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Background. In tuberculosis (TB)-endemic countries, about half the total TB caseload remains undiagnosed within the community. The
proportion of such patients that can potentially transmit the disease has been poorly characterised, and there is insufficient data to inform
on strategies to target potentially infectious TB cases in the community.

Objective. To characterise the nature and profile of smear-positive patients diagnosed with TB in the community.

Methods. We analysed data from culture-positive TB cases in the community during the course of an intensified case finding (ICF) study.
The parent study was a randomised controlled trial comparing conventional and novel diagnostics for ICF in communities in Cape Town,
South Africa and Harare, Zimbabwe, where trained healthcare workers screened patients at transmission hotspots. The results of the parent
study are reported elsewhere.

Results. A total of 2 261 persons were screened and 875 (39%) met the criteria for diagnostic testing. A total of 53/630 (8.4%) had confirmed
tuberculosis. Smear microscopy detected 22/53 (42%) of the culture-positive patients. The specificity, positive predictive value (PPV) and negative
predictive value (NPV) for smear microscopy were 98.4%, 70.0% and 95.3%, respectively. No clinical or demographic variable predicted smear
positivity. Only decreased culture time-to-positivity was associated with smear grade (odds ratio 0.93, 95% confidence interval 0.91 - 0.96; p<0.001).
Conclusion. A considerable proportion of patients with undiagnosed TB in the community (almost half) were smear positive and hence
potentially infectious. Interestingly, neither HIV status nor symptoms identified those patients who were potentially infectious, despite

them having a higher mycobacterial burden.
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Tuberculosis (TB) remains one of the world’s most devastating infectious
diseases, with an estimated 9.6 million incident cases globally in 2014.1! A
major problem hampering control efforts and driving the TB epidemic is
the large reservoir of undiagnosed TB disease in the community, which
may comprise ~30 to 50% of the total TB burden.” Particularly in high-
burden settings, a large number of people in the community do not access
healthcare or do so late in the course of the disease, and are responsible
for ongoing disease transmission. Intensified case finding (ICF) seeks
to address this problem by screening targeted populations for active
pulmonary disease.”! Historically, households have been deemed to be a
major focus of Mycobacterium tuberculosis transmission, but molecular
epidemiological studies from sub-Saharan Africa have pointed to high
transmission risk also occurring outside the home in indoor congregate
settings such as the workplace or schools, or on public transport.*!

Much of our current understanding of the transmissibility of
pulmonary tuberculosis derives from early published reports on various
community outbreaks./'% These studies have demonstrated repeatedly
that a single variable - smear status — strongly predicts which patients
are the most contagious. Smear-positive persons expectorate 10° -
10" bacilli daily, or about 10°- 107 per millilitre (mL) of sputum, while
smear-negative sputum contains <10° bacilli per mL."!

Despite the contribution of undiagnosed TB in the community to the
destabilisation of TB control, and the importance of undetected smear-
positive cases in transmission dynamics, little is known about these
potentially infectious cases. An ICF study recently performed in the

impoverished communities of Cape Town, South Africa (SA), found the
incidence of smear-positive disease to be 36%, but the characteristics of
these patients were not described.? Because of this knowledge gap, we
set out to characterise the nature and profile of smear-positive patients
with TB, identified as part of an ICF strategy in the community.

This study was nested within a larger two-country parallel-
group randomised controlled trial comparing a routine package of
diagnostic tools (smear microscopy plus culture) with a novel one
(sputum Xpert MTB/RIF (Cepheid, USA), urine lipoarabinomannan
and culture) for ICE which is reported elsewhere. The incidence of
smear positivity and the potential implications for infectiousness and
community-based transmission of TB are described here.

Methods

Study population

The study was conducted in two southern African communities: the
Langa informal settlement, in Cape Town, SA, and the Mabvuku suburb,
in Harare, Zimbabwe. Both have high TB and HIV prevalence, a high
density of informal dwellings and high unemployment rates. The weekly
screening locations were chosen in advance and were systematically
clustered around community congregate settings or suspected
transmission ‘hot-spots’ such as shops, hostels or transit hubs. The study
vehicle was parked at these locations, and passersby were encouraged to
participate via advertising banners displayed next to the vehicle, and by
local advertising at schools, churches, supermarkets and social clubs. In
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SA, the vehicle was equipped with an awning for shelter, fold-up tables
and capability for rapid HIV testing (Determine HIV-1/2, Alere, USA;
HIV 1/2 3.0, Standard Diagnostics, South Korea) and point-of-care CD4-
count testing (PIMA, Alere, USA). The vehicle also included facilities to
securely house and operate a GeneXpert machine (Cepheid, USA) and
a small portable collapsible tent for sputum and urine acquisition. For
patients unable to spontaneously produce sufficient sputum, facilities
for sputum induction with an ultrasonic nebuliser and hypertonic saline
using a standard protocol™ were also available in the tent. In Zimbabwe,
a similar set-up was used for ICF but eligible participants were driven
to the local Mabvuku community clinic where the same diagnostic tests
were performed by a qualified technologist. Ethical approval to conduct
the study was obtained from the relevant institutional review boards of
the University of Cape Town and the University of Zimbabwe.

Study procedures

After obtaining informed consent, participants were counselled and
their HIV status confirmed by fingerprick tests using two commercially
available assays. The screening protocol asked about cough of any
duration, haemoptysis, weight loss, fever and night sweats, according
to a World Health Organization (WHO)-recommended screening
algorithm,” and enrollment depended on HIV status. We consecutively
enrolled all consenting HIV-uninfected patients aged 18 years or older
with at least one symptom of TB, but enrolled all consenting adult HIV-
infected patients regardless of symptoms. The rationale for this latter
strategy was that the ‘rule-out’ utility of the WHO screening algorithm
is suboptimal in HIV-infected persons.!"!! Patients who refused HIV
testing were screened as though they were HIV-infected. We excluded
all patients who had previously self-presented to a TB community clinic
in the last 2 months, had received treatment in the last 60 days, or who
were unwilling or unable to give informed consent. At least two spot sputa
were then obtained sequentially from each participant at recruitment,
either spontaneously or via sputum induction. One specimen, selected
arbitrarily, was sent to a reference laboratory for liquid culture for M.
tuberculosis using the BACTEC MGIT 960 system (BD, USA)."* The other
was used for either smear microscopy or Xpert MTB/RIFE, according to
assignment in the parent study. If possible, additional sputum specimens
were collected for later analysis. We tested stored sputa of culture-positive
patients for smear positivity in patients randomised to Xpert MTB/RIF in
the parent study, at the end of the study.

Statistical analysis

Sputum culture positivity for M. tuberculosis complex was the diagnostic
reference standard. Participants with contaminated cultures were excluded.
We used x* and Fisher'’s exact test for comparisons between proportions. The
Wilcoxon rank-sum test was used to compare non-parametric measures
e.g. time to culture positivity. We also conducted a multivariable regression
analysis of predictors of culture positivity, smear positivity and smear grade.

Results

Study population

Between October 2013 and April 2015, 2 261 people were screened and
875 patients with suspected pulmonary TB were enrolled. A total of 646
had a valid smear microscopy result (Fig. 1). Overall, 16 were excluded
from the primary analysis, of whom 13 had contaminated cultures and
3 were unable to produce additional sputum samples for culture.

Characteristics of culture-positive patients

Fifty-three participants (8.4%) had a positive sputum culture for M.
tuberculosis. The median (interquartile range (IQR)) age in patients with
culture-positive TB was slightly lower (36 (29 - 42) v. 39 (31 - 48) years;
p=0.0377), and the median CD4 count significantly lower (185 (79 - 363)
v. 306 (163 - 515) cells/mm?; p=0.0033), than in those participants who
were culture negative (Table 1). The median number of WHO screening
algorithm symptoms observed per patient with culture-positive TB was
3 (2 - 4). The association between the duration of each symptom and
either culture or smear positivity was not explored as this information was
not recorded. Despite the screening protocol including all HIV-infected
patients regardless of symptoms, <1% of HIV-positive participants were
completely asymptomatic and none of the culture-positive patients were
asymptomatic. There was also no difference in the median number of
symptoms in patients with and without TB (3 (2 - 4) v. 3 (2 - 4); p=0.1946).
The most frequent symptom was cough of more than 2 weeks, which had
the highest sensitivity of the WHO symptoms for a positive TB culture
but the lowest specificity (95.9% and 4.6%, respectively; data reported in
parent study). Each symptom either alone or in combination had poor
discriminant ability for culture-positive disease.

Characteristics of smear-positive patients

The characteristics of smear-positive and smear-negative patients
are shown in Table 2. The only significant difference was that night
sweats were more common in the smear-negative patients (97 v.
68%, p=0.004). Unsurprisingly, smear-positive patients had higher
mycobacterial load, as measured by a shorter median culture time (in
days) to positivity (8 (2 - 11) v. 24 (15 - 30); p<0.0001).

Diagnostic accuracy

Smear microscopy detected 22/53 (42%) of the culture-positive
patients. The specificity, positive predictive value (PPV) and negative
predictive value (NPV) for smear microscopy were 98.8, 75.9 and
94.8% overall (Table 3). There was no difference in sensitivity of smear
microscopy in HIV-infected v. HIV-uninfected participants (A% (95%
C122.9 - 57.7%) v. 45.0%, (23.1 - 68.5%); p=0.06881).

Predictors of smear positivity and smear grade

In a multivariable analysis, no clinical or demographic variable predicted
smear positivity. Only decreased time-to-positivity was associated with
smear grade (odds ratio (OR) 0.93, 95% CI 0.91 - 0.96; p<0.001) (Fig. 2).
Each symptom either alone or in combination had poor discriminant
ability for smear-positive disease (Table 4). A symptom screen positive
for all four WHO TB symptoms had the highest area under receiver
operator curve (AUROC) characteristics, but a very low sensitivity
(0.55,95% CI 0.46 - 0.64; 37.9%, 95% CI 20.7 - 57.7%, respectively).

Discussion

We conducted a study to investigate novel strategies for detecting TB
using community-based ICF in which we were able to study smear-
positive (and thus potentially infectious) cases among participants with
culture-proven TB. Our key findings were: (i) a considerable proportion
of patients with undiagnosed TB in the community (42%) were smear
positive, and hence potentially infectious; (ii) despite previous reports
from primary care clinics suggesting a significant rate of subclinical
disease, all cases of HIV-associated TB were symptomatic; (iii) no
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2 261 participants screened

875 participants with possible TB

l

646 patients with smear microscopy result 202 patients with Xpert result only

| }

616 smear negative:

+ 31 culture positive

+ 570 culture negative

« 13 cultures contaminated
+ 2 cultures not done

30 smear positive:
» 22 culture positive
+ 7 culture negative
+ 1 culture not done

Fig. 1. CONSORT study diagram. *Patients temporarily visiting area of screening site but living elsewhere in the country and therefore
unable to be followed up. **Patients unable to consent (impaired/underage) or withdrawing consent. "Patients previously self-presenting
to a TB community clinic in the last 60 days, or who had received treatment in the last 60 days. ""Received test from the wrong diagnostics

arm in error.

Table 1. Baseline characteristics of all patients receiving smear microscopy

Culture negative* Culture positive
Total (N=646) (n=557) (n=53) p-value
Demographics
Age (years), median (IQR) 39 (31 - 48) 39 (31 - 48) 36 (29 - 42) 0.0377
Males, 1 (%) 285 (44) 249 (43) 26 (49) 0.4070
HIV indices
HIV status, n (%)
Negative 307 (48) 279 (48) 20 (38) 0.0856
Positive 329 (51) 290 (50) 32 (60) 0.2467
Refused 4(1) 4(1) 0 (0) 0.5359
Not done 4(1) 4(1) 1(2) 0.3672
CD4 count (cells/mm?), median (IQR) 289 (148 - 500) 306 (163 - 515) 185 (79 - 363) 0.0033
ART use (if HIV +ve), n (%) 144/376 (38) 130/334 (39) 11/34 (32) 0.5634
Duration of ART use (years), median (IQR) 2.90 (1.21 - 5.15) 298 (1.16 - 5.73)  2.23(1.32 - 4.53) 0.6149
Symptoms
Cough of any duration, n (%) 608 (94) 545 (95) 50 (94) 0.9720
Weight loss, 1 (%) 489 (76) 432 (75) 44 (83) 0.1860
Fever, 1 (%) 282 (44) 254 (44) 23 (43) 0.9300
Night sweats, 7 (%) 482 (75) 421 (73) 45 (85) 0.0580
Number of WHO screening symptoms, median (IQR) 3 (2 - 4) 3(2-4) 3(2-4) 0.1936

ART = antiretroviral treatment; ATT = antituberculous treatment.
*Excluding contaminated cultures or cultures not done.
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demographic variable (including HIV infection) or clinical symptom
reliably identified participants at risk of smear-positive disease; and (iv)
despite a clear relationship between smear grade and mycobacterial load

Smear grade

1+

Scanty

0 10 20 30 40 50

Culture time-to-positivity (days)

Fig. 2. Correlation with smear grade and culture time-to-positivity.

(as measured by time-to-positivity), no demographic or clinical variable
was associated with worsening smear grade.

Our study demonstrates the staggering burden of undiagnosed TB
in the community in high-burden settings in sub-Saharan Africa. The
prevalence of culture-positive TB among all participants presenting
for screening was 3.27%. This is considerably higher than the median
of 0.8% reported from population-based surveys from sub-Saharan
Africa.l" This may be explained by the high prevalence hotspots that
were targeted in our study, with poor infrastructure and high rates of
poverty, and the high prevalence of both HIV infection and symptoms
of pulmonary tuberculosis in our participants. Furthermore, our
findings are within the range of widely varying TB prevalence across
eight studies (0.02 to 3.5%) depending on the incidence of HIV,
burden of TB, and whether all HIV-infected persons or only those
with symptoms were screened.

The prevalence of smear-positive disease in our study was also high,
approximating that seen in studies of symptomatic patients seeking
care at primary health clinics for TB-related symptoms,"'” or in patients
investigated for TB symptoms in hospital.l'¥ The consequences for

Table 2. Baseline characteristics of patients by smear status among TB cases

Smear negative

Smear positive

Total (N=53) (n=31) (n=22) p-value

Demographics

Age (years), median (IQR) 36 (29 - 42) 36 (31 - 42) 36 (27 - 44) 0.8637

Males, 7 (%) 26 (49) 13 (42) 13 (59) 0.2180
HIV status, n (%)

Negative 20 (38) 11 (35) 9 (41) 0.6881

Positive 32 (60) 20 (66) 12 (55) 0.4646

Refused 1(2) 0 (0) 1(5) 0.2308
CD4 count, cells/mm?, median (IQR) 185 (79 - 363) 190 (107 - 372) 180 (52 - 289) 0.4910
ART use (if HIV +ve), n (%) 11/32 (34) 8/20 (40) 3/12 (25) 0.3870
Duration of ART use (years), median (IQR) 22.3(1.32-4.53) 2.22(1.21-2.98) 4.53(1.32-4.57) 0.4142
Symptoms

Cough of any duration, n (%) 50 (94) 28 (90) 22 (100) 0.1330

Weight loss, 7 (%) 44 (83) 25 (81) 19 (86) 0.5850

Fever, n (%) 23 (43) 11 (35) 12 (55) 0.1680

Night sweats, 7 (%) 45 (85) 30 (97) 15 (68) 0.0040

Number of WHO screening symptoms, median (IQR) 3 (2 - 4) 3(2-4) 3(2-4) 0.7166
Measures of infectivity

Time-to-positivity (days), median (IQR) 15 (8 - 28) 24 (15 - 30) 8(2-11) <0.0001

Table 3. Diagnostic accuracy of smear microscopy, paired culture positive (excluding contaminated/unpaired cultures or cultures

not done)
Test performance, n (%, 95% CI)
Sensitivity Specificity PPV NPV
All patients 22/53 (41.5, 28.1 - 55.9) 570/577 (98.8, 97.5 - 99.5) 22/29 (75.9, 56.5 - 89.7) 570/601 (94.8, 92.8 - 96.5)
HIV uninfected 9/20 (45.0, 23.1 - 68.5) 281/283(99.3,97.5-99.9) 9/11 (81.8,48.2-97.7) 281/292 (96.2,93.4 - 98.1)
HIV infected 13/33 (39.4, 22.9 - 57.7) 289/294 (99.3,97.5-99.9) 13/18 (72.2, 46.5 - 90.3) 209/221 (93.5, 90.2 - 96.0)
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transmission dynamics in these high burden settings is considerable:
it is estimated that an infectious, smear-positive case is responsible
for 15 - 20 transmission events per year!>?! and a strategy that could
identify and treat these individuals in 28 days or less could be estimated
to avert 1 - 2 transmission events per infectious case. The importance of
ICF as a strategy for TB control in these communities is underscored.

Although we have focused on smear-positive disease, smear-negative
cases, although less infectious than their smear-positive counterparts, are
still responsible for between 17 - 20% of all TB transmission,?"?? and
these patients comprised 58% of our cohort. Smear-negative cases (if
undetected) eventually become smear-positive ones, and any ICF strategy
should consider novel tools (such as Xpert) that allow early detection, as
this is likely to have important downstream effects on transmission too.

The WHO advocates a simple ‘rule-out’ screening algorithm for TB in
resource-limited settings whereby the absence of cough, fever, weight loss
and night sweats portends a low probability of TB, but the sensitivity of this
approach has been shown to be suboptimal in HIV-infected individuals.'
For example, a study from Durban, SA, found that up to 22% of patients
screened with sputum cultures prior to entering an ART programme had
asymptomatic or subclinical TB.?*! However, despite modifying our screening
protocol to include all HIV-infected patients regardless of symptoms, we did
not find any subclinical or asymptomatic TB among HIV-infected patients
participating in our study. This finding is likely to be influenced in part by
a selection bias, as HIV-positive individuals in the community were not
screened in a systematic way. Overall, participants identified by this study
were highly symptomatic, with a median number of three WHO symptoms
reported. The symptom screen had poor discriminant ability for both TB
disease and smear positivity. The social, logistical and behavioural reasons
for why these highly symptomatic individuals do not access healthcare or
do so late in the course of the disease, despite the local availability of TB and
HIV services, require urgent further study, and would seem to contradict the
findings of a previous case-finding study, also attached to a mobile testing
service and conducted in Cape Town, which found that 44% of HIV-infected
patients were asymptomatic.!'?

There were several limitations to our study. Firstly, although we focused
on smear positivity, there were several other unmeasured patient factors

that may impact infectiousness. Recent cough aerosol experiments have
shown that the characteristics of the bioaerosol produced in patients
with pulmonary TB (particle quantity and size) may be just as important
as measures of mycobacterial load as smear grade or culture time-to-
positivity.?!! The collection of cough aerosol was beyond the scope of the
study. We also did not perform chest X-rays as part of our ICF strategy.
Cavitary disease, smear positivity and bacillary burden are known to be
highly correlated,”?”) and radiological features may have outperformed
clinical predictors of smear positivity. However, chest radiology was not
included in our ICF algorithm in the parent study, by design: the necessity
of transporting patients to an additional healthcare facility would have
diluted the value of point-of-contact diagnosis, and would have affected
both the cost and complexity of the ICF strategy. In addition, we only
collected a single sputum specimen for smear microscopy on each patient.
The collection of additional specimens is associated with incremental
yield, and so the true proportion of smear-positive cases in this study has
almost certainly been underestimated. Lastly, extrapulmonary samples
were not routinely collected, so the number of TB cases in this study
may also be an underestimate. However, this is less relevant to this study,
as patients with extrapulmonary TB are less likely to contribute to the
infectious pool targeted by ICE

Conclusion

Almost half of patients with TB in the community detected by an ICF
strategy were smear positive and hence potentially infectious. Neither HIV
status nor symptoms identified those patients who were smear positive
despite them having a higher mycobacterial burden. Further research
is required to understand the epidemiology, behaviour and biology of
symptomatic patients who fail to seek healthcare, or who do so late in
the course of their disease, and what factors might identify potentially
infectious patients so that limited resources can be appropriately targeted.

Role of the funding source. The funders of the study had no role in study
design, data collection, data analysis, data interpretation or writing of the
report. The corresponding author had full access to all the data in the study
and had final responsibility for the decision to submit for publication.

Table 4. Diagnostic accuracy of WHO symptom screen for smear-positive TB

Test performance, 1 (%, 95% CI)

Sensitivity Specificity PPV NPV AUROC
Cough of any duration 28/29 34/601 28/595 34/35 0.51
(96.6,822-999)  (5.7,3.8 - 7.8) (4.7,3.1-6.7) (97.1, 85.1 - 99.9) (0.48 - 0.55)
Weight loss 26/29 151/601 26/476 151/154 0.57
(89.7,72.6 - 97.8) (25.1,21.7-28.8) (5.5,3.6-7.9) (98.1,94.4-99.6) (0.51-0.63)
Fever 14/29 338/601 14/277 393/429 0.52
(48.3,29.4 - 67.5) (56.2,52.2-60.2) (5.1,2.8-8.3) (95.8,93.1-97.6) (0.43-0.62)
Night sweats 18/29 153/601 18/466 153/164 0.44
(62.1,42.3-79.3) (25.5,22.0-29.1) (3.9,2.3 - 6.0) (93.3,88.3-96.6) (0.35-0.53)
Night sweats plus weight loss 17/29 242/601 17/376 242/254 0.49
(58.6,38.9 - 76.5) (40.3,36.3 - 44.3) (4.5,2.7-7.1) (95.3,91.9 - 97.5) (0.40 - 0.59)
All four WHO screening symptoms ~ 11/29 430/601 11/171 430/448 0.55
(37.8,20.7 - 57.7) (71.5,67.8-75.1) (6.0, 3.1 -10.6) (96.0,93.7 - 97.6) (0.46 - 0.64)
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