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Unsuccessful TB treatment outcomes with
a focus on HIV co-infected cases: a cross-
sectional retrospective record review in a
high-burdened province of South Africa
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Abstract

Background: South Africa did not meet the MDG targets to reduce TB prevalence and mortality by 50% by 2015,
and the TB cure rate remains below the WHO target of 85%. TB incidence in the country is largely fuelled by the
HIV epidemic, and co-infected patients are more likely to have unsuccessful TB treatment outcomes. This paper
analyses the demographic and clinical characteristics of new TB patients with unsuccessful treatment outcomes, as
well as factors associated with unsuccessful treatment outcomes for HIV co-infected patients.

Methods: A cross-sectional retrospective record review of routinely collected data for new TB cases registered in
the Free State provincial electronic TB database between 2009 and 2012. The outcome variable, unsuccessful
treatment, was defined as cases ≥15 years that ‘died’, ‘failed’ or ‘defaulted’ as the recorded treatment outcome. The
data were subjected to descriptive and logistic regression analyses.

Results: From 2009 to 2012 there were 66,940 new TB cases among persons ≥15 years (with a recorded TB
treatment outcome), of these 61% were co-infected with HIV. Unsuccessful TB treatment outcomes were recorded
for 24.5% of co-infected cases and 15.3% of HIV-negative cases. In 2009, co-infected cases were 2.35 times more at
risk for an unsuccessful TB treatment outcome (OR: 2.35; CI: 2.06-2.69); this figure decreased to 1.8 times by 2012
(OR: 1.80; CI: 1.63-1.99). Among the co-infected cases, main risk factors for unsuccessful treatment outcomes were: ≥
65 years (AOR: 1.71; CI: 1.25-2.35); receiving treatment in healthcare facilities in District D (AOR: 1.15; CI 1.05-1.28);
and taking CPT (and not ART) (AOR: 1.28; CI: 1.05-1.57). Females (AOR: 0.93; CI: 0.88-0.99) and cases with a CD4
count >350 (AOR: 0.40; CI: 0.36-0.44) were less likely to have an unsuccessful treatment outcome.

Conclusions: The importance of TB-HIV/AIDS treatment integration is evident as co-infected patients on both ART
and CPT, and those who have a higher CD4 count are less likely to have an unsuccessful TB treatment outcome.
Furthermore, co-infected patients who require more programmatic attention are older people and males.
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Background
Tuberculosis (TB) is a major global health problem, in-
fecting millions of people annually and ranks alongside
the human immunodeficiency virus (HIV) as a leading
cause of death worldwide [1]. TB and HIV are inextricably
linked in the general population [2]. HIV leads to progres-
sive immunodeficiency and increased susceptibility to
infections. Unlike many other infectious diseases that only
manifest when the CD4 count falls below 200/mm3, the
risk of TB is already increased during the first year of HIV
infection. As a result, TB may be diagnosed long before
HIV in co-infected patients [3].
Several studies have found a lower TB treatment

success rate among co-infected patients [1, 4–7]. An im-
portant intervention that can have a substantial impact
on the reduction of mortality and morbidity among co-
infected patients is the use of antiretroviral treatment
(ART) [1]. In support of this, research has found that
the initiation of ART during TB treatment significantly
improves the chance of survival [5, 8–15]. For these
reasons, integration of TB and HIV services is widely
advocated [16–20]. Reciprocal benefits exist for integrat-
ing TB and HIV/AIDS services, as adequate TB control
contributes to AIDS care, and the prevention of HIV
transmission leads to improved TB control. While there
is a policy commitment to provide integrated TB and
HIV services in South Africa, the reality is that services
remain largely fragmented and provided in silos [21].
This study analyses the routinely captured demographic

and clinical characteristics of new TB cases (15 years and
older), with a treatment outcome recorded between 1
January 2009 and 31 December 2012. It also identifies risk
factors for unsuccessful treatment outcomes for those
cases co-infected with HIV.

Methods
Setting
This study was conducted in the Free State province. In
2012, the TB incidence in the Free State was 708.5 cases
per 100,000 population, which was higher than the inci-
dence in the country as a whole – 687.3 cases per
100,000 [21]. HIV prevalence was 19.6% among adults
15-49 years of age, slightly higher than the national
prevalence of 17.9% [22]. In 2012, the treatment success
rate for co-infected cases in South Africa was 74% [23]
and this increased slightly to 76% by 2013 [1], but is still
a far cry from the WHO target of 85%.

Design and population
The study followed a cross-sectional retrospective record
review of routinely collected TB data in the Free State
electronic TB database (ETR.net) between 2009 and
2012. ETR.net is a Microsoft.net based computer soft-
ware programme that is based on the recording formats
of the World Health Organization (WHO) and Inter-
national Union Against TB and Lung Disease (IUATLD).
It was developed for more efficient and useful collection,
compilation and analysis of TB data. ETR.net is the
designated software to capture TB data in South Africa
and was implemented in 2003 [24]. TB data in the Free
State are recorded at primary health care level in a
paper-based TB register. These data are then captured
on the ETR.net at sub-district level and sent to the
Provincial Department of Health where it is aggregated.
The study population was defined as all new TB cases,

older than 14 years of age with a treatment outcome re-
corded between 1 January 2009 and 31 December 2012 in
the ETR.Net. A new TB patient is defined as a person who
has never had TB treatment or who has taken TB drugs
for less than 4 weeks. They may have Gene Xpert, smear
or culture positive/negative pulmonary TB (PTB) or
extra-pulmonary TB (EPTB) [3]. In keeping with WHO
age classifications, adults (i.e. 15 years and older) were
included in this analysis. The start date, 2009, was selected
as political commitment and increased availability of re-
sources (human and material) resulted in more complete
recording of HIV status in the ETR.net from 2009.
Measures
Duplicate case entries were deleted from the database
and patients’ names were removed before the data
were extracted for analysis. Cases with “moved/trans-
ferred” as a recorded outcome were also excluded
from the analysis. Unsuccessful TB treatment out-
comes includes cases that had failed treatment, died
or defaulted. Treatment “failure” applies to patients
whose baseline smear/culture was positive and re-
mains or becomes positive again at five months or
later during treatment. This excludes patients who
were diagnosed with Rifampicin Resistant-TB or
MDR-TB during treatment. “Died” refers to a patient
who dies for any reason during the course of TB treat-
ment. “Default” applies to patients whose treatment
was interrupted for two consecutive months or more
during the treatment period. Successful TB treatment
outcomes includes cases who were cured or who had
completed treatment. In order to be classified as
“cured”, patients had to have a positive baseline
smear/culture at the start of treatment and a negative
smear/culture negative during the last month of treat-
ment. In addition, they had to have a negative smear/
culture at least 30 days prior to completing treatment.
Patients who had a positive baseline smear/culture at the
beginning of treatment and who completed treatment but
did not have a negative smear/culture negative during the
last month of treatment or at least thirty days prior to this,
are classified as “completed” treatment cases [3].

http://etr.net
http://etr.net
http://microsoft.net
http://etr.net
http://etr.net
http://etr.net
http://etr.net
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Information was extracted on socio-demographic
variables including sex (male/female), age (15-24/25-
34/35-44/45-54/55-64/≥65 years) location by health
district (A/B/C/D/E) and year of registration (2009,
2010, 2011, 2012), as well as clinical variables includ-
ing HIV status (positive/negative/unknown), disease
classification (PTB/EPTB/both), pre-treatment sputum
smear result (negative/positive/no smear), treatment delay
(calculated as the difference in the number of days between
notification and treatment initiation: 0-14 days/>14 days),
treatment uptake (ART only/CPT only/neither ART
or CPT/both ART and CPT), and CD4 count (≤ 200
cells/mm3/201-350 cells/mm3/≥ 351 cells/mm3).

Analysis
The data were cleaned and analysed using Stata v. 12.
Data were described using frequency counts and per-
centages for categorical variables and means and stand-
ard deviations for continuous variables. The outcome
variable was unsuccessful TB treatment, which was
defined as new cases who had died during treatment,
defaulted on or failed treatment. Pearson’s X2 test was
used to establish any association between independent
variables and the outcome variable. Multivariate logistic
regression analysis was used to determine which factors
were significantly associated with unsuccessful treatment
outcomes for TB-HIV co-infected cases. The odds ratios
Fig. 1 Overview of cases included in the analysis (Free State 1 January 200
(ORs) together with their corresponding 95% confidence
intervals (CIs) were estimated. The significance level
considered for this study was 0.05.

Ethical considerations
Ethical clearance was obtained for the study from the
Ethics Committee of the Faculty of Health Sciences,
University of the Free State (ECUFS No 1864/2014), and
the study was authorised by the Free State Department
of Health. The ethics committee granted a waiver for
individual patient consent given that this data were
aggregated and anonymised at the provincial level.

Results
During 2009-2012 there were 87,702 new TB cases
among persons 15 years and older in the Free State. Of
these, 23.7% were moved/transferred out and as a result
excluded from the analysis (see Fig. 1). The proportion
of males (50.4%) and females (49.6%) excluded were
significantly different from those males (55%) and
females (45%) included in the study. The proportions in
each age group for cases included and excluded in the
analysis were similar except for: 25-34 (29.3% vs 31.3%);
35-44 (28.5% vs 27.7%) and ≥65 (3% vs 3.7%) (95%CI for
proportions overlap see Additional file 1). Of the pa-
tients with a recorded TB treatment outcome (76.3%):
61% were co-infected with HIV and 18.6% did not have
9- 31 December 2012)
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a recorded HIV status. An unsuccessful TB treatment
outcome was indicated for 24.5% of the co-infected
cases, 15.3% of HIV negative cases and 25.6% of cases
that did not have a recorded HIV status. A breakdown
of unsuccessful treatment outcomes revealed that for
both co-infected cases (71.1%) and HIV negative cases
(56.2%), death was the main outcome.
Table 1 illustrates the demographic and clinical profile

of all cases stratified by HIV status, as well as those cases
that did not have HIV status recorded. In terms of the
demographic variables, in the co-infected group there
were slightly more males (52.8%) and the average age
was 37.4 years (standard deviation ±10.31). There were
significant associations amongst the TB-HIV co-infected
group in terms of sex, age, district, disease classification
being on treatment, CD4 count and an unsuccessful TB
treatment outcome (p < 0.001). Amongst the HIV nega-
tive group, the majority (69.1%) were male and the aver-
age age was 39.9 years (standard deviation ±16.56).
There were significant associations between sex, age,
disease classification, pre-treatment smear result and an
unsuccessful TB treatment outcome (P < 0.001).
With regard to the clinical profile of the co-infected

cases, seven in ten cases (76.7%) had pulmonary TB
(PTB), 61.2% had a positive pre-treatment smear, 42.1%
were on CPT and 41.3% were on both ART and CPT.
Furthermore, the majority of cases (75.9%) had a low
CD4 count of <201 cells/mm3.There were significant
associations between disease classification, being on
treatment, CD4 count, and an unsuccessful treatment
result (P < 0.001). The clinical profile of the HIV nega-
tive cases revealed that four in five cases (84.1%) had
PTB and two-thirds (67.4%) had a positive pre-treatment
smear result. There were significant associations be-
tween disease classification, pre-treatment smear results
and an unsuccessful TB treatment outcome (p < 0.001).
Despite the slight decrease in unsuccessful TB treat-

ment outcomes for the co-infected cases (25.4% in 2009
and 24% in 2012) and a slight increase in unsuccessful
treatment outcomes among HIV negative cases (12.7%
in 2009 and 16.9% in 2012), unsuccessful treatment
outcomes remained constantly higher among the co-
infected group (see Fig. 2). Univariate odds ratios
revealed that in 2009, the TB-HIV co-infected cases were
2.35 times more at risk for an unsuccessful TB treatment
outcome (OR: 2.35; CI: 2.06-2.69) than the HIV negative
cases; however, this figure decreased to 1.8 times in 2012
(OR: 1.80; CI: 1.63-1.99) (see Fig. 3).
Univariate odds ratios (Table 2) further identified the

following risk factors for an unsuccessful TB treatment
outcome: persons 65 years and older were 1.81 times
more likely to have an unsuccessful TB treatment
outcome (OR: 1.81; CI: 1.33-2.47) than 15-24 year olds;
patients in the District D were 1.17 times (highest) more
likely to have an unsuccessful TB treatment outcome
(OR:1.17; CI: 1.07-1.23) than those in District A (lowest);
and patients taking CPT only were 1.22 times more
likely to have an unsuccessful outcome (OR: 1.22; CI:
1.00-1.49) than those taking ART only. Furthermore,
females were less likely to have an unsuccessful TB
treatment outcome (OR: 0.89; CI: 0.84-0.95) compared
to their male counterparts. Persons with a CD4 count of
≥351 cells/mm3 (OR: 0.46; CI: 0.42-0.52) were also less
likely to have an unsuccessful TB treatment outcome
compared to those with a CD4 count ≤200 cells/mm3.
After adjusting for other variables (sex, age, location/

district, on treatment and CD4 count) (Table 2), the fac-
tors that were significantly associated with unsuccessful
TB treatment outcomes were: being 55 years and older;
receiving treatment in District D, and taking CPT only.
Persons aged 55-64 years were 1.22 times more likely to
have an unsuccessful treatment outcome (AOR: 1.22; CI:
1.04-1.45), and persons 65 years and older were 1.71
times more likely to have an unsuccessful treatment
(AOR: 1.71; CI: 1.25-2.35) outcome than patients in the
15-24 year age group. Patients receiving treatment in
District D were 1.15 times more likely to have an unsuc-
cessful treatment outcome (AOR: 1.15; CI 1.05-1.28)
than patients receiving treatment in District A. Those
cases taking CPT, were 1.28 times more likely to have an
unsuccessful treatment outcome (AOR: 1.28; CI: 1.05-1.57)
than cases taking ART. Over the four year period, the per-
centage of cases with unsuccessful TB treatment outcomes
who were only on CPT Increased from 23.9% in 2009 to
36.1% in 2012, with those cases on both ART and CPT
constantly having a lower rate of unsuccessful TB
treatment outcomes (see Fig. 4).
Females were less likely to have an unsuccessful treat-

ment outcome (AOR: 0.93; CI: 0.88-0.99), indicating that
males were more at risk for an unsuccessful treatment
outcome. Persons with a CD4 count 201-350 cells/mm3

(AOR: 0.55; CI: 0.51-0.60) as well as those with a CD4
count of ≥351 cells/mm3 (AOR: 0.40; CI: 0.36-0.44) were
also less likely to have an unsuccessful treatment outcome
than cases with a low CD4 count (i.e. ≤ 200 cells/mm3).
This implies that a low CD4 count increases the risk for
an unsuccessful treatment outcome.

Discussion
Of the 87,702 new adult TB cases in the Free State
(2009-2012), 22.8% had an unsuccessful TB treatment
outcome, the majority of these cases (18.3%) were co-
infected with HIV. As HIV is one of the major factors
fuelling the growing TB epidemic [20, 25, 26] - 61% of
the TB cases in the province were co-infected with HIV/
AIDS, which was slightly lower than the 65% average
reported over the same period for South Africa [27] -
the analysis of data in this paper was stratified by HIV
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Fig. 2 Percentage of unsuccessful TB treatment outcomes by HIV status. Co-infected, HIV negative, HIV status
not recorded
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status. During the study period (2009-2012), the HIV
status of the majority (81.4%) of cases was known. In
line with the WHO [19] recommendation that all
patients with (presumptive) TB be offered HIV testing, it
is encouraging to note that by 2014, there was a substan-
tial improvement in the country as a whole, with 93% of
TB patients knowing their HIV status [1]. Similarly to
other studies [1, 4–7] we found significant differences in
treatment outcomes between patients who were HIV-
negative and HIV-positive. Over the four year study
period, 24.5% of HIV-negative patients compared to
15.3% of HIV-positive patients had an unsuccessful
treatment outcome.
The poor treatment success rate could partly be

explained by the fact that only by 2011 were 60%
and more co-infected cases on ART. This is in line
with national guidelines, which changed over time, regard-
ing the eligibility criteria for TB-HIV co-infected patients to
be on ART. Only by April 2013 were all co-infected
patients eligible for ART irrespective of CD4 count [28]
despite numerous research studies that found that survival/
Fig. 3 Risk of unsuccessful treatment for HIV positive cases by year of diag
treatment success among co-infected patients was strongly
associated with patients being on ART [5, 8–15].
Furthermore, it has been reported that early ART ini-
tiation (i.e. two weeks after starting TB treatment) in
TB patients significantly improves survival among co-
infected patients [10].
National guidelines [3] and research findings [13, 14, 29]

also indicate that CPT decreases morbidity and mortality
in TB/HIV co-infected patients. Despite WHO [30] guide-
lines that CPT should be initiated prior to ART, our study
found that patients who were only on CPT and not on a
combination of ART and CPT, were at an increased risk of
an unsuccessful treatment outcome. A possible explan-
ation for this is that three quarters of the cases had a
CD4 count <201, and as a result would have been more
severely ill, requiring ART. Furthermore, patients
receiving ART have had drug readiness training to
ensure adherence to treatment, which may encourage
them to be more compliant to strict treatment regi-
mens than patients who have not undergone such
training. Therefore, co-infected cases should be started
nosis (adjusted for age and district)



Table 2 Factors associated with unsuccessful TB treatment
outcomes for TB-HIV co-infected cases

Univariate Odds
Ratio (95% CI)

Adjusted Odds
Ratio (95% CI)

Sex

Male (ref) 1 1

Female 0.89 (0.84-0.95) 0.93 (0.88-0.99)

Age

15-24 years (ref) 1 1

25-34 years 0.95 (0.85-1.07) 0.86 (0.77-0.97)

35-44 years 0.99 (0.89-1.12) 0.89 (0.79-1.00)

45-54 years 1.08 (0.95-1.22) 0.99 (0.87-1.12)

55-64 years 1.28 (1.08-1.50) 1.22 (1.04-1.45)

65+ years 1.81 (1.33-2.47) 1.71 (1.25-2.35)

District

A 1 1

B 0.95 (0.86-1.04) 0.94 (0.85-1.03)

C 0.90 (0.82-0.99) 0.82 (0.75-0.91)

D 1.17 (1.07-1.23) 1.15 (1.05-1.28)

E 0.78 (0.68-0.90) 0.88 (0.77-1.02)

Year

2009 (ref) 1

2010 1.00 (0.90-1.10)

2011 0.98 (0.89-1.07)

2012 0.97 (0.88-1.06)

On ART/CPT

ART only 1 1

CPT only 1.22 (1.00-1.49) 1.28 (1.05-1.57)

Neither ART nor CPT 0.87 (0.68-1.10) 0.97 (0.76-1.24)

Both ART and CPT 0.80 (0.66-0.97) 0.75 (0.61-0.91)

CD4 results

1-200 1 1

201-350 0.56 (0.52-0.61) 0.55 (0.51-0.60)

351+ 0.46 (0.42-0.52) 0.40 (0.36-0.44)

Fig. 4 HIV treatment status of cases with unsuccessful TB treatment outcom
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on ART immediately, as CPT alone is not a strong fac-
tor for securing a successful TB treatment outcome.
This is in line with recent international and national
guidelines regarding the treatment of HIV in co-
infected patients.
In addition to ART and CPT, we found that patients

with a higher CD4 count were less likely to have an
unsuccessful TB treatment outcome c.f. [13, 15]. As with
a number of other research studies [5, 31–33], we also
found that females were less likely to have an unsuccess-
ful TB treatment outcome, although Ejeta et al. [14] did
not find a significant association between treatment
success and sex. Mukherejee et al. [33], who conducted
a retrospective record-based study between 1999 and
2005 in India, postulated that better treatment outcomes
in females may reflect biological differences in addition
to health system-related factors. A qualitative study by
Carlsson et al. [34] in Burundi reported that nurses
found women more likely to comply with TB treatment
than men as they were more emotional than men, cared
for their families and were afraid of infecting others.
To our knowledge, this is the first large scale study to

investigate unsuccessful TB treatment outcomes in the
Free State Province. The study is not only beneficial to the
Free State but also to other similar settings grappling with
improving TB treatment outcomes, particularly for co-
infected patients. In this regard, TB surveillance, through
ongoing and systematic collection, analysis, interpretation
and dissemination of information, plays a critical role in
informed decision making. As such, surveillance is one of
the five core components in the original 1994 WHO
Framework for Effective Tuberculosis Control (the WHO
DOTS strategy) [35]. More specifically, the assessment of
TB treatment outcomes and subsequent analysis of factors
associated with unsuccessful treatment outcomes is of
vital importance in monitoring the success of the TB treat-
ment programme and identifying high risk and vulnerable
populations, especially in a country such as South Africa
where both the TB and HIV epidemics are rampant.
es. ART, CPT, ART&CPT, No treatment
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Limitations
The main limitation of the study, as with other retro-
spective record reviews [7, 14, 31], was that the data
were analysed retrospectively; and in essence this meant
that it was not possible to correct any obvious errors in
the data, nor could missing data be captured. As an
existing set of routinely collected data from the ETR.net
were used, this excluded other important variables that
could have had an influence on TB treatment success of
co-infected patients. For example, socio-cultural (e.g.
stigma, cultural beliefs, education) economic (e.g. em-
ployment, occupation, income) and individual patient
(e.g. alcohol use/abuse and smoking) factors. Further-
more, key information such as the dates ART and/or
CPT commenced were not recorded nor was informa-
tion on MDR TB. As a result, this study could not
measure the effect of MDR TB as a risk factor for
unsuccessful TB treatment. MDR TB is not recorded
in the ETR.net, but in a separate MDR TB electronic
case register.

Conclusions
Unsuccessful TB treatment outcomes remained prob-
lematic in the Free State over the study period, especially
among the TB-HIV co-infected patients. Despite all co-
infected patients being eligible for ART, approximately
20% of those co-infected were not on such treatment.
The importance of TB-HIV/AIDS treatment integration
becomes evident as patients on a combination of ART
and CPT, and with a higher CD4 count are more likely
to have a successful TB outcome. The TB control
programme in the Free State is clearly faced with the
challenge of rolling out ART to all TB patients. In light
of the 90:90:90 HIV treatment strategy adopted by South
Africa (i.e. by 2020, 90% of all people living with HIV
will know their HIV status; 90% of all people with diag-
nosed HIV infection will receive sustained ART; and
90% of all people receiving antiretroviral therapy will
have viral suppression) [36], this study identified risk
groups requiring urgent programmatic attention, including
older patients and males.
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