecytes as well as 1 cells, but did not invelve IL-2. For pe-
dialric patients. only the percentage of B cells making 1L-4 con-
ribued tooo muldvacize model, and then only weakly and in

Tanir 4.

& ¢lirection opposite to that for adull patients. Only Two ney-
cobacteremic/fungemic patients had viral loawds assessed: there-
fare, this suboroup could mot be forther evaluated. Virtually ail
findings for he éntire adult palient croup were present in the
subaroup with negative biood cultoresiegative malans smears
[data mot shiown). For these with bacteremia, the only sigofi-
cant correlation was with the Toeell |L-10-to-TL-2 ratie; a find-
ing also present in the healthy sdult participants, For those with

Cyrorine FiNnomes Associaren wimn HIV- L Plassia RNA Livers, By PAarTIOIEANT CAaTEnoRyY

Fearson correlabion

eneffreiens p Vel

Heultlyy adults (v = 123
Percentage of T cells producing induced 11.-10
Ratio of the percentage of T cells producing indoced:
[L-10 1o the pereentage producing induced 112
[L- 1) to the percentage producing induced 1L-8
L 10 to the percentage producing induced 1FM-v
[L-10) 1o the percentage produving indueed IL-2
FEEV ' adult patients (o = 47-18]
Percentage of B ocelis spontnesusly producing 114
Percentage of T cetls producing induced 1L~
Porcentaze of 1 cells spomaneously producing 11—+
Poreentage of monoeyles producing induced 116
Frreentage of monocyles spontangonsly prodicing [L-0
Rutio of the perecntage of T cells producing induced:
1.4 1o the porcentage producing inducsd 1L-0
[L-4 o the pergentage producing induced [L-8
-4 o the percentage producing induced [L-10
IL-4 1o the percentage producing indueed IFN-y
1L-4 to the percentage producing induced TNF-a
Batio of the percentaze of T cells spontanzously producing:
IL-4 to the percentsee spontimecusly producing T1-6
IL-4 to the percentage sponlaneousiy producing I1-3
IL-4 1o the percentazs sponlaneously producing 1L-1
IL-1 1o the percentige. spoantaneously producing TNF-o
HIV® padiarric paticnts (w = 335)
P-;:r';:uumge of B colls spomtanesushy producing 11.-4

(166 (L
+0,08 0T
+40,760 e
—{1.83 E AN A
=172 (002
-3k 0032
R 0
H4.50) =200
LT =20.001
083 <10

| =0 (K40

+ 0,38 (007
+i3AA LI
+ {164 =100
=063 {10
+iral < (L00]
+i322 GOz7
+11.32 0,024

FLGBS <20,000]

[ 1.3 0y

“The j» value is for the contribution of the variable o o regression analvsis 1o many instances, the peroentage of vmphocyies
expressing CD4 andfor the persons’ sex also contributed o the model, Correlations were Righly dependent on outlisr valties
Breorrelation coeflicient for logyp-transformed HIV-1 plasma titers,
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rmlarin parasitemia, the only significant correlations were with
thee T gell ILedmo-0L-2 vatio; also present in the healthy adult
participants, and with the T cell spontanaous TL-4-10-1L-4 ratio
and the T cell IL-4-20-TNFawe mativ; the kst two of these fingd-
ings wore also present in those with negaiive  bloed
cultares/negative malarin smears (data nol shown ),

DISCUSSION

There 154 plethora of literature on the relationshipy belween
HIV and varions cytokines. 152 However, most of the avail-
able daty concern e wive cviokine production by pooled
cells, " 1* cultured or cloned cellsfeell lines,'"-*! ar i wiru hy-
hridization ol lvmphoid tissue.® Linke has been published on
immune cotl-specific eviokine profiles in the context of un-
treated HIV mfection, perhaps because inlracellular evtokine
techmologry did not become widely wvailable until after HAART
becsme the standant of cure in developed eouniries, Sadly, this
5 0ot the case in Mulawd,

Because cytokines funciion in g micreenvironmental, coll-
specific fashion, cell-specific eytokine profilas may provide im-
portant irlormation about both the Jemmone nebwork at vartons
stagees of linical HIV iotection and also the immuee response
of HIV mfected persans 1o associated coinfections, Our ool
hergin was 10 examing the relationships between a wide arTaYy
af lype [ ype 20 prodeflammaiery, and antimflammatory gell-
specific cytokines st HIV imfection/vival load in untreated per-
sons. We mensured spontaneous cyloking production—pre-
sumably due o @ vive stimuelation—by specific peripberul
bload coll popalations as well as the ability of these cells o
priduce cytobines with exovive indoction. We evalsted healthy
asyenplomitic. HIV-infected persons s well as acutely 111 por-

b

sons and ook the specific ueute infections o consideration
in eur evalustions of the leter oroupe A nember of our find-
IS wers consistent with those in the ligerature, but several hive
not been noted previously,

For the asymplomatic. actively emploved study participants,
the median percentage of CRA™ cells did not ver vary signifi-
cantly by HIV serostatus, but T cell and monocsie eyiokine pro-
duction were airendy broadly impaired. First. a significantly
lovweer median pereentage of the peripheral bood T cells of the
HIV =, compared with the HIV ™, healthy persons could be in-
duced ty make IL-2, s tvpe | cvloking that stimulstes hoth T
cell and HIY proliferation ard is produced by CI4° lympho
cites, This difference remaimed significant in o multivariate
analysis taking % CD4 into consideration, Second, lower pro-
portions af the periphieral Blood T eells and monocyies of HIV
compared with IV, heulthy persons produced TL-6 sporta-
neaushy don v sumubated) or with indoction. Given the rale
of 11.-6. this might be associated with defects interminal B cell,
mizcrophage, and cyloloxic T eell ditferentintion, Third. al-
thewgh the medion percentage of lymphosytes spontaneonsly
procucing 1L-8 was higher in the HIV' compared with the
HIVT, healthy adule paricipants, the percentage of monoeytes
making IL-8 with ex vive induction was. lower in those who
were IV, sugzesting that the cells praducing this cylokine
were already maximally induced {n vive and Tiad moved on o
apoptodis and death, either before or with ey vive stimuolation.
Fourth, swhen we cxamined T20T1 balances inthe healthy 11V
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pacticipants, the ratios were significanty shifted in those wheo
were HIV 7, toward spontapeous production of the epe 2 cy-
rokines IL-4 and TL-105 refarive 10 1L-6. and also relative o the
ype | evtokines (-2 and IPN-+, This is consistent with o shift
toward atype 2 o ype O cytokine pradominance with HIV in-
Fection, as has been reported by others. 23252 To our knowl-
edge, it bas not previously been shown that this shifl precedes
statistically signilicant alterations in C1547 gell pereentages.
Also novel was our finding T the HIV-| plasmz BNA levels
in these heaithy adults wore more stronghe associated with IL-
LE¥ than [[-4, This may heve important clinical implications,
Bevause [L- L0 connteracts 11.-12 and TFN-4. whereas 11.-2 does
nol. Presumabdy, this effert would not be desivable, becanse
HIN infection is best controlled by a type | immune response.
In summaey. the cyviokine allerations related o HEY indfection
i these healthy adults were broad and involved both cellolar
anel Tnemaoral immunicy. They were present in these asymplo-
muatic: imdividuals even before HIV-related differences in the
percentages of CO47 T cells hecame siatistically simpificant,

On cursary examination, the Nindings for acutely il posients
differed from hose Ffor healthy adults i thres respeots, First,
the percentage. of CDE7T cells stronaly dillferentiated HIV ' and
HIW™ patients, consistent with the HIV-infected patients heing
ab i mere sdvanced stage of HIV infection comparad with the
mzalthy, HIVT participants. Seconcl, even when the stong re-
Lationship between the pevcentoge of Chd ' cells and HTV
SCTOstams was taken inte consideration. the pecentage of T
cells. espetially of CD8" T celis. producing induced 1FN-y
strongly differentisted the TV und HIV  patesss. Thinl,
HIV " patients bad o Jower modian 18- 10-10-1FN- rtio than
diel the MV patients. The speciticity ol these lindines became
lerer when patients were divided nto subgroups on the basis
of the argenism Tound in their blood, Those with bacteremia or
negative blood cultures had findings similar to those found
the Bealthy adale participas, Findings for those with my-
cobacterialffingal bloodstream infections or mulars pars-
sitennia dlilTered most from those of the healthy participants, es-
peciully in terms of 1FN-y, We suggest that this is because hoth
malaria ard myveobacterial blondstieam inlecions induce and
eequire o strong IFN-y response™ 20 and thar these coinlee-
Hons, in combimation with HIV mfection.!2 %3 psed 1L-10
suppression and indoced & maximal [PN-y responsiveness by
the peripheral blood " cells of these patems. despite o pre-
dominantly negative ellect of HIY infection on tvpe | eytokine
[rreaclucticen.

Four of our findings concerning relationships with plasma
HIV-1 BNA levels are hoth novel and noteworthy, First, TNF
aovariables werl significant only as inverse comrelates of vical
RMA, dlthough high serum levels of TNFoe are common in
HIV-infected persons. " We did not find evidence of in
creased TNT-o prodoction by individual cells, that s, fluores-
cenee inlensity wins not increased (data not shown). These [nd-

mgs suggest that the source of serum TNF-a in THIV™ persons
oot peripheral Blood mononoclear cells but, rather, se-
guestered immune cells or other cell types, for example, leuko-
exles or endothelial cells. Second, the majority of comelmions
between viral RNA and TNF-cerelated cellular variables were
with ratio variables and not with individua! cyokines, sug-
pesting o relatively comples inleraction berween the peripheral
blood cell-specific TWF-# und control of the virus, Third, as
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with our findings noted above concermng HIV serostaws, the
significant correlations with viral RNA were consistent with the
Mmelings of previons soudies suggesting a relative T2 or
THT I shift with more severe HIV mmfection: [or the statistically
slgnificant ratio varisbles, I-4 and IL-10 werg In the numers
for anicd the correlations were posinve with vieal Ioad. Hlowever,
thes eytoking involved vared by the health sialus of the paric-
ipant: for the healthy, HIVY participants nuost ratio variables
ivolved =10, whereas for the hospitalized patients (especialiy
blomd cullure-nemaivesmalaria smear-necative adull paticnis)
only IL-4 ratio vaiables were positivelv cormelated with viral
RMAL Fourth, for the healthy, HIV' persons. significant cor-
refatioms invodved only T cells and onty indeced cviokine pro-
duetion. Forthe acutedv il, HIV T persons. especially those with
pegative blood cultures or malaria smears, the correlations with
viral titer meluded both spontaneous and mcuced production
gnd involved monoevies and B ooells gsowell as T oells, sup-
aesting that 2 more severe level of dysregulation goeurred with
or led o intercusrent infections,

In summizry, these lmdings support thal in persans with un-
teated. asympiomatic HIV infection, broad defects incell-spe
cHic cvteking profiles preceds a decline i U147 cell propor-
tiems, However, insymploniatic, acutely i1 HIVT patienis itk
confirmed, acute. type 1. sistemic coinfections, IFM-53 produe-
ticn, especially Ty CED Tocella could still be induced and
dominated the oviokine profile. In healthy persons, V-1
plasms viral BRMNA levels were associated with TL- 1O, ananii-
L= 1 2danti-LFN-y eyrokine: n acutely i1 patients who had only
HIV dsolated Bomm their blood, FIPV-1 plasana viral RMA Tavels
wire associatcd with [L-4, This constellation of lndings ses-
gests that the cell-specific eytokine effects of HEV mfection
may Treomore imporiant clincally than previously thought and

that cvtokine therapies, even boeyond periodic admangstration ol

IL-2, may hold promuse for HIV infected persons.'? In partic-
wlar, therapy o restore a tvpe 1 dominance may mprove the
ability of some HIV-infected persons e respond o both HIW
and tvpe 1 comfections.
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