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ABSTRACT
Objective: To estimate the rates of recurrence, cure, and treatment abandonment in 
patients with pulmonary tuberculosis treated with a four-drug fixed-dose combination 
(FDC) regimen, as well as to evaluate possible associated factors. Methods: This was 
a retrospective observational study involving 208 patients with a confirmed diagnosis 
of pulmonary tuberculosis enrolled in the Hospital Tuberculosis Control Program at the 
Institute for Thoracic Diseases, located in the city of Rio de Janeiro, Brazil. Between 
January of 2007 and October of 2010, the patients were treated with the rifampin-
isoniazid-pyrazinamide (RHZ) regimen, whereas, between November of 2010 and June 
of 2013, the patients were treated with the rifampin-isoniazid-pyrazinamide-ethambutol 
FDC (RHZE/FDC) regimen. Data regarding tuberculosis recurrence and mortality in 
the patients studied were retrieved from the Brazilian Case Registry Database and the 
Brazilian Mortality Database, respectively. The follow-up period comprised two years 
after treatment completion. Results: The rates of cure, treatment abandonment, and 
death were 90.4%, 4.8%, and 4.8%, respectively. There were 7 cases of recurrence 
during the follow-up period. No significant differences in the recurrence rate were 
found between the RHZ and RHZE/FDC regimen groups (p = 0.13). We identified no 
factors associated with the occurrence of recurrence; nor were there any statistically 
significant differences between the treatment groups regarding adverse effects or rates 
of cure, treatment abandonment, or death. Conclusions: The adoption of the RHZE/
FDC regimen produced no statistically significant differences in the rates of recurrence, 
cure, or treatment abandonment; nor did it have any effect on the occurrence of adverse 
effects, in comparison with the use of the RHZ regimen.
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INTRODUCTION

Tuberculosis remains a serious global public health prob-
lem and is one of the leading causes of death in the world, 
according to data from the World Health Organization. 
Brazil is one of the 22 countries that collectively account for 
80.0% of all cases of pulmonary tuberculosis worldwide, 
ranking 18th. In 2014, the tuberculosis incidence rate in 
Brazil was 44 cases per 100,000 population, with a rate 
of tuberculosis/HIV coinfection of 17%. The mortality 
rate from tuberculosis/HIV was 1.2 cases per 100,000 
population.(1) The state of Rio de Janeiro has one of the 
highest tuberculosis incidence rates in the country (54.5 
cases/100,000 population), second only to the state of 
Amazonas, as well as having the highest mortality rate 
from tuberculosis in the country (5.1 cases/100,000 
population) and a rate of tuberculosis/HIV coinfection of 
8.9%.(2) Tuberculosis is related to poverty, malnutrition, 

and social exclusion,(3) predominating in men aged 45 
to 59 years.(3,4)

Since 1994, the World Health Organization and the 
International Union against Tuberculosis and Lung Diseases 
have recommended the use of fixed-dose combinations 
(FDCs), proposing the change in previous treatments 
with the justification that treatment adherence would 
be better and selection of drug-resistant mutant bacilli 
would be reduced,(4-8) which would translate to higher 
cure rates and lower rates of treatment abandonment, 
recurrence, and death.

On the basis of data from the Second National Survey 
on Antituberculosis Drug Resistance (2007-2008),(4,9) 
which showed an increase in primary resistance to 
isoniazid (from 3.5% to 6%) and rifampin (from 0.2% 
to 1.5%) between 1997 and 2007, the Brazilian National 
Tuberculosis Control Program/Ministry of Health decided, 
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in 2009, to change the regimen used, which had been 
in use since 1979. The regimen that had been used 
until then, known as regimen I—2 months of rifampin, 
isoniazid, and pyrazinamide (RHZ), followed by 4 
months of rifampin and isoniazid (RH)—was changed 
by adding a fourth drug, ethambutol, to the (2-month) 
intensive phase of treatment, the new regimen being 
designated 2RHZE/4RH. In the 2-month intensive 
phase of treatment, capsules were replaced by FDC 
tablets containing RHZE (RHZE/FDC), whereas, in 
the 4-month continuation phase of treatment, FDC 
capsules containing RH were used. In adults, the doses 
of isoniazid and pyrazinamide were adjusted to 300 
mg/day and 1,600 mg/day, respectively.(4,9)

The objective of the present study was to determine 
the rate of recurrence of pulmonary tuberculosis with 
the use of the RHZE/FDC regimen, in comparison with 
the use of regimen I (RHZ), and to identify possible risk 
factors leading to recurrence, in addition to determining 
the rates of cure, treatment abandonment, and death, 
as well as the occurrence of adverse effects.

METHODS

This was a retrospective observational study con-
ducted between January of 2007 and June of 2013 
at the Instituto de Doenças do Tórax (IDT, Institute 
for Thoracic Diseases) of Hospital Universitário 
Clementino Fraga Filho (HUCFF, Clementino Fraga 
Filho University Hospital), which is a tertiary hospital 
complex affiliated with the Federal University of Rio de 
Janeiro and is located in the north area of the city of 
Rio de Janeiro, Brazil. The hospital is a referral center 
for the treatment of patients with HIV/AIDS, patients 
with diseases requiring complex treatment, such as 
transplantation, patients with autoimmune diseases, 
cancer patients, and patients with diabetes mellitus; 
therefore, comorbidities are common. The study was 
approved by the HUCFF/IDT Research Ethics Committee 
in November of 2013 (Protocol no. 465.507).

At the HUCFF/IDT, there is the Programa de Controle 
da Tuberculose Hospitalar (PCTH, Hospital Tuberculosis 
Control Program), which was established in 1998. The 
program includes active surveillance for tuberculosis 
in inpatients, outpatient treatment for patients 
suspected of having tuberculosis, isolation of patients 
with suspected or confirmed pulmonary tuberculosis, 
routine sputum smear microscopy and mycobacterial 
culture, prompt availability of laboratory results, and 
continuing education of health care professionals. It 
is a multidisciplinary integrated care program, and 
all enrolled patients are followed for 2 years after 
treatment completion.(10)

The medical records of all patients treated at the 
PCTH outpatient clinic during the study period were 
reviewed by using a data collection instrument, and 
confidentiality was maintained. In addition to information 
on sociodemographic variables (gender, age, and level 
of education), information was collected on clinical and 
epidemiological variables (nutritional status, date of the 

first episode of tuberculosis, date of recurrence, and 
HIV serology), lifestyle habits (alcohol consumption, 
smoking, smoking history, and illicit drug use), and 
presence of comorbidities. All patients enrolled in the 
PCTH for treatment were followed for 2 years after 
treatment completion in order to determine whether or 
not there were recurrences. Patient data on recurrence 
and mortality during the 2-year follow-up period were 
retrieved from the Brazilian Ministry of Health National 
Case Registry Database and the Brazilian Mortality 
Database, respectively. The search was done using 
the patient’s name, the patient’s mother’s name, and 
the patient’s date of birth.

During treatment through the PCTH, all patients were 
followed monthly and were asked about the occurrence 
of adverse effects, by using a standardized data 
collection instrument, which included adverse reactions; 
these data were entered into a PCTH database. Adverse 
effects were classified as minor and major. Major 
adverse effects, namely, hepatitis, rifampin-induced 
thrombocytopenia, hemolytic anemia, acute renal failure, 
thrombotic thrombocytopenic purpura, ethambutol-
-induced optic neuritis, and pyrazinamide-induced 
acute gouty arthritis, require discontinuation of the 
offending drug and a change in the initial regimen.(6) 
Minor adverse effects include skin rash, acne, itching, 
arthralgia, and mild gastrointestinal symptoms, such 
as nausea, vomiting, loss of appetite, and abdominal 
pain; in cases of patients exhibiting these effects, it is 
usually not necessary to change treatment, and patient 
management consists of symptomatic therapy and a 
change in the administration schedule.(6)

Statistical analysis was performed with the Statistical 
Analysis System, version 6.11 (SAS Institute Inc., Cary, 
NC, USA). Descriptive statistics were expressed as 
frequency (n) and proportion (%) for categorical data 
and as mean and standard deviation for numerical 
data. In order to determine whether sociodemographic 
variables, comorbidities, and adverse effects were 
significantly associated with recurrence, categorical data 
were compared by using the chi-square test or Fisher’s 
exact test, and numerical data (continuous variables 
with normal distribution) were compared by using the 
Student’s t-test for independent samples. The level of 
statistical significance was set at 5% (p < 0.05).

RESULTS

Of the 466 patients treated for pulmonary tuberculosis 
through the PCTH during the study period, 275 were 
included. All of those 275 patients were 18 years of 
age or older; had a diagnosis of pulmonary tuberculosis 
confirmed by culture, which was performed through 
the PCTH; and were considered cured or completed 
treatment, either with regimen I (RHZ) between 
January of 2007 and October of 2010 or with the 
RHZE/FDC regimen between November of 2010 and 
June of 2013. Sixty-seven patients were excluded for 
different reasons (Figure 1). The final sample for the 
analysis of the rates of cure, treatment abandonment, 
and death, as well as for the assessment of adverse 
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effects, consisted of 208 patients, all of whom underwent 
self-administered treatment (Figure 1).

In the sample of 208 patients for the assessment 
of adverse effects and analysis of the rates of cure, 
treatment abandonment, and death, 125 patients 
(60.1%) received the RHZ regimen (in capsules and 
tablets) e 83 patients (39.9%) received the RHZE/
FDC regimen.

The pattern of involvement by tuberculosis (first 
episode), with sociodemographic and clinical variables 
being stratified by treatment regimen (two groups), 
is shown in Table 1.

Among the 203 patients for whom data on adverse 
effects were available (information unavailable for 5), 
139 experienced adverse effects (68.5%). There were 
no significant differences in the occurrence of adverse 
effects between the two treatment groups (Table 2).

Table 3 shows data on treatment status and outcomes 
by treatment regimen. The overall cure rate was 90.4%, 
and the rates of treatment abandonment and death 
before treatment completion were both 4.8%. During 
the 2-year follow-up period, 11 patients died from 
various causes. There were no significant differences 
in those rates between the two treatment groups. It 
was necessary to change the initial treatment because 
of the occurrence of adverse effects in 24 patients (18 
in the RHZ group and 6 in the RHZE/FDC group), with 
no statistical difference (p = 0.11; Table 3).

For the analysis of the recurrence rate, we excluded 
21 cases of death from any cause during treatment 
or during the 2-year follow-up period after treatment 
completion (4 of which experienced adverse effects 
and had a change in treatment regimen); 10 cases of 
treatment abandonment (1 of which experienced adverse 
effects and had a change in treatment regimen); and 
24 cases of change in treatment regimen due to drug 
intolerance. Therefore, for this analysis, we excluded 50 
patients, and the final sample consisted of 158 patients 
(78.9%). There were 7 recurrences throughout the 

follow-up period (recurrence rate = 4.4%), 6 of which 
occurred in the RHZ group and 1 of which occurred in 
the RHZE/FDC group, with no statistical difference (p 
= 0.13). Only 4 recurrences occurred within 2 years 
after treatment (RHZ = 3 patients and RHZE/FDC = 
1 patient), the recurrence rate in this period being 
2.5%. The other 3 recurrences occurred later than 
the two years of treatment and follow-up.

Smoking, illicit drug use, alcoholism, positive HIV 
serology, and body mass index (BMI) < 18.5 kg/cm2 
were not risk factors for recurrence (Table 4), nor was 
the presence of comorbidities, the presence of cavitation 
on chest X-ray, or the occurrence of a positive culture 
at 2 months of treatment. Time to culture conversion 
(2 months) was not different between the groups (p 
= 0.36). There were only 7 cases of positive culture 
at 2 months (4.8%). This information was available 
for 145 patients (69.7%).

Of the 208 patients, 146 (70.2%) had comorbidities 
when they developed tuberculosis. Among those who 
had recurrence, comorbidity-related characteristics 
were as follows: hepatitis, in 1; systemic arterial 
hypertension, in 2; diabetes mellitus, in 1; insulin 
dependence, in 1; chronic renal failure, in 1; connective 
tissue disease, in 2; use of immunosuppressants, in 
2; use of corticosteroids, in 2; and lung disease, in 2. 
None of the comorbidities were found to be statistically 
associated with the recurrence outcome. There were 
no associations between the occurrence of major or 
minor adverse effects and recurrence.

DISCUSSION

Our study did not find statistically significant 
differences in the recurrence rate between the RHZ 
and RHZE/FDC groups, nor did it find associations of 
this outcome with the clinical factors investigated. 
There were no statistically significant differences in 
the occurrence of adverse effects between the groups, 
either. Malnutrition (p = 0.079), connective tissue 

Figure 1. Selection of patients diagnosed with pulmonary tuberculosis for inclusion in the study.

466 patients

Different treatment regimen from the recommended one (n = 125)

Empirical treatment initiation (n = 50)

Change in diagnosis (n = 16)

275 included patients

No initiation of treatment (n = 2)

Unit transfer (n = 27)

Previous tuberculosis (n = 26)

Resistance to any drug in the regimen (n = 11)

Treatment failure (n = 1)

Sample – N = 208 patients
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disease (p = 0.12), and use of immunosuppressants or 
corticosteroids showed a trend toward an association 
with recurrence, although the association was not 
statistically significant. There were no differences in 
the rates of cure, treatment abandonment, or death 
between the treatment groups, the change in treatment 
to RHZE/FDC not translating to improvement in those 
rates, as has been reported in the literature.(8,11-16)

Tuberculosis was predominant in males (60.6%), 
in the economically active age group (27.4%), in 

Whites (49.0%), and in patients with a low level of 
education (52.0%). A low level of education suggests 
low socioeconomic status and limited access to health 
care.(3,17) There were no differences in sociodemographic 
variables between the treatment groups (RHZ vs. 
RHZE/FDC), showing that the groups were comparable.

In our sample, 89 patients (43.4%) had chest X-ray 
findings suggestive of tuberculosis with cavitation, and 
there were only 7 cases (4.8%) of positive culture at 
2 months of treatment. Although it has been reported 

Table 1. Sociodemographic and clinical variables by treatment regimen.
Variable Treatment regimen p

RHZ RHZE/FDC
(n = 125) (n = 83)

n % n %
Gender

Male 81 64.8 45 54.2
0.13

Female 44 35.2 38 45.8
Age, yearsa 46 ± 17 42 ± 15 0.11*
Age group, years

≤ 30 29 23.2 21 25.3

0.65*
31-44 31 24.8 26 31.3
45-55 33 26.4 18 21.7
> 55 32 25.6 18 21.7

Raceb

White 63 50.4 39 47.6
0.015Biracial 32 25.6 34 41.5

Black 30 24 9 11.0
Level of educationc

Illiterate/≤ 9 years of schooling 65 54.6 38 48.1
0.46High school (incomplete/complete) 38 31.9 32 40.5

College (incomplete/complete) 16 13.4 9 11.4
Smokingc

Yes 18 14.6 8 9.6
0.45Former smoker 43 35 27 32.5

No 62 50.4 48 57.8
Smoking history, pack-yearsc

0 62 54.9 48 63.2
0.43≤ 20 18 15.9 12 15.8

> 20 33 29.2 16 21.1
Drug usec

Yes 9 7.5 4 4.9
0.47

No 111 92.5 77 95.1
BMI classificationc

Underweight 19 23.2 16 27.6
0.83Normal weight 47 57.3 31 53.4

Overweight/obese 16 19.5 11 19.0
Alcoholismc

Yes 23 18.5 8 9.8
0.084

No 101 81.5 74 90.2
HIV serologyc

Positive 18 15.3 6 9.0
0.22

Negative 100 84.7 61 91.0
RHZ: rifampin-isoniazid-pyrazinamide; RHZE/FDC: rifampin-isoniazid-pyrazinamide-ethambutol fixed-dose combination; 
and BMI: body mass index.aValues expressed as mean ± SD. bOne patient was indigenous (RHZE/FDC). cLack of information 
on the following variables: level of education (n = 10); smoking (n = 2); smoking history (n = 19); drug use (n =7); BMI 
classification (n = 68); alcoholism (n = 2); and HIV serology (n = 23). *Student’s t-test for independent samples.
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Table 2. Adverse effects by treatment regimen.a

Adverse effects Treatment regimen p
RHZ RHZE/FDC

n % n %
Total

Yes 86 69.9 53 66.3 0.35
No 37 30.1 27 33.8

Minor
Yes 78 63.4 48 60.0 0.37
No 45 36.6 32 40.0

Major
Yes 14 11.4 7 8.8 0.36
No 109 88.6 73 91.3

Acne/itching
Yes 31 25.2 13 16.3 0.089
No 92 74.8 67 83.8

Arthralgia
Yes 34 27.6 15 18.8 0.099
No 89 72.4 65 81.3

Anorexia/vomiting/abdominal pain/nausea
Yes 39 31.7 26 32.5 0.51
No 84 68.3 54 67.5

Paresthesia
Yes 21 17.1 15 18.8 0.45
No 102 82.9 65 81.3

Hepatotoxicity
Yes 13 10.6 6 7.5 0.32
No 110 89.4 74 92.5

Optic neuritis
Yes 0 0 0 0 N/A
No 123 100 80 100

Exanthema
Yes 1 0.8 1 1.3 0.63
No 122 99.2 79 98.8

RHZ: rifampin-isoniazid-pyrazinamide; and RHZE/FDC: rifampin-isoniazid-pyrazinamide-ethambutol fixed-dose 
combination. aLack of information on 5 patients (2 in the RHZ group and 3 in the RHZE/FDC group). Patients could 
experience more than one adverse effect.

Table 3. Treatment status and variables by treatment regimen.a

Variable Treatment regimen p
RHZ RHZE/FDC

(n = 125) (n = 83)
n % n %

Treatment status
Cure 114 91.2 74 89.2
Treatment abandonment 4 3.2 6 7.2 0.32
Death 7 5.6 3 3.6

Positive culture at 2 months of treatment
Yes 3 3.7 4 6.3 0.36
No 79 96.3 59 93.7

Change in initial treatment
Yes 18 14.4 6 7.2 0.11
No 107 85.6 77 92.8

Recurrence
Yes 6 4.8 1 1.2 0.13
No 119 95.2 82 98.8

RHZ: rifampin-isoniazid-pyrazinamide; and RHZE/FDC: rifampin-isoniazid-pyrazinamide-ethambutol fixed-dose 
combination.
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in the literature that cavitation is a risk factor for 
recurrence(1,18-21), as is the occurrence of a positive 
culture at 2 months of treatment,(18 20,22) this was not 
observed in the present study.

There was a trend toward increased occurrence of 
cutaneous adverse effects (acne/itching) and arthralgia 
in the RHZ regimen group. This trend might be explained 
by the higher dose concentrations of isoniazid and 
pyrazinamide in the RHZ regimen, in comparison with 
the RHZE/FDC regimen. Despite the possibility that 
the addition of ethambutol could cause more cases 
of optic neuritis, no such cases were observed. Some 
studies have not found differences in the occurrence 

of adverse effects between single-drug regimens 
and FDC regimens, corroborating our study results.
(9,13-15) Gravendeel et al. found increased occurrence 
of adverse effects in the single-drug regimen group, 
and gastrointestinal and musculoskeletal adverse 
effects predominated.(12) According to the literature, 
the main advantages of changing treatment to FDCs 
include improving adherence, simplifying treatment, 
and preventing monotherapy and subsequent selection 
of drug-resistant mutant bacilli.(6,11,23,24)

Only 4 recurrences occurred within 2 years after 
treatment (RHZ = 3 patients and RHZE/FDC = 1 
patient), the recurrence rate in this period being 

Table 4. Sociodemographic and clinical variables by recurrence status (N = 158).
Variable Recurrence No recurrence p

n % n %
Gender

Male 4 57.1 88 58.3 0.62
Female 3 42.9 63 41.7

Age, yearsa 44 ± 15 42 ± 15
Age group, years

≤ 30 1 14.3 42 27.8 0.61
31-44 2 28.6 42 27.8
45-55 3 42.9 34 22.5
> 55 1 14.3 33 21.9

Race
White 2 28.6 69 46.0 0.45
Biracial 4 57.1 51 34
Black 1 14.3 30 20.0

Level of education
Illiterate/≤ 9 years of schooling 3 42.9 75 52.1 0.87
High school (incomplete/complete) 3 42.9 49 34.0
College (incomplete/complete) 1 14.3 20 13.9

Smoking
Yes 1 14.3 20 13.4 0.97
Former smoker 2 28.6 49 32.9
No 4 57.1 80 53.7

Smoking history, pack-yearsb

0 4 66.7 80 59.3 0.33
≤ 20 2 33.3 24 17.8
> 20 0 0.0 31 23.0

Drug use
Yes 1 14.3 10 6.8 0.41
No 6 85.7 136 93.2

BMI classificationb

Underweight 3 75 24 24.7 0.079
Normal weight 1 25 53 54.6
Overweight/obese 0 0.0 20 20.6

Alcoholism
Yes 1 14.3 21 14.1 0.66
No 6 85.7 128 85.9

HIV serology
Positive 1 14.3 18 13.2 0.64
Negative 6 85.7 118 86.8

BMI: body mass index. aValues expressed as mean ± SD. bUnavailable information on patients with recurrence: 
smoking history, in 1; and BMI classification, in 3.
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2.5%, which is similar to previous reports.(13,25) There 
was a trend toward increased recurrence in the RHZ 
regimen group. Some authors have found that changing 
treatment to RHZE/FDCs led to a trend toward increased 
recurrence. (11,25-27) In contrast, other studies have 
found no differences in the recurrence rate between 
the groups (FDC vs. single-drug formulation).(8,15) A 
recently published review found little or no difference in 
the rates of death or in the frequency of adverse effects 
between the groups.(27) FDCs had no effect in reducing 
the treatment abandonment rate or the irregular use 
of drugs.(5,9,13,15,23) The treatment abandonment rate in 
our study did not vary in a statistically significant way 
in the two groups, possibly because of the integrated 
multidisciplinary care provided through the PCTH.(10)

Our study has some limitations, such as the sample 
size, that may have prevented us from detecting 
significant associations. A convenience sample was 
used, because this was a study limited to the opera-
tional routine of a single facility. The fact that it was 
retrospective is another limitation, since data collection 
by using a data collection instrument and reviewing 
medical charts may have prevented the gathering of 
some information. In addition, patients with tuberculosis 
having access to the HUCFF/IDT meant that most of 
them had comorbidities, limiting the external validity 
of the findings. The sample size was not calculated to 
compare the recurrence rate with RHZE/FDC and RHZ 
or to compare patients with and without recurrence. 

However, the fact that this was a study conducted 
at a tuberculosis treatment facility that provides 
integrated multidisciplinary care,(10) associated with 
bacteriological confirmation with routine profiling of 
sensitivity to the drugs in the regimens used, post-
cure follow-up, standardized routines, and systematic 
data collection, may contribute to the analysis of the 
effects that the RHZE/FDC regimen has, under optimal 
operational conditions, on the care of patients with 
active tuberculosis.

In conclusion, changing treatment to a four-drug FDC 
produced no statistically significant differences in the 
rates of recurrence, in comparison with the use of the 
previous regimen. We identified a trend toward a BMI 
< 18.5 kg/cm2 and connective tissue disease being 
risk factors for recurrence, a trend that may not have 
reached the level of statistical significance because of 
the sample size. There were no statistically significant 
differences in the rates of treatment abandonment, 
death, or cure or in the occurrence of major or minor 
adverse effects between the groups. However, the 
RHZ regimen group showed a trend toward a higher 
incidence of cutaneous adverse effects (acne/itching) 
and arthralgia than did the RHZE/FDC regimen group. 
Further studies involving larger samples and data on 
different operational routines than that of the PCTH/
HUCFF/IDT could contribute to elucidating the impact 
of the use of the RHZE/FDC regimen in Brazil.
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