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Factors Related to HIV/Tuberculosis Coinfection in a Brazilian Reference Hospital
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I nfection with both Human Immunodeficiency Virus (HIV) and Mycobacterium tuberculosisis currently theworld’'s
leading cause of death dueto infectious agents. We evaluated factorsrelated to the development of tuberculosis (TB)
in HIV-infected patients who were being treated at an infectious diseases hospital in Fortaleza, Ceara, Brazil. From
January 2004 to December 2005, we made an epidemiological study through the analysis of the medical records of
171 patients, who were diagnosed as having both HIV and tuberculosis. Among these co-infected patients, most
(81%, p=0.0006) wer e male. Co-infection was mor e frequent (87.8%) among patients over 40 years of age and those
with lower educational levels (lessthan eight years of schooling). Forty-one percent of the patientsin the study had
not had a smear culturetest for acid-fast bacilli (AFB). CD4 cell countswer e lower than 200 cells/uL in 71.9% of the
patients, the mean being 169 cells/uL. This type of data is important for establishing strategies to improve the

control of tuberculosisin HIV-infected patients.
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Being infected with both Human Immunodeficiency Virus
(HIV) and Mycobacteriumtubercul osisistheworld’sleading
cause of death dueto infectious agents[1,2]. Approximately
13 million people are infected with both of these infection-
causing agents[3]. Pandemic HIV hasincreased the prevalence
of tuberculosis (TB), especially in poor and developing
countries[4]. Themainimpact hasbeenin sub-Saharan Africa,
whereofficia reportsof TB caseshavetripled sincethe 1980's.
The mortality rate has reached 20% in that region, compared
to 5% in countries with good tuberculosis control programs
[3]. Moreover, thereisan annual increase of 10% inthe number
of TB cases in these African countries, mainly among
individuals between 15 and 49 yearsold [5].

The World Health Organization (WHO) estimated that
therewould be 9.2 million new TB casesin 2006, resultingin
1.7 million deaths|[6]. Of these cases, 7.7% would be HIV/TB
co-infected. At the end of 2007, 33.2 million peoplewere HIV
positive, resultingin 2.1 million deaths[4].

In Brazil, 78,834 cases of TB were officially reported in
2006, with an incidence in 2005 of 43.8 cases per 100,000
inhabitants. The Brazilian Health Ministry has reported
increasing TB incidence and an increase in the numbers of
patients who did not complete the full course of antibiotic
treatment from 2005t0 2006 [ 7]. Theseincreasesareat least in
part an artifact of declining numbersof notified patients, and
are also heavily influenced by policy changes in case
detection, diagnosis, registration, and release from control,
and therefore may be misleading [8].

In Cearéd state, there was a decrease in the number of TB
cases, from 44.0 per 100,000 inhabitants in 2006 to 40.0 per
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100,000 inhabitantsin 2007. A total of 3,322 new caseswere
registered in 2007, of which 56% were bacillary pulmonary
tuberculosis. It is estimated that 91% of the municipalities
reported cases, while the remaining 9% of the municipalities
did not report or did not diagnose the cases. Among all
registered new casesin 2006, 3.7% (151 cases) were HIV/TB
co-infected patients. Therewasalso an increasein the number
of casesof HIV/TB co-infection from 2005 t0 2006 [7,9].

Thereisamuch greater risk of HIV/TB co-infected patients
developing active TB, either from the latent infection being
reactivated or dueto the rapid progression of anew infection
[10-13]. The risk of developing active TB in HIV patients
increases from 5 to 15% annually, due to the latent infection
being reactivated; this depends on the degree of
immunocompromise[12,14,15]. A study conducted among gold
miners in South Africa showed that the risk of TB doubles
within one year of HIV infection, but only increases slightly
during the following years [5]. It has been noted that
pulmonary TB occursrelatively early inthe spectrum of HIV
related infections and often before other AIDS-defining
conditions. The increase in the risk of developing TB soon
after being infected with HIV might be explained by therisk
associated with seroconversion illness or of being
concurrently infected with HIV and TB. For this reason,
individualsinfected with HIV haveincreased susceptibility
to active tuberculosis. HIV is the main risk factor for the
development of TB [10,12,16-18].

To date, there has been limited epidemiological data
regarding risk factors among HIV/TB co-infected patients.
Consequently, we conducted a case-control study of HIV-
infected patients to determine possible risk factors that are
linked to developing TB.

Material and Methods

The medical records were examined for all patients who
had been confirmed to have TB at the Hospital S8o José de
Doencas Infecciosas (HSIDI). This is a 118-bed teaching
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hospital in Northeast Brazil, a leading hospital for treating
patientswith infectiousdisease, including AIDS. On average,
HSIDI caresfor 2,611 HIV-positive patients per month. Patients
who sought care at HSIDI at any time from January 2004 to
December 2005 wereeligibleto participateinthe study if they
were at least 15 years of age and had signs, symptoms or
laboratory results suggesting TB and HIV [19].
Mycobacterium tuberculosis was not confirmed by either
cultureor positiveAFB smearsin al eligibleparticipants. This
project was approved by the HSIDI Ethics Committee.

The 103 patients in the control group were randomly
selected from among the HIV-positive patients who had no
previous or current, confirmed or suspected history of TB,
who werereceiving care at HSIDI during this same period. A
standardized form was used to collect data regarding age,
gender, marital status, social behavior, economic status,
clinical, radiological and laboratory tests. All these factors
had been identified as being related to TB.

Data was recorded using EXCEL for Windows (version
2000) and transferred to SPSS (a statistics program) for
analysis. The Student t test was used to compare the means
of continuous variables. A non-parametric test (Mann-
Whitney test) was also used to compare data with high
asymmetry. Univariate analyses of the association of clinical,
|aboratory and socio-demographic categorical variableswere
performed using the Chi-square and Fisher tests, estimating
the crude odds ratios (OR) with their respective 95%
confidenceintervals(Cl).

Results

During the study period, 1,309 HIV caseswereregistered
inthe state of Ceara[6]. Cases of co-infected patientsat HSIDI
whowereover 15 yearsof age, regardlessof their HIV clinical
stage, but who had confirmed cases of TB were analyzed.
Some of the variables studied are shown in Table 1.

A total of 171 confirmed HIV/TB co-infected cases were
reviewed, 139 of which were men (81.3%, p=0.0006) and 137
were between 27 and 49 yearsold (80.6%). Theagedistribution
was asymmetrical, with patientsranging from 16 to 78 years
old. There was a predominance of TB cases among single
patients, 73.7% (p=0.0265).

Theeducationd level of 146 patients, aswell ashousehold
size (number of adults) and incomewereincluded in the study.
Educational level istraditionally used asan indicator of socio-
economic level. Patientswith alower educational level had a
higher risk of developing TB (87.9%, p<0.0001, relativerisk
= 2.3633). A similar trend was found for patients with low
incomes; TB was more common among individual s earning
the monthly minimum wage of U$94.00 or less (70.9%, p=
0.6005). However, low incomewas hot asignificant risk factor
for developing TB (relative risk = 1.0506). Among host-
related factors, TB was not associated with smoking or with
drinking alcohol. These habits were actually more frequent
among patients without TB (p=0.068 and p=0.034,
respectively). The risk of TB did not significantly increase

with areported family history of TB, independent of thekind
of contact (p=0.0992).

The site of TB infection, as well as acid-fast stain, L-J
cultureand skintest results, are shownin Table 2. Among the
171 HIV/TB patients, only 96 (56.14%) had been submitted to
acid-fast stain and L-J culture tests. Only 18 of these 96
patients were positive in both the acid-fast stain and culture
tests, while 13 were acid-fast stain positive and culture
negative, and 18 were acid-fast stain negative and culture
positive.

Immunocompromisewassignificantly morecommonin TB
patients, compared to thosewithout TB (p < 0.0001). CD4 cdll
countsof under 200 cells/uL wereobservedin 110 (71.9%) of
the HIV/TB coinfected patients. The percentage of non-
reactive PPD (Protein Purified Derived) was higher (p=0.0407)
among patientswith A1DS (84.5%) compared to those without
AIDS (40.0%). Sinceonly asmall number of patientstook the
PPD test, it was not possible to compare the tests to the TB
clinical presentations.

It was observed that PPD test resultswerenot significantly
correlated with the CD4 count (n=73, p=0.7587, Figure 1). Al so,
no specific clinical form of TB was significantly associated
withthe CD4 count (p=0.2120, Figure 2).

Discussion

Weinvestigated thefactorsinfluencing active TB in HIV-
infected patients by analyzing control HIV patients who did
not have TB. Most patientswith HIV/TB co-infection had not
been exposed to TB carrierspreviously. We suggest that active
TB isaresult of either fast primary progression of a recent
infection or reactivation of a latent infection, a conclusion
alsoreached by Ho[20].

Gender (inthiscase, male), advanced age, not being married
and low educational levelswereall positively correlated with
therisk of developing active TB. Kerr-Pontes et al. [21] and
Henn[22] also reported that (male) gender isahigh risk factor
for developing active TB. In addition, thereare moremen with
registered cases of TB without HIV, at aratio of 2:1 men to
women [23]. It is not known whether the predominance in
malesisdueto thelack of officia recordsfor women, dueto
differencesin social behavior or to poor health public services,
or acombination of both. However, Bellamy et d. [24] suggests
that there is a relationship between TB susceptibility and
chromosome X.

The HIV/TB-infected patients were most abundant in the
41 to 45 year old group. Previous studies demonstrated
predominance in young adults averaging 33 years of age
[12,21,25,26]. The resultsin our study reflect the prolonged
survival of HIV patients, since the average age of those with
registered cases of AIDSin Brazil between 2002 and 2005 was
35.4.[7]. The predominance of TB among single peopleisaso
areflection of socio-economic status, especially among men,
who frequently migrate while searching for better jobs, and
arein contact with more people, thusincreasing the probability
of exposureto the bacilli.

www.bjid.com.br



BJID 2008; 12 (August)

Factors Leading to HIV/TB Coinfection 283

Table 1. Regression analysis of possiblerisk factorsfor tuberculosis (TB) in HIV/TB coinfected patients.

Oddsratio
HIV+TB p-value RR (95% CI)
N % N %
Tota (n) 103 171
Sex
Mae 64 3153 139 6847 0.0006 15192 26470
Femde 0 54.93 K 4507 (4.0962,15.0599)
Age(mean) b 1061 4 1093 0.0001
Marital status
Single 60 3226 126 67.74 0.0265 12742 18500
Others 37 4684 R 5316 (1.0799,3.1693)
Schooling
<8years 3] 19.89 145 8011 <0.0001 23633 7.8542
> 8years 0 66.10 2 3390 (4.0962, 15.0599)
Income
<1MWwa A 2329 112 76.71 0.6005 10506 12174
>1 MW 17 26.98 46 73.02 (0.6193,2.393)
HHP contacts
Yes 3 2143 un 7857 0.0992 14311 30119
No 69 45.10 & 54.90 (0.808,11.2269)
Smoking
Yes b 4337 a7 56.63 0.0680 0.8206 05864
No 53 309 118 69.01 (0.3411,1.008)
Alcohol
Yes 51 2474 63 55.26 0.0034 0.7531 04481
No 37 26.62 102 7338 (0.2645,0.7591)
CD4cdls 377 +269 169 +119 <0.0001
count (mean)
Number of adults 34 +2.398 30 +1.705 0.2349
inHH (mean)
HAART®
Yes 57 5534 153 8947 25906 6.8596 0.0000
No 46 44.66 18 1053 (4.0962, 15.0599)

RR=rate ratio; Cl=confidence interval; *MW=monthly minimum wage (USD$94.00); "HH=household; “HAART=highly active antiretroviral therapy.

Educational level can affect the behavior of HIV patients
and an understanding of education level can help target
interventions in order to prevent infection. There was no
significant association between educational level and drinking
or smoking. Most of the HIV/TB co-infected patients had less
than eight years of schooling and also had low incomes. This
apparent association might be a consequence of other health
hazards, including thelack of health education and not having
access to health care.

Several studies have demonstrated the impact of highly
active antiretroviral therapy (HAART) on HIV-infected
patients; these treatments have been successful in restoring
immune function and reducing morbidity and mortality
[10,27,28,29,30,31]. Theuse of antiretroviral therapy (ART) in
these patients reduces the risk of developing active TB
[32,33,34], being associated in HIV-infected TB patientswith
higher rates of survival, when used during and after TB

treatment [25,27,35]. We a so found that ART reducestherisk
of developing active TB in HIV-patients. However, therewere
certain limitationsin our study concerning ART. The time of
initiation of ART was not recorded, nor were analyses made
of the safety, adhesion and efficacy of the regimen for the
patients. For a number of patients, the result of treatment or
cause of death could not be defined, either because the
patients did not return to the hospital or due to the fact that
they passed away outside the hospital. In addition, the
appropriate management of HIV-associated TB iscomplicated
by drug-drug interactions, overlapping toxicities, immune
reconstitution syndrome, and pill burden [10,36]. Nowadays,
WHO recommendsthat HIV-infected TB patientseligiblefor
ART begin treatment within two weeks to two months after
the beginning of anti-TB treatment [37].

Most of our patientswith HIV/TB co-infection presented
very low CD4 cell counts. Most CD4 cell counts were
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Table 2. Distribution of tubercul osis cases according to site, skin test reaction and microbiological analysis (L owestein-Jensen

culture and Acid-Fast stain).

Total N %
Site 3
Pulmonary 18 47.37
Extrapulmonary 16 211
Disseminated 4 1053
Skin Test 171
Reactive 15 877
Non-reactive (624 36.26
Not Done A 5497
MicrobiologicAnalysis 3]
Culture positive
Acid-Fast stain positive 18 1875
Acid-Fast stain negative 18 1875
Culture negative
Acid-Fast stain positive 13 1354
Acid-Fast stain negative a7 4896

Figure 1. Relation between CD4+ lymphocyte count (cells/
uL) and PPD skintest. Thesymbol e representsextremevalues.
Reaction to PPD was considered positive when equal or greater
than5mm.
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determined whilethe patientswere at the HIV hospital, at the
time of HIV diagnosis. HIV/TB co-infection reflects the
synergy of these diseases, as M. tuberculosis infection
increasesthe HIV viral load, which consequently induces host
immunosuppression and the virulence of the bacilli. HIV-
induced immunosuppression increases the likelihood that
quiescent M. tuberculosis will reactivate. TB up-modul ates
the host immune system; aT-cell that isactivated in response
to infection from M. tuberculosis produces more HIV than a
quiescent cell; HIV expression increases in the face of co-
infections. Thehigh HIV viral load incressesthe rate of disease
progression, whichinturnincreasesHIV infectiousness[11].

Figure 2. Relation between CD4+ lymphocyte count (cells/
uL) and clinical presentation according to the site of the
infection. The symbol e represents extreme values and
represents outliers.
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Clinical presentation

The clinical and radiological presentation of TB in HIV-
infected patientswith CD4 cell counts above 350 cell/mm?®is
similar to that seen in individuals who are not infected with
HIV [38-40]. In patientswith low CD4 counts, TB can havean
atypical presentation, with extrapulmonary involvement or
disseminated infection. Approximately half of our patients
presented either extrapulmonary TB or disseminated TB. This
is a conseguence of the high degree of immunosuppression
in such patients, as discussed above. In these patients, HIV-
induced impairment of cellular immunity allows the
development of pulmonary infiltratesin any region of thelung;
typically these are without cavitations but are accompanied
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by intrathoracic lymph node enlargement [40]. Kerr-Pontes et
al. [21] observed anincidence of extrapulmonary TB of 23.9%
in the same state; however, they did not evaluate the level of
immunocompromise.

We a so evaluated the importance of sputum AFB smears
and sputum cultures as basic TB diagnostic tools. However,
sputum smearsof HIV/TB co-infected patientsare morelikely
to below grade positive or negative. Consequently, itisdifficult
to diagnose extrapulmonary or disseminated TB, especialy
when it involve deep sites that are difficult to reach to collect
samples[38]. In addition, these patients are thought to be less
efficient at transmitting TB infection, sincethey havelesslung
cavitation [41]. Although the use of sputum cultures should be
encouraged to assist in the diagnosis of HIV-related TB, 41%
of our patients had not had sputum cultures; Kerr-Ponteset al.
[21] found that 54% of their patientsa so had not been submitted
to this procedure. Though there was a dight reduction in the
number of HIV patientsthat were not tested by sputum culture,
it is important to perform this test in order to improve TB
diagnosis. Morerapid and simple culture methods are needed
in order to expand and decentralize their use. Tuberculosis
screening aso offers the opportunity to provide treatment of
latent tuberculosis infection (prevention therapy) for people
livingwith HIV, when active TB hasal ready been excluded[42].

In conclusion, variousfactors, such asgender, age, marital
status, low CD4 cell counts and the use of ART can influence
TB in HIV patients. The acid-fast stain and culture
examinations should be considered together to assess active
TBinHIV patients. Interaction between HIV and TB treatment
and prevention programswill lead to more effective treatment
and control of TB among HIV patients.
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