1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny Yd-HIN

> % NIH Public Access
éf}}‘ Author Manuscript

2 Hepst

NATTG,

O

Published in final edited form as:
Int J Tuberc Lung Dis. 2013 August ; 17(8): 1014-1022. doi:10.5588/ijtld.13.0032.

Impact of HIV and CD4 count on tuberculosis diagnosis:
analysis of citywide data from Cape Town, South Africa

Rishi K. Guptal, Stephen D. Lawn!:2, Linda-Gail Bekker!, Judy Caldwell3, Richard Kaplanl,
and Robin Wood?

1Desmond Tutu HIV Centre, Institute of Infectious Diseases and Molecular Medicine, University of
Cape Town Faculty of Health Sciences, Cape Town, South Africa

2Department of Clinical Research, Faculty of Infectious and Tropical Diseases, London School of
Hygiene and Tropical Medicine, London, United Kingdom

3City of Cape Town Department of Health, Cape Town, South Africa

Abstract

Background—The impact of HIV-infection and CD4 count on diagnosis of tuberculosis (TB) at
a population level is incompletely defined.

Objective—To determine how HIV-infection and CD4 count affect disease site, sputum smear
status and overall rate of laboratory confirmation (sputum smear microscopy or culture) of TB
cases under routine programme conditions.

Design—Retrospective analysis of the 2009 electronic TB register for Cape Town, South Africa.

Results—Of 29,478 TB cases notified in 2009, HIV-status was known in 25,744 (87.3%) of
cases of which 13,237 (51.4%) were HIV-positive. Of these, 61.2% had CD4 cell counts <200
cells/uL, 82.7% had counts <350 cells/pL. Laboratory confirmation of TB (by smear or culture)
was obtained less frequently in HIV-infected than HIV-uninfected adult cases (53.9% versus
74.3%; P<0.001). HIV-infection was associated with higher proportions of sputum smear-negative
and extrapulmonary TB and lower grades of sputum smear-positivity even among those with CD4
counts = 500 cells/pL. However, the relationship between the proportion of cases testing smear-
positive and CD4 count was non-linear.

Conclusion—Much TB lacks laboratory confirmation in this setting despite good laboratory
services. HIV-associated TB is more difficult to diagnose even at high CD4 cell counts >500
cells/uL, suggesting an early impact after HIV-sero-conversion.
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INTRODUCTION

The HIV epidemic has had a devastating impact on tuberculosis (TB) control in sub-Saharan
Africa, which currently accounts for 79% of the global burden of HIV-associated TB. This
is one of the key factors why sub-Saharan Africa is not on track to attain the key STOP TB
Partnership goals of halving the 1990 TB prevalence and mortality rates by 2015. South
Africa has the highest burden of any country in the region, with TB developing in
approximately 1% of the population each year.} Although a total of 343,715 cases were
notified nationally in 2011, this is only 69% of the estimated total burden of disease.
Moreover, of new notified cases, only 47% tested sputum smear-positive, and these
represented just one third of total estimated cases.! Thus, TB case ascertainment remains a
formidable challenge, even in this country that is relatively well resourced with laboratory
services compared to much of the rest of Africa.

HIV-coinfection is well recognised to render TB more difficult to diagnose.2* To estimate
the potential impact of the implementation of new diagnostic tools such as the Xpert
MTB/RIF assay in the region, examination of the impact of HIV on TB diagnosis at a
population level in sub-Saharan Africa would be helpful. However, for many years this has
been hindered by low rates of HIV testing among TB patients, inevitably leading to patient
selection and potential for bias in small cross-sectional studies. We have previously reported
on 29,478 TB natifications in 2009 in the South African city of Cape Town, which has a
population of approximately 3.5 million people and in 2008 had an HIV prevalence of
17.9% among antenatal women aged 15-49 years.® The high rate of HIV testing (87%)
among notified TB cases permitted us to examine the impact of HIV status on TB diagnosis
using data from the city’s electronic TB register. Here we report on the population-level
impact of HIV-infection and declining CD4 counts on the site of TB disease, sputum smear
status and the overall rate of laboratory confirmation by smear or culture.

METHODS

Data sources

Anonymised data were obtained from the Cape Town electronic TB register for the full
calendar year of 2009. This is a computerised database collating all data from district TB
registers. Notifications were recorded in the register as per national guidelines.® TB cases
‘transferred in’ from outside Cape Town were excluded. Smear and culture results were
recorded in the register, along with use of chest radiographs, tuberculin skin tests (in
children) and lymph node aspirates or biopsies. Since this analysis was based on population-
level anonymised notification data, ethical review and informed consent were not obtained.

Microbiological investigations

Microbiological investigations for TB were routinely done by the centralised National
Health Laboratory Service (NHLS), which participates in a mycobacteriology external
quality assurance programme. South African policy was to use sputum smear as the first-line
investigation for pulmonary TB and to use culture in addition for retreatment cases,
suspected drug-resistance and smear-negative disease.® Positive smears were graded as
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‘scanty’ in the presence of 1-9 acid-fast bacilli (AFB) per 100 oil immersion fields, ‘1+’
with 10-99 AFB per 100 immersion fields, 2+ with 1-10 AFB per 1 immersion field, and
3+’ with >10 AFB per immersion field.

Study Definitions

A ‘new’ case was defined as a patient who had never received treatment for TB or who had
taken anti-tuberculosis therapy for <4 weeks. A ‘retreatment’ case was defined as any
patient who had previously received TB treatment for >4 weeks. Disease site was recorded
according to ICD-10 classification codes and classified as ‘pulmonary’, ‘extra-pulmonary’,
or ‘both’.

‘Smear-positive’ TB was defined as a case with = 1 documented positive smear. ‘Smear-
negative’ TB was defined as a case with no positive smear and = 1 documented negative
smears (note: the national TB programme requires 2 negative smears for this definition)®.
‘Smear-negative, culture-positive’ TB was defined as a case with no positive smear, > 1
negative smears and = 1 positive cultures. The highest documented bacillary grading
observed was recorded for each smear-positive case. HIV status was defined by serology as
positive, negative or unknown. Adults were defined as aged = 15 years.

Statistical analysis

RESULTS

Simple descriptive statistics were used, with the Wilcoxon rank sum test, chi-squared test
and chi-squared test-for-trend used when appropriate, and 95% confidence intervals were
calculated using the binomial exact method. Data were analysed using Stata version 11.0
(College Station, Texas, USA).

Characteristics of cases

HIV status

Having excluded cases who were transferred in during treatment (n=1615), a total of 29,478
cases of TB were notified and were eligible for inclusion in this analysis. The median age
was 32 years; a majority (67%) of cases were aged 15-44 years and 13.5% were children
(Table 1). Pulmonary TB (PTB) was reported in 87.4% of cases and 16.1% were classified
as having extra-pulmonary TB (EPTB) with or without concomitant PTB. A wide range of
forms of EPTB were reported, but pleural disease accounted for almost half of these (Table
1). Retreatment cases accounted for 26.4% of notifications.

HIV-status was known for 87.3% of cases and, of these, 51.4% tested HIV-positive. Cases
of HIV-associated TB were observed across all age categories (Table 1), but adults aged 20—
49 years accounted for 87.7% of these. A majority of total TB cases were male. However, of
HIV-associated cases, more than half were female. EPTB was much more frequent in HIV-
infected cases (23.8% vs. 9.4%; p<0.001) and much of this difference was due to the higher
proportion of miliary disease in those with HIV-coinfection (15.3% vs. 4.8% of those with
EPTB; p<0.001).
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CD4 cell counts of HIV-infected cases

CD4 counts were available for 89.3% of HIV-infected cases (median, 153 cells/uL; inter-
quartile range (IQR) 70-282). Figure 1 reveals that although patients with HIV-associated
TB had a wide spectrum of CD4 cell counts, the distribution was highly skewed; 61.2% of
cases had a CD4 count <200 cells/uL, 21.5% had counts of 200-349 cells/uL, 9.8% had
counts of 350-499 cells/uL and 7.5% had counts = 500 cells/uL. Table 2 shows the
characteristics of HIV-infected adults and adolescents stratified by CD4 count. Compared to
those in higher CD4 count strata, those in lower strata were more likely to be male, less
likely to be retreatment cases and a greater proportion had extrapulmonary (especially
miliary) disease.

PTB and EPTB

EPTB was more frequent in cases with lower CD4 counts and was three-fold more common
in those with CD4 cell counts <50 cells/uL compared to those who were HIV-uninfected
(28.3% versus 9.4%; p<0.001) (Figure 2). Even in HIV-infected cases in the highest CD4
count stratum (=500 cells/pL), extrapulmonary involvement was also more frequent (15.7%
versus 9.4%; p<0.001).

Investigations

Of adults with PTB, sputum smear microscopy and culture were done in 94.5% and 43.3%
of cases, respectively, whereas the corresponding proportions in children were 13.2% and
3.8%. Culture was done more frequently in cases of retreatment disease compared to new
disease (66.5% versus 24.5%; p<0.001) and smear-negative cases (58.8% versus 35.1%;
p<0.001), reflecting national policy. Of cases for which smear microscopy was done, = 2
samples were tested in 96.1% whereas culture was requested on a single sample in most
(97.5%). Chest radiographs were done in 28.4% of cases (30.3% of HIV-infected cases
versus 27% in HIV-uninfected cases) and lymph node aspirations or biopsies were
performed in just 1.6% of all cases. Tuberculin skin tests were performed in 26.7% of cases
in children <5 years (14.1% of HIV-infected versus 31.9% of HIV-uninfected children).

Laboratory confirmation by positive smear or culture was obtained in 56.0% of all
notifications. However, this proportion was substantially lower for HIV-infected cases
compared to uninfected cases in adults (53.9% versus 74.3%; p<0.001) (Figure 3). This
difference was largely attributable to laboratory confirmation of PTB cases (62.9% versus
80.4%, respectively; p<0.001) rather than extrapulmonary disease (12.9% versus 10.3%,
respectively; p=0.052). EPTB was laboratory confirmed in 11.8% of cases overall. TB
diagnoses were laboratory confirmed in only 2.0% of cases in children <10 years (Figure 3).
The high proportion of cases lacking laboratory confirmation among those with unknown
HIV status was largely attributable to disease in children (Table 1).

Sputum smear microscopy

In adult cases of PTB, the proportion testing sputum smear-positive was substantially lower
in HIV-infected than HIV-uninfected cases (43.9% vs. 69.9%; p<0.001). This proportion
varied by CD4 cell count (Figure 4a), but it was striking that even in the highest CD4 count
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stratum (=500 cells/pL), the proportion was much lower than in HIV-uninfected cases
(48.6% versus 69.9%; p<0.001). The relationship between the proportion testing sputum
smear positive and CD4 cell count was not linear. As CD4 cell counts declined from 500
cells/uL to <50 cells/uL, the smear-positive proportion initially decreased but then increased
in the very lowest CD4 count strata (Figure 4a; p<0.001 for trend). This analysis was
repeated restricted to patients with culture-confirmed TB and the same pattern was observed
(Figure 4b).

Of sputum samples from adults with smear-positive PTB cases and HIV-coinfection, a
smaller proportion were graded as ‘3+’ (48.8% versus 61.1%; p<0.001) and a larger
proportion were graded as ‘1+’ (27.9% versus 19.1%; p<0.001) compared to samples from
HIV-uninfected patients. Furthermore, among HIV-infected cases, lower CD4 counts were
associated with lower smear grades (p<0.001 for trend) (Figure 5).

Time from investigation to treatment

Median times from microbiology sample collection to TB treatment initiation was 7 days
(IQR 3-11) in smear-positive cases and 24 days (IQR 3-42) in those with smear-negative,
culture-positive disease. The time from first contact with health care services to diagnosis of
smear-negative cases, however, was not known.

DISCUSSION

In this study, we report on the diagnosis of 29,478 cases of TB notified in just one year from
a single city in South Africa - a country that is among the worst affected by the global TB
and HIV epidemics. High rates of HIV testing and CD4 cell count measurement allowed us
to examine how TB diagnosis varies according to these parameters at a population level.
Key findings were that the CD4 count distribution among HIV-infected patients was
markedly skewed, with a majority of cases having CD4 cell counts <200 cells/uL. HIV
coinfection and lower CD4 cell counts were associated with lower rates of laboratory
confirmed disease, a higher proportion of EPTB and lower sputum smear grades even
among those with the highest CD4 cell counts. However, decreasing CD4 cell counts were
not associated with a linear decline in the proportion of pulmonary cases testing sputum
smear-positive.

Although HIV coinfection is well recognized to be associated with higher proportions of
smear-negative PTB and EPTB compared to HIV-uninfected cases,”10 this study
demonstrated that these patterns are seen across all CD4 strata, even in those with CD4
counts = 500 cells/uL. This may reflect the profound impact that HIV sero-conversion has
on host anti-mycobacterial immune responses.}1-13 |n smear-positive PTB cases in HIV-
infected patients, bacillary grading decreased in a linear fashion with declining CD4 count,
supporting the findings of previous studies.141> A potential underlying mechanism is that
waning immunity is associated with reduced pulmonary immunopathology1:16 with
consequent liberation of lower concentrations of bacilli into the airways.

When smears were classified simply as positive or negative, it might have been anticipated
that the proportion testing smear-positive would also decrease in a simple linear fashion with
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declining CD4 cell count. However, this was not observed. Instead, the overall decrease in
the smear-positive proportion with declining CD4 count was small and non-linear and
increased in the very lowest CD4 count strata. This pattern was clearly evident regardless of
whether all PTB cases were considered or whether analysis was restricted to culture-positive
cases only (Fig. 4a and b). This has not previously been observed and this may be because
we studied a large number of unselected cases and since we were able to use a fine
resolution of CD4 strata. We suggest that overwhelming total bacillary burden within
pulmonary tissues and possibly the high frequency of miliary disease (Table 2) might
contribute to smear positivity in patients with CD4 cell counts <100 cells/uL. This would be
entirely consistent with data from post-mortem studies!’19 and recent evaluations of new
TB diagnostic assays conducted in Cape Town in which bacillary load and the sensitivity of
the Xpert MTB/RIF test on sputum was observed to substantially increase in patients within
the very lowest CD4 count strata.20-22 Further data are required to confirm this observation
and underlying mechanisms.

Patients with HIV-associated TB typically had very low CD4 cell counts. This highly
skewed CD4 count distribution reflects the huge increases in TB risk at lower CD4 cell
counts in this setting?3 and the fact that TB is one of the most common reasons for initial
presentation to health care services for patients with advanced immunodeficiency in Cape
Town. This distribution may also reflect the potent TB preventive effect of ART mediated
by increases in CD4 cell counts.?4:25 Moreover, these data suggest that much of this disease
might be prevented by wide coverage of ART started at much higher baseline CD4 cell
counts.26

Cape Town is a city with more resources than the vast majority of settings in sub-Saharan
Africa. However, despite the availability of culture, it was only performed in 58.8% of
smear-negative TB cases. The large proportion of microbiologically unconfirmed TB cases
may include some with other pathologies that were misdiagnosed and inappropriately
treated. As culture results often take several weeks, a major disincentive to performing
culture in smear-negative cases may be that results are too slow to influence clinical
decisions, particularly in the most unwell patients. A median of 7 days elapsed between
obtaining sputum samples and starting TB treatment in those with smear-positive disease.
This highlights a need for sensitive diagnostics that yield produce rapid results preferably at
the point-of-care to maximise impact on clinical decision-making.2’

Rapid progress has been made recently in developing new TB diagnostics.28 The most
promising is the Xpert MTB/RIF assay2® and national implementation of this assay in South
Africa started in 2011. In addition to diagnosing almost all smear-positive cases, it allows
prompt diagnosis of a substantial proportion of smear-negative cases, reducing treatment
delays.30 Furthermore, a negative Xpert MTB/RIF result may encourage clinicians to
consider alternative diagnoses earlier in the clinical course, reducing risk of misdiagnosis.
However, early reports of national implementation suggest that the anticipated increase in
TB case finding may not be as great as hoped as introduction of the assay may simply
increase the proportion of cases with laboratory confirmation but which may have been
treated empirically anyway.3! Studies of the clinical and programmatic impact of Xpert
MTB/RIF assay roll-out in South Africa are awaited. Another promising new diagnostic is a
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point-of-care urine antigen test for lipoarabinomannan (LAM)21:32 for which utility is
restricted to patients with known HIV infection, low CD4 cell counts (<200 cells/uL) and
the worst prognosis.32-344 The present study highlights that a substantial proportion of the
HIV-associated TB cases have CD4 cell counts <200 cells/uL in whom this assay is useful..

TB in children <10 years accounted for 12% of all cases, of which only 5.6% had
microbiological samples collected, and only 2.0% had laboratory confirmation. Low rates of
HIV-testing in children meant that we were unable to assess the impact of HIV on TB
diagnosis in this age group. However, these data illustrate the extraordinary challenge of
paediatric TB diagnosis, which not only requires new high sensitivity diagnostic assays but
there is also a critical need for new means of obtaining appropriate clinical samples.3®

Strengths of this study include the analysis of a very large number of unselected TB
notifications on a city-wide basis. The high rate of HIV testing and CD4 count assessment
allowed careful assessment of the impact of these parameters on TB diagnosis among very
large numbers of unselected cases. A weakness of this study is that the diagnosis of TB was
not confirmed by culture for all cases, the burden of undiagnosed TB is not known, a
proportion of cases may be misdiagnoses and reliable data on the ART status of HIV-
infected patients was not available. Furthermore, routine notification data were used, making
it subject to the quality of data collection and input. Finally, ascertainment of EPTB is likely
to have been incomplete due to the much greater difficulty of diagnosis compared to PTB.

In conclusion, this study highlights the challenges of TB diagnosis in southern Africa even
in a city that has very good laboratory infrastructure. Much treated disease lacks laboratory
confirmation, especially among those with HIV coinfection and even at high CD4 cell
counts. These data provide an important baseline assessment prior to the national scale-up of
the Xpert MTB/RIF assay in South Africa. Subsequent studies must document the impact of
scale-up but ongoing efforts must be made to develop a simple, low-cost, accurate assay that
can be used at the point-of-care and be readily implemented and scaled-up.
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Figure 1.

Bar chart showing notifications of HIV-associated tuberculosis (TB) stratified by CD4 count
and disease site (Footnotes: PTB = pulmonary TB; EPTB = extra-pulmonary TB).

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2014 April 17.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Guptaet al. Page 11

WPTB [PTB+EPTB [IEPTB

100% '
1

1

90% - \
1

1

80% 1
1

1

70% - 1
1

1

60% - :
1

1

50% - .
1

1

40% .
1

1

30% - 1
1

1

20% 1
1

1

10% - !
1

1

0% ‘ ‘ ‘ ‘ i
1

Percentage of Notifications

<50 50-99 100-149 150-199 200-349 350-499 2500 (n=12,507)
(n=2,123) (n=1,965) (n=1,721) (n=1,426) (n=2,535) (n=1,163) (n=883)
\ CD4 (cells / pl) /
HIV+ HIV-

Figure 2.
Bar chart showing the proportions of pulmonary tuberculosis (PTB) and extrapulmonary

tuberculosis (EPTB) stratified by HIV status and CD4 cell count.

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2014 April 17.



Page 12

Gupta et al.

Figure 3a

[ No Lab Confirmation

[ Smear - Culture +

W Smear +

S9<

%9 0309

6S 03155

¥5030S

6% 03 St

¥ 0101

O No Lab Confirmation

6€ 03 GE

Age

v€ 010€

6C 035C

[ Smear - Culture +

203107

6T 03GT

W Smear +

¥1010T

601G

79 03109

6S 0155

¥5 0308

67 01 S

v 0107

6€ 01 GE

Age

¥€ 03 0€
62 01 5C
¥z 010C
6T 03T
YT 0101

7010

v010

3500 4

3500 -
3000 A
2500 4
2000 A

SUOIIEIYIION

NIH-PA Author Manuscript

1500 -

1000 -

500 -

0

Figure 3b

NIH-PA Author Manuscript

3000 -

2500 -

2000 -
1500
1000
500

suonesynoN

NIH-PA Author Manuscript

Figure 3.

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2014 April 17.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Gupta et al.

Page 13

Bar charts showing absolute numbers of all tuberculosis (TB) notifications stratified by age
and laboratory confirmation (by smear or culture) in (a) HIV-infected and (b) HIV-
uninfected cases.
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Figure 4.

Bar charts showing the proportions (95%Cl) of (a) total adult pulmonary tuberculosis (TB)
cases and (b) culture-positive adult pulmonary tuberculosis (TB) cases who tested sputum
smear-positive stratified by HIV-status and by CD4 count.
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Figure 5.
Bacillary grading (+, ++ or +++) of smear-positive pulmonary tuberculosis (TB)

notifications in adults, stratified by HIV-status and by CD4 count and shown as relative
proportions.
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