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ABSTRACT

OBJECTIVE: To analyze the prevalence and factors associated with multidrug-resistant
tuberculosis in Espirito Santo, Brazil.

METHODS: This is a cross-sectional study of cases of tuberculosis tested for first-line drugs
(isoniazid, rifampicin, pyrazinamide, ethambutol, and streptomycin) in Espirito Santo between
2002 and 2012. We have used laboratory data and registration of cases of tuberculosis — from the
Sistema Nacional de Agravos de Notificagdo and Sistema para Tratamentos Especiais de Tuberculose.
Individuals have been classified as resistant and non-resistant and compared in relation to the
sociodemographic, clinical, and epidemiological variables. Some variables have been included
in a logistic regression model to establish the factors associated with resistance.

RESULTS: In the study period, 1,669 individuals underwent anti-tuberculosis drug susceptibility
testing. Of these individuals, 10.6% showed resistance to any anti-tuberculosis drug. The rate of
multidrug resistance observed, that is, to rifampicin and isoniazid, has been 5%. After multiple
analysis, we have identified as independent factors associated with resistant tuberculosis: history
of previous treatment of tuberculosis [recurrence (OR = 7.72; 95%CI 4.24-14.05) and re-entry
after abandonment (OR = 3.91; 95%CI 1.81-8.43)], smoking (OR = 3.93; 95%CI 1.98-7.79), and
positive culture for Mycobacterium tuberculosis at the time of notification of the case (OR = 3.22;
95%CI 1.15-8.99).

CONCLUSIONS: The partnership between tuberculosis control programs and health
teams working in the network of Primary Health Care needs to be strengthened. This would
allow the identification and monitoring of individuals with a history of previous treatment of
tuberculosis and smoking. Moreover, the expansion of the offer of the culture of tuberculosis
and anti-tuberculosis drug susceptibility testing would provide greater diagnostic capacity for
the resistant types in Espirito Santo.

DESCRIPTORS: Tuberculosis, Multidrug-Resistant, epidemiology. Drug Resistance, Multiple,
Bacterial. Recurrence. Risk Factors. Socioeconomic Factors.
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INTRODUCTION

The emergence of drug-resistant strains of Mycobacterium tuberculosis (Mtb) is a great challenge
for the elimination of tuberculosis (TB) worldwide. The World Health Organization (WHO)
estimates that 3.5% of new cases and 20.5% of previously treated cases of TB are
multidrug-resistant tuberculosis (MDR-TB). This is defined as in vitro resistance to at least
two of the most potent drugs used in the conventional treatment of the disease, rifampicin (R)
and isoniazid (I)*.

Mortality and incidence of cases of TB have decreased in Brazil over the last decade. However,
Brazil remains among the 22 countries with high burden of the disease in the world and faces
major difficulties related to public health systems in promoting an effective control of new
cases of TB'. Approximately 4,064 cases of MDR-TB were reported in Brazil between 2000 and
2008.1In 2014, 260 new cases of monoresistance (resistance to one anti-tuberculosis drug), 81
cases of polyresistance (resistance to two or more anti-tuberculosis drugs, except R and I),
374 cases of MDR-TB, and 56 cases of XDR-TB (cases which, in addition to resistance to R
and [, present additional resistance to a fluoroquinolone and an injectable second-line drug'®)
were notified in the Sistema de Informagdo de Tratamentos Especiais de Tuberculose
(SITETB - Information System of Special Treatment of Tuberculosis). Although Brazil has
an undervalued number compared to other countries”, the problem of resistance in the
country is more focused on its potential to be spread than on its magnitude®.

The State of Espirito Santo has presented a 13% reduction in the incidence rates of cases of TB
inthelast 10 years. The incidence rate was 40.6/100,000 inhabitants in 2003 and 35.2/100,000
inhabitants in 2012. The rates of cure and abandonment of treatment in the same period
were, on average, 78% and 8%, respectively'®. Most cases (60%) are concentrated in the
Metropolitan Area of Greater Vitéria (RMGV), formed by the capital, Vitdria, and six other
municipalities of great political and economic importance. Since 2002, laboratory data for
anti-tuberculosis Drug Sensitivity Testing (DST) are interconnected and available to public
health services. In addition, four municipalities of Greater Vitdria offer universal culture for
pulmonary samples, which has allowed the increase of 23.0% of the diagnosis of TB in the
region'®. However, data on resistance to Mtb are little explored®.

Thus, this study has aimed to describe cases of TB resistant to first-line drugs and identify
factors associated with the presence of resistance in Espirito Santo.

METHODS

Thisis a cross-sectional study of tuberculosis cases tested for first-line drugs (rifampicin, isoniazid,
pyrazinamide, ethambutol, and streptomycin) in Espirito Santo between 2002 and 2012.

Espirito Santo is the second smallest State in Southeastern Brazil, with 46,095,583 km?
It has a population of approximately 3,885,049 inhabitants distributed in 78 municipalities,
of which nine are classified as priority for TB control by the Ministry of Health'.

The cases included in this study have been bacteriologically confirmed, with positive culture
for Mtb and DST performed according to the criteria established by the Programa Nacional
de Controle da Tuberculose (PNCT/MS/Brazil — National Tuberculosis Control Program).
The recommendation for DST includes: retreatment cases (recurrence and re-entry after
abandonment), death during treatment, HIV-infected individuals, persons deprived of liberty
or if institutionalized, and known contacts of resistant cases®

The smears of samples and cultures for Mtb were, respectively, stained by the Ziehl-Neelsen
method and grown on Lowenstein-Jensen (LJ) or Ogawa-Kudoh solid medium. After a
maximum period of 60 days, we used a conventional biochemical method to identify the
species. The DST were performed by the method of proportions or automated method
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(BACTEC MGIT 960/BD; Becton Dickinson, Sparks, MD, USA) at the Laboratério Central
de Satide Piblica of Espirito Santo (LACEN-ES), for first-line drugs®.

We have classified as “resistant” individuals who had isolated strains of Mtb with in vitro
resistance to at least one of the first-line drugs and as “non-resistant” individuals who
did not show resistance to any of the drugs tested. We have excluded cases diagnosed as
non-tuberculous mycobacteria and individuals not living in Espirito Santo.

The data on DST have been collected using software which stores laboratory data, called TB
Notes. This software is present in two reference laboratories of the State to carry out culture
and DST, being they the mycobacteriology laboratory of the Niicleo de Doengas Infecciosas
of the Universidade Federal do Espirito Santo (NDI-UFES) and the LACEN-ES. Both are
certified to perform these procedures. The LACEN-ES is under the supervision of the Centro
de Referéncia Professor Hélio Fraga of Rio de Janeiro (CRPHF-R]), a national reference for the
performance of DST for first- and second-line anti-tuberculosis drugs.

For the description of the socio-demographic and clinical/epidemiological characteristics
and for the analysis of risk factors for resistance, the data were researched on the main
information systems (IS) that register cases of TB: the Sistema de Informagdo de Agravos de
Notificagio (SINAN - Information System of Reportable Diseases) and SITETB.

The sociodemographic variables used were: gender (male, female), race (white, non-white),
years of study (illiterate, one to four years, five to eight years, nine to twelve years, twelve years
or more), age (in years: < 20, 20to 39, 40 to 59, 60 or more), and institutionalization (yes, no).
Regarding health history, we analyzed the presence/absence of HIV infection, alcoholism,
diabetes mellitus, mental illness, smoking, and use of illicit drugs.

We selected for the analysis of characteristics of the disease and its treatment the variables:
type of case (new case, recurrence, re-entry after abandonment, transfer), number of
prior treatments of TB (none, one, two, three or more), radiological examination of the
thorax (suspected, normal), tuberculin test (no reaction, weak reaction, strong reaction),
clinical type (pulmonary, extrapulmonary, pulmonary + extrapulmonary), sputum smear
microscopy in the diagnosis (positive, negative), sputum culture in the diagnosis (positive,
negative), other material culture in the diagnosis (positive, negative), and ending (cure,
abandonment, death by TB, death by other causes, transfer, MDR-TB). We verified the
existence of more than one record of treatment for the same individual in the study period
to ensure the reliability of the information about history of prior treatment of TB and
number of treatments carried out.

The rates of resistance (to any drug and MDR-TB) were expressed as the proportion of
resistant individuals among those tested. We used Pearsons Chi-square test for the categorical
variables and t-test for the numeric variables to observe statistical differences between the
groups of cases of resistant and non-resistant TB. The multiple logistic regression analysis was
used to calculate the adjusted odds ratios (OR). We considered 5% significance for the input
of variables in the model and the method ENTER to choose the variables (which considers
all variables included in the model). The significance level adopted in all analyses was 5%.

We created a database as a spreadsheet in Microsoft Office Excel®, and we summarized the
data in the statistical program SPSS, version 18 (Chicago, IL, USA).

This study has been approved by the research ethics committee of the Centro de Ciéncias da
Saiide of the Universidade Federal do Espirito Santo (Process 201.111/2013).

RESULTS

Approximately 15,851 cases of tuberculosis were reported in Espirito Santo between 2002
and 2012. We have found 1,669 individuals in the TB Notes with DST performed in the same
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period. Of these individuals, 89% had no in vitro resistance to first-line drugs, and 10.6%
presented some type of resistance (Figure).

The monoresistance to isoniazid followed by streptomycin were the most common (2.1%
and 0.9% of the cases tested, respectively). The rate of multidrug resistance was 5%, and
most of them showed resistance to isoniazid + rifampicin (2.3%) (Table 1). Of the individuals
who underwent DST, 93 were not located in the IS for the treatment of tuberculosis, and of
these three were classified as resistant. Therefore, we have collected the sociodemographic,
clinical, and epidemiological information of 1,576 individuals (Figure).

Most individuals (84%) were from the nine priority municipalities for TB control, and 67% were
from the four municipalities that have universal culture for pulmonary samples (Cariacica,
Serra, Vila Velha, and Vitéria). In the comparison between the resistant and non-resistant
groups, no statistically significant differences were found for the sociodemographic variables.
There was a predominance of males, non-whites, and low education level - most (39%) had
complete elementary school (Table 2). Average age (in years) in the non-resistant group was
36.8 (SD = 14.5) and in the resistant group it was 37.6 (SD =13.5; p = 0.482).

There was no difference in the distribution of cases of HIV infection between the groups.
Statistical differences were observed for the variables alcohol consumption (p = 0.021)
and smoking (p < 0.001), both more common among the resistant than the non-resistant
individuals (45% versus 34% and 34% versus 9%, respectively) (Table 2).

Statistical differences were observed for the clinical and epidemiological variables. For the
variable type of case (p < 0.001), the non-resistant group showed the highest percentage
of new cases of TB compared to the resistant group (77% versus 45%). On the other hand,
the number of cases of retreatment was higher in the resistant group (53% versus 21%).

The registration of one previous episode of TB was more common among resistant individuals
than among the non-resistant individuals (30% versus 11%). The positive culture at the time
of diagnosis (p = 0.023) was more frequent in the resistant group than in the non-resistant
group, 95% versus 85%. The proportion of cured cases among the non-resistant group was
greater than among the resistant group (83% versus 77%) (Table 3).

15,851
Cases of TB

1,491 — Non-resistant cases

1,669 Cases of TB with DST .
178 — Resistant cases

93 Cases of
TB not located in
the SINAN and SITETB

1,576 Cases of TB
with DST located
in the SINAN and SITETB

1,403 173
Non-resistant cases Resistant cases

TB: tuberculosis; DST: anti-tuberculosis drug susceptibility testing; SINAN: Information System of Reportable
Diseases; SITETB: Information System for Special Treatment of Tuberculosis

Figure. Flowchart of TB cases notified. State of Espirito Santo, Brazil, 2002 to 2012.
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Table 1. Profile of first-line drug resistance. State of Espirito Santo, Brazil, 2002 to 2012.

Variable n %

Profile of resistance

Total strains tested 1,669 100
Non-resistant 1,491 89.3
Any resistance 178 10.7
H 139 8.3
R 95 5.7
z 48 2.9
E 22 1.3
S 58 3.5
Monoresistance (total) 67 4.0
H 36 2.1
R 6 0.4
z 2 0.1
E 7 0.4
S 16 0.9
Polyresistance (total) 26 1.5
H+Z 1 0.1
H+E 5 0.3
H+S 8 0.5
R+Z 3 0.2
Z+S 3 0.2
E+S 1 0.1
H+Z+S 3 0.2
H+E+S 1 0.1
R+E+S 1 0.1
MDR-TB (total) 85 5.1
RH 38 2.3
RH+Z 17 1.0
RH+E 2 0.1
RH+S 9 0.5
RH+Z+E 3 0.2
RH+Z+S 14 0.8
RH+Z+E+S 2 0.1

H: isoniazid; R: rifampicin; Z: pyrazinamide; E: ethambutol; S: streptomycin; Any resistance: resistance to any
anti-tuberculosis drug; MDR-TB: Multidrug-resistant Tuberculosis; RH: Rifampicin + Isoniazid

Type of case, smoking, and sputum culture at the time of diagnosis were important associated
factors for resistance to anti-tuberculosis drugs after the analysis adjusted for variables
included in the logistic regression model (Table 4).

Individuals with recurrence had adjusted odds ratio (OR) of 7.72 (p < 0.001; 95%CI 4.24-14.05)
for resistance to anti-tuberculosis drugs in relation to individuals who had no history of
previous treatment (new cases). For cases of re-entry after abandonment, adjusted OR was
3.91 (p < 0.001; 95%CI 1.81-8.43) also compared to new cases.

Individuals with a history of smoking presented adjusted OR of 3.93 (p < 0.001;
95%CI 1.98-7.79) for resistance, using as reference non-smokers. The positive sputum
culture for Mtb presented weaker association with outcome (resistance), and adjusted OR
of 3.22 (p = 0.026; 95%CI 1.15-8.99). Number of previous treatments, despite significant
(p <0.001), did not become part of the logistic regression model as it presents collinearity
with the variable type of case.
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Table 2. Distribution of the socio-demographic characteristics of individuals diagnosed with TB who
underwent DST. State of Espirito Santo, Brazil, 2002 to 2012.

Groups
Total
Characteristic Non-resistant Resistant p*
n % n % n %
Gender 1,576
Male 71.0 991 71.0 132 76.0 0.120
Female 29.0 412 29.0 41 24.0
Race 1,428
White 29.0 362 29.0 55 33.0 0.236
Non-white 71.0 900 71.0 111 67.0
Education level (years) 1,145
Illiterate 8.0 79 8.0 9 7.0 0.749
1to4 28.0 282 28.0 37 29.0
5to8 39.0 400 39.0 44 34.0
9to 12 21.0 209 21.0 32 25.0
>12 5.0 47 5.0 6 5.0
Age (years) 1,557
<20 8.0 105 8.0 14 8.0 0.258
20-39 52.0 734 53.0 81 48.0
40-59 33.0 448 32.0 65 39.0
> 60 7.0 102 7.0 8 5.0
Institutionalization 881
No 89.0 680 89.0 106 93.0 0.165
Yes 11.0 87 11.0 8 7.0
HIV 1,193
Positive 11.0 112 11.0 14 10.0 0.842
Negative 89.0 942 89.0 125 90.0
Alcohol 909
Yes 35.0 267 34.0 54 45.0 0.021
No 65.0 521 66.0 67 55.0
Diabetes 769
Yes 8.0 54 8.0 11 10.0 0.529
No 92.0 605 92.0 99 90.0
Mental illness 815
Yes 2.0 17 2.0 3 3.0 0.908
No 98.0 683 98.0 112 97.0
Smoking 609
Yes 13.0 48 9.0 32 34.0 < 0.001
No 87.0 467 91.0 62 66.0
Use of drugs 604
Yes 12.0 65 12.0 9 13.0 0.908
No 88.0 468 88.0 62 87.0

TB: tuberculosis; DST: anti-tuberculosis drug susceptibility testing
* Pearson’s Chi-square test.
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Table 3. Distribution of the clinical and epidemiological characteristics of individuals diagnosed with
TB who underwent DST. State of Espirito Santo, Brazil, 2002 to 2012.

Groups
Total
Characteristic Non-resistant Resistant p
n % n % n %

Type of case 1,575
New case 74.0 1,083 77.0 77 45.0 < 0.001
Recurrence 14.0 155 11.0 70 40.0
gﬁ;iﬂtéﬁﬁrt 10.0 136 10.0 23 13.0
Transfer 2.0 28 2.0 3 2.0

Number of previous treatments 1,576
No treatment 80.0 1,183 84.0 80 46.0 < 0.001
1 13.0 150 11.0 52 30.0
2 6.0 59 4.0 29 17.0
>3 1.0 11 1.0 12 7.0

Chest x-ray 1,487
Suspected 98.0 1,298 98.0 161 98.0 0.587
Normal 2.0 24 2.0 4 2.0

Tuberculin test 384
No reaction 18 65 19 3 7 0.122
Weak reaction 7 22 6 4 9
Strong reaction 76 253 74 37 84

Type 1,575
Pulmonary 94 1323 94 162 94 0.916
Extrapulmonary 2 34 2 5 3
Exrapulmonary 3. & 3 : 3

Sputum smear microscopy 1,514
Positive 83 1,121 83 143 85 0.675
Negative 17 224 17 26 15

Sputum culture 1,124
Positive 89 863 88 138 95 0.023
Negative 11 115 12 8 5

Other material culture 127
Positive 87 69 74 69 13 65 0.713
Negative 40 31 33 31 7 35

Ending 1,571
Cure 82 1,156 83 131 77 < 0.001
Abandonment 8 108 8 11 6
Death by TB 2 28 2 5 3
Death by other causes 3 40 3 6 4
Transfer 4 59 4 6 4
MDR-TB® 1 3 0 11 6

TB: tuberculosis; MDR-TB: multidrug-resistant tuberculosis; DST: anti-tuberculosis drug susceptibility testing
? Pearson’s Chi-square Test.

b Data available in the Sistema de Informacao de Agravos de Notificagdo (SINAN — Information System of
Reportable Diseases) from 2007 .
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Table 4. Multiple analysis of the clinical and epidemiological characteristics associated with resistance
in individuals with tuberculosis who underwent DST. State of Espirito Santo, Brazil, 2002 to 2012.

Characteristic Crude OR Adjusted OR
p OR 95%Cl p OR 95%Cl
Type of treatment
New case 1 1
Recurrence < 0.001 6.35 4.41-9.15 < 0.001 7.72 4.24-14.05
55;3:‘{;{;& 0.001 238 144392 0.001 3.91 1.81-8.43
Transfer 0.508 1.51 0.45-5.07 0.999
Number of previous treatments*
No treatment 1
1 < 0.001 5.13 3.48-7.56
2 < 0.001 7.27 4.41-11.97
>3 < 0.001 16.13 6.90-37.70
Alcohol
Yes 0.022 1.57 1.07-2.32 0.933 1.03 0.55-1.92
No 1 1
Smoking
Yes < 0.001 5.02 2.99-8.45 < 0.001 3.93 1.98-7.79
No 1 1
Sputum culture
Positive 0.027 2.30 1.10-4.81 0.026 3.22 1.15-8.99
Negative 1 1

DST: anti-tuberculosis drug susceptibility testing
*Variable is not part of the logistic regression model by collinearity.
N =428 (27.2%)

DISCUSSION

We have found strong association between the number of previous treatments of TB, smoking,
and positive culture at the time of diagnosis with cases of resistant TB. There is a consensus
in the literature that previous treatment of TB is a strong risk factor for bacterial resistance
to anti-tuberculosis drugs®*®'""". Our results have shown that cases of recurrence have twice
the odds ratio for the occurrence of resistance in relation to retreatment by re-entry after
abandonment. This can be explained by the increased contact with anti-tuberculosis drugs.
A study conducted in eleven countries has shown that the longer the time of exposure to
anti-tuberculosis drugs, the greater the chance of occurrence of resistance®.

Another risk factor presented in this study was the habit of smoking. Despite increasing the
risk of active TB*>*, we have found no sufficient evidence in the literature that smoking is an
important risk factor for resistance’. However, studies show smoking as a factor associated
with the failure of treatment of TB. The time to sputum culture conversion from positive to
negative among smokers is greater than among nonsmokers after the second month of the
start of treatment with both first-line*** and second-line drugs*'*.

There is a strong association between smoking and recurrence of TB. A consistent study
has shown that smokers are 2.5 times more likely to have a recurrence than nonsmokers™
Thus, the relationship between smoking, previous treatment of TB (recurrence), and
resistance to anti-tuberculosis drugs deserve to be better investigated.

The occurrence of one previous treatment was more frequent among previously treated
individuals. The presence of universal culture covering areas ofhigh population concentration
in Espirito Santo may have contributed to the earlier suspicion and confirmation of resistant
cases®. These data are probably related to the greater number of positive cultures at diagnosis
among resistant cases. The recent seizure of a new technology based on a rapid molecular
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testing for TB (RMT-TB), as an important tool in detecting the resistance to R for new
cases of TB, does not exclude the culture and DST by conventional methods in Brazil*.
Universal culture is a recommendation of the WHO, although it is not yet a reality in many
places in Brazil and in the world*.

Among the resistant cases, 45% had never been treated for TB. This may suggest the evidence
of active transmission in the population, as we also have not found association with other
variables commonly reported in the literature that may point to groups at higher risk for
resistant TB, such as: age, gender, HIV infection, and history of institutionalization®'®. Similar
result has been described in an European study, which has assessed cases of MDR-TB in
sixteen countries, showing that 52.4% of them had never received anti-tuberculosis treatment
(59.2%, 74.4%, and 38.7% in countries with low, intermediate, and high incidence of TB,
respectively)'’. This can be explained by migratory movements of individuals in search of
better living conditions. Espirito Santo is the main route linking the Northeast and Southeast
regions of the country and is located between two large States that have high incidence rates
of TB, Rio de Janeiro and Bahia'®.

For this hypothesis, we must consider the possibility of underreporting of cases. This study
is based on secondary data and no interview or recent contact was performed with the
patients reported in the period of study to investigate the history of treatment of TB.

The rate of resistance to any drug was 10.6% and for MDR-TB it was 5%. Among the
Brazilian studies with secondary data, there is great variability of results, given the distinct
characteristics of the populations studied. In these studies, the rate of resistance to any
drug has varied from 9.4% to 19.2% and for MDR-TB it has varied from 3.4% to 15%*>'*152!,

Data from the first national resistance survey conducted between 1995 and 1997, carried
out prospectively, presented the same rate of resistance to any drug of 10.6%. However, the
rate of multidrug resistance was 2.2%, half of that observed in this study®. A retrospective
study in Israel has found results very close to those observed herein. The rate of resistance
to any drug was 12.5% and for MDR-TB it was 5.8%.

There was a predominance of isolated resistance to isoniazid followed by streptomycin.
For the cases of MDR-TB, the highest frequency was observed for isoniazid + rifampicin.
Other Brazilian studies have found a similar situation*>'**'. We believe that this result is a
reflection of a consolidated policy of notification and treatment of cases of TB made available
free of charge and offered exclusively by public health services. On the other hand, perhaps
there is a different profile of resistance in regions where there has not been an effective policy
of control and treatment of cases'®.

Ofthe 1,669 cases of TB with DST, 5.6% were not located in the IS. We have not considered
it a statistically significant loss for the final analyses, as we have obtained 94.4% of the data.
However, this fact raises some possible explanations. The first of them is that these cases
may have been diagnosed in Espirito Santo, but they were sent to other States for treatment.
Another possibility would be of these individuals being outside the study period and not
identified in the IS, or yet, they could have been lost in the public health system without
access to appropriate treatment, characterizing primary abandonment of treatment.

Espirito Santo, following the rules of the PNCT, does not perform DST in all new cases of
TB* Therefore, the rates of resistance presented here may be underestimated. The missing
information in the databases has been classified as missing in the bivariate analyses. For the
logistic regression, we have used 30% of the available data. However, we consider the number
of 428 individuals as enough for the final analysis.

The results presented in this study show that the partnership between Tb control programs
(PCT) and health teams working in Primary Health Care needs to be strengthened. Individuals
with a history of previous treatment of TB and smoking should be identified and monitored.
This can contribute to reduce the adverse outcomes in the treatment of TB. Another
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important point is the orientation to stop smoking among individuals under treatment of
TB.In addition to other health benefits, it can prevent the emergence of cases of resistant TB.

It is essential to expand the provision of culture and DST, providing greater diagnostic
capacity for the types of resistant TB in Espirito Santo. The early diagnosis and treatment of
these cases prevent the circulation of strains of Mtb, reducing the number of primary cases,
i.e., individuals who have never been treated for TB and who get sick with resistant strains.
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