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Risk factors for acquired multidrug-resistant tuberculosis "
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Multidrug-resistant tuberculosis (MDR-TB) is a severe and feared problem, that is difficult to control and has shown
a tendency to increase worldwide. Objective: To analyze the risk factors for acquired MDR-TB.Casuistic and
methods: A retrospective population-based case-control study was conducted. A bacillus was considered multidrug-
resistant whenever it was resistant at least to rifampin (RFP) + isoniazid (INH), and a case was considered as
sensitive tuberculosis (TB) if it had undergone the first treatment during a similar period as the first treatment of an
MDR-TB case, but was cured at the time of the interview. Case selection was made based on the list of Sensitivity
Tests (ST) performed at the Central Public Health Laboratory of the State of Ceara, from 1990 through 1999. The
Proportion Method was used to investigate resistance to the six antituberculosis drugs (isoniazid, rifampin,
pyrazinamide, ethambutol, ethionamide, streptomycin) used as the standard treatment in Brazil. Controls were
selected from the registry of the TB Control Program. Univariate and multivariate analysis were performed, with p
< 0.05 considered significant. Results: Out of the 1,500 STs performed during the studied period, 266 strains
were multidrug-resistant; 153 patients were identified, 19 of which were excluded. The Group of Cases comprised
134 patients, and the Group of Controls comprised 185. Multivariate analysis helped to detect the following risk
factors: lack of home sewer system, alcoholism + smoking, number of previous treatments, irregular treatment, and
lung cavities. Conclusion: These five factors are important for the development of acquired MDR-TB, and an
attempt to neutralize them might contribute to control TB. (J Pneumol 2003;29(2):89-97)

Key words — Multidrug-resistant tuberculosis. Risk Lacen - Central Laboratory
factors. WHO - World Health Organization

OR - Odds ratio
PZA - Pyrazinamide
RFP - Rifampin

Acronyms and abbreviations used in this paper

KB ~ Koch's bacillus . AIDS - Acquired immunodeficiency syndrome
CDC - Centers for Disease Control N :
USA — United S f Ameri TB — Tuberculosis

- Unite ) tates o merica MDR-TB - Multidrug-resistant tuberculosis
HIV — Human immunodeficiency virus STB — Sensitive tuberculosis

INH - Isoniazid ST - Sensitivity test

* Master’s Degree Dissertation, carried out with Prof. Dr. Jorge Luis Nobre Rodrigues as advisor, and presented
on 10/09/01. Research performed at the Hospital of Maracanat — Ministry of Health and at the Hospital of
Messejana — Health Secretariat of the State of Ceara.

1. Master of Clinical Medicine. Pneumologist of the Ministry of Health, Hospital of Maracanat, Health Secretariat
of the State of Ceara, Hospital of Messejana.

2. Master of Statistics. Statistics Professor of the Federal University of Ceara.

3. Social Worker of the Health Ministry, Hospital of Maracanat.

4. Nurse at the Health Secretariat of the State of Ceara, Hospital of Messejana.

5. Undergraduate student of Psychology, University of Fortaleza.

6. MD, PhD in Infectious and Parasitic Diseases. Research Director of the Hospital Universitario Walter Cantidio,
Federal University of Ceara.

Mailing address: Elizabeth Clara Barroso, Rua Fonseca Lobo, 50, apto. 402 — 60175-020 - Fortaleza, CE.

Tel./fax: 55 85 267-1557; e-mail: vbarroso@fortalnet.com.br

Received for publication on 08/27/02. Approved, after revision, on 01/13/03.



INTRODUCTION

Over the last 50 years, the proliferation of
antimicrobial agents for use in animals and humans has
caused an unprecedented selective pressure on
microorganisms, including M. tuberculosis. Soon after
antituberculosis chemotherapy started, the first studies

about resistance to the used drugs were published (1,2),
During the 1980’s, it was believed in the industrialized
countries that the eradication of tuberculosis (TB) was
imminent, and research in this field became scarce.
Only in the early 1990’s, when outbreaks of multidrug-
resistant tuberculosis (MDR-TB) in HIV-positive subjects
in the USA and Europe were published, worldwide

attention was given to the problem(s). MDR-TB is
defined as a case with a bacillus resistant to at least

RFP + INH@. The publication of those outbreaks
raised such an uproar that, in 1993, the World Health

Organization (WHO) declared TB a “global
emergency”’, and started, in 1994, the Global
Surveillance  Project on Anti-tuberculosis Drug

Resistance, to measure the prevalence of combined
MDR-TB (primary + acquired)(4), thus identifying six
critical regions. Brazil took part in that project, not
qualifying as a “critical region”. A prevalence of only
0.9% was found for primary MDR-TB, and the
prevalence of combined MDR-TB was 1.3%, lower

than the world mean of 2.2%(4). Ceara was one of the
Brazilian states which took part in that study, and a
1.1% prevalence of combined MDR-TB was found in
1996, when the research came to an end. It should be
pointed out that the prevalence of combined MDR-TB

in Ceara was 0.82% in 1994, and 1.48% in 1999(9).

A study by Becerra et al.(6) attempted to redefine
the “critical points” of MDR-TB transmission identified
by the WHO, and, in addition to the indicator adopted
by the WHO in the Global Project, in this new
approach, two other indicators were used: an estimate
of the incidence of MDR-TB/100,000
inhabitants/year, and an estimate of the expected
absolute number of new MDR-TB cases/year. Other
critical regions were detected, needing intervention to
curb the dissemination of MDR-TB, and Brazil was one
of them.

Drug resistance is a threat to TB control programs
worldwide. Patients infected with multiple-drug

resistant strains are less likely to become cured (7),
particularly if they are infected by HIV or suffer from
another immune disease. The treatment is much more
toxic and much more expensive (about 700 times) than
the one of patients with sensitive organisms (8).

There are few reports in the international literature
about a decrease in MDR-TB cases over the last ten

years (9,10), The great majority of countries still report
an increase in their rates, including industrialized
countries like Germany( 11), England(1 2)
Denmark(13), and Korea(14),

As mentioned earlier, in Brazil, primary MDR-TB
has not presented concerning figures; so, the larger
figures are due to acquired MDR-TB, which is mainly

originated by human error (8). MDR-TB is a growing
problem almost all over the world, including the
Brazilian State of Ceara. The objective of this study
was to make an analysis of the risk factors which might
be associated with the development of acquired MDR-
TB.

CASUISTIC AND METHODS

A case-control study was made, nested in a
population-based cohort study.

The group of cases comprised patients with acquired
MDR-TB, i.e., patients with a history of previous
treatment for TB upon MDR-TB diagnosis. Primary
MDR-TB was considered, if, upon MDR-TB diagnosis,
the patient had not undergone previous TB treatment
of any kind. The international definition of MDR-TB
was adopted, according to which the bacillus has to be
resistant at least to RFP + INH. The control group was
composed of patients with sensitive tuberculosis (STB),
considered as such if the patient had undergone first
treatment during a period similar to that of the first
treatment of an MDR-TB case. The patient should
have been bacillipherous at the beginning of treatment,
to have become cured with medication program I
(2RFP + INH + PZA/4RFP + INH), and to be cured at
the time of the interview.

The cases were selected based on the list of 1,500
STs performed from 1990 through 1999 at the
Central Laboratory (Lacen), the only one performing
ST in the State of Ceard, and supervised by the
Professor Helio Fraga Reference Center (a nationwide
reference center for ST in Brazil). Controls were
selected so as to be matched by gender, age, and year
of first treatment. The time elapsed between the first
treatment and the diagnosis of MDR-TB was calculated
for each case, and the mean found was 6.5 + 3 (years
+ standard deviation). The research was conducted in
the year 2000. Drawing the mean back another year,
we started selecting from the TB treatment registry
(Hospitals of Maracanai and Messejana) all
bacillipherous cases from 1993 on. We did this taking
into account that patients had to have had time to
develop MDR-TB. We intended our control group to
be larger then the group of cases, to increase the



statistical power of the study. For each age bracket (10-
19, 20-29, etc.) and gender we selected four times the
number of cases, because we knew that many of them
might have changed addresses, some might have died,
and others might not show interest in responding to
the call for clinical evaluation and interview. When we
finished this selection phase, it was not necessary to
make a draft, because the number of selected subjects
was the predetermined one. Information was mailed to
make the patients aware of the study. When they came
to the Phthisiology Service, they signed the consent
form of the Research Ethics Committee of the Federal
University of Ceara, underwent simple chest X-ray,
routine blood tests (including HIV, if they agreed), and
sputum BAAR tests (if they had any expectoration). If
the patient was cured, a questionnaire was filled out for
the control database.

The questionnaire used contained the following
definitions: family income was expressed in minimum
wages; persons were considered as uneducated if they
were either illiterate (unable to write their name or, if
they were, unable to read and write) or literate (able to
read and write, but having concluded less than the first
four grades); persons were considered as educated on
the elementary level (if they had concluded more than
the first four grades), on the high school level (if they
had concluded more than half of the three high school
grades), and on the college level (if they had concluded
more than half of a university study); tap water and
home sewer — considered as such if connected to the
water and sewer system network. Cured TB and
treatment dropout were defined according to the First

Brazilian Consensus on Tuberculosis(19). Tuberculosis
in the home was defined as any TB case in the home.

Number (n9) of previous treatments: number of
treatments undergone until diagnosis of MDR-TB for
the cases, and number of treatments undergone until
interview for controls. Treatment was considered as
being on a regular basis if the medication was used as
prescribed, or if a failure occurred during less than five
consecutive days or less than 10 alternate days per
month. Treatment was considered irregular if there was
failure in the use of medication for five or more
consecutive days, or 10 or more alternate days,
provided it did not reach 30 days a month. To analyze
the quality of the treatment, we studied the first three
treatments (there were patients with up to 12
treatments), because we had reached the conclusion
that this would be sufficient to obtain a true profile of
treatment quality. Lung cavities were considered large,
if cavities of more than 4 c¢cm were found on simple
chest X-ray. Classification was made based on X-rays
of patients already diagnosed with MDR-TB. Regarding
controls, we considered their X-rays upon first
discharge from treatment or at the time of the
interview. Drinking (risk alcoholism) and smoking were

defined according to O’Connor and Schottenfeld(16)

and Fahn et al.(17) respectively. For chronic
obstructive pulmonary disease (COPD), the definition

given by Andreoli et al.(18) was used. Cases were
considered as HIV-positive if their serum tests were
positive (+) for HIV. Diabetes: the patient’s own report
regarding his diabetic condition or glycemia >
127mg/dl. lllegal drug use: patient’s or a relative’s
report, or information from patient’s record on illegal
drug use. Psychiatric diseases: patient’s or a relative’s
report, or information from patient’s record on
psychiatric treatment or use of controlled drugs.

Léwenstein-Jensen’s culture medium was used. For
ST, the proportions method with solid medium was
used, and resistance was defined as the growth of at
least 1% of colonies under critical concentrations of the
following drugs: 0.2pg/mL for isoniazid, 2pg/mL for
ethambutol, and 40pg/mL for rifampin; and the
growth of at least 10% of colonies under critical
concentrations of the following drugs: 20pug/mL for
ethionamide, 100ug/mL for pyrazinamide, and
4pg/mL for streptomycin).

For univariate analysis, the generalized likeliness
ratio test, Pearson’s chi-square test, and Fisher’s exact
test were used. For the continuous variables, logistic
regression was used. For the joint analysis of risk
factors, multiple linear regression was used, according
to the logistic regression model. Values of p < 0.05
were considered significant. The statistical analyses

were performed with the help of computer softwares
SPSS, Excel for Windows and Word for Windows.

RESULTS
A total of 41,073 TB cases were notified in Ceara

during the period between 1990 and 199909). The
population of this state amounts to 6,809,290

inhabitants(lg), and its capital, Fortaleza, has a

population of 1,965,513 inhabitants(19) and accounts
for 50% of the TB notifications in the State. The Dona
Libania Health Unit and the Hospital of Messejana,
two reference state services for outpatient care for TB
cases, contributed to the study with a small number of
patients. The Hospital of Maracanai provided most
patients of the study; it is a state reference center for
hospitalization of TB cases, and is located in the city of
Maracana(, near Fortaleza, with a the population of

160,065 inhabitants(19).

Of the 1,500 STs performed at the Lacen during the
1990’s, 264 strains (by eliminating the repeats) were
resistant at least to RFP + INH. We were able to
identify 151 of these patients, and had the standard
questionnaire filled out for them. Five of them were
excluded because they had atypical mycobacteria, and



12 because they had no history of previous treatment
(primary MDR-TB). So, the group of cases was
composed of 134 patients.

To select the controls, 615 patient records were
examined, 504 letters were mailed, and the remaining
111 were excluded because they had died, moved
away, etc. Of the 504 letters sent, 114 were returned,
and only 188 responded to the call. Out of these 188
patients, one had a MDR-TB diagnosis and was
transferred to the case group, two were symptomatic
and were excluded from the research because,
although they were abacillipherous, there was no time
to wait for the results of their KB + ST cultures. Thus,
the final control group comprised 185 patients.

Regarding the time elapsed between the first
treatment and the MDR-TB diagnosis (for the cases),
we found a mean of 6.5 + 3 (years = standard
deviation) and, between the first treatment and the date
of the interview (for the controls), we found a mean of

TABLE 1

6.5 = 4, showing that the intended match had been
achieved.

The variables studied and the results of the univariate
analysis can be found in Table 1, showing that that the
match for gender and age occurred as planned.

A study was carried out on the association of three
degrees of smoking with MDR-TB, and another one
only on the presence or absence of smoking and MDR-
TB. The second study showed a more important
association with MDR-TB (Table 1), therefore being
included in the multivariate analysis.

A separate analysis of the abandoned and irregular
treatments showed a higher risk of developing MDR-
TB for irregular treatments (Tables 2 and 3). This is
confirmed by multivariate analysis (Table 4). The
adjusted model has a predictive value of 84.41%, a
sensitivity of 73.53%, and a specificity of 91.30%.

Chart 1 shows the risk degrees by associating the
risk factors found.

Univariate analysis of the characteristics of the 319 patients with pulmonary tuberculosis

Characteristics Cases (n=134)  Controls (n = 185) Value of p
Males — n° (%) 81 (60) 116 (63) 0.7270*
Age mean - years + sd 39.78 +13.26 41.22 +14.14 0.3591%
Lived out of the State — n/total (%) 29/139 (22) 39/183 (21) 0.8900*
With school education 46/120 (38) 95/185 (51) 0.0340*
Mean family wages + sd 2.03 £2.08 3.27 £ 2.39 <0.0001%
Mean n°® of rooms in home =+ sd 4.55+2.42 5.51 +£2.42 0.0012%
Mean n® of persons in home £sd ~ 5.12 + 2.88 5.23 £2.92 0.7267%
TB in home — n’/total (%) 52/131 (40) 57/185 (31) 0.1190*
Water in home — n*/total (%) 86/124 (69) 163/185 (88) < 0.0001*
Sewer in home — n°/total (%) 62/124 (50) 129/185 (70) 0.0010*
Risk alcoholism — n°/total (%) 48/133 (36) 34/185 (18) < 0.0001*
Smoker — n°/total (%) 78/130 (60) 78/185 (42) 0.0020*
Alcoholism + smoking — n® (%) 52 (39) 45 (24) 0.0260*
lllegal drug use — n°/total (%) 11/133 (8) 10/185 (5) 0.3630*
COPD - n%/total (%) 12/133 (9) 13/185 (7) 0.5340*
HIV/AIDS - n°/total (%) - - -
Diabetes — n“/total (%) 11/131 (8) 18/185 (10) 0.4360*
Psychiatric diseases — n/total (%) 15/133 (11) 12/185 (6) 0.1550*

> 2 treatments — n° (%) 101 (75) 36 (19) < 0.0001*
Bilateral TB — n°/total (%) 85/123 (69) 45/161 (28) < 0.0001*
Cavitary TB — n’/total (%) 107/123 (87) 74/161 (46) < 0.0001*
Abandoned or irregular tr. — n° (%) 65 (50) 29 (16) < 0.0001*

sd = standard deviation; * Fisher’s exact test; T Logistic regression.



TABLE 2
Distribution of the 319 patients with pulmonary tuberculosis into groups,
according to abandonment or irregularity of treatment

Abandonment Irregularity
Cases Controls Cases Controls
N (%) N (%) N (%) N (%)
First TMTT Yes 37 (27.6) 9.7) 28 (209) 11 (5.9)
No 97 (72.4) 167 (90.3) 106 (79.1) 174 (94.1)
Total 134 (100.0) 185 (100.0) 134 (100.0) 185 (100.0)
p* < 0.0001 p* < 0.0001
Second TMT* Yes 25 (24.5) (13.9) 39 (38.2) 1 (2.8)
No 77 (75.5) (86.1) 63 (61.8) 35 (97.2)
Total 102 (100.0) 36 (100.0) 102 (100.0) 36 (100.0)
p* < 0.2420 p* < 0.0001
Third TMTt Yes 15 (23.1) (18.2) 34 (51.5) 2 (18.2)
Yes 50 (76.9) (81.8) 32 (48.5) 9 (81.8)
Total 65 (100.0) (100.0) 66 (100.0) 11 (100.0)
p* = 1.0000 p* = 0.0530
* Fisher’s exact test; T Treatment.
TABLE 3

Estimate of odds ratio (OR) for developing MDR-TB, by number of abandoned or
irregular treatments during at least one of the three treatments studied

Abandonment Irregularity
Cases Controls Cases Controls
N (%) N (%) N (%) N (%)
N9 of Zero 86 (64.2) 167 (90.3) 71 (53.0) 172 (93.0)
Inadequate >1 48 (35.8) 9.7) 63 (47.00 13 (7.0)
tmts* Total 134 (100.0) 185 (100.0) 134 (100.0) 185 (100.0)
OR CI (95%) 2.73 [1.80-4.13] 7.01 [3.90-12.60]
* treatments.
TABLE 4 cases, since the number of MDR-TB diagnoses has

Result of the multiple linear regression analysis, according
to a logistic regression model and estimate of odds ratio
(OR) for the risk factors for MDR-TB

shown a growing tendency in the 19907s(0).
Before commenting on our results, we must mention

Risk factors OR p Cl (95%)
Sewer in home 2.6060 0.0077 [1.2890-5.2686]
Alcoholism + smoking 3.1058 0.0070 [1.3637-7.0734]
N2 of previous treatments ~ 4.5815  0.0001 [2.2598-9.2886]
Irregular treatments 5.1464 0.0001 [2.3721-
11.1652]
Lung cavities 5.3243  0.0001 [2.3321-
12.1559]

DISCUSSION

several limitations of the study. The first one is the fact
that we were only able to identify the patient records of
146 (56%) out of the 259 patients with MDR-TB of the
Lacen list, as far as the group of cases is concerned. As
for the control group, out of the 400 letters which
probably reached their destination, 212 remained
unanswered, and 188 answered the call. Here, the
limitations inherent to studies with volunteers have to
be considered. Answering the call may have been
influenced by the degree of concern about the disease,
by the presence of complaints, or by time availability,

Notification of TB cases in the State of Cearad has
decreased from 43,508 in the 1980’s to 41,073 in the
1990’s, showing a downward tendency along this

decade (20). This might reflect failure in notifying such

but we have no elements to either accept or reject
these possibilities.

The characteristic limitations of retrospective studies
should also be considered. Only 25% of the patients in
the case group had their data collected from the patient



records, without the patient being present, but, as they
were all chronic cases, they had a great number of
hospitalizations, and the records contained a great
amount of information. In order to prevent any bias
due to lack of data or of credibility, information was
also collected from nurses and social workers, who had
not only been responsible for great part of the
information in the records, but also knew the patients
very well, due to their many visits and admissions, just
like the authors of this research. The other 75% had
been followed-up by the authors of this study over the
last decade and were present when the questionnaires
were filled out. As for the control group, data were
collected by the authors in the patients’ presence, using
the records concomitantly, thus being able to confront
the data. For both groups, in addition to questioning
the patients, the appointment and visit dates were
strictly checked, searching for any failure in taking the
medication.

The radiological lesions of the controls were classified
based on the tests made upon hospital discharge or at
the interview. This may be considered late, but, just like
it was done for the cases, the tests performed on the
controls were also different from those made at the
beginning of the treatment.

A further limitation of the study was the fact that, in
our services, the sensitivity test (ST) to antituberculosis
drugs is not routinely performed upon the first TB
diagnosis. This may have minimized the percentage of
primary MDR-TB found (only 8% against 92% of
acquired MDR-TB). On the other hand, it may have
had no influence at all, for, when the State of Ceara
took part in the Global Project for Antituberculosis
Drug Surveillance, conducted by the Ministry of Health
in 1995 and 1996 to study primary and acquired

resistance (5), a proportion of 0.6% of primary MDR-

TB was found, against 3.3% of acquired MDR-TB (20),
By these percentages, if STs had been carried out in all
first-treatment cases, the percentages of primary and
acquired MDR-TB should have been 15% and 85%,
respectively. These percentages are not very different
from those found.

We matched cases and controls for gender and age
bracket, considering that those variables could act as
confusing factors, since the results found in the
literature are rather discrepant regarding those two

characteristics(21,22),

We made no racial study, because there is profound
miscegenation in the State of Ceard, making a
satisfactory racial classification of patients impossible.

Few authors worldwide had the concern of
investigating the patients’ educational level as a risk
factor for MDR-TB(23,24), Those who did investigate it

found no association with MDR-TB. We could not have
left this out here, since the illiteracy rate in the

population over 15 years of age in the Brazilian North-
East is 26.6%. As shown in Table 1, univariate analysis
revealed an association between MDR-TB and lack of
school education. Another Brazilian study also found

this association (26).

Our work showed that the association known for
centuries between TB and poverty also applies to
MDR-TB, since we found a rather significant inverse
association between MDR-TB and family income, and
between MDR-TB and the number of rooms in the
home (Table 1). The lack of a hydro-sanitary
infrastructure (tap water and sewer) in the homes also
showed to be associated with MDR-TB.

In our research, alcoholism and smoking appeared as
risk factors for MDR-TB, whether associated or not.
Although we found smoking to be a risk factor for
MDR-TB, there is no report about this fact in the
literature searched. Yet, there are reports on
association  between alcoholism and MDR-TB
(21,27,28)

As for illegal
investigated this problem(10a27), but only a few found

a significant association with MDR-TB(27). We did not
find such an association.

In agreement with the literature, we did not find any
association either between MDR-TB and chronic
obstructive pulmonary disease, diabetes, or psychiatric
diseases.

The issue of HIV infection being a risk factor for
MDR-TB has been discussed for several years. The
controversy started with the CDC publication on the
MDR-TB outbreak among HIV-infected subjects in New
York and Miami. Several investigators associated MDR-

TB with HIV(22), others showed that there was no

association whatsoever (29,30)  In 1998, Spellman et
al. published a study conducted with the purpose of
comparing the prevalence of MDR-TB among patients
with and without HIV infection, to settle the matter;
they concluded that HIV infection was not a risk factor

for MDR-TB(31), The present study confirms the lack
of association between MDR-TB and HIV. It may seem
unbelievable, but we had no HIV (+) case either in the
case group or in the control group, in spite of having
requested the test in 68% of the cases and in 55% of
the controls. Our HIV prevalence in TB in hospitalized

patients is 2.03%(32), and in outpatients 0.44%(33).
These low percentages might justify the absence of HIV
infection in our study groups.

There is virtually a consensus among MDR-TB
researchers regarding the fact that the number of
previous treatments is a risk factor for MDR-

TB(10’23727’34), and our study confirmed this

association. By reviewing the literature that mentions
univariate analysis, we found the smallest association

drug use, many authors have



with an odds ratio (OR) = 3.14; CI 95%: 1.22-
8.04(10)  and the biggest, with an OR = 109.40; CI
95%: 15.02-796.43(27),

The professionals are still in doubt about whether the
lung cavities are a cause or a consequence of MDR-TB.
They may be both. A cause, because the cavity lesions
hold larger populations of bacilli, among which there is
a higher probability of existence of initially resistant
mutants. The selection of mutants is facilitated by the

fast multiplication to up to 108 or 109 bacilli inside the
cavities, due to the high level of oxygenation and to the
protection granted to the bacilli by thick walls which
keep drugs from reaching adequate inhibitory

concentrations (2). Concomitantly with inadequate
treatments, this is a favorable environment for the
development of MDR-TB. A consequence, because the
existence of MDR-TB leads to a much more prolonged
state of active disease, with consequent bigger lung
damage. The possibility of less severe forms developing
into cavities as a consequence of inadequate use of the
medication cannot actually be ruled out. The
development of MDR-TB is multifactorial and occurs
mainly as a result of human action, which can be
related to the patient, to the health care service and/or
the drugs. The fact is that, ever since the first decades
of antituberculosis chemotherapy, cavities have been
associated with the resistant forms. A patient
presenting lung cavities before or after treatment gives
reason for concern, for the percentage of cavitary
forms is significantly higher in those groups which do
not become cured.

Extensive and/or cavitary TB have already been
mentioned in the literature as risk factors for

tuberculosis reactivation (35), as they have been
appointed as predisposing factors for the development
of MDR-TB. Some authors presented this factor
quantified (7,23,36) In our study, a significant
correlation between MDR-TB and bilateral and cavitary
TB was found. Rosemberg et al. published in 1967 in
Brazil a large research about acquired resistance,
comprising 1,759 patients, whose bacteriological tests
were performed at the Clemente Ferreira Research
Institute. Of those patients, 751 (42.7%) had
moderately advanced forms, 1,008 (57.3%) had very
advanced forms, and 1,532 (87.0%) had cavities (37),
Fitiza de Melo et al. published in 2000 a study where
they report on the presence of lung cavities in 100% of
a series of 182 patients with MDR-TB(28).

In addition to studying the association of MDR-TB
with previous treatments, it is equally important to
investigate the quality of those treatments. If a patient
has had previous treatment, even an adequate one, it
still represents a minimal risk for MDR-TB(34), A
treatment can be considered inadequate because it was

discontinued too early (abandoned), or because it was
made on an irregular basis (irregular), but continued.
The selection of resistant mutants occurs due to
inadequate treatment, resulting in acquired mono-
resistant TB. Novel mutations in a growing population
will eventually lead to MDR-TB, if the inadequate
treatment continues (irregular). Inadequate treatment
can be defined as direct or indirect monotherapy, and
this can be related to the health professional, to the

drug, or to the patient himself(38,39),

Some publications (40) mention treatments with
insufficient duration as a cause of drug resistance; this

is important, but irregular treatment is even worse (41),
If the treatment is irregular, the number of bacterial
death and bacterial growth cycles will be greater, giving
more opportunities for individual mutations of different
independent genes to accumulate. This is in accordance
with the findings of our research, with a 7.01 risk of
developing MDR-TB for cases with irregular
treatments, versus a 2.73 risk for cases which
abandoned treatment.

Table 4 summarizes the risk factors which remained
significant after multiple linear regression. It contains
the number of previous treatments, the factor most
frequently mentioned in the literature. We emphasize
the need of a sewer in the home, which is not found in
the literature, and can be considered here as
representing the influence of socioeconomic conditions
on MDR-TB. Smoking associated with alcoholism is not
mentioned in the literature either in connection with
MDR-TB, only with TB. Irregular treatment showed to
be actually more important than abandoned treatment.
The picture is completed by the lung cavities, which
had proven important in the development of resistance
ever since the first years of antituberculosis
chemotherapy. These cavities had been forgotten for
decades, probably because most epidemiological studies
were based on microbiological data, without
considering the X-rays (36).

Considering R as the risk of a patient developing
MDR-TB in the absence of the risk factors: sewer in the

home, alcoholism + smoking, lung cavities, n2 of
treatments undergone, and irregular treatments, then
the Risk of the patient having MDR-TB grows as one
of these factors appears, growing geometrically as two,
three, four or five of these factors become associated,
up to a value 1,000 times bigger than R (the minimal
risk occurring in the absence of the risk factors) (Chart
1).

Based on the presented data, we concluded firstly
that the most important risk factors for acquired MDR-
TB were, in increasing order of importance: lack of

sewer in the home, alcoholism + smoking, nQ of
previous treatments, irregular treatments, and lung
cavities. Secondly, we concluded that the risk of



developing MDR-TB increased markedly as the risk
factors became associated, making it necessary to
identify such factors early, in order to bypass them and
thus minimize their effects.
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CHART 1
Risk estimates for patients having MDR-TB in the presence
or absence of the risk factors found

Factors Risk
Irregular N’ of treatments  Lung Sewer  Alcoholism +
treatment undergone cavities in home smoking
No One No Yes No R
No One No Yes Yes 3.11TR
No One No No No 2.61R
No One No No Yes 8.09 R
No One Yes Yes No 5.32R
No One Yes Yes Yes 16.54 R
No One Yes No No 13.88 R
No One Yes No Yes 43.09R
No Two or more No Yes No 4.58 R
No Two or more No Yes Yes 14.23 R
No Two or more No No No 11.94 R
No Two or more No No Yes 37.08 R
No Two or more Yes Yes No 24.39 R
No Two or more Yes Yes Yes 75.76 R
No Two or more Yes No No 63.57 R
No Two or more Yes No Yes 197.43 R
Yes One No Yes No 5.15R
Yes One No Yes Yes 15.8R
Yes One No No No 13.41R
Yes One N No Yes 41.65R
Yes One Yes Yes No 27.40R
Yes One Yes Yes Yes 85.11TR
Yes One Yes No No 71.41R
Yes One Yes No Yes 221.78 R
Yes Two or more No Yes No 23.58 R
Yes Two or more No Yes Yes 73.23R
Yes Two or more No No No 61.44 R
Yes Two or more No No Yes 190.83 R
Yes Two or more Yes Yes No 125.54 R
Yes Two or more Yes Yes Yes 389.90 R
Yes Two or more Yes No No 327.14R
Yes Two or more Yes No Yes 1,016.07 R
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