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Infection with both Human Immunodeficiency Virus (HIV) and Mycobacterium tuberculosis is currently the world’s
leading cause of death due to infectious agents. We evaluated factors related to the development of tuberculosis (TB)
in HIV-infected patients who were being treated at an infectious diseases hospital in Fortaleza, Ceará, 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) were male. Co-infection was more frequent (87.8%) among patients over 40 years of age and those
with lower educational levels (less than eight years of schooling). Forty-one percent of the patients in the study had
not had a smear culture test for acid-fast bacilli (AFB). CD4 cell counts were lower than 200 cells/µµµµµL in 71.9% of the
patients, the mean being 169 cells/µµµµµL. This type of data is important for establishing strategies to improve the
control of tuberculosis in HIV-infected patients.
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Being infected with both Human Immunodeficiency Virus
(HIV) and Mycobacterium tuberculosis is the world’s leading
cause of death due to infectious agents [1,2]. Approximately
13 million people are infected with both of these infection-
causing agents [3]. Pandemic HIV has increased the prevalence
of tuberculosis (TB), especially in poor and developing
countries [4]. The main impact has been in sub-Saharan Africa,
where official reports of TB cases have tripled since the 1980’s.
The mortality rate has reached 20% in that region, compared
to 5% in countries with good tuberculosis control programs
[3]. Moreover, there is an annual increase of 10% in the number
of TB cases in these African countries, mainly among
individuals between 15 and 49 years old [5].

The World Health Organization (WHO) estimated that
there would be 9.2 million new TB cases in 2006, resulting in
1.7 million deaths [6]. Of these cases, 7.7% would be HIV/TB
co-infected. At the end of 2007, 33.2 million people were HIV
positive, resulting in 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 2005 to 2006 [7]. These increases are at least in
part an artifact of declining numbers of 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 Ceará state, there was a decrease in the number of TB
cases, from 44.0 per 100,000 inhabitants in 2006 to 40.0 per

100,000 inhabitants in 2007. A total of 3,322 new cases were
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 cases in 2006, 3.7% (151 cases) were HIV/TB
co-infected patients. There was also an increase in the number
of cases of HIV/TB co-infection from 2005 to 2006 [7,9].

There is a much greater risk of HIV/TB co-infected patients
developing active TB, either from the latent infection being
reactivated or due to the rapid progression of a new 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 occurs relatively early in the 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 the risk
associated with seroconversion illness or of being
concurrently infected with HIV and TB. For this reason,
individuals infected with HIV have increased 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 São José de
Doenças Infecciosas (HSJDI). This is a 118-bed teaching
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hospital in Northeast Brazil, a leading hospital for treating
patients with infectious disease, including AIDS. On average,
HSJDI cares for 2,611 HIV-positive patients per month. Patients
who sought care at HSJDI at any time from January 2004 to
December 2005 were eligible to participate in the 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
culture or positive AFB smears in all eligible participants. This
project was approved by the HSJDI 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 were receiving care at HSJDI 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,
laboratory and socio-demographic categorical variables were
performed using the Chi-square and Fisher tests, estimating
the crude odds ratios (OR) with their respective 95%
confidence intervals (CI).

Results
During the study period, 1,309 HIV cases were registered

in the state of Ceará [6]. Cases of co-infected patients at HSJDI
who were over 15 years of age, regardless of 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 years old (80.6%). The age distribution
was asymmetrical, with patients ranging from 16 to 78 years
old. There was a predominance of TB cases among single
patients, 73.7% (p=0.0265).

The educational level of 146 patients, as well as household
size (number of adults) and income were included in the study.
Educational level is traditionally used as an indicator of socio-
economic level. Patients with a lower educational level had a
higher risk of developing TB (87.9%, p<0.0001, relative risk
= 2.3633). A similar trend was found for patients with low
incomes; TB was more common among individuals earning
the monthly minimum wage of U$94.00 or less (70.9%, p=
0.6005). However, low income was not a significant 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 a reported family history of TB, independent of the kind
of contact (p = 0.0992).

The site of TB infection, as well as acid-fast stain, L-J
culture and skin test results, are shown in 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.

Immunocompromise was significantly more common in TB
patients, compared to those without TB (p < 0.0001). CD4 cell
counts of under 200 cells/µL were observed in 110 (71.9%) of
the HIV/TB coinfected patients. The percentage of non-
reactive PPD (Protein Purified Derived) was higher (p=0.0407)
among patients with AIDS (84.5%) compared to those without
AIDS (40.0%). Since only a small number of patients took the
PPD test, it was not possible to compare the tests to the TB
clinical presentations.

It was observed that PPD test results were not significantly
correlated with the CD4 count (n=73, p=0.7587, Figure 1). Also,
no specific clinical form of TB was significantly associated
with the CD4 count (p=0.2120, Figure 2).

Discussion
We investigated the factors influencing active TB in HIV-

infected patients by analyzing control HIV patients who did
not have TB. Most patients with HIV/TB co-infection had not
been exposed to TB carriers previously. We suggest that active
TB is a result of either fast primary progression of a recent
infection or reactivation of a latent infection, a conclusion
also reached by Ho [20].

Gender (in this case, male), advanced age, not being married
and low educational levels were all positively correlated with
the risk of developing active TB. Kerr-Pontes et al. [21] and
Henn [22] also reported that (male) gender is a high risk factor
for developing active TB. In addition, there are more men with
registered cases of TB without HIV, at a ratio of 2:1 men to
women [23]. It is not known whether the predominance in
males is due to the lack of official records for women, due to
differences in social behavior or to poor health public services,
or a combination of both. However, Bellamy et al. [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 results in our study reflect the prolonged
survival of HIV patients, since the average age of those with
registered cases of AIDS in Brazil between 2002 and 2005 was
35.4. [7]. The predominance of TB among single people is also
a reflection of socio-economic status, especially among men,
who frequently migrate while searching for better jobs, and
are in contact with more people, thus increasing the probability
of exposure to the bacilli.

Factors Leading to HIV/TB Coinfection
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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 the lack 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]. The use of antiretroviral therapy (ART) in
these patients reduces the risk of developing active TB
[32,33,34], being associated in HIV-infected TB patients with
higher rates of survival, when used during and after TB

treatment [25,27,35]. We also found that ART reduces the risk
of developing active TB in HIV-patients. However, there were
certain limitations in 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 is complicated
by drug-drug interactions, overlapping toxicities, immune
reconstitution syndrome, and pill burden [10,36]. Nowadays,
WHO recommends that HIV-infected TB patients eligible for
ART begin treatment within two weeks to two months after
the beginning of anti-TB treatment [37].

Most of our patients with HIV/TB co-infection presented
very low CD4 cell counts. Most CD4 cell counts were

Factors Leading to HIV/TB Coinfection

Table 1. Regression analysis of possible risk factors for tuberculosis (TB) in HIV/TB coinfected patients.

Odds ratio
HIV HIV + TB p-value RR (95% CI)

N % N %

Total (n) 103 171
Sex

Male 64 31.53 139 68.47 0.0006 1.5192 2.6470
Female 39 54.93 32 45.07 (4.0962, 15.0599)

Age (mean) 36 ±10.61 41 ±10.93 0.0001
Marital status

Single 60 32.26 126 67.74 0.0265 1.2742 1.8500
Others 37 46.84 42 53.16 (1.0799, 3.1693)

Schooling
< 8 years 36 19.89 145 80.11 <0.0001 2.3633 7.8542
> 8 years 39 66.10 20 33.90 (4.0962, 15.0599)

Income
<1 MWa 34 23.29 112 76.71 0.6005 1.0506 1.2174
>1 MW 17 26.98 46 73.02 (0.6193, 2.393)

HHb contacts
Yes 3 21.43 11 78.57 0.0992 1.4311 3,0119
No 69 45.10 84 54.90 (0.808, 11.2269)

Smoking
Yes 36 43.37 47 56.63 0.0680 0.8206 0.5864
No 53 30.99 118 69.01 (0.3411, 1.008)

Alcohol
Yes 51 44.74 63 55.26 0.0034 0.7531 0.4481
No 37 26.62 102 73.38 (0.2645, 0.7591)

CD4 cells 377 ± 269 169 ± 119 <0.0001
count (mean)
Number of adults 3.4 ±2.398 3.0 ±1.705 0.2349
in HH (mean)
HAARTc

Yes 57 55.34 153 89.47 2.5905 6.8596 0.0000
No 46 44.66 18 10.53 (4.0962, 15.0599)

RR=rate ratio; CI=confidence interval; aMW=monthly minimum wage (USD$94.00); bHH=household; cHAART=highly active antiretroviral therapy.
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Figure 1. Relation between CD4+ lymphocyte count (cells/
µL) and PPD skin test. The symbol • represents extreme values.
Reaction to PPD was considered positive when equal or greater
than 5 mm.

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

determined while the patients were at the HIV hospital, at the
time of HIV diagnosis. HIV/TB co-infection reflects the
synergy of these diseases, as M. tuberculosis infection
increases the 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-modulates
the host immune system; a T-cell that is activated in response
to infection from M. tuberculosis produces more HIV than a
quiescent cell; HIV expression increases in the face of co-
infections. The high HIV viral load increases the rate of disease
progression, which in turn increases HIV infectiousness [11].

The clinical and radiological presentation of TB in HIV-
infected patients with CD4 cell counts above 350 cell/mm3 is
similar to that seen in individuals who are not infected with
HIV [38-40]. In patients with low CD4 counts, TB can have an
atypical presentation, with extrapulmonary involvement or
disseminated infection. Approximately half of our patients
presented either extrapulmonary TB or disseminated TB. This
is a consequence 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 infiltrates in any region of the lung;
typically these are without cavitations but are accompanied

Factors Leading to HIV/TB Coinfection

Table 2. Distribution of tuberculosis cases according to site, skin test reaction and microbiological analysis (Lowestein-Jensen
culture and Acid-Fast stain).

Total N %

Site 38
Pulmonary 18 47.37
Extrapulmonary 16 42.11
Disseminated 4 10.53

Skin Test 171
Reactive 15 8.77
Non-reactive 62 36.26
Not Done 94 54.97

Microbiologic Analysis 96
Culture positive

Acid-Fast stain positive 18 18.75
Acid-Fast stain negative 18 18.75

Culture negative
Acid-Fast stain positive 13 13.54
Acid-Fast stain negative 47 48.96
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by intrathoracic lymph node enlargement [40]. Kerr-Pontes et
al. [21] observed an incidence of extrapulmonary TB of 23.9%
in the same state; however, they did not evaluate the level of
immunocompromise.

We also evaluated the importance of sputum AFB smears
and sputum cultures as basic TB diagnostic tools. However,
sputum smears of HIV/TB co-infected patients are more likely
to be low grade positive or negative. Consequently, it is difficult
to diagnose extrapulmonary or disseminated TB, especially
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, since they have less lung
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-Pontes et al.
[21] found that 54% of their patients also had not been submitted
to this procedure. Though there was a slight reduction in the
number of HIV patients that were not tested by sputum culture,
it is important to perform this test in order to improve TB
diagnosis. More rapid and simple culture methods are needed
in order to expand and decentralize their use. Tuberculosis
screening also offers the opportunity to provide treatment of
latent tuberculosis infection (prevention therapy) for people
living with HIV, when active TB has already been excluded [42].

In conclusion, various factors, such as gender, 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
TB in HIV patients. Interaction between HIV and TB treatment
and prevention programs will lead to more effective treatment
and control of TB among HIV patients.
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