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SUMMARY
SETTING—Central Rio de Janeiro, Brazil.

OBJECTIVE—To compare the impact of routine DOTS vs. enhanced DOTS (DOTS-Ampliado
or DOTS-A) on tuberculosis (TB) incidence.

DESIGN—Cluster-randomized trial in eight urban neighborhoods pair-matched by TB incidence
and randomly assigned to receive either the DOTS-A or DOTS strategy. DOTS-A added intensive
screening of household contacts of active TB cases and provision of treatment to secondary cases
and preventive therapy to contacts with latent TB infection (LTBI) to the standard DOTS strategy.
The primary endpoint was the TB incidence rates in communities after 5 years of intervention.

RESULTS—From November 2000 to December 2004, respectively 339 and 311 pulmonary TB
cases were enrolled and 1003 and 960 household were identified in DOTS and DOTS-A
communities. Among contacts from DOTS-A communities, 26 (4%) had active TB diagnosed and
treated, 429 (61.3%) had LTBI detected and 258 (60.1%) started preventive therapy. TB incidence
increased by 5% in DOTS communities and decreased by 10% in DOTS-A communities, for a
difference of 15% after 5 years (P = 0.04).

CONCLUSION—DOTS-A was associated with a modest reduction in TB incidence and may be
an important strategy for reducing the burden of TB.
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Detection of cases and institution of effective chemotherapy is considered the most
important strategy for controlling tuberculosis (TB), and is the cornerstone of global public
health efforts.1 The World Health Organization’s (WHO’s) DOTS Strategy2 is widely
followed, but has had variable success in reducing TB incidence rates in developing
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countries and in settings with a high prevalence of human immunodeficiency virus (HIV)
infection.3,4 The TB epidemic in developing countries demands evaluation of broader
approaches in addition to DOTS.

Evaluation of contacts of TB cases is integral to control efforts in industrialized countries,
but is little used in high-burden settings. Routine contact evaluation usually yields a small
proportion of active TB cases and varying proportions of contacts with latent TB infection
(LTBI).5 Chemoprophylaxis of LTBI with isoniazid (INH) reduces the risk of subsequent
TB disease in high-risk household contacts and HIV-infected people.6 Recent TB
transmission contributes to a large proportion of active TB cases in urban settings.7–9

Mathematical models have suggested that preventive therapy, in combination with DOTS,
may contribute substantially to TB control efforts.10,11 We undertook a cluster-randomized
trial to assess the impact of a TB control strategy that included evaluation and treatment of
contacts of newly diagnosed TB patients on the community incidence of TB in Rio de
Janeiro City, Brazil. Enhanced DOTS (DOTS-Ampliado or DOTS-A) added intensive
screening of household contacts of active TB cases and provision of TB treatment to
secondary cases and preventive therapy to contacts with LTBI to the standard DOTS
program.

METHODS
This community-randomized trial involved urban neighborhoods with high rates of TB in
the downtown area of Rio de Janeiro City, Brazil. The study area has a population of 265
000 and the highest TB incidence rate in the city (240 cases per 100000 population).

Within the study area, a group of eight neighborhoods was selected based on access to
health services and distinct geographic boundaries, and divided into four pairs matched by
TB incidence over the previous 4 years. The matched communities were similar in socio-
economic indicators such as life expectancy, adult literacy and monthly family income, as
well as human development index ratings (Table 1). Within each pair, neighborhoods were
randomly assigned to receive either the DOTS-A or the standard DOTS strategy within the
public TB control services. We used a constrained randomization design to determine which
communities would be allocated to DOTS or DOTS-A.

Subjects with newly diagnosed pulmonary TB living in the selected neighborhoods who
were treated at one of the three municipal health centers serving the area and who provided
written informed consent were enrolled in the study. Patients who refused to consent to the
study or to receive directly observed therapy (DOT) were given self-administered treatment
according to the Brazilian guidelines.12 Furthermore, residents of the communities who had
TB diagnosed and treated at a hospital or health clinic outside the study area were not
enrolled.

An index case was defined as the first member of a household diagnosed with active TB.
Active TB diagnosis was defined according to Brazilian guidelines12 using acid-fast bacilli
(AFB) sputum smear, mycobacterial sputum culture on Löwenstein-Jensen medium and
chest radiographs. A household contact was defined as any individual who slept in the same
dwelling as the index case for at least 2 nights per week during the period of time that the
index case was symptomatic before diagnosis. Consenting index cases from both groups of
communities were interviewed using a structured interview for clinical and socio-
demographic information.

DOTS in the study areas incorporated all of the elements of the WHO policy, including
supervision of the Brazilian standard three-drug treatment regimen (INH, rifampin,
pyrazinamide) provided in the clinics.13,14

Cavalcante et al. Page 2

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2013 October 29.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



In the DOTS communities, contact evaluation followed Brazil’s National TB Program
guidelines.12 Clinic staff informed TB index cases of the need for their household contacts
to come to the clinic for evaluation. Those contacts who did attend were examined to rule
out active TB. In keeping with practice in Brazilian clinics during the study period,
information on contact evaluations was not formally collected and no official records were
established. However, it is very unusual for contacts to undergo evaluation in routine
practice.

The DOTS-A strategy enhanced routine DOTS with the addition of a program to intensively
screen household contacts of TB cases for evidence of active TB or LTBI. Index cases living
in the DOTS-A neighborhoods were asked to provide a list of names of their household
contacts and to ask contacts to come to the health centers for evaluation. If contacts failed to
come to the clinic, outreach workers from the health centers visited consenting patients’
homes. Contacts were informed of the nature of the study and asked to provide written
informed consent for participation. Parental consent was obtained for minors, and assent was
obtained from children between the ages of 5 and 18 years. Contact evaluation consisted of a
structured interview, clinical examination, chest X-ray and a tuberculin skin test (TST) using
2 tuberculin units (TUs) of purified protein derivative RT23 given by the Mantoux method
and read by a trained reader 2–3 days after application. TB in contacts was diagnosed and
treated as in cases.

Contacts with a TST induration of ≥5 mm without evidence of active TB were considered to
have LTBI and were offered prophylaxis if they had no history of previous TB or LTBI
therapy and no evidence of active TB disease. Such individuals were offered INH preventive
therapy twice weekly (800 mg), supervised, or daily, self-administered (300 mg), for 6
months, or were invited to participate in a clinical trial of preventive therapy if they were
aged ≥18 years.15

Statistical analysis
We compared the change in incidence of TB in the two groups of communities over 5 years.
Data were obtained from the city TB registry from 1999 to 2004. We determined the number
of TB cases per year in each community based on reported cases with an address in one of
the eight communities. We used the population enumerated for each neighborhood by the
national census in 2000. Calculation of rates began with the 12-month period before study
implementation. The standard paired t-test was used to compare the mean difference in
incidence rates from 1999 to 2004 in the DOTS and DOTS-A communities.

The study protocol was approved by the institutional review boards of the Rio de Janeiro
Municipal Health Secretariat and of the Johns Hopkins University School of Medicine. The
trial was listed on a National Institutes of Health (NIH) web-based research registry, but
preceded clinicaltrials.gov.

RESULTS
From November 2000 to December 2004, respectively 1292 and 923 TB cases were notified
in DOTS and DOTS-A neighborhoods. In DOTS communities, 371 (29%) patients were
enrolled and reported 1119 household contacts. In DOTS-A communities, 341 (37%)
patients were enrolled and reported 1028 household members. Among the enrolled TB
cases, 339 (91%) from DOTS communities and 311 (91%) from DOTS-A had pulmonary
disease and identified respectively 1003 and 960 contacts. TB index cases from DOTS and
DOTS-A communities did not differ significantly with regard to socio-demographic and
clinical characteristics (Tables 2 and 3).
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Information on contacts is available only for DOTS-A communities (Table 4), as the DOTS
program does not collect standardized information on contacts of TB cases. Of the 960
household contacts identified in the DOTS-A communities, 699 (73%) came to the clinic at
least once and underwent evaluation for active TB and/or LTBI, while 261 (27%) never
came to the clinic and were consequently not screened, despite attempts of outreach staff to
facilitate participation. At screening, 26/699 (4%) contacts had active TB identified and
were given therapy. Of the remaining 673 who started screening, 632 (94%) completed the
interview, 583 (83%) returned for TST reading and 429 (73%) had an induration of ≥5 mm.

Of 429 contacts with a positive TST, 258 (60%) started preventive therapy (197 [76%]
received INH and 61 [24%] were enrolled in the clinical trial), 34 (8%) refused
chemoprophylaxis and 44 (10%) did not start chemoprophylaxis due to physician’s decision.
The remaining 93 (22%) contacts did not complete the evaluation or were lost to follow-up.
Of those 258 contacts who started preventive therapy, 178 (69%) completed it. The outcome
of the contact evaluation is summarized in Figure 1.

Incidence rates
At baseline, TB incidence rates were the same in DOTS and DOTS-A communities, 340 and
339/100 000, respectively. The total incidence rate among the four DOTS communities
increased during the study period by 5%, from 340 to 358 cases/100 000 residents (Table 5),
while the total incidence in the DOTS-A communities decreased during the study period by
10%, from 339 to 305 cases/100 000. Thus, at the end of 5 years, the DOTS-A communities
had an incidence rate that was 15% lower than in the DOTS communities, after beginning
with equal incidence rates in 1999 (Table 5). The mean difference in incidence rates
between the DOTS and DOTS-A communities was statistically significant (P = 0.04).

In the first 2 years of DOTS implementation (2000 and 2001), the incidence rates increased
steadily in the DOTS and DOTS-A communities. In the following year (2002), there was a
slight further increase (1%) in the incidence rate in DOTS communities and a 12% decrease
on the incidence in DOTS-A communities. Thereafter, both groups of communities
experienced declines in their TB incidences rates (Figure 2).

DISCUSSION
We have shown that the implementation of an expanded program of the WHO DOTS
strategy where contact evaluation and treatment is provided, DOTS-A, was associated with a
significantly lower TB incidence in urban communities in Rio de Janeiro City than standard
DOTS. Compared to 1999, the year before implementation of the protocol, TB incidence in
2004 had declined in three of the four DOTS-A communities, whereas substantial increases
in TB incidence were seen in three of the four control DOTS-only communities (Table 5).
Given the similarity of the communities at baseline and the consistency of the findings in the
intervention and control groups, our findings indicate that the addition of evaluation of
household contacts for both active and latent TB, with appropriate treatment of each
condition, resulted in a decline in TB incidence at the community level.

Treatment completion rates among new TB cases enrolled in the trial increased from 68% to
77% over the course of the study, but the completion rates were not significantly different in
the two study arms. This finding suggests that the improvement in cure rates as a result of
DOTS implementation was not the principal factor related to the decrease in incidence rates.
Rather, we believe that the identification and treatment of secondary cases and treatment of
LTBI among contacts was the likely reason for the effect seen. Early identification and
treatment of secondary cases results in a shorter period of infectiousness and fewer
secondary infections among contacts of these cases. Treatment of LTBI in contacts reduces
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the risk of subsequent TB by as much as 70–90%,16 depending on the duration of preventive
therapy and patient adherence.

The impact of DOTS alone on TB incidence is unclear. In the United States, implementation
of DOTS was associated with long-term decline in TB incidence in Baltimore,17 but no
impact on incidence was seen in Tarrant County, TX, USA.18 Subsequent experience with
DOTS in New York City suggests that multiple interventions, rather than DOTS alone, are
likely to be associated with declines in TB incidence.19 In developing countries, some
cluster randomized trials have assessed the impact of models of TB control on clinical
outcomes, but neither measured the effects of TB control policies on TB incidence.20,21

Widespread application of DOTS in Peru in the 1990s was associated with marked and
sustained decline in TB incidence.22

A recent study that modeled the impact of changing case detection rates (CDRs) on overall
TB incidence suggested that DOTS and subsequent improved CDRs may have a dramatic
effect on TB incidence in the short term, but that maintaining those CDRs may not reduce
TB incidence by more than 1–2% per year in the long term.23 This supports the hypothesis
that additional measures beyond DOTS are needed to reduce TB incidence.

Seventy three per cent (73%) of household contacts were infected, and 4% had active TB.
The prevalence of LTBI among contacts found in our study was higher than the rates
described in previous studies in Brazil,24–26 but similar to those described in some African
countries.27,28 One potential explanation for this finding could be that we used a cut-off
point of 5 mm for a positive TST, which might overestimate the infection rate. However, in
a recent study in Rio de Janeiro of contacts of pulmonary smear-positive TB patients who
did not receive chemoprophylaxis, no difference was found in the incidence of TB during
follow-up between those with TST results of 5–9 mm and those with ≥10 mm.29 These
findings suggest that the use of a cut-off point of 10 mm induration in household contacts
may result in withholding TB preventive therapy from individuals who would benefit from
it.

We found a reduction in TB incidence in DOTS-A communities over a period of 5 years.
Overall, only 30% of TB patients participated in the intervention, largely as a result of
patients being diagnosed elsewhere in the city and therefore being ineligible, or because of
refusal to consent to the study procedures. Given the small proportion of the overall
population that received TB preventive therapy, it is surprising that our intervention could
have resulted in a 15% difference in TB incidence, and this finding could be due to chance,
despite the randomized nature of our trial. Because the number of randomized
neighborhoods in each arm was small, unmeasured events such as nosocomial outbreaks or
several highly infectious cases could have resulted in the rates observed in the DOTS
communities. The consistency of the results in three of four communities in each arm,
however, is reassuring.

There is also a biologically plausible explanation for our results. Studies conducted in San
Francisco7 and in South African gold mines30 have shown that over several years a single
TB index case can account for a substantial proportion of subsequent cases in a community.
In San Francisco, the proportion of cases attributed to a single index patient was 6% over
several years, and in the gold mines a single index case was associated with 10% of all
subsequent cases. An intervention such as ours that detected secondary, active TB cases in
households and brought them into treatment, and that prevented subsequent cases in contacts
by using preventive therapy, could conceivably reduce the community incidence through a
stochastic process.
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In summary, our trial showed that the addition of contact evaluation to identify secondary
TB cases and to provide treatment of latent TB infection was associated with a lower
incidence of TB than DOTS alone over a period of 5 years. Intensive contact evaluation and
preventive therapy for contacts may be an important strategy for reducing the incidence of
TB in a high-incidence community.
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Figure 1.
Outcome of contact investigation. TB = tuberculosis; LTBI = latent TB infection; TST =
tuberculin skin test.
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Figure 2.
Tuberculosis incidence in DOTS and DOTS-A communities. TB = tuberculosis; DOTS-A =
DOTS ampliado (enhanced DOTS).
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Table 2

DOTS and DOTS-A communities: socio-demographic characteristics of tuberculosis index cases

Variables DOTS n (%) DOTS-A n (%)

Age, years, mean 36 36

Sex

 Male 244 (66) 236 (69)

 Female 127 (34) 105 (31)

Race

 White 158 (42) 116 (34)

 Non-White 213 (57) 225 (66)

Number of people at home

 <4 197 (53) 166 (49)

 4–6 114 (31) 93 (27)

 >6 21 (6) 27 (8)

Number of rooms

 1 65 (18) 77 (23)

 2–3 239 (64) 206 (60)

 ≥4 64 (17) 49 (14)

Education, years

 None 27 (7) 28 (8)

 <8 198 (53) 197 (58)

 ≥8 146 (40) 116 (34)

Unemployed 141 (38) 135 (40)

Monthly family income

 <1 minimum wage 59 (16) 55 (16)

 1 to <2 minimum wage 114 (31) 103 (30)

 2 to <4 minimum wage 109 (29) 88 (26)

DOTS-A = DOTS ampliado (enhanced DOTS).
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Table 3

DOTS and DOTS-A communities: clinical characteristics of TB index cases

Variables DOTS n (%) DOTS-A n (%)

Type of TB

 Pulmonary 339 (91) 311 (91)

 Extra-pulmonary 32 (9) 30 (9)

Prior TB treatment

 Yes 83 (22) 86 (25)

 No 286 (77) 254 (74)

 Unknown 2 (1) 1 (1)

TST induration result, mm

 0–4 60 (16) 63 (18)

 ≥5 232 (62) 217 (64)

 Not done 67 (18) 61 (18)

 Unknown 12 (3) 0

HIV test

 Prior HIV screening 121 (33) 109 (32)

 Prior HIV-positive 9 (7) 16 (15)

 Current HIV screening 246 (66) 193 (57)

 Current HIV-positive 26 (7) 24 (12)

Chest X-ray

 Abnormal, suspicious TB 337 (91) 316 (93)

 Cavitation present 199 (59) 151 (48)

Bacteriological status

 SS+, culture-negative or ND 61 (16) 55 (16)

 SS+, culture-positive 203 (55) 183 (54)

 SS−, culture-positive 15 (4) 15 (4)

 SS−, culture-negative or ND 92 (25) 88 (26)

Treatment outcomes*

 Completed treatment 226 (79) 195 (77)

 Defaulter 21 (7) 28 (11)

 Deaths 7 (2.4) 14 (5)

*
New cases.

DOTS-A = DOTS ampliado (enhanced DOTS); TB = tuberculosis; TST = tuberculin skin testing; HIV = human immunodeficiency virus; SS+ =
sputum smear-positive; SS− = sputum smear-negative; ND = not done.
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Table 4

Socio-demographic and clinical characteristics of the household contacts in the DOTS-A communities

Variables
Contacts (n = 632)

n (%)

Age, years, mean ± SD 23 ±18.7

Sex

 Male 268 (42)

 Female 363 (58)

 Missing 1

Race

 White 173 (27)

 Non-white 459 (73)

Education, years of schooling*

 None 53 (8)

 <8 355 (56)

 ≥8 134 (21)

Employment status

 Currently employed 160 (25)

 Unemployed 96 (15)

 Student 217 (34)

 Retired 21 (3)

 Other, and preschool 138 (22)

Monthly family income†

 <1 minimum wage 29 (14)

 1 to <2 minimum wage 70 (33)

 2 to <4 minimum wage 68 (33)

 ≥4 minimum wage 29 (14)

 Unknown 13 (6)

BCG vaccination

 Yes 504 (80)

 No 114 (18)

 Unknown 14 (2)

Initial TST result, mm

 0–4 154 (24)

 ≥5 mm 429 (68)

 Not done 49 (8)

Chest X-ray

 Normal 409 (65)

 Abnormal, suspicious TB 7 (1)

 Abnormal, not suspicious for TB 2 (4)

 Abnormal, inactive TB 5 (1)

 Not done 188 (29)
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Variables
Contacts (n = 632)

n (%)

HIV status

 Negative 67 (10)

 Positive 2 (1)

 Not done 394 (62)

 Unknown 169 (27)

*
For those of school age or older (n = 542).

†
 Brazilian minimum wage = US$145 (n = 209).

DOTS-A = DOTS ampliado (enhanced DOTS); SD = standard deviation; BCG = bacille Calmette-Guérin; TST = tuberculin skin testing; TB =
tuberculosis; HIV = human immunodeficiency virus.
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Table 5

DOTS and DOTS-A communities: changes in incidence from 1999 to 2004

Study arm

Incidence rate/100000

Change1999 2004

Community

 Estácio DOTS 499 523 +24 (+4.8%)

 Santo Cristo DOTS 509 572 +63 (+12.4%)

 Benfica DOTS 210 237 +27 (+12.9%)

 Rio Comprido DOTS 270 267 −3 (−1.1%)

All DOTS 340 358 +18 (+5.3%)

 São Cristóvão DOTS-A 256 242 −14 (−5.5%)

 Catumbi DOTS-A 372 379 +7 (+1.9%)

 Mangueira DOTS-A 434 324 −110 (−25.3%)

 Cidade Nova DOTS-A 625 530 −95 (−15.2%)

All DOTS-A 339 305 −34 (−10%)

DOTS-A = DOTS ampliado (enhanced DOTS).
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