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Tuberculosis and AIDS Co-Morbidity in Brazil: Linkage of the Tuberculosis and AIDS Databases
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This study evaluated differences in AIDS patients with and without tuberculosis (TB) in Espirito Santo Sate,
Brazil. Sandard regional AIDS (SINAN, SISCEL, SICLOM and SIM) and tuberculosis (SINAN) databases were
used. TB and AIDS databases were linked using Reclink software, version 3, with SPSS softwar e support to identify
co-infected cases. Data from July 2000 to June 2006 in Espirito Santo State were linked. The results showed 3,523
adult AIDS cases and 9,958 adult TB cases resulted in 430 co-infected patients, who were compared to 1,290 AIDS
patientswho never developed TB. Among 430 co-infected patients, TB was diagnosed first in 223 (51.9%), AIDS was
firstin 44 (10.2%), and AIDSand TB werediagnosed concurrently in 163 (37.9%). Median agedid not differ between
co-infected cases (36 years (interquartile range [IQR] 29-43) and non-co-infected cases (34 years; |QR 28-42).
Pulmonary tuberculosis was diagnosed in 239 (55.6%); 109 (25.3%) had extra-pulmonary TB and 82 (19.1%) had
both presentations. In thefinal logistic regression model, living in a metropolitan area [Odds Ratio (OR)=1.43 (95%
Confidence Interval (ClI) 1.05-1.95)], education < 3 years [OR=3.03 (95% C| 1.56-5.88)] and CD4 counts < 200/mm?3
[OR=1.14 (95%Cl 1.09-1.18)] were associated with co-infection. This report emphasizes the significance of
tuberculosis among AIDS cases in Brazil, and highlights the importance of evaluating secondary data for purposes
of improving data quality and developing public health interventions.
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HIV-infected patients are more likely to experience
endogenousreactivation of alatent tuberculosis(TB) infection
or rapidly progress from recent TB infection to TB disease
than HIV-negative persons[1-3]. Thus, HIV-infected patients
represent a source of potential TB index cases, which may
increase incidence of TB disease and infection in the
community [4,5].

Thereisoften lack of communication between AIDS and
TB programs and co-infected patients are often not detected
until death, highlighting afailure of the health system to detect,
diagnosis and treat theserel ated diseases. Co-infection rates
have been reported as high as 51% in mortality surveillance
systemsin Rio de Janeiro, Brazil [6], and more recently, an
AlDSand TB database registry match found 18.5% of AIDS
pati ents between 1995 and 2004 to be co-infected in Rio [ 7].
HIV-infected patientsare at increased risk for reactivation of
alatent TB infection [8] due to a deficient immunol ogical
response[9], while AIDSisastrong risk factor for death in
TB patients [1,8]. Mortality in co-infected patients is
commonly related to delays in diagnosis as HIV patients
may postpone seeking health careto avoid receivingan AIDS
diagnosis[10].

InBrazil, 506,499 casesof AIDShaveal ready beenreported
through December 2007. Incidenceincreased through the mid-
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1990swith apeak of 19/200,000in 1998. Approximately 80% of
AIDS patients inhabit the South East and South regions of
Brazil. The South East, where Espirito Santo Stateislocated,
isthe most affected since the beginning of the epidemic but,
despite the high incidence rate, the number of AIDS casesin
the region remains stable at approximately 17,000 per year
[11].In 2007, 602 AIDS caseswere reported in Espirito Santo
Statefor anincidence of 7.2/100,000. TB incidencein the State
was56/100,000in 2007, similar tothe nationa average of 54.7/
100,000[11].

The objective of thisstudy wasto utilizeand link existing
TB and AlDSsurveillance databasesto eval uate the profile of
TB-AIDS co-infected cases as defined by sex, age, immunity
and death. These data provide an updated account of TB-
AlIDSco-infectioninthe State that will inform prevention and
control programs for these two diseases.

Material and M ethods
Study Design

A comparative study was designed to identify differences
among AIDS patients with or without tuberculosis detected
through linkage of regional comprehensive databases. These
databases support theimprovement of health care systemsin
Brazil by increasing the capacity of health care workers to
make decisions based on accurate information.

Data Collection and Management Plan

Linkage of TB and AIDS databases was performed using
Reclink software, version 3[12], with SPSS software support
to identify co-infected cases. Datafrom Espirito Santo State,
July 2000 to June 2006, were linked. The AIDS database
included datafrom SINAN (Morbidity Surveillance Database),
SIM (Mortality Surveillance Database), SISCEL (AIDS
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Laboratory Database) and SICLOM (Antiretroviral Control
System Database).

Surveillance databases were compared using patient name,
mother’s name and date of birth with a math probability of
92% for names and 90% for dates. Block variables with
patient’s first and last names and gender were created to
optimize the procedure and identify patients present in both
databases. These data were checked individually to confirm
co-infection, exclude duplicity and complete missing
information. Any diagnoses of TB and AIDS within 90 days
of each other were considered to be diagnosed at the same
time. Patients < 14 years old were excluded. For each TB-
AIDS co-infected case, the next three Al1DS patientsthat were
never reported to be co-infected with TB were chosen for
comparison from the AIDS database.

Statistical Methods

Standard descriptive statistical analyseswere performed,
including frequency distributions for categorical data and
calculation of mediansand interquartilerangesfor continuous
variables. Prevalence of TB-AIDS co-infection was cal culated
for each risk factor of interest and odds ratios (OR) and 95%
confidence intervals (Cl) estimated the strength of
associations. Variables significant at p < 0.15 in bivariate
analyses, and additional variables based on known a priori
associations, were considered in the multivariate analysis.
The main risk factors were assessed by stepwise multiple
logistic regression models, with 15% asthe critical p-valuefor
variable entry and 10% asthecriterion for variableelimination.

Results

Three AIDS databases and the national mortality
surveillance database were merged, cleaned and validated by
the Brazilian Ministry of Health prior to our linkage with the
tuberculosis database. This preliminary process added 887
AlIDS casesto the 2,908 reported in the Morbidity Surveillance
System (SINAN-AIDS). Therewereatotd of 3,795A1DS cases
inthe4 databases from 2000 to 2006. After eliminating AIDS
cases < 14 years of age, 3,523 AIDS patients remained for
linkagewith 9,958 TB casesin the State TB database. Among
these 3,523 AIDS cases, TB-AIDS co-infection wasfound in
430[12.2% (95%Cl 11.1%-13.3%)] records. Among co-infected
cases, TB wasthefirst infectionin 223 (51.9%), AIDSwasfirst
in 44 (10.2%) cases, and in 163 (37.9%) AIDS and TB were
diagnosed at the same time. Regarding TB presentation in
these patients, 239 (55.6%) were pulmonary, 109 (25.3%) extra
pulmonary and 82 (19.1%) had both presentations. Lymphatic
TB was the most frequent extra-pulmonary presentation
(23.2%). Approximately 90% of all co-infected cases were
diagnosed with TB within one year of AIDS diagnosis.

Demographic variables of AIDS cases with and without
TB areshowninTable 1. Median agein co-infected caseswas
36 (interquartilerange[IQR] 29; 43) yearsand 34 (IQR 28; 42)
yearsamongAlDS cases. Co-infected caseswere morelikely
tobemale, livein ametropolitan area, and belesseducated in

bivariate analysis. Co-infected patientswere also morelikely
to bereported inthe AlDS database (SINAN-AIDS) compared
to AIDS patients not co-infected with TB. Table 2 shows
behavioral and clinical variables of AIDS cases with and
without TB. Co-infected patients were more likely to have a
CD4 count < 200. No other behaviord or clinical factorswere
significantly different.

In the final logistic regression model, living in a
metropolitan area[adjusted (Q)OR=1.43 (95%CI 1.05-1.95)],
lower education (up to three years) [aOR=3.03 (95%CI 1.56-
5.88)] and lower CD4 counts[aOR=1.14 (95%CIl 1.09-1.18)]
were associated to co-infected cases.

Discussion

This study investigating the prevalence of co-infection of
TB and AIDSin Espirito Santo State, Brazil found that 12.2%
of AIDS cases between 2000 and 2006 were co-infected with
TB, dightly lessthan recently reported in Rio de Janeiro, Brazil
[7]. Anincreased association with TB-AIDS co-infection was
seen among AIDS patients living in the metropolitan area,
and those with less education and lower baseline CD4 counts.
Theseresultsarein agreement with other studiesin Brazil [13-
16] and other areas[15,16].

It isimportant to use secondary data for assessing health
programs and for implementing cost-effective health
strategies. However, thedatamust be analyzed and interpreted
appropriately [18] and thereisan underlying assumption that
data collection isrelatively complete. The databases used in
thisanalysis were developed to support the improvement of
health care systems in Brazil by increasing the capacity of
health care workers to make decisions based on accurate
surveillanceinformation. Previousinvestigatorsin Brazil have
used these techniques to merge databases for improving
surveillance information and implementing health strategies
[12,19-21]. Wefound that 23% of all AIDS casesused toiinitiate
our linkage process were not reported to the national AIDS
database (SINAN-AIDS) and a large proportion of patients
had missing data regarding behavioral risk factors and CD4
cell counts. Such underreporting of patients and patient data
can have a dramatic impact on programs and interventions
informed by these estimates.

L ower education wasanimportant factor in TB-AIDS cases
found in this study. In the last decade, the AIDS epidemicin
Brazil has reached new population groups and citieswhereit
had not been recorded previously, affecting theless privileged
social segments in the country [16,22]. These populations
have historically been plagued with high TB rates; thus, the
introduction of the AIDS epidemic has worsened the TB
problem. Our data suggests that TB-AIDS cases are poorer
than AIDS cases without TB, using education as a proxy
measure for poverty. Impoverished areas arise out of asocio-
political context on differential accessto power and resources.
In this context, poverty is associated with little or no power,
and extremely limited resources. Thus, poverty dramatically
increases risk for HIV/AIDS and TB through increased
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Table 1. Demographic dataof AIDS caseswith and without TB in Espirito Santo State, Brazil.

Variables AlIDSwithout TB AIDSwith TB OR (95%Cl)
N (%) N (%)
Livingin
Metropolitan area 1,002(76.0) 345(24.0) 1.4(1.03-1.80)?
Other 193(70.0) 85(30.0) 1
Surveillance at
Metropolitan area 1,237(74.9) 417(25.2) 14(0.74-2.54)
Other 53(80.3) 13(19.7) 1
Age (years)
1324 163(79.5) 42(20.5) 1
534 494(75.9) 157(24.1) 0.9(0.49-1.65)
3B44 404(74.7) 137(25.3) 11(0.64-1.65)
4554 163(68.5) 75(3L5) 1.2(0.68-2.03)
55o0r more 66(77.6) 19(22.4) 1.6(0.90-2.85)
Sex
Male 711(70.8) 293(29.2) 17(1.38-219)"
Femde 579(80.9) 137(19.) 1
Education (years)
[lliterate 67(64.4) 37(35.6) 25(1.24-5.25)
13 237(64.8) 129(35.2) 25(1.33-4.75)
47 461 (74.2) 161(25.9) 1.6(0.86-3.01)
811 277(83.7) 54(16.3) 0.9(0.46-1.75)
12 or more 60(82.2) 13(17.8%) 1
Missing values 183(83.9) 36(16.1%) 0.9(044-1.78)
AIDS Surveillance
SINAN 997 (73.6) 357(26.4) 1.4(1.08-1.91)
Other databases* 293(80.1) 73(19.9) 1

* SISCEL, SICLOM, SIM; * p<0.01; 2 p<0.05.

exposureand greater vulnerability toinfection[17,23,24]. Once
infected, capacity to cope with the consequences of disease
is diminished among poorer people because of barriers to
access of preventive, diagnostic and curative services [17].

Efforts to prevent and control HIV/AIDS and TB in
impoverished populationsarenot likely to succeed outsideof an
integrated approach that seeks to reduce the underlying social
inequities. A challengein addressing AIDSand TB ininformal
settlementsishow to strategically utilize potential opportunities
to createlastingimprovementsin urban areaswith impoverished
conditions so they are better equipped to reduce vulnerability to
HIV/AIDS and TB, and to access the full range of hedth care
services to prevent, treat and mitigate these diseases.

The present study a so found an association between TB-
AIDS co-infection and low CD4 cell counts, an association
commonly observed in Brazil [25] and other areas [26]. TB
patients who are HIV-infected with low CD4 cell counts
frequently have chest radiographic findingsthat are not typical
of pulmonary TB. In particular, they are morelikely than TB
patients who are not HIV-infected to have mediastinal
adenopathy and less likely to have upper-lobeinfiltrates and
cavities [3,18]. Atypical radiographic findings increase the
potential for delaysin diagnosis, which increasestransmission
among patients and their contacts [27].

Themost important limitation of thisstudy isthedefinition
of TB-AIDS co-infection, which includes patients diagnosed
with TB prior to AIDS, AIDS prior to TB and patients
diagnosed with both at the sametime. By combining thisgroup
and comparing it to AIDS patients who never developed TB,
we are not able to detect differences specific to one of these
groups. Another limitation is that we only have dates for
AIDS diagnoses, and not HIV-diagnoses. A TB diagnosis
among an HIV-infected patient in Brazil isnot an AIDSdefining
illness on its own. Thus, the timing of HIV, AIDSand TB is
difficult to determine, which lead to the decision to combine
these patient groups.

The most important strength of this study was the
inclusion of four different databasesthat maximized the number
of AIDS patients included in the linkage process. This
approach revealed a significant underreporting problem of
AIDS cases, in addition to asurprising number of individuals
with missing data regarding behavioral risk factors and CD4
cell count data. These findings highlight the need for better
surveillance proceduresin AIDS patients, and further training
and education of health care providers to ensure more
complete and accurate data collection. These measuresarea
minimal expectation if surveillance databases are to be used
for program devel opment.
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Table2. Behavioral and clinical dataof AIDS caseswith and without TB in Espirito Santo State, Brazil.

Variables AIDSwithTB AlIDSwithout TB Pvalue
Heterosexual
Yes 241(24.2%) 753(75.8%) 0481
No 97 (26.2%) 273(73.8%)
Unknown 92 (25.8%) 264 (74.1%)
Bi/homosexual
Yes 67 (25.0%) 201 (75.0%) 0.915
No 271(24.7%) 825(75.3%)
Unknown 92 (25.8%) 264 (74.2%)
IV Drug abuse
Yes 38(29.5%) 91 (70.5%) 0400
No 300(24.3%) 935 (75.7%)
Unknown 92 (25.8%) 264 (74.2%)
CD4 counts
Upto 200 182 (25.6%) 526 (74.4%) 0.000
Morethan 200 133(18.3%) 594 (81.7%)
Missing values 115(40.6%) 170(59.4%)
Death
Yes 34(20.0%) 136(80.0%) 0135
No 396 (25.5%) 1,154 (74.5%)

This report emphasizes the significance of
tuberculosisamong AIDS casesin Brazil, and highlights
the importance of evaluating secondary data for
purposes of improving data quality and developing
public health interventions. TB surveillance among HIV
patients contributes to the development of more
coordinated and collaborative approaches for controlling
both epidemics. The combination of various surveillance
components and data sources improves the knowledge
of HIV and TB epidemics within groups at higher risk for
both infections. TB-AIDS co-infection is a significant
problem in our region that needs atargeted and informed
plan of action.
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