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Setting: Free State Province, South Africa.

Objective: To examine sex-specific trends in 2-month
sputum smear non-conversion in new sputum smear-
positive tuberculosis (TB) cases during a period when the
DOTS strategy was operative.

Design: A retrospective cohort study of TB cases
registered between 2003 and 2009 was conducted. Non-
conversion was indicated by a positive 2-month sputum
smear result. Descriptive and generalised linear model
analyses were performed and sex-specific trends in
2-month sputum smear non-conversion rates estimated.
Results: Overall, 2-month  sputum smear non-
conversion rates were 12.5% in males and 9.3% in
females. Non-conversion was significantly associated
with age in males (P < 0.001). Non-conversion rates
declined significantly between 2003 and 2009: from
15.9% to 10.8% in males (P < 0.001) and from 12.0%
to 6.6% in females (P < 0.001). The average rate of
decline of non-conversion was higher among females
(1.0%, 95%Cl 0.8-1.2) than among males (0.8%,
95%CI 0.5-1.0). By 2009, males had a 60% higher risk
of non-conversion than females (RR 1.60, Cl 1.37-1.86).
Conclusion: The decline in the trend of 2-month sputum
smear non-conversion confirms the relative success of the
DOTS strategy in TB control, with better performance
among females than males. Interventions should consider
the sex and age of patients to improve the 2-month
sputum smear-conversion rate.

The internationally recommended DOTS strategy is
the basic approach underpinning the Stop TB
strategy for tuberculosis (TB) control.12 The wide im-
plementation of DOTS is thought to have contributed
to the global decline in TB mortality.2 South Africa ini-
tiated DOTS in 1997, and by 2006 all districts were im-
plementing the strategy.> However, treatment out-
comes in the country have remained sub-optimal
since 1996.24 In 2011, South Africa had the highest
TB incidence (993 per 100000 population) of the 22
high-burden countries, with a 73% cure rate and a
79% treatment success rate in new sputum smear-posi-
tive cases.*

Two-month sputum smear conversion is a useful
indicator for management of new smear-positive
cases, progress of anti-tuberculosis treatment and the
performance of the DOTS strategy.>~7 Non-conversion
of positive sputum smears of new pulmonary TB cases
at the end of 2 months of treatment is associated with
an unfavourable outcome, particularly default, later in

the course of treatment.8 The World Health Organiza-
tion compendium of indicators for monitoring and
evaluating national TB programmes states that the
majority of new smear-positive pulmonary TB patients
should convert to smear-negative after 2 or 3 months
of treatment. However, even if the initial phase of
treatment is well supervised and good-quality drugs
are used, skilled laboratory technicians can often still
detect low grades of positivity at 2 months, and the
non-conversion rate can still be as high as 25%.9 The
most recent (2009) South African programme data
show that 2-month sputum non-conversion across the
nine provinces ranged from 5.8% to 10.9%, with the
Free State Province ranking second highest, at 10.7%.10
These rates, however, exclude cases who were trans-
ferred out, interrupted treatment or died before the
end of the intensive phase, and those for whom spu-
tum smear results were unavailable.

Studies measuring associations between sex and
2-month sputum smear non-conversion have pro-
duced contradictory findings. While some studies
have established higher rates of 2-month sputum
smear conversion among males than females,1-14 oth-
ers have not shown any statistically significant varia-
tion across the sexes.!516 Longer delays before care
seeking for TB by males have been reported in South
Africa.’7 Delayed treatment onset is associated with
higher bacillary load at diagnosis, which in turn is re-
lated to higher sputum smear non-conversion.1819

The current study was undertaken to examine
sex-specific trends in 2-month sputum smear non-con-
version among new sputum smear-positive TB cases in
the Free State Province of South Africa between 2003
and 2009. The Free State has a population of approxi-
mately 2.9 million, of whom about 2.4 million are de-
pendent on the public sector for health care.20 In
2009, the province recorded a cure rate of 71.4%
among new sputum smear-positive TB cases, at a par
with the country’s cure rate of 71.1%, although lower
than that of three other provinces.?! In the same year,
human immunodeficiency virus (HIV) prevalence in
the Free State was slightly higher than that for the
country as a whole (30.1% vs. 29.4%).21

To our knowledge, no previous study on sex-spe-
cific trends in 2-month sputum smear non-conversion
among new sputum smear-positive TB cases has been
conducted in South Africa. However, several studies in
other countries have explored causes and inhibitors of
increased acquisition and progression of TB disease
among males or females, and have recommended that
sex disparities should be explained and addressed.22-26
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FIGURE 1

The findings of the current study will inform the design and de-
livery of sex-specific TB services in the Free State.

METHODS

Study design and setting

This was a retrospective cohort study of routine data from the
electronic TB register (ETR.net) of new smear-positive cases receiv-
ing regimen I, a 2-month combination of rifampicin (RMP, R),
isoniazid (INH, H), pyrazinamide and ethambutol, followed by 4
months of RMP and INH, between 2003 and 2009 in the Free
State Province. At clinic level, TB case data are first recorded in
paper-based TB treatment registers, then electronically captured
in the ETR.net at the sub-district level, and finally aggregated at
the provincial level.

Study population and data management

The study population was defined as all new smear-positive TB
cases aged =8 years registered in ETR.net between 2003 and 2009.
Data were managed by the third author (SvM) who is responsible
for the TB database in the Free State Province. Duplicate entries
were deleted and patients’ names were removed before data for all
new smear-positive cases for the period 2003-2009 were extracted
from the database. Data were excluded for cases who were trans-
ferred out, interrupted treatment or had died before the end of
the intensive phase, as well as those whose sputum results were
unavailable at the end of 2 months of intensive phase treatment.

Analysis

Data were analysed using Stata, version 11 (Stata Corp, College
Station, TX, USA). Non-conversion was defined as a positive
2-month sputum smear result. The rate of non-conversion was
calculated as the proportion of new smear-positive cases with a
recorded positive 2-month sputum smear result. Results for de-
scriptive analysis are depicted as absolute numbers, percentages
and graphically. y2 tests were performed to establish any associa-
tion between 2-month sputum non-conversion, age at start of
treatment, time in years, HIV status and multidrug-resistant TB
(MDR-TB). These were followed by age group adjusted log bino-
mial regression models for each year comparing males and fe-
males. Generalised linear models were also used to estimate the
sex-specific rate of change in 2-month sputum smear non-conver-
sion over the 7 years. The rates for males and females were com-
pared for each year. The risk ratios (RRs), together with their cor-

No results
(n=5141)

Flow diagram of inclusion of new sputum smear cases.

responding 95% confidence intervals (Cls), were estimated using
log binomial regression models. The significance level considered
was 0.05. As there was significant statistical interaction between
sex and sputum smear non-conversion at 2 months, stratification
for sex and age was performed.

Ethics approval

The study was approved by the Health Research Ethics Commit-
tee of Stellenbosch University, Cape Town, South Africa, and the
Ethics Advisory Group of the International Union Against Tuber-
culosis and Lung Disease, Paris, France. A waiver of individual
consent was granted.

RESULTS

Of the 54164 new smear-positive cases recorded for the period
2003-2009, about a quarter (n = 14177) had no record of 2-month
sputum smear testing, with a large proportion (37.1%) having
been transferred out of the province. This left 39987 (73.8%)
cases with a recorded 2-month sputum smear result, of which
11.0% had a positive smear result (Figure 1). The demographic
variables, age and sex, were compared between those with and
those without a recorded 2-month sputum smear result. No statis-
tically significant sex and age differences were observed, except
for the age group 28-37 years, where significantly more males
lacked a recorded sputum smear result (P < 0.001).

The overall 2-month sputum smear non-conversion rate over
the period from 2003 to 2009 was 12.5% in males and 9.3% in fe-
males. The non-conversion rate was higher in males than in fe-
males across all age groups, except for the 8-17 years group. Con-
trary to females, a statistically significant association was
established between age group and 2-month sputum smear con-
version among males (P < 0.001) (Figure 2).

Two-month sputum smear non-conversion rates declined sig-
nificantly between 2003 and 2009, from 15.9% to 10.8% in males
(P < 0.001) and from 12.0% to 6.6% in females (P < 0.001) (Fig-
ure 3). The average rate of decline of 2-month sputum non-con-
version was higher among females (1.0%, 95%CI 0.8-1.2) than
males (0.8%, 95%CI 0.5-1.0), although this difference was not
statistically significant.

After adjusting for age, males had significantly higher risk of
2-month sputum non-conversion than females in 2003-2004 and
2006-2007 (all P values < 0.05). In 2007, males had higher risk of
2-month sputum smear non-conversion than females (RR 1.35,
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FIGURE 2 Two-month sputum smear non-conversion rate by age
group for females (P = 0.667) and males (P < 0.001).

95%CI 1.15-1.58). In 2008 and 2009, there were significant inter-
actions between sex and age. Compared to their female counter-
parts, in 2008 males in the 48-57 years age group had higher risk
of non-conversion (RR 1.64, 95%CI 1.06-2.55) and, in 2009 those
in the 18-27 years age group had higher risk of non-conversion
(RR 1.70, 95%CI 1.25-2.32) (Table 1).

The documentation of resistance to both RMP and INH in the
TB treatment register was defined as MDR-TB. Less than 1% of
cases (males 0.27%, females 0.17%, P < 0.05) were resistant to
both RMP and INH. Only 89 (0.22%) of the 39987 cases were re-
corded as having MDR-TB. The risk ratios for 2-month sputum
smear non-conversion were similar after adjusting for age only,
and when adjusting for age as well as MDR-TB (Table 1). After
controlling for sex and age, the highest risk for 2-month sputum

FIGURE 3 Two-month sputum smear non-conversion rate by year
of diagnosis and sex (P < 0.001 for both females and males).

smear non-conversion was established in 2006. In this year,
MDR-TB cases had a risk ratio of 4.9 (95%CI 3.0-7.9) for sputum
smear non-conversion compared to drug-susceptible cases (Table
2).

Unexpectedly, we found that females in the 8-17 years age
group had consistently poorer 2-month conversion rates than
their male counterparts throughout the study period. The
non-conversion rate consistently declined for the 28-37 years age
group in males for all years, with the exception of 2008. Decline
in non-conversion rates was less pronounced among males aged
>47 years. Minimal decline in non-conversion was also observed
among males aged =58 years, while in female cases in this age
group there was in fact a slight increase in non-conversion (Figure
4).

TABLE 1 Risk of sputum non-conversion for males compared to females, adjusted for age and

MDR-TB, 2003-2009

Variables Results
Adjusted for age Adjusted for age and MDR-TB
Year Sex RR (95%Cl) RR (95%Cl)
2003 Females (n = 1869) 1 1
Males (n = 2331) 1.30 (1.11-1.52) 1.30 (1.11-1.52)
2004 Females (n = 2089) 1 1
Males (n = 2561) 1.21 (1.03-1.41) 1.19 (1.02-1.40)
2005 Females (n = 2570) 1 1
Males (n = 3005) 1.15 (1.00-1.32) 1.14 (1.00-1.32)
2006 Females (n = 2647) 1 1
Males (n = 3157) 1.17 (1.01-1.36) 1.16 (1.00-1.35)
2007 Females (n=2811) 1 1
Males (n = 3018) 1.35 (1.15-1.58) 1.33 (1.14-1.57)
2008 Females (n = 2928) 1 1
Males
8-17 years (n=118) 0.47 (0.15-1.42) 1.46 (1.25-1.71)
18-27 years (n = 584) 1.40 (0.99-1.99)
28-37 years (n = 1068) 1.52 (1.17-1.98)
38-47 years (n = 857) 1.48 (1.07-2.06)
48-57 years (n=472) 1.64 (1.06-2.55)
=58 years (n=163) 1.52(0.77-3.02)
2009 Females (n = 3629) 1 1

Males
8-17 years (n=147)
18-27 years (n = 704)
28-37 years (n=1321)
38-47 years (n=1121)
48-57 years (n = 581)
=58 years (n = 236)

0.56 (0.20-1.53)
1.70 (1.25-2.32)
1.60 (1.21-2.12)
1.69 (1.22-2.34)
1.56 (1.03-2.34)
1.53 (0.80-2.90)

1.59 (1.36-1.85)

MDR-TB = multidrug-resistant tuberculosis; RR = risk ratio; Cl = confidence interval.
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As HIV status based on rapid antibody tests was routinely cap-
tured as part of routine TB data only from 2006, and routine (opt-
out) HIV testing for TB patients was effected only in 2007, only
8493 of the 39987 TB cases with a 2-month sputum smear result
had their HIV status recorded. Significantly higher HIV preva-
lence has been recorded among females than males since 2007 (P
< 0.001). Of the 4162 females with recorded HIV test results,
77.9% had a positive status compared to 67.7% of their 4331
male counterparts. HIV status was statistically significantly associ-
ated with 2-month sputum smear non-conversion only among
males (P < 0.001). After adjusting for age and HIV status, males
had a higher risk of sputum smear non-conversion than females
in 2008 (RR 1.58, 95%CI 1.25-1.99) and 2009 (RR 1.52, 95%CI
1.27-183).

DISCUSSION

For the overall study period (2003-2009), the 2-month smear
non-conversion rates were 12.5% in males and 9.3% in females.
There was a steady decline in 2-month smear non-conversion
over this period for both males and females. This could probably
be ascribed to the prioritisation of TB within the health system,
improved TB case management through the DOTS strategy at the
provincial and district levels, and better coordination of directly
observed treatment at the facility level.2” Moreover, in 2005, the
Free State Department of Health launched the TB Management
Directorate to empower, manage, evaluate and coordinate TB ser-
vices at the provincial level.

The overall 2-month sputum smear non-conversion rate was
higher in males than females; however, the present study did not
ascertain the reasons for this difference. A study among TB pa-
tients in India established that women were significantly more
likely to access health facilities compared to males and were also
more likely to adhere to treatment.2® Another Indian study found
that males were less likely to be diagnosed early with TB, and fur-
ther suggested that sputum non-conversion could be attributed to
alcohol consumption and smoking habits.2? This might indicate a
need to direct alternative TB control measures such as communi-
ty-based intensified case finding at males.3031 Our study results
are also consistent with research in Burkina Faso,!2 Portugal'? and
Tanzania,'* finding an increase in 2-month sputum smear
non-conversion with age among males. These findings signal the
need for the TB programme to provide (more) support systems
and follow-up for (older) male cases.

Future research should address our finding that HIV-negative
cases, particularly males, were more likely not to convert to spu-
tum smear-negative at 2 months of treatment. It would seem that
integrated TB-HIV treatment and care might be leading to higher
2-month sputum smear non-conversion among HIV-negative than
HIV-positive TB cases. In Tanzania, it was found that, after 2 weeks
of treatment, conversion was significantly higher in HIV-positive
(72.8%) than HIV-negative (63.3%) patients.32 On the other hand,
a Ugandan study demonstrated that HIV-positive status is not a
principal factor in delaying sputum conversion among patients re-
ceiving intensive phase anti-tuberculosis treatment.33

In line with previous research,3435 our study — admittedly
with only a small number (n = 89) of MDR-TB cases — showed
that sputum conversion after 2 months was highly significantly
associated with MDR-TB (resistance to both RMP and INH) when
controlling for sex and age. As there were both higher 2-month
sputum smear non-conversion rates and a slightly higher MDR-TB
rate among males, future research should consider the program-
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TABLE 2 Risk of sputum non-conversion among drug-susceptible
compared to MDR-TB cases, adjusted for age and MDR-TB, 2003-

2009
Variables Results
Adjusted for age and sex

Year Type of TB RR (95%Cl)
2003 Drug-susceptible (n = 4197) 1 (reference)

MDR-TB (n = 3) 2.1 (0.44-10.29)
2004 Drug-susceptible (n = 4641) 1

MDR-TB (n=9) 4.4 (2.64-7.21)
2005 Drug-susceptible (n = 5565) 1

MDR-TB (n = 10) 2.9 (1.34-6.28)
2006 Drug-susceptible (n = 5790) 1

MDR-TB (n = 14) 4.9 (3.00-7.91)
2007 Drug-susceptible (n = 5818) 1

MDR-TB (n=11) 4.1 (2.05-8.02)
2008 Drug-susceptible (n = 6171) 1

MDR-TB (n=19) 4.1 (2.42-6.90)
2009 Drug-susceptible (n = 7716) 1

MDR-TB (n = 23)

4.1 (2.42-7.00)

MDR-TB = multidrug-resistant TB; TB = tuberculosis; RR = risk ratio; Cl = confidence

interval.
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matic implications of this finding, such as improved case finding
and MDR-TB management among males. Future research should
further investigate the unexpected finding that only in the 8-17
years age group did females record higher sputum smear non-con-
version at 2 months of treatment.

This study has several limitations: first, a substantial propor-
tion of the cases did not have 2-month sputum smear results re-
corded, although the total number of cases included in the study
was still reasonably large. Second, the study concentrated only on
2-month sputum smear non-conversion to gauge the perfor-
mance of the DOTS strategy. Third, analysis of risk for 2-month
sputum smear non-conversion excluded the possible influence of
other factors such as pre-treatment bacillary load, disease severity
and time to treatment initiation. Further research is therefore
needed to ascertain the association of these factors with 2-month
sputum smear non-conversion, particularly with regard to male
TB cases.

CONCLUSION

We conducted a retrospective cohort study of 2-month sputum
smear non-conversion for male and female TB cases over a 7-year
period. Age played a significant role in 2-month sputum smear
non-conversion among males. Although the results showed a sig-
nificant decline in 2-month sputum smear non-conversion for
both sexes, male TB cases were at significantly higher risk of
non-conversion. It would seem that the DOTS programme in the
Free State Province, with more than 90% coverage, might not be
as efficient among males as in females. Given the importance of
2-month sputum conversion as an indicator of TB programme
performance, the male-female differential is of concern. These
findings suggest that the TB DOTS programme in the Free State
needs to pay closer attention and provide better support to male
TB patients to adhere to treatment. Programme efforts should also
be directed towards early MDR-TB diagnosis and improved man-
agement, in an attempt to reduce the rate of 2-month sputum
smear non-conversion.
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Contexte : Province de I'Etat Libre, Afrique du Sud.

Objectif : Examiner les tendances en fonction du sexe de la
nonconversion des frottis de crachats apres 2 mois chez des nouveaux
cas de tuberculose (TB) a frottis positifs pendant une période ou la
stratégie DOTS opérait.

Schéma : Réalisation d’une étude rétrospective de cohorte des cas de
TB enregistrés entre 2003 et 2009. La non-conversion était définie
par un résultat de frottis positif aprés 2 mois de traitement. Des
analyses descriptives et de modeles linéaires généralisés ont été
réalisées et les tendances de non conversion a 2 mois en fonction du
sexe ont été estimées.

Résultats : Le taux d’ensemble de non conversion était de 12,5%
chez les hommes et de 9,3% chez les femmes. La non conversion
était significativement associée a I'dge chez les hommes (P < 0,001).

Le taux de non conversion a significativement diminué entre 2003 et
2009 de 15,9% a 10,8% chez les hommes (P < 0,001) et de 12% a
6,6% chez les femmes (P < 0,001). Le taux moyen de déclin de la
non-conversion était plus élevé chez les femmes a 1% (1C95% 0,8-
1,2%) que chez les hommes a 0,8% (IC95% 0,5-1%). En 2009, le
risque de non conversion était plus élevé de 60% chez les hommes
(RR 1,60 ; 1C95% 1,37-1,86).

Conclusion : Le déclin de la tendance a la non-conversion du frottis
de crachats aprés 2 mois de traitement a mis en évidence le succes
relatif de la stratégie DOTS dans la lutte contre la TB, avec un
meilleur résultat chez les femmes que chez les hommes. Les
interventions devraient tenir compte du sexe et de l'dage des
patients afin d’améliorer le taux de conversion du frottis de crachats
a 2 mois.

Marco de referencia: La Provincia del Estado Libre en Africa del Sur.
Obijetivo: Examinar las tendencias especificas de sexo, con respecto a
la falta de conversién de la baciloscopia del esputo a los 2 meses de
tratamiento, en los casos nuevos de tuberculosis (TB) con baciloscopia
positiva, durante un periodo de aplicacién de la estrategia DOTS.
Métodos: Se llevé a cabo un estudio retrospectivo de cohortes de
los casos de TB registrados entre el 2003 y el 2009. La falta de
conversion se definié como la obtencién de un resultado positivo de
la baciloscopia del esputo a los 2 meses. Se practicaron andlisis con
modelos generales lineales y se calcul6 la tendencia de la falta de
conversion a los 2 meses, segun las tasas especificas de sexo.
Résultados: En general, las tasas de falta de conversién fueron 12,5%
en los hombres y 9,3% en las mujeres. La falta de conversion se asocié
de manera significativa con la edad en los hombres (P < 0,001). El

indice de falta de conversiéon disminuyé de manera considerable entre
el 2003 y el 2009, de 15,9% a 10,8% en los hombres (P < 0,001) y
de 12,0% a 6,6% en las mujeres (P < 0,001). La tasa promedio de
disminucion de la falta de conversion en las mujeres de 1,0 % (IC95%
de 0,8% a 1,2%) fue mas alta que la tasa de 0,8% en los hombres
(IC95% de 0,5% a 1,0%). En el 2009, los hombres exhibieron un
riesgo de falta de conversién superior en 60,0 % a las mujeres (RR
1,60; 1C95% de 1,37 a 1,86).

Conclusién: La tendencia a la disminucion de la falta de conversion
de la baciloscopia a los 2 meses de tratamiento define la eficacia
relativa de la estrategia DOTS en el control de la TB y ofrece un mejor
rendimiento en las mujeres que en los hombres. Con el propésito de
mejorar las tasas de conversion, las intervenciones deben tener en
cuenta el sexo y la edad de los pacientes.
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