
Risk factors for mortality in smear-negative tuberculosis
suspects: a cohort study in Harare, Zimbabwe

P. MacPherson*, M. Dimairo†, T. Bandason†, A. Zezai†, S. S. Munyati†, A. E. Butterworth†,
S. Mungofa‡, S. Rusakaniko§, K. Fielding¶, P. R. Mason†, and E. L. Corbett#
*Wellcome Trust Tropical Centre, Liverpool School of Tropical Medicine, Liverpool, UK
†Biomedical Research and Training Institute, Harare, Zimbabwe
‡Harare City Health, Harare, Zimbabwe
§University of Zimbabwe College of Health Sciences, Harare, Zimbabwe
¶Infectious Disease Epidemiology Unit, London School of Hygiene & Tropical Medicine, London,
UK
#Clinical Research Unit, London School of Hygiene & Tropical Medicine, London, UK

SUMMARY
OBJECTIVE—To investigate mortality rates and risk factors for death among smear-negative
tuberculosis (TB) suspects.

DESIGN—Cohort study nested within a cluster-randomised trial of community-based active case
finding. Smear-negative TB suspects were followed for 12 months, with home tracing where
necessary. We calculated mortality rates and used regression analysis to investigate the
relationship between clinical characteristics and death.

RESULTS—Between February 2006 and June 2007, 1195 smear-negative TB suspects were
followed for 1136.8 person-years. Human immunodeficiency virus (HIV) prevalence was 63.3%.
During follow-up, 139 participants died (11.6%) and mortality rates remained high throughout;
119 (16.5%) HIV-positive individuals and 13 (3.1%) HIV-negative individuals died (HR = 5.8,
95%CI 3.3–10.4, P < 0.001). Advanced immunosuppression was the main risk factor for death
among HIV-positive participants, with CD4 count < 50 cells/μl associated with a 13-fold
increased risk of death. Anti-retroviral treatment (ART) was initiated by only 106 (14.7%), with
long delays in accessing care.

CONCLUSION—HIV-positive smear-negative TB suspects are at high and sustained risk of
death. Current guidelines for the management of HIV-infected TB suspects are limited, and this
study adds to evidence that specific policies are required to promote earlier HIV and TB diagnosis
and reduce delays in ART initiation.
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WITH OVER 33 MILLION PEOPLE globally infected with the human immunodeficiency
virus (HIV),1 there has been an unprecedented increase in the incidence of tuberculosis (TB)
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cases.2 Sub-Saharan Africa, where over two thirds of HIV-infected people live,1 has seen
the largest increase in TB incidence,3 with 79% of the global burden of HIV-associated TB
found in the region.2 The proportion of TB diagnosed as smear-negative disease has also
increased dramatically.2

The Stop TB Strategy objective of reducing the global TB burden (prevalence and deaths)
due to TB by 50% relative to 1990 levels would result in fewer than one million people
dying of TB per year by 2015.4,5 Central to the strategy are the 3 I’s (intensified case
finding, isoniazid preventive treatment [IPT] and infection control).6,7 However, review of
current progress suggests that, in Africa, the planned reduction in mortality is unlikely to be
achieved.4,8

Of particular concern is the high mortality rates observed among people with TB-HIV co-
infection. With advancing immunosuppression, patients with TB-HIV co-infection are
increasingly likely to have smear-negative disease.9 Early antiretroviral treatment (ART) is
effective in reducing mortality among TB patients.10 However, the period of time required
to diagnose smear-negative TB can be prolonged, with multiple clinic visits and repeated
investigations that can delay initiation of ART.11,12

We have previously reported on the diagnosis of TB in a large cohort of smear-negative
suspects in Harare, Zimbabwe.11 In the present study, we report on mortality over 12
months of follow-up. The aims were to describe patterns of mortality, identify risk factors
that were associated with death, particularly in HIV-positive individuals, and make policy
recommendations to improve treatment outcomes of TB suspects.

STUDY POPULATION AND METHODS
This was a cohort study nested within a cluster-randomised trial of intensified community-
based case finding for TB.13 Participants came from 46 neighbourhood clusters in Harare
and were recruited between February 2006 and July 2007 (during the first half of the cluster-
randomised trial). The study methods have been described in detail elsewhere.11,13 In brief,
participants in the trial had access to community outreach microscopy services and
submitted two sputum smears to a mobile laboratory. Participants who were found to have
two negative sputum smears and had ongoing symptoms of cough or weight loss, night
sweats or a history of haemoptysis within the last year were invited to attend the study clinic
based within the city public hospital and were given a redeemable voucher for transport
costs to facilitate access.

Clinic assessments were made at 0, 1, 8 and 12 months, with active home tracing for
participants who did not attend follow-up visits. At each clinic assessment, participants
underwent assessment of TB symptoms and were offered HIV testing and counselling
(HTC). Participants who declined HTC were asked to consent to provide an anonymous
sample for HIV testing. At each visit, participants with TB symptoms also underwent chest
radiography (CXR) (read by the attending physician), repeat sputum smears and TB culture.
Participants diagnosed with TB were referred immediately for treatment.

A confirmed TB case was defined as a positive smear (including scanty positive) or one or
more positive cultures for Mycobacterium tuberculosis. Smear- and culture-negative TB was
defined by a clinical or radiological illness consistent with TB that did not respond to broad-
spectrum antibiotics but did respond to 1 month of anti-tuberculosis treatment, or where
treatment was started independently by an outside provider.

All participants who were HIV-positive on HTC were prescribed cotrimoxazole. Those who
met national ART criteria (CD4 count < 200 cells/μl or World Health Organization [WHO]
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Stage 4 defining condition) were referred for ART at the public clinic located in the
neighbouring building. From May 2006, CD4 counts were measured among HIV-positive
participants who underwent HTC and analysed using CyFlow® (Partec UK Ltd, Canterbury,
UK).

Statistical methods
We expressed baseline participant characteristics as proportions and compared HIV-positive
and HIV-negative participants using Fisher’s exact test and Wilcoxon rank sum tests. Time
to death was calculated as time from first clinical assessment at the study clinic to date of
death when known, or censored on date of last follow-up assessment.

Due to the small number of deaths in HIV-negative individuals, we investigated risk factors
for death in HIV-positive individuals only. We used Cox proportional hazard regression
accounting for clustering to assess associations between clinical characteristics and death.

Statistical analysis was undertaken using STATA 11.1 (Stata Corp, College Station, TX,
USA).

Ethical approval
This study was approved by the Ethics Committees of the London School of Hygiene &
Tropical Medicine, the Medical Research Council of Zimbabwe and the Biomedical
Research and Training Institute, Harare.

RESULTS
Participant characteristics

Between February 2006 and June 2007, 5731 adult participants (age ≥16 years) in the parent
cluster-randomised trial had two negative sputum smears and were invited to attend the
study clinic for further investigation. Of these, 1234 (21.5%) attended and form the starting
cohort; 39 (3.2%) were excluded from this analysis, leaving 1195 participants who
contributed 1136.8 person-years (py) of follow-up (Figure 1). Participant characteristics are
shown in Table 1.

HIV prevalence was 63.3% (95% confidence interval [CI] 60.3–66.1); among those who
tested HIV-positive, 494 (68.3%) underwent HTC and 229 (31.7%) anonymous testing.
HIV-positive participants were more likely to be male and were younger than HIV-negative
participants, but had a similar duration of TB symptoms. A greater proportion of HIV-
positive (19.1%) than HIV-negative participants (8.3%, P < 0.001) had been previously
treated for TB.

Overall, 218 (18.2%) participants were diagnosed with TB during the 12-month follow-up
period, including 182 (25.2%) HIV-positive participants, 34 (8.1%) HIV-negative
participants and two who did not undergo HIV testing.

CD4 counts were obtained in 391 (79.1% of HTC acceptors and 54.1% of all HIV-positive
patients). Among the 137 HIV-positive HTC acceptors diagnosed with TB, 105 (76.6%) had
CD4 counts measured. The overall median CD4 count was 149 cells/μl (interquartile range
[IQR] 69–255); it was 126 cells/μl (IQR 70–209) in participants diagnosed with TB. CD4
counts were <200 cells/μl in 246 of 391 (62.9%) patients and <350 cells/μl in 331/391
(84.6%).

MacPherson et al. Page 3

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2012 February 05.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Mortality during cohort follow-up
Overall, there were 139 deaths, giving a crude mortality rate of 122.3/1000 py (95%CI
104.4–144.3). Of the 139 participants who died, 119 (85.6%) were HIV-positive and 13
(9.4%) were HIV-negative, giving mortality rates of respectively 179.2 (95%CI 149.7–
214.5) and 30.7 (95%CI 17.8–52.9) per 1000 py. Seven (5.0%) deaths occurred in
participants whose HIV status was unknown.

Figure 2 shows Kaplan-Meier plots stratified by HIV status. Rates of mortality for both
HIV-positive and HIV-negative participants were relatively constant throughout the 12
months of follow-up, with mortality risk 6-fold higher in HIV-positive participants (hazard
ratio [HR] 5.8, 95%CI 3.3–10.4, P < 0.001).

When mortality rates were stratified by CD4 count, a trend towards increased risk of death
with advancing immunosuppression was shown, with participants with a CD4 count of <50
cells/μl having the highest mortality rate (483.6/1000 py, 95%CI 340.1–687.6, Figure 3).
Participants who tested positive for HIV but did not have a CD4 count measured and
participants who underwent anonymous HIV testing for study purposes had similar mortality
rates.

Risk factors for mortality in HIV-positive participants
Univariable analysis of risk factors for death among HIV-positive participants showed that
low CD4 count, a confirmed diagnosis of TB, low weight and an abnormal CXR were
associated with an increased risk of death (Table 2). Analysis of TB symptoms found that
the presence of an increasing number of TB symptoms (cough > 3 weeks, the presence of
cough productive of sputum, and chest pain and cough with an abnormal CXR) were all
associated with increased risk of death.

Participants who initiated ART during the study period were noted to be at increased risk of
death (HR 1.57, 95%CI 0.98–2.50). However, those who initiated ART had more advanced
immunosuppression, and ART initiation was likely a marker of more severe ill health: HIV-
positive participants who initiated ART and died had a median CD4 count of 31 cells/μl
(IQR 16–86), whereas those who did not initiate ART and died had a median CD4 count of
52.5 cells/μl (IQR 23–136).

In multivariable analysis, the main risk factor for death was low CD4 count, with a CD4
count of <50 cells/μl associated with a 13-fold increased risk of death (HR 12.9 95% CI
5.1–33.1, Table 2). HIV-positive participants who did not have their CD4 count measured
had a 6-fold increased risk of death compared to participants with a CD4 count of >200
cells/μl (HR 6.1, 95%CI 2.6–14.1). A positive TB diagnosis during the study was not
associated with death on multivariable analysis.

Uptake of ART
During the study period, 106 patients (14.7% of all HIV-positive participants) were started
on ART at a time when access through the public health care system was problematic.
Median time to initiation of ART was 3.0 months (IQR 1.2–7.7). The median CD4 count at
ART initiation was 72.5 cells/μl.

DISCUSSION
The main findings of this large cohort of smear-negative TB suspects were the high
mortality (11.6%) at 12 months follow-up, with the majority of deaths occurring in HIV-
positive participants. While the high risk of death in HIV-positive individuals diagnosed
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with TB is well recognised,14 prompting guidelines to recommend initiation of ART as soon
as possible and without waiting for CD4 count measurement,15 there has been little research
into the outcomes of HIV-positive TB suspects. Our findings demonstrate that TB suspects
are vulnerable to death through a complex set of factors that contribute to delayed initiation
of ART, including programme constraints, and compounded by the need to concurrently
complete TB investigations and ART initiation steps.

We found that 85% of HIV-positive TB suspects had a CD4 count of <350 cells/μl and
would qualify for ART on the basis of their advanced immunosuppression alone. CD4
counts of HIV-positive TB suspects have rarely been reported in Southern Africa. In a study
of newly diagnosed HIV-positive individuals in Ethiopia, the median CD4 count in all
participants was 181 cells/μl, and it was 110 cells/μl in those diagnosed with TB.16 In a
study from South-East Asia, 66.7% of HIV-positive, smear-negative TB suspects screened
had a CD4 count of <350 cells/μl.17 A confirmed TB diagnosis prompts immediate referral
for ART under current guidelines,18 and our data add to the evidence that this policy should
be extended to TB suspects.

As expected, we found that advanced immunosuppression was the key risk factor for death.
We had anticipated a high early mortality rate, as seen in HIV-negative TB patients and in
HIV-positive ART initiators with TB.19,20 For example, in a South African ART clinic,
HIV-positive TB suspects and individuals with confirmed HIV and TB co-infection had
high early mortality rates.20 In contrast, in this study, mortality rates remained relatively
constant during the 12-month follow-up period. If confirmed by other studies, this would
suggest that interventions are required throughout the routine care pathway, from
identification as a TB suspect to HIV testing and initiation of ART. Currently, routine
management of TB suspects in health services is suboptimal,21 with high rates of mortality22

and missed opportunities for HIV testing23 and referral for ART.24

To reduce mortality, this study highlights the importance of improving the management of
TB suspects in a number of areas (Table 3). First, we recommend that monitoring and
reporting systems for TB suspects be strengthened to include the routine measurement of
numbers of TB suspects (using a ‘cough register’ approach) and their outcomes, including
HIV test uptake, TB treatment commencement and preliminary HIV care outcomes (e.g.,
ART referral).12 This could be extended to indicate the availability and uptake of standard
and new TB diagnostics26,27 and provide a useful resource for impact and equity
evaluations.

Provider-initiated HTC is recommended for all individuals presenting to health services with
symptoms of TB.28 Recent figures show that approximately 45% of TB patients in Africa
know their HIV status.23 In addition to promoting provider-initiated HIV testing for TB
suspects, home-based HIV testing programmes (perhaps linked to TB active case finding13)
offer a feasible and acceptable approach to increase the uptake of HIV testing in the
community.29

The WHO recommends that all TB patients should be referred for ART as soon as possible,
without waiting for CD4 count measurement.18 On the basis of our findings of advanced
immunosuppression and high and sustained risk of mortality, we suggest that TB suspects
should also be referred for ART initiation without delay for CD4 count measurement
(analogous to WHO Stage 3 or 4).

Despite numerous calls for the integration of HIV and TB services, care is often still
delivered through parallel clinic systems. This means that HIV-positive TB suspects
inevitably have to register at two separate clinics to receive comprehensive care. We suggest
that HIV and TB care could be structured to allow initiation of ART from within TB clinics,
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or treatment and monitoring of TB from within ART clinics. This would ensure that TB
suspects are managed by a single clinical team, reducing unnecessary clinic and hospital
visits and allowing more rapid initiation of ART. Improvements in infection control and
delivery of IPT would be needed. Further decentralisation of ART provision from hospital to
primary health care clinics could allow delivery of combined ART and TB care in the
community.25

There are a number of limitations to this study. Although the parent study undertook
intensified case finding for TB within urban areas in Harare, this cohort relied upon re-
presention to the study clinic for further diagnostic assessment. Approximately one fifth of
the individuals screened in the community attended. It is therefore possible that the cohort
may have selected individuals who were more symptomatic or worried about their illness.
Alternatively, very unwell individuals may not have been able to return to the clinic due to
debility or death. Mortality rates could then have been either over- or underestimated,
although the higher mortality rates observed in routinely presenting TB suspects in a
separate study in Harare suggest that members of this cohort are more healthy than those
identified in clinical settings.22

Ascertainment of death was undertaken by community-based tracing of non-attenders,
including interviews with surviving relatives. However, additional information on causes of
death from postmortem examination was not available. Loss to follow-up was 14.2% in this
cohort, and previous studies of smear-positive TB patients30 and ART initiators31 who were
lost to follow-up have shown high rates of mortality.

CONCLUSIONS
Despite a similarly high prevalence of HIV and advanced immunosuppression, current
policies for TB suspects do not provide the same level of holistic care as for TB patients. To
reduce mortality, TB suspects should be included in the same series of recommendations
that have been developed for HIV-positive TB patients, and with emphasis on earlier HIV
diagnosis, more rapid initiation of ART, increased use of cotrimoxazole preventive
treatment, and increased integration of HIV and TB care. Further studies in different country
and clinical settings are required to confirm our findings of advanced immunosuppression,
prolonged risk of mortality and poor access to ART among HIV-positive TB suspects.
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Figure 1.
Cohort flow chart. TB = tuberculosis; HIV = human immunodeficiency virus.
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Figure 2.
Kaplan-Meier plot of mortality of smear-negative tuberculosis suspects stratified by HIV
status. HIV− = human immunodeficiency virus negative; HIV+ = human immunodeficiency
virus positive.
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Figure 3.
Mortality rate in HIV-positive participants stratified by CD4 count strata and HIV test.
*Participant underwent HIV testing and counselling but did not have CD4 count measured.
†Participant underwent anonymous HIV testing for study purposes and did not have CD4
count measured. HTC = HIV testing and counselling; HIV+ = human immunodeficiency
virus positive.
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Table 3

Current policy and future priority areas for integrated HIV and TB management

Current policy recommendations

• Increase TB diagnosis in high HIV-prevalence settings

Intensified case finding for TB should be regularly provided for people living with HIV, those presenting to health care settings and
those residing in congregate settings (such as mines, prisons and barracks)6

• Increase HIV testing in TB suspects and patients

Provider-initiated HTC should be offered to all symptomatic individuals attending health facilities25

• Increase uptake of cotrimoxazole preventive treatment

Cotrimoxazole preventive treatment is recommended for all HIV-positive individuals with WHO Stage 2, 3 or 4 disease, and when
CD4 cell count is <350 cells/μl16

• Increase uptake of ART in TB patients

All TB patients, regardless of CD4 cell count, should initiate ART as soon as possible16

Future priority areas for reducing mortality in TB suspects

• Extended monitoring and reporting of TB suspects

Routine recording and reporting of the number of TB suspects, their HIV test uptake, TB outcomes (treatment started yes/no) and
preliminary HIV care outcomes (on ART/referred for ART) through a ‘cough register’ approach

Reporting could be extended to indicate availability and uptake of standard and new TB diagnostics (e.g., CXR, liquid culture,
Xpert) to facilitate advocacy, equity and impact evaluation

• Increase TB diagnosis and prevention in high HIV prevalence settings

Active case finding for TB to include all community members in high TB incidence or prevalence settings

Community-based HIV testing to include screening of all participants for TB, irrespective of HIV status

Initiate IPT where possible, as soon as active TB has been excluded in HIV-infected TB suspects

• Increase HIV testing in TB suspects and patients

Community-based TB diagnosis (e.g., ACF) to provide HTC for all participants wherever possible

Strengthen provider-initiated HIV testing programmes for TB suspects, and record and report HTC uptake

• Increase uptake of ART in smear-negative TB suspects

Smear-negative TB suspects should be presumed to have advanced HIV infection (analogous to WHO Stage 3 or 4) and be referred
for expedited initiation of ART, ideally with a CD4 count unless this is not available or will introduce undue delay; this is
appropriate given the otherwise high risk of mortality and advanced immunosuppression

ART and TB treatment initiation and follow-up should be available from within the same clinic to reduce multiple care-seeking
episodes and dropout

HIV = human immunodeficiency virus; TB = tuberculosis; HTC = HIV counselling and testing; WHO = World Health Organization; ART =
antiretroviral treatment; CXR = chest X-ray; IPT = isoniazid preventive treatment; ACF = active case finding.
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