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Abstract. INH preventive therapy (IPT) has been shown in several randomized controlled trials to re-
duce the risk of developing active TB in tuberculin skin test (TST) or purified protein derivative (PPD)
positive HIV infected individuals. Detection of latent tuberculosis by TST and determination of factors
associated with the PPD positivity in HIV-infected persons are important for the targeting of chemopro-
phylaxis. Six hundred asymptomeatic and early symptomatic HIV-infected subjects attending the AIDS
Clinic of the Chulalongkorn University Hospital, Bangkok, Thailand were enrolled in two randomized
clinical trials of chemoprophylaxisagainst TB from December 1994 to December 1996. The availability
of baseline characteristics, including TST reactivity, among these participants enabled a cross-sectional
analysis of factors associated with PPD positivity. The results showed that 117 (19.5%) were PPD posi-
tive and 483 (80.5%) were PPD negative with ages 18-65 years (median 29 years). HIV exposure cat-
egory was 46.2%, 34.5%, and 6.7% for heterosexual contact, commercial sex work, and homosexual and
bisexual male contact respectively. Themedian CD4 cell count was 315/mm? (range, 5-1,074/mmé). HIV
exposure category and CD4 cell count were significantly associated with PPD status. Homosexual/bi-
sexua contact had 3 times higher risk of PPD positivity than heterosexua contact (adjusted OR=2.9;
95% Cl,1.4-6.1) and risk of PPD positivity was higher among patientswith CD4 cell counts of 200-500/
mm? (adjusted OR=1.8; 95% Cl,1.0-3.1) and above 500/mm? (adjusted OR=3.4; 95% Cl,1.7-6.7) when
compared to patients with CD4 cell counts of less than 200/mm?. The HIV-infected personsin Bangkok
with homosexual/bisexual contact are at higher risk for latent TB. Population-based tuberculin screening
without accompanying HIV testing cannot be used to estimate the prevalence of actual latent TB in a
population where HIV infection iswidespread, such asin Thailand.

INTRODUCTION during the 1980s was transformed by the HIV epi-
demic into arapid rise in the incidence during the

Most HIV-infected persons with latent tuber- 1990s (Yanai et al, 1996). The WHO has estimated

culosis have a greater probability of reactivation
and devel oping activetuberculosisduetoimpaired
cell-mediatedimmunity (Narain et al, 1992; Giradi
et al, 2000). In addition, HIV-infected persons are
at increased risk of primary progressive tuberculo-
siswhich can devel op within weeks after infection
(Daey et al, 1992). In severa regions where the
background prevalence of tuberculosisis high, the
introduction of HIV infection has led to dramatic
increasesin theincidence of tuberculosis. Innorth-
ern Thailand, adeclining incidence of tuberculosis
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that in 1990 there were over 300,000 tuberculosis
cases attributable to HIV infection, and this num-
ber was anticipated to increase to 1,400,000 cases
in the year 2000 with more than half living in Af-
ricaand Southeast Asia(Dolinetal, 1994).In Thai-
land the prevalence of coexisting HIV infectionin
new tuberculosis patients has increased steadily
from 3.8%in 199110 22.3%in 1996 (Payanandana,
1993; 1995; Anonymous, 1999).

Therisk of tuberculosisin persons with HIV
infection varies according to tuberculin or purified
protein derivative (PPD)-skin test status. For PPD
positive persons the estimated annual risk is 5.5-
16.2% and for PPD negative personstherisk ises-
timated at 0.0-8.1% for anergic persons and 0.0-
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4.5% for persons with intact cutaneous hypersen-
sitivity (Selwynetal, 1989; 1992; Braun et al, 1991,
Allenet al, 1992; Wadhawan et al, 1992; Guelar et
al, 1993; Moreno et al, 1993; Pape et al, 1993;
Antonucci et al, 1995). Theseestimatesarein sharp
contrast with thoseamong HIV-negetive PPD posi-
tive persons whose annual risk of developing tu-
berculosisislessthan 0.2% (Styblo, 1991).

A recent meta-analysis of randomized pla-
cebo-controlled trials of isoniazid preventive
therapy among people with HIV infection demon-
strated an approximately 70% reduction in inci-
dence of tuberculosis and a27% reduction in mor-
tality among PPD positive subjects (Wilkinson et
al, 1998) . In contrast, there was no significant re-
duction in tuberculosis incidence or mortality
among PPD negative subjects (Wilkinson et al,
1998). Thus, the detection of latent tuberculosisin
HIV infected personsiscrucia for the targeting of
chemoprophylaxis. As the tuberculin skin test re-
mains the standard, smplest and most frequently
used technique in detection of latent tuberculosis,
determination of factors associated with the PPD
positivity among persons with HIV infection is a
priority. Theavailability of baseline characteristics,
including PPD reactivity, among alarge number of
HIV-infected persons enrolled in two randomized
clinical trials of tuberculosis chemoprophylaxisin
Bangkok enabled across-sectiona analysis of fac-
tors associated with PPD positivity.

MATERIALSAND METHODS

Enrollment of study participants

In December 1994, enrollment in two ran-
domized trials of chemoprophylaxis against tu-
berculosis commenced in Bangkok. The trials
consisted of (1) a comparison between twelve
months of isoniazid and placebo among PPD
negative HIV-infected persons, (2) acomparison
between twelve months of isoniazid and four
months of isoniazid plus rifampicin among PPD
positive HIV-infected persons. Study participants
werevoluntarily recruited from asymptomatic or
early symptomatic HIV infected subjects attend-
ing the AIDS Clinic of the Chulalongkorn Uni-
versity Hospital, Bangkok.

Inclusion criteriaincluded adults greater than
15 years, serological evidence of HIV infection
(documented by ELISA with confirmation by a
second ELISA or arapid test), no evidence of pul-
monary tubercul osis (negative chest radiography
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for active tuberculosis plus negative sputum mi-
croscopic examination for acid-fast bacilli (AFB)
when cough and expectoration were present), no
evidence of extra-pulmonary tuberculosis (ab-
sence of fever, weight loss, nocturna transpira-
tion, asymmetric lymphadenopathy and intra-tho-
racic lymphadenopathy on chest radiography), no
evidence of a life threatening opportunistic in-
fection of malignancy, a Karnofsky score of 70
or more and written informed consent.

Exclusion criteria included a diagnosis of
clinical tuberculosis prior to the start of preven-
tivetherapy, aprior history of tubercul osistherapy
or preventive therapy defined as 7 or more days
of any anti-mycobacterial therapy, liver disease
as evidenced by clinically apparent jaundice and
known hypersensitivity to any of the study drugs
and, for the PPD positive group, concomitant
therapy with other drugs whose metabolism may
be accelerated by rifampicin.

A total of 600 HIV-infected persons were
enrolled up to September 1996 when enrollment
ceased for both trials. Baseline dataincluded de-
mographic characteristics (age, sex, birthplace,
educational level and income), HIV exposure,
PPD skin test reactivity and CD4 cell count.

Skin test

Demographic characteristicsand HIV expo-
sure were obtained through a standardized inter-
view. The PPD skin test was performed using the
Mantoux technique by an intra-dermal injection
0.1 ml of PPD-S(51U) on the volar surface of the
forearm by trained nurses. The diameter of indu-
ration was measured in two perpendicular direc-
tions by the pen and palpation method and the
average diameter wasrecorded. To assess anergy,
a MULTITEST was performed with seven skin
test antigens: tetanus, diptheria, streptococcus, tu-
berculin, candida, tricophyton, and proteus. All
skin tests were read by the trained nurses within
48-72 hours after the intra-dermal injection. The
interpretation of the test was according to therec-
ommendation by WHO and the Center for Dis-
ease Control (CDC) (CDC, 1989; WHO, 1989;
Arnadottir, 1996). The reaction was considered
PPD positiveif theinduration was5 mm or more
in diameter. Patients were considered anergic if
the combined MULTITEST reading was 5 mm
or less. The CD4 cell count was measured by flow
cytometry using FACSORT (Beckton-Dickinson,
San-Jose, California).

805




SouTHEAST AsiaN J TrRop MEeD PusLic HEALTH

Table1
Factors associated with PPD positivity among trial subjects (n=600).
Variable N (%) PPD+ve %PPD+ve p-value? OR® (95%Cl) p-value’

Age (years) 0.50

<29 306(51.0) 64 20.9

30-39 223(37.2) 38 17.0

40+ 71(11.8) 15 211
Sex 0.29

Female 231(38.5) 40 17.3

Male 369(61.5) 77 20.9
Educational level 0.22

Primary or less 168(28.0) 29 17.3

Secondary or vocational 229(38.2) 52 22.7

Higher 143(23.8) 29 20.3

Unknown 60(10.0) 7 11.7
Birthplace 0.51

Bangkok 140(23.3) 31 221

Central 149(24.8) 27 18.1

North and Northeastern 217(36.2) 45 20.7

Other 94(15.7) 14 14.9
Income (bath/month) 0.03

<2,500 73(12.2) 20 274 1.0

2,500-4,999 101(16.8) 11 10.9 0.34(0.15-0.78)  0.01

5,000-9,999 208(34.7) 48 231 0.80(0.43-1.50)  0.49

>10,000 151(25.2) 29 19.2 0.60(0.30-1.19) 0.15

Unknown 67(11.2) 9 13.4 0.23(0.06-0.81)  0.02
HIV exposure category 0.02

Heterosexual 277(46.2) 47 17.0 1.00

Commercial sex worker 207(34.5) 40 19.3 1.44(0.87-2.37) 0.16

Homosexual/bisexual 40(6.7) 15 375 2.94(1.41-6.11) 0.004

Other/unknowne 76(12.7) 15 24.6 3.16(1.13-8.82) 0.03
CD4 cell count (/mm?) 0.001

<200 160(26.7) 18 11.2 1.00

200-500 344(57.3) 69 20.1 1.79(1.01-3.14) 0.04

>500 96(16.0) 30 31.2 3.41(1.72-6.69)  <0.0005

aChi-square test; PAdjusted odds ratio (logistic regression); Intravenous drug use (12), blood transfusion (4) and

missing data (60).

Data analysis

Chi-sguare test was used to assess associa-
tions between PPD skin test reactivity and demo-
graphic characteristics, HIV exposure category
and CD4 cell count (<200/mm?@, 200-500/mm?).
Independent factors were then determined using
logistic regression. Theinitial analyseswere con-
ducted on the total study population (n=600). As
a proportion of HIV-infected persons who test
PPD negative do so because of immunosuppres-
sion-related skin test anergy, analyses were re-
peated excluding anergic patients (n=136).
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RESULTS

From December 1994 to September 1996, 600
asymptomeatic and early asymptomatic HIV infected
patients had a PPD skin testing prior to enrolIment
in the two randomized clinical trials. Of these, 117
(19.5%) were PPD positive and 483 (80.5%) were
PPD negative. Demographic characteristics are
shown in Table 1. Patients were ages 18-65 years
(median 29 years), and the maleto femaleratiowas
1.6:1. Theleve of education of most subjectswere
secondary or vocational level (38.1%) and primary
level or less (28.0%). North and northeast Thai-
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land was the most common birthplace (36.2%),
with smaller proportionsbornin Bangkok (23.3%)
and central Thailand (24.8%).

TheHIV exposure category was heterosexual
contact for 46.2% and commercia sex work for
34.5%. Homosexual and bisexual male contact con-
stituted 6.7% of the study population (Table 1).

The median CD4 cell count of the study
population was 315/mm? (range, 5-1,074/mm3),
with 26.7%, 57.2% and 16.2% in the <200/mm?,
200-500/mm? and >500/mm? ranges, respectively
(Table 1). Median CD4 cell count was 393/mm?®
among PPD positive patients, 316/mm?® among
PPD negative non-anergic patients and 213/mm?
among PPD negative anergic patients.

In univariate analysis there were significant
associations between PPD status and income
(p=0.027), HIV exposure category (p=0.024), and
CD4 cell count (p=0.001). Homosexual and bi-
sexual men had the highest prevalence of PPD posi-
tivity (37.5%) among HIV exposure categories,
while the prevalence of PPD positivity declined
with increased levels of immunodeficiency. There
were no significant associations between PPD sta-
tus and age, sex, educationa level, and birthplace.

Inamultivariateanaysis, income, HIV expo-
sure category, and CD4 count remained signifi-
cantly associated with PPD status. Homosexual/
bisexua contact concurred an approximately three
times higher risk of PPD positivity than hetero-
sexual contact (OR=2.9; 95% Cl 1.4-6.1), and risk
of PPD positivity was higher among patients with
aCD4 cdl count of 200-500/mm? (OR=1.8; 95%
Cl 1.0-3.1) and above 500/mm? (OR=3.4; 95% ClI
1.7-6.7), when compared to patients whose CD4
cell count was less than 200/mm?,

A separate analysis was performed exclud-
ing patients with anergy (n=136). PPD positivity
was 23.7% (110/464) among non-anergic patients,
compared to only 2.2% (3/136) among anergic
patients. Although income was no longer signifi-
cantly associated with PPD status, both homo-
sexual/bisexual contact (OR=2.7; 95% Cl 1.3-5.6)
and high CD4 cell count (> 500/mm?®) (OR=2.6;
95% CI 1.3-5.2) remained associated with PPD
positivity in a multivariate analysis among non-
anergic patients (Table 2).

DISCUSSION

In our study, demographic factors appeared
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to havelittleinfluence on therate of PPD positivity
in a Bangkok population with HIV infection. Al-
though the lowest income category had the highest
prevalence of PPD positivity, there was no signifi-
cant associationwith level of income. Asexpected,
the strongest association with PPD statuswas seen
with cell-mediated immune function as measured
by the CD4 cell count. However, an additional as-
sociationwasseenwith HIV exposure category with
homosexual and bisexual men demonstrating a
higher rate of PPD positivity.

There were several limitationsto our study.
Firstly, participantsin our study are not necessar-
ily representative of the HIV-infected popul ation
in Bangkok. Subjectswere selected from persons
who attended the AIDS Clinic, Chulalongkorn
University Hospital. Secondly, there is potential
biasin self report of HIV exposure category. This
may be particularly relevant to male to male
sexual contact. However, the prevalence of ho-
mosexual/bisexual contact among our study popu-
lation is higher than for HIV or AIDS notifica-
tionin Thailand (Anonymous, 2000). Thirdly, due
to immunodeficiency among people with HIV
infection, the sensitivity of PPD skin testing for
detection of latent tuberculosis is considerably
decreased. Thus, an association with PPD posi-
tivity does not necessarily equate to association
with latent tuberculosis. On the other hand, true
association with latent tuberculosismay be missed
due to the lack of PPD positivity. The relatively
low overall prevalence of PPD positivity of ap-
proximately 20% in our study populationis con-
sistent with the majority having aCD4 cell count
less than 500/mm?g.

There was a clear association between the
PPD positivity and CD4 cell count in our study.
Among subjects with advanced immunodefi-
ciency, the prevalence of PPD positivity was
11.2% for thosewithaCD4 cell count >500/mm?.
PPD positivity depends on intact cell-mediated
immune function. A previous Thai study compar-
ing the PPD reactivity between asymptomatic
HIV-infected persons and healthy non HIV-in-
fected volunteers in Bangkok showed PPD posi-
tivity in 81% of their HIV-infected participants
and 89% intheir non HIV-infected subjects. How-
ever, al of theHIV-infected subjectswere asymp-
tomatic with aCD4 cell count 200/mm? or above
(mean CDA4 cell count was 467/mm?®) (Johnson et
al, 1992; Markowitz et al, 1993; Suwanagool et
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Table 2
Factors associated with PPD positivity among non-anergic trial subjects (n=464).
Variable N (%) PPD+ve %PPD+ve p-vaue OR" (95%Cl) p-value®
Age (years) 0.71
<29 233(50.2) 61 26.2
30-39 168(36.2) 38 226
40+ 63(13.6) 15 238
Sex 0.64
Female 159(34.3) 37 233
Male 305(65.7) 77 233
Educational level 0.59
Primary or less 128(27.6) 27 211
Secondary or vocational 185(39.9) 51 27.6
Higher 118(25.4) 29 24.6
Unknown 33(7.1) 7 21.2
Birthplace 0.89
Bangkok 113(24.4) 30 265
Central 120(25.9) 27 25
North and Northeastern 170(36.6) 43 253
Other 61(13.1) 14 23.0
Income (bath/month) 0.37
<2,500 57(12.3) 18 316
2,500-4,999 65(14.0) 1 16.9
5,000-9,999 180(38.8) 48 26.7
>10,000 125(26.9) 29 232
Unknown 37(8.0) 8 21.6
HIV exposure category 0.06
Heterosexual 202 (43.5) 44 21.8 1.00
Commercial sex worker  177(38.1) 40 22.6 1.21(0.73-2.00)  0.45
Homosexual/bisexual 37(8.0) 15 40.5 2.66(1.25-5.61) 0.01
Other/unknown® 48(10.3) 15 31.3 1.84(0.91-3.74)  0.09
CD4 cell count (/mm?) 0.03
<200 98(21.1) 18 18.4 1.00
200-500 280(60.3) 66 236 1.37(0.76-2.48)  0.29
>500 86(18.5) 30 34.9 2.57(1.27-5.17)  0.008

3Chi-square test; PAdjusted odds ratio (logistic regression); Intravenous drug use (12), blood transfusion (4) and

missing data (60).

al, 2000). In other studies, the prevalence of PPD
positivity in HIV-infected people hasvaried from
33% to 44% without categorization of the sub-
jectsaccording to the CD4 cell count (Johnson et
al, 1992; Markowitz et al, 1993; Garcia-Garcia
et al, 2000).

Our study suggests that HIV-infected per-
sonsin Bangkok with homosexual/bisexual con-
tact are at higher risk of latent tuberculosis. The
explanation for this association is not immedi-
ately clear. One possible explanationissocia mix-
ing within an environment with ahigh risk of ex-
posureto activetuberculosis. Our study also sup-
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ports earlier evidence that population-based tu-
berculin screening without accompanying HIV
testing cannot be used to estimate the prevalence
of actual latent tubercul osisin apopul ation where
HIV iswidespread, such asin Thailand.
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