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vi) Abstract

Setting

Paediatric HIV Clinic, Harriet Shezi Children’s Clinic in an academic hospital, Chris Hani

Baragwanath Hospital, Soweto, South Africa.
OBJECTIVE

To describe and compare clinical, immunological and virotogical characteristics of HIV-infected
children co-treated for TB, comparing those investigated microbiologically and those not, with a

detailed description of microbiological TB investigation resuits.
Design

Retrospective cross sectional analysis of HIV-infected children treated for TB aged <15 years

between 1 Qctoher 2007 and 15 March 2009,
Results

TB treatment was initiated in 616/3358{18%) children attending Harriet Shezi Children’s Clinic
during the study period. Microbiological TB investigation results were available in
399/616(65%) of children started on TB treatment, with culture-confirmed TB diagnosed in
49/399(12%). Drug susceptibility testing was performed in 29/49(59%), with 5/29(17%)
children having isoniazid-resistance, 3 with MDR-TB. Children > 8 years and between 3-8 years
were more likely to have culture-confirmed TB compared to < 3 years (AOR 9.4; 95% (I 2.26 —
39.08 and AOR 6.7; 95% CI 1.60 - 27.69 respectively) as were those with CD4 count < 200
cells/mm® compared to > 500 cells/mm® (AOR 3.95; 95%Cl 1.23 — 12.72).



Conclusion

Our study in HIV-infected children showed a high TB case rate, a low rate of definite TB and a
high rate of drug-resistant TB according to WHO case definitions. Increased uptake of available
TB tests and the availability of new, cheap and easily implementable diagnostic tests for T8

remains a priority in high TB/HIV burden settings.



vii) Introduction

Globally, 8.7 million people were newly diagnosed with tuberculosis in 2011, and 6% of the
incident cases were estimated to occur in children less than 15 years of age." An estimated 34.0
million [31.6-35.2 million] people in the world were HIV-infected by 2010, of these 3.4 million
{3 000 000--3 800 000] were children under the age of 15 years. The paediatric HIV epidemic is
largely restricted to lower resource environments, with more than 90% of HiV-infected children
fiving in Sub-Saharan Africa.? Tuberculosis ('TB) is the most common opportunistic infection in
Human Immunodeficiency Virus (HIV}-infected children, and between 24-44% of HIV-infected
South African children under 24 months of age attending HIV clinics are on TB treatment at the
time of starting combination antiretroviral therapy (cART).** A Ugandan study reported that
17 % of children and adolescents less than 18 years of age were on TB treatment at the time of

starting cART.”

In South Africa an estimated 460,000 (410,000-520,000) children are HIV-infected®, the TB
incidence rate is 993/100,000 population ' and up to 52% of children with culture-confirmed TB
are HiV-infected.” HIV and TB co-infected children experience high rates of morbidity and
mortality, particularly in those who are severely immunocompromised and not yet receiving
cART.®™ In HIV-infected children the risk of TB disease is up to 4 times greater in those with a
CD4 percentage < 15%. ° A Cape Town based study showed that while INH and ART
independently reduced TB risk by 0.22 and 0.32 respectively in HIV-infected children, the
combination of INH and ART reduced the risk by 0.11, and in children on ART, INH reduced the
risk of T8 disease by 0.23. ™ A multi-center study in young children, started on ART early and
with only 8% having CDC class B or C disease, INH isoniazid as pre-exposure prophylaxis did not

improve disease-free survival among HIV-infected children.®



Diagnosing TB in HiV-infected children remains difficult. World Health Organization (WHQ) case
definitions for TB disease incfude clinical features and microbiological investigation results, with
radiological features more important in cases with negative microbiologicat results.*® Case
definitions include “Tuberculosis suspect”; “Case of Tuberculosis” and “Definite case of
Tuberculosis” which are all described in detail in the “Methods” section. Cases of TE are
classified according to the anatomical site of disease; bacteriological results including drug
resistance, history of previous TB treatment and the HiV status of the patient.’® Potential for
both over- and under-diagnosing TB in HiV-infected children is high with overlapping clinical
features between both diseases further complicated by additional co-existing comorbidities
common in this population.* There are a number of point scoring systems, diagnostic
classifications and diagnostic algorithms developed for use in resource-limited settings,
however correlation between these tools is poor to moderate, and wide variability in the
frequency of TB diagnosed based on these diagnostic tools, may under-or overestimate the T8
burden in children by as much as 82%.'* ™ point scoring systems have a low specificity in HIV-
infected children, given the overlap of symptoms such as lymphadenopathy and malnutrition
and may lead to over-diagnosis of TB in HiV-infected children.** ®In children tuberculin skin
test {TST) and chest x-ray {CXR) may have greater diagnostic importance than in adults,*’ ¥
However, TST which cannot distinguish TB infection from T8 disease may frequently be
negative in immunocompromised and malnourished individuals.*® Wide variability in CXR
interpretation between experienced clinicians and poor correlation with culture-confirmed TB

suggests CXR is an unreliable adjunct to TB diagnosis in children.*> %

Microbiological confirmation of TB remains the most accurate method of diagnosis, and two
Cape Town based studies report successful microbiological TB investigation through gastric
washing and induced sputum procedures in primary health clinics.”® ** In children Xpert
MTB/Rif on 2 specimens detects twice the number of MTB cases compared to smear

microscopy and up to 70% of culture positive specimens.® * Researchers currently recommend
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two Xpert MTB/Rif specimens as the first TB investigations in children,?*2* Micrabiological
confirmation of TB either through microscopy, culture and sensitivity testing or through Xpert
MTB/RIf requires good quality respiratory specimens and these tests are not performed
routinely in most clinical settings because of limited staff capacity, skill shortage, low vyield and
difficulty in conducting them in small children. The performance of newer diagnostic tests such
as commercially approved Interferon Gamma Release Assays {IGRAs) are differentially affected
by chronic malnutrition, HIV infection and age and do not differentiate TB infection from
disease. Caution in interpreting results of IGRAs in these populations together with expense,

limits use in resource limited settings with high HIV prevalence.”

Co-treatment with TB therapy and cART in HIV-infected children remains complicated making
accurate TB diagnosis important. The drug-drug interactions between rifampicin-based TB
treatment and cART, particularly lopinavir/ritonavir which is inadequately boosted may result in
reduced virological suppression rates.* ¢ Polypharmacy with TB treatment and cART may affect
adherence and increases the possibility of both ART-associated and TB drug-associated side

effects,

Data describing the clinical, immunological and virological associations with TB diagnosis in Hiv-
infected children are scarce as are reports regarding microbiological TB investigation resuits,
This retrospective cross sectional review sought to describe and compare clinical,
immunologicai and virological characteristics of HIV-infected children co-treated for TB,
distinguished by whether microbiological TB investigations were conducted or not, and to

describe results of microbiological TB investigations.
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viii) Methods

Study design

We conducted a retrospective cross sectional review of microbiological T8 investigations
performed in HiV-infected children attending Harriet Shezi Children’s Clinic {HSCC), who were

treated for TB, in Soweto, South Africa between 1 October 2008 and 15 March 2009,
Subjects

HiV-infected children < 15 years of age treated for TB.

Standard of care

The HSCC is a public outpatient paediatric HIV clinic at Chris Mani Baragwanath Academic
Hospital (CHBAH) in Soweto, South Africa. HIV diagnosis was according to South African
National Department of Health (SANDoH) guidelines with HIV DNA PCR testing in children less
than 18 months of age and an HIV ELISA test in those over 18 months of age.”’ TB screening was
conducted at initial and subsequent clinic visits using symptomatic enquiry and clinical
assessment, with further investigations in those with suspected TB, WHO case definitions were
applied including ‘TB suspects’: defined as those presenting with signs and symptoms
suggestive of TB; "TB case’ defined as a definite T8 case or where a health care worker has
diagnosed TB and has initiated a full course of TB treatment; and ‘Definite case’ of TB as a
confirmed diagnosis of Mycobacterium tuberculosis through culture or a newer method such as
molecular line probe assay or in countries where this is not possible, two positive specimens for
AFB.: Investigations included CXR, TST and microbiological investigations. All microbiological
specimens were obtained from the respiratory tract and extrapulmonary sites including blood,
pleural fluid and cerebrospinal fluid (CSF) according to clinical indication. Children diagnosed
with TB were prescribed a standard 3 drug regimen of rifampicin, isoniazid (INH) and
pyrazinamide with ethambutol/ethionamide added as a fourth drug for complicated TB

including TB meningitis or disseminated TB.%®
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During the study period, children were initiated on ¢cART if they were symptomatic for HIV
according to the following criteria: < 1 year of age with WHO stage Ii-1V, CD4 count £ 1500
cells/mm°or 35%; 1-5 years WHO stage Il or IV, CD4 count < to 20%; > 5 years WHO stage Ill or
IV, CD4 count < to 200 cells/mm® or 15%.* Guidelines for TB/HIV co-treatment during the study
period recommended starting cART two months after TB initiation or completing TB treatment
before starting cART if possible in stabie children.?’ Children under 3 years of age received a
protease inhibitor-based regimen and children over 2 years an efavirenz-based regimen. At the
time of the study stavudine and famivudine were used as the nucleoside reverse transcriptase

inhibitor (NRTi) backbone,
Labaoratory investigations

Microbiological investigations for TB included smear microscopy, culture and drug susceptibility
testing (DST). Specimens were processed according to WHO guidelines using the NALC-NaOH
decontamination process; a 0.5ml portion of the processed, centrifuged pellet was inoculated
into MGIT™ (Mycobacterial Growth Indicator Tube) (Becton Dickinson, Maryland, USA) tubes
and incubated for a total of 6 weeks. Growth detected in automated MGIT instruments was
confirmed as being acid fast bacilfus (AFB)-positive by Zieh| Neelsen stained smear.
Confirmation of Mycobacterium tuberculosis complex {MTBC} was by the GenoType®
Mycobacterium CM assay (Hain Lifesciences, Nehren, Germany). DST was only performed on
clinician request, guided by the National TB Controt Programme Guidelines and was not routine
during the study period.*® Isolates of MTBC were initially tested against INH and rifampicin
using the MG!T™960 proportion method (Becton Dickinson, Maryland, USA). If resistance was
found against either/ both drugs, the isolate would undergo further DST against streptomycin,
ethambutol, ofloxacin, kanamycin and ethionamide using the MGIT proportion method.
Definitions for drug-susceptible and drug-resistant TB were as follows: susceptible MTB: isolate
susceptible to both INH and rifampicin; INH mono-resistant and rifampicin mono-resistant if
resistant to only INH or rifampicin respectively; multi-drug-resistant {MDR)-TB if resistant to
both INH and rifampicin and extensively drug-resistant (XDR)-TB if MDR-TB that was also

resistant to ofloxacin and kanamycin.
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Data Collection

Demographic, clinical and laboratory data at the time of TB treatment initiation, with a 3 month
window period, were extracted from three databases. Demographic and HIV related data from
the HSCC clinical database; microbiclogical TB data from the National Health Laboratory Service
{NHLS) database; and T8 treatment data from the CHBAH TB Care Centre {TBCC) ETR.net
database, a SANDoH TB data system. The TBCC and HSCC databases were merged using the
hospital unique patient identifier to include only children treated for TB. Microbiological MTB
investigation results for children included in the merged dataset of children attending HSCC
treated for TB were then imported from the NHLS Mycobacteriology Referral Laboratory
dataset. The final data set included all children treated for TB, regardless of whether or not they
were investigated microbiologically for TB. Manual file reviews and NHLS database searches

were conducted by study staff for missing values.

Data extracted included age {calculated from date of birth), weight for age z-scores {WAZ-
scores}), height for age z-scores (HAZ-scores), WHO clinical staging, HIV logi viral load and CD4
count. WAZ-scores and HAZ-scores were generated using WHO reference ranges.
Characteristics for children at TB treatment initiation were stratified according to whether

children were investigated microbiologically for TB and according to TB investigation results.
Statistical analysis

Statistical analysis and data management were carried out in STATA version 12.0 (STATA
Corporation, College Station, TX). Medians and interquartile ranges (IQR) were used to
summarize the data. Chi-square tests were used to explore associations between grouped
categorical variables of age, anthropometrical measures, CD4 count and percentage, HIV logg
viral load and the outcome of TB investigations. Age was categorized as of < 3, >3 to <8and > 8
years in keeping with differential TB disease risk. ’ The Wilcoxon rank sum test and the chi-
squared test were used to compare continuous variables and categorical variables
respectively. Univariable and multivariable togistic models were fitted to identify factors

associated with a positive TB investigation outcome among HiV-infected children investigated

14



microbiologically for TB. Multivariate models were developed using step-wise backward

elimination using likelihood ratio tests to identify the mode! with the best fit.

Ethics approval

This study was approved by the University of the Witwatersrand Human Sciences Research

Ethics Committee certificate number M110743.
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iXx) Results

Of the 3358 HIV-infected children who attended the HSCC at least once during the study period, 616
(18%} were co-treated for TB and were included in the analysis. (Figure 1) One hundred and twenty nine
children were receiving cART at the time (Table 1). At the initiation of TB treatment the median age was
4.2 years with an interquartile range (IQR) of 1.1 to 8.4 years, 67% of children had WHO clinical stage IV
disease, median WAZ-score -2.0 (IQR -1.1 to -3.3) and HAZ-score -2.4 (IQR -1.5 to -3.3). The median CD4
count was 425 cells/mm* {IQR 180- 847), median CD4 percentage 14.4% (IQR 8.4 — 21%) and the median
logyo HIV viral load 4.6 copies/ml (1QR 3.5 - 5.3). A higher than expected proportion amongst those
investigated microbiologically for TB were male {p=0.01). There were no other clinically or statistically
significant differences in characteristics of children who were and were not investigated

microbiclogically (Table 1).
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Figure 1: Description of HIV-infected children attending HSCC between 1 October 2007 and 15

March 2009 stratified by TB treatment and microbiological investigation

Total number of chitdren
atlending HSEC
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Chitdren trested for TR
« 616 [18%)

Childreninvestigated Children not
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(653} 135%)
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f | 1
D5T* perforeaed = 29 0ST* not perfermeds=
59 %) 20 (11%)

[r——

Drug sensitive TB = 24 Drug resistant TR =5
(83% FYE3)

Gther resistance =2
4

MOR-TBS = 3 (3004}

17



Table 1: Characteristics of children attending the HSCC treated for TB between 1 October 2007 and 15

March 2009
All children Not investigated Investigated }
treated for T8 microbiologically  microbiologically P
(n=6186) for TB (n=217) for TB (n=399)}
Male (n, %) 339(55%) 105(48%) 234(58%) 0.01
fgg)'“"ears (median, 5 (1.1-8.4) 4.2 (1.2-8.6) 4.2{1.0~-8.3) 0.23
CD4% (median, IQR)  14.4(8.4-21.0)  15.2(10.0-22.0)  13.8(7.9-20.3) 0.07
CD4 (median, IQR) 425 (180 — 847) 389 (164 -747) 445 (200 - 859) 0.33
Logso HIV VL
copies/ml (median, 4.6(3.5-5.3) 4.6(3.2-5.1) 4.6 (3.7 -5.4) 0.21
IQR)
WHO stage 4 (% ) 67 65 68 0.42
::s;i:t(fn‘lg‘ienz“ 20(-11--3.3),  -1.9(-0.9--32), -2.1(-1.1 —-3.4), 0.5
! n=440 n=146 n=294 )
IQR),n
?_i'cgohrte?(‘;r’feg;an 24(15--33),  -24(15--31), -24(L5--33), 003
’ n=521 n=176 n=345 '
HQR}n
Receiving cART 129 (21%) 50 (23%) 79 (20%) 0.35

iQR= interquariiie range
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Microbiological investigation was conducted in 399(65%) of the children co-treated for TB (Figure 1).
Twenty five children {6%) had specimens which stained positive with the Ziehl Neelsen stain (+AFB). TB
was confirmed in 49(12%) children by mycobacterial culture. The median age of children with culture-
confirmed TB was 8.2 years (IQR 5.7 — 10.1) compared to 3.3 years (1QR 0.9 - 7.9) in those investigated
microbiologically with negative TB culture results (p=<0,001) (Table 2). Children with culture-confirmed
T8 (definite TB) had a median CD4 count of 157 cells/mm>(IQR 41 - 299 cells/mm?} and CD4 percentage
of 10% (1QR 3 — 19%) compared to 491 cells/mm?® (IQR 239 — 924 celis/mm®) and 14% {IQR 8 — 20%) in
children with negative 7B culture results {p=0.02 and <0.001 respectively) (Table 2). DST was performed
in 29(59%} children with culture-confirmed TB. Drug resistant TB was diagnosed in 5(17%) children, of
which 3 were MDR-TB. All three MDR-TB strains were resistant to ethambutol and streptomycin and a
third child’s MTB isolate was also resistant to ethionamide. Two children were infected with INH mono-

resistant MTB, (Figure 1)
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Table 2: Characteristics of HIV-infected children co-treated for TB at HSCC from 1 October
2007- 15 March 2009 stratified by microbiological TB investigation results

TB confirmed on

Negative TB culture

p-value
culture (n=49) {n=350)
Male {n, %) 25(51%) 209(60%) 0.25
Age in years (median,
8.2 (5.7 -10.1) 3.3(0.5-7.9) <(.001
IQR}
CD4% (median, IQR) 9.8 (3.0-18.7) 14.4 (8.4 - 20.5) 0.02
CD4 (median, IQR) 157 {41 ~ 299) 491 (239 - 924) <0.001
Log,o HIV VL copies/mi
4.6(3.4-5.2) 4,7{(3.7-5.4) 0.35
{median, IQR)
WHO stage 4 (% ) 76% 67% 0.22
Weight for Age Z- -2.1(-1.2 - -3.3), -2.2(-1.1 - -3.4),
0.85
scores (median, IQR) n=30 n=264
Height for Age Z- -2.4(-1.4 - -3.2), -2.5(-1.5--3.3),
0.48
scores {median, IQR)n  n=40 n=305

IQR= Interquartile range
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Multivariate logistic regression confirmed that confirmation of TB on culture was independently
associated with both older age and a lower CD4 count after adjusting for sex, WAZ and HAZ.
Children > 8 years and children between 3-8 years were more likely to have culture-confirmed
T8 compared to those < 3 years {AOR 9.4; 95% Cl 2.26 — 39.08 and AOR 6.7; 95% Cl 1.60 — 27.69
respectively). {Table 3) Children with a CD4 count < 200 cells/mm? had increased odds of
culture-confirmed TB compared to those with a CD4 count > 500 cells/mm® {AOR 3.95; 95%Cl

1.23-12.72). (Table 3)
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Table 3: Logistic regression models for factors associated with TB confirmation in HIV-infected

children co-treated for T8

Characteristic at start of TB Unadjusted Odds Unadjusted Adjusted Odds  Adjusted
treatment * ratio, 95% Cl p-value Ratio, 95% CI  p-values
Sex
Male 1 1
Female 1.42 (0.72-2.21) 0.25 1.89{0.70 - 5.10) 0.21
Age
<3 years 1 1
3-8 years 4,01 (1.49 - 10.79) <0.001 6.65(1.60-27.69) 0.009
>8 years 9.39 (3.75-23.47) <0.001 9.40{2.26 -39.08) 0.002
CD4 count
>=500 1 1
200-500 2.69 (1.02 - 7.10) 0.04 0.65(0.16 — 2.54) 0.53
<200 6.81 (2.75~16.8) <0.001  3.95(1.23-12.72) 0.02
CD4 percentage
>=25 1
<25 1.35 (0.46-4.00) 0.59
Viral load
<400 1
>=400 0.79(0.33 - 1.90) 0.60
WHO Stage
Stage 3 1
Stage 4 1.51(0.75- 3.00) 0.24
On cART at start of TB treatment
Yes 1
No 0.95 (0.45-2.01) 0.91
Weight for age Z-score 1.04 {0.84 - 1.29) 0.69 0.62 (0.38-1.02) 0.06
Height for age Z-scores 1.12{0.93 -1.35) 0.25 1.78 (1.09 - 2.91) 0.02

*242/399 children investigated for TB microbiologically were included in this model as they had all

available data.
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Xx) Discussion

Our study showed a high TB case rate (18%) in HIV-infected children attending a public HIV
treatment clinic, with a low microbiological TB investigation rate and low rate of definite TB,
confirmed by culture or AFBs in those investigated microbiologically. Similar high TB/HIV co-
treatment rates have been described in other Sub-Saharan settings. In Uganda, 17% of HIv-
infected children {median age 6.6 years) were co-treated for T8.” in a study from four South
African hospitals in Johannesburg and Cape Town, 21% of HIV-infected children, (median age
6.3 years} were co-treated for TB. In 23% of this cohort of children a definite TB diagnosis was
made (AFB smear n = 30; TB culture n = 24; or biopsy n = 11) although the number with culture-
confirmed TB was not described.” In South African HIV-infected children who are less than 2
years, TB case rates of 40% by 1 year of follow up on cART have been described.? Although only
12% of TB cases in our cohort had culture-confirmed TB, (definite TB cases) of concern was that
only 65% of children classified as & TB case were investigated microbiotogically. Interestingly,
apart from male gender having increased TB microbiological investigations, there was no
difference in clinical or immunological characteristics between children for whom
microbiological TB investigation results were conducted and those not. Girls were 42% more
likely to have TB confirmation than boys. In our study, children investigated microbiologically
with culture-confirmed TB were older and more immunologically compromised than those
investigated with negative TB culture results. The correlation between immunological

suppression and confirmed TB in children is likely due to a number of factors: although we
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don’t have data regarding source of specimen, 80% of TB specimens processed at NHLS are
respiratory in origin and the same is likely in this study. Ofder children are more likely to
expectorate and produce adequate sputum samples. We also expect declining immune function
with advancing age and disease progression in HiV-infected children. Adult studies however,

have shown lower rates of microbiological TB diagnosis with severe immunodeficiency.*

We also found that children who had culture-confirmed TB and underwent DST had high rates
of INH-resistant TB (17%) with 10% of children having MDR-TB. These findings are consistent
with studies in Cape Town and Johannesburg showing INH-resistant TB in up to 15 % and MDR-
TB in 9% of children with culture-confirmed TB.”** Given these findings it is concerning that
more children were not investigated microbiologically for TB prior to commencing TB
treatment. TB culture is fabour-intensive and time-consuming leading to long turnaround times
for results and low sensitivity in children® and recent WHO policy updates recommend the use
of Xpert MTB/RIF rather than conventional microscopy, culture and DST as the initial diagnostic
test in chitdren presumed to have MDR-TB or HIV-associated TB but as vet rollout has been
limited in routine clinic settings‘e‘szert MTB/Rif rely on respiratory specimen collection, which
remains the barrier to microbiological investigation in children. Two Cape Town-bhased studies
have shown that it is feasible for gastric washings and induced sputum for microbiological TB
testing to be performed in a primary clinic setting and that 2 consecutive day gastric washings
may have a similar diagnostic vield to induced sputum, this technique being particularly useful

21,22 Ongoing training of health care workers in specimen

in infants and young children.
collection techniques is required to ensure that these rapid technologies are increasingly

utilized in community settings.
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This study has some limitations. Data were coliected retrospectively and were dependent on
accurate recording by the attending clinician and capture by data capturers. TB treatment data
was not accurately collected in the HSCC database, therefore, only children registered for TB
treatment at the CHBAH TBCC were included which may have excluded children initiated on TB
treatment outside of CHBAH with a possible underestimate in TB cases. Patient name or
identifying numbers being incorrectly recorded between the data sets may have resulted in
some children being investigated for T8 microbiologically but not linked in the NHLS dataset.
We were unable to break down the source of microbiological specimens due to data extraction
methods at the time but as 80% of TB specimens received by NHLS are pulmonary specimens
we assume the same holds for this study. Due to the large cohort, and quality of data within
files regarding CXR and TST data was not confirmed in a file review. Studies have found poor
correlation between culture-confirmed TB and CXR findings and wide variability in
interpretation between clinicians.?® We did not have sufficiently accurate data to describe TB
suspects not treated for TB. As children who entered this cohort were HIV-infected survivors,

there is potential for survival bias with left censored data,
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Conclusions

Our study showed a high TB case rate in HIV-infected children with a low rate of microbiological
TB investigation and microbiological confirmation. Of concern, among those investigated
microbiologically, a high rate of drug resistant TB was found. These findings suggest that efforts
to increase the use of currently available tests should be encouraged through staff education
and training. There is also a need for new simple, cheap, rapid and reliable TB tests to become

available particularty in resource limited settings, with a high endemic TB burden,
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SUMMARY

SETTING

Paediatric HIV Clinic in an academic hospital, Soweto, South Africa.

OBJECTIVE

Describe and compare dinical, immunological and virological characteristics of Hiv-infected children co-
treated for TB, comparing those investigated microbiologically and those not, with description of

microbiological TB investigation results.

DESIGN

Retrospective analysis of TB/HIV-infected children aged <15 years between 1 October 2007 and 15

March 2009.

RESULTS
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TB treatment was initiated in 616/3358(18%) children during the study period. Microbiological TB
investigation results were available in 399/616(65%) children, culture-confirmed T8 diagnosed in
49/399(12%). Drug susceptibility testing was performed in 29/49(59%), with 5/29{17%) children having
isoniazid-resistance, 3 with MDR-TB. Children > 8 years and between 3-8 years were more likely to have
culture-confirmed TB compared to < 3 years (AOR 9.4; 95% Ci 2.26 — 39.08 and AOR 6.7; 95% Ct 1.60 —
27.69 respectively) as were those with CD4 count < 200 cells/mm? compared to > 500 cells/mm? (AOR

3.95; 95%Ci 1.23 - 12.72).
CONCLUSION

Our study in HIV-infected children showed a high TB case rate, a low rate of definite TB and a high rate
of drug-resistant TB according to WHO case definitions. Increased uptake of available TB tests and

availability of new diagnostic tests remains a priority in high TB/HIV burden settings.
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INTRODUCTION

Tuberculosis(TB) is the most common opportunistic infection in Human Immunodeficiency Virus (HiV)-
infected children, with up to 40% receiving TB treatment at the time of commencing combination
antiretroviral therapy (cART)Y.! In South Africa an estimated 460,000(410,000-520,000) children are HIV-
infected ?, the TB incidence rate is 993/100,000 population * and up to 52% of children with culture-
confirmed T8 are HiV-infected. * In HIV-infected children the risk of TB disease isup to 4 times greater in
those with a CD4 percentage < 15%. ° Potential for both over- and under-diagnosing TB in HIV-infected
children is high with overlapping clinical features between both diseases further complicated by

additional co-existing comorbidities common in this population.

World Health Organization(WHO) case definitions for TB disease include clinical features and
microbiological investigation results, with radiological features more important in cases with negative
microbiological results. ” In children tuberculin skin test(TST) and chest x-ray{CXR}may assume greater
diagnostic importance than in adults, ®° However, TST which cannot distinguish TB infection from T8
disease may frequently be negative in immunocompromised and malnourished individuals. *° Wide
variability in CXR interpretation between experienced clinicians and poor correlation with culture-
confirmed TB suggests CXR is an unreliable adjunct to T8 diagnosis in children. *** Microbiological
confirmation of TB remains the most accurate method of diagnosis, and two Cape Town based studies
report successful microbiological T8 investigation through gastric washing and induced sputum
procedures in primary health clinics. ** * These tests are not performed routinely in most clinical
settings because of limited staff capacity, skill shortage, low yield and difficulty in conducting them in

small children.

Co-treatment with TB therapy and cART in HiV-infected children remains complicated making accurate

TB diagnosis important. The drug-drug interactions between rifampicin-based TB treatment and cART,
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particularly lopinavir/ritonavir which is inadequately boosted may result in reduced virological
suppression rates. “** Polypharmacy with TB treatment and cART may affect adherence and increases

the possibility of hoth ART-associated and TB drug-associated side effects.

Data describing the clinical, immunological and virological associations with TB diagnosis in HiV-infected
children are scarce as are reports regarding microbiological TB investigation resultsThis retrospective
cross sectional review sought to describe and compare clinical, imm unological and virological
characteristics of HIV-infected children co-treated for T8, distinguished by whether microbiological TB

investigations were conducted or not, and to describe results of microbiological TB investigations.

METHODS

Study design

We conducted a retrospective cross sectional review of microbiological TB investigations performed in
HiV-infected children attending Harriet Shezi Children’s Clinic (HSCC), who were treated for TB, in

Soweto, South Africa between 1 October 2008 and 15 March 2009,

Subjects

HIV-infected children < 15 years of age treated for TB.

Standard of care

The HSCC is a public outpatient pediatric HIV clinic at Chris Hani Baragwanath Academic Hospital
(CHBAH) in Soweto, South Africa. HIV diagnosis was according to South African National Department of
Health {SANDoH) guideflines. ** TB screening was conducted at initial and subsequent clinic visits using
symptomatic enquiry and clinical assessment, with further investigations in suspected TB. WHO case

definitions were applied including ‘TB suspects’: defined as those presenting with signs and symptoms
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suggestive of TB; ‘TB case’ defined as a definite TB case or where a health care worker has diagnosed TB
and has initiated a full course of TB treatment; and ‘Definite case’ of TB as a confirmed diagnosis of
Mycobacterium tuberculosis through culture or a newer method such as molecular line probe assay or
in countries where this is not possibie, two positive specimens for AFB. 7 Investigations included CXR,
TST and microbiological investigations. All microbiological specimens were obtained from the
respiratory tract and extrapulmonary sites including blood, pleural fluid and cerebrospinal fluid {CSF)
according to clinical indication. Children diagnosed with TB were prescribed a standard 3 drug regimen
of rifampicin, isoniazid (INH} and pyrazinamide with ethambutol/ethionamide added as a fourth drug for
complicated TB inciuding TB meningitis or disseminated TB. ¥ CART initiation was according to SANDoH
guidelines at the time which recommended sta rting cART two months after TB initiation or completing

TB treatment before starting cART if possible in stable children. *
Laboratory investigations

Microbiological investigations for TB included smear microscopy, culture and drug susceptibility testing
(DST). Specimens were processed according to WHO guidelines using the NALC-NaOH decontamination
process; a 0.5ml portion of the processed, centrifuged pellet was inoculated into MGIT™ {Mycobacterial
Growth Indicator Tube) (Becton Dickinson, Maryland, USA) tubes and incubated for a total of 6 weeks.
Growth detected in automated MGIT instruments was confirmed as being acid fast bacillus {AFB)-
positive by Zieht Neelsen stained smear. Confirmation of Mycobacterium tuberculosis complex (MTBC)
was by the GenoType® Mycobacterium CM assay (Hain Lifesciences, Nehren, Germany), DST was only
performed on clinician request, guided by the National TB Control Programme Guidelines and was not
routine during the study period. '’ Isolates of MTBC were initially tested against INH and rifampicin
using the MGIT™360 proportion method (Becton Dickinson, Maryland, USA). If resistance was found

against either/ both drugs, the isolate would undergo further DST against streptomycin, ethambutol,
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ofloxacin, kanamycin and ethionamide using the MGIT proportion method. Definitions for drug-
susceptible and drug-resistant TB were as follows: susceptible MTB: isolate susceptible to both INH and
rifampicin; INH mono-resistant and rifampicin mono-resistant if resistant to only {NH or rifampicin
respectively; multi-drug-resistant (MDR)-TB if resistant to both INH and rifampicin and extensively drug-

resistant (XOR)-TB if MDR-TB that was also resistant to ofloxacin and kanamycin.

Data Collection

Demographic, clinical and laboratory data at the time of TB treatment initiation, with a 3 month window
period, were extracted from three databases. Demographic and HIV related data from the HSCC clinical
database; microbiological TB data from the National Health Laboratory Service (NHLS) database; and TB
treatment data from the CHBAH TB Care Centre {(TBCC) ETR.net database, a SANDoH TB data system,
The TBCC and HSCC databases were merged using the hospital unigue patient identifier to include only
children treated for TB. Microbiological MTB investigation results for children included in the merged
dataset of children attending HSCC treated for TB were then imported from the NHLS Mycobacteriology
Referral Laboratory dataset. The final data set included afl children treated for TB, regardless of whether
or not they were investigated microbiologically for T8. Manual file reviews and NHLS database searchos

were conducted by study staff for missing values.

Data extracted included age (calculated from date of birth), weight for age z-scores (WAZ-scores), height
for age z-scores (MHAZ-scores), WHO clinical staging, HIV logyy viral load and CD4 count. WAZ-scores and
HAZ-scores were generated using WHO reference ranges. Characteristics for children at TB treatment
initiation were stratified according to whether children were investigated microbiologically for TB and

according to TB investigation results.

Statistical analysis
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Statistical analysis and data management were carried out in STATA version 12.0 {STATA Corporation,
College Station, TX}. Medians and interquartile ranges{IQR) were used to summarize the data. Chi-
square tests were used to explore associations between grouped categorical variables of age,
anthropomedtrical measures, CD4 count and percentage, HIV logy, viral load and the outcome of T8
investigations. Age was categorized as of < 3, 23 to <8and 2 8 years in keeping with differential TB
disease risk. ® The Wilcoxon rank sum test and the chi-squared test were used to compare continuous
variables and categorical variables respectively. Univariable and multivariable logistic models were
fitted to identify factors associated with a positive TB investigation outcome among HIV-infected
children investigated microbiologically for TB. Multivariate models were developed using step-wise

backward elimination using likelihood ratio tests to identify the model with the best fit,

Ethics approval

This study was approved by the University of the Witwatersrand Human Sciences Research Ethics

Committee.

RESULTS

Of the 3358 Hiv-infected children who attended the HSCC at least once during the study period, 616
{18%) were co-treated for TB and were included in the analysis. {Figure 1} One hundred and twenty nine
children were receiving cART at the time (Table 1). At the initiation of TB treatment the median age was
4.2 years with an interquartile range {IQR) of 1.1t0 8.4 years, 67% of children had WHO clinical stage |V
disease, median WAZ-score -2.0 (IQR -1.1 to -3.3) and HAZ-score -2.4 {IQR -1.5 to0 -3.3). The median CD4
count was 425 cells/mm’ (IQR 180~ 847), median CD4 percentage 14.4% (IQR 8.4 - 21%) and the median
logyo HIV viral oad 4.6 copies/ml {IQR 3.5 - 5.3). A higher than expected proportion amongst those

investigated microbiologically for TB were male {p=0.01), There were no other clinically or statistically



154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

significant differences in characteristics of children who were and were not investigated

microbiologically (Table 1).

Microbiological investigation was conducted in 399(65%) of the children co-treated for T8 (Figure 1).
Twenty five children (6%) had specimens which stained positive with the Ziehl Neelsen stain (+AFB). TB
was confirmed in 49(12%) children by mycobacterial culture. The median age of children with culture-
confirmed TB was 8.2 years {IQR 5.7 — 10.1) compared to 3.3 years {IQR 0.9 - 7.9} in those investigated
microbiologically with negative TB culture results (p=<0.001) (Table 2). Children with culture-confirmed
TB (definite TB) had a median CD4 count of 157 cells/mm*(IQR 41 - 299 cells/mm?®) and CD4 percentage
of 10% {IQR 3 ~ 19%) compared to 491 cells/mm” {IQR 239 — 924 celis/mm?®} and 14% (IQR 8 — 20%) in
children with negative TB culture results (p=0.02 and <0.001 respectively) {Table 2). DST was performed
in 29(59%) children with culture-confirmed TB. Drug resistant TB was diagnosed in 5(17%) children, of
which 3 were MDR-TB. All three MDR-TB strains were resistant to ethambutol and streptomycin and a
third child's MTB isolate was also resistant to ethionamide. Two children were infected with INH mono-

resistant MTB. (Figure 1)

Multivariate logistic regression confirmed that confirmation of TR on culture was independently
associated with both older age and a lower CD4 count after adjusting for sex, WAZ and HAZ. Children > 8
years and children between 3-8 years were more likely to have culture-confirmed TB compared to those
< 3 years (AOR 9.4; 95% Cl 2.26 — 39.08 and AOR 6.7; 95% Cl 1.60 — 27.69 respectively). Children with a
CD4 count < 200 cells/mm?® had increased odds of culture-confirmed TB compared to those with a CD4

count > 500 cells/mm?® (AOR 3,95; 95%Cl 1.23 ~ 12.72),

DISCUSSION
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Our study showed a high TB case rate {18%) in HIV-infected children attending a public HIV treatment
clinic, with a low microbiological T8 investigation rate and low rate of definite TB, confirmed by culture
or AFBs in those investigated microbiologically. Simitar high TB/HIV co-treatment rates have been
described in other Sub-Saharan settings. In Uganda, 17% of HIV-infected children (median age 6.6 years)
were co-treated for TB. ™ In a study from four South African hospitals in Johannesburg and Cape Town,
21% of HIV-infected chitdren, (median age 6.3 years} were co-treated for TB. In 23% of children a
definite TB diagnosis was made(AFB smear n = 30; T8 culture n = 24; or biopsy n = 11) although the
number with culture-confirmed TB was not described. *® In South African HIV-infected children who are
tess than 2 years, TB case rates of 40% by 1 year of follow up on cART have been described. % Although
only 12% of TB cases had culture-confirmed TB, (definite TB cases) of concern was that only 65% of
children classified as a TB case were investigated microbiologically. Interestingly, apart from male
gender having increased TB microbiological investigations, there was no difference in clinical or
immunotogical characteristics between children for whom microbiological TB investigation results were
conducted and those not. In our study, children investigated microbiologically with culture-confirmed T8
were older and more immunologically compromised than those investigated with negative TB culture
results. The correlation between immunological suppression and confirmed 1B in chiidren is likely due to
a number of factors: although we don’t have data regarding source of specimen, 80% of TB specimens
processed at NHLS are respiratory in origin and the same is tikely in this study. Older children are more
fikely to expectorate and produce adequate sputum samples. We also expect declining immune function
with advancing age and disease progression in HIV-infected children. Adult studies however, have

shown lower rates of microbiological TB diagnosis with severe immunodeficiency, **

We also found that children who had culture-confirmed T8 and underwent DST had high rates of INH-
resistant TB (17%) with 10% of children having MDR-TB. These findings are consistent with studies in

Cape Town and Johannesburg showing INH-resistant TB in up to 15 % and MDR-TB in 9% of children with
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culture-confirmed TB ** Given these findings it is concerning that more children were not investigated
microbiologically for TB prior to commencing TB treatment. TB culture is labour-intensive and time-
consuming leading to long turnaround times for results and low sensitivity in children *® and recent WHO
policy updates recommend the use of Xpert MTB/RIF rather than conventional microscopy, culture and
DST as the initial diagnostic test in children presumed to have MDR-TB or HIV-associated TB but as yet
rollout has been (imited in routine clinic settings. “Xpert MTB/Rif rely on respiratory specimen
collection, which remains the barrier to microbiological investigation in children. Two Cape Town-based
studies have shown that it is feasible for gastric washings and induced sputum for microbiological TB
testing to be performed in a primary clinic setting and that 2 consecutive day gastric washings may have
a similar diagnostic yield to induced sputum, this technigue being particularly useful in infants and

13, 14

young children, Ongoing training of health care workers in specimen collection techniques is

required to ensure that these rapid technologies are increasingly utilized in community settings.

This study has some limitations. Data were collected retrospectively and were dependent on accurate
recording by the attending clinician and capture by data capturers. TB treatment data was not
accurately collected in the HSCC database, therefore, only children registered for TB treatment at the
CHBAH TBCC were included which may have excluded children initiated on TB treatment outside of
CHBAH with a possible underestimate in TB cases. Patient name or identifying numbers being incorrectly
recorded between the data sets may have resulted in some children being investigated for TB
microbiologically but not linked in the NHLS dataset. We were unable to break down the source of
microbiological specimens due to data extraction methods at the time but as 80% of TB specimens
received by NHLS are puimonary specimens we assume the same holds for this study. Due to the large
cohort, and quality of data within files regarding CXR and TST data was not confirmed in a file review.

Studies have found poor correlation between culture-confirmed TB and CXR findings and wide variability
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in interpretation between clinicians. ** We did not have sufficiently accurate data to describe TB

suspects not treated for TB.
CONCLUSIONS

Our study showed a high TB case rate in HiV-infected children with a low rate of microbiological T8
investigation and microbiological confirmation. Of concern, among those investigated microbiofogically,
a high rate of drug resistant TB was found. These findings suggest that efforts to increase the use of
currently available tests should be encouraged through staff education and training. There is also a need
for new simple, cheap, rapid and reliable TB tests to become available particularly in resource limited

settings, with a high endemic TB burden.
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Table 1: Characteristics of children attending the HSCC treated for TB between 1 October 2007 and 15

March 2009
All children Not investigated Investigated i
treated for T8 microbiologically microbiologicaily value P
{n=616) for 7B (n=217) for T8 (n=399)
Male (n, %) 339(55%) 105(48%) 234(58%) 0.01
ﬁ;’”years (median, o (11 -8.) 4.2 (1.2 - 8.6) 4.2 (1.0-8.3) 0.23
CD4% {median, IQR) 14.4 (8.4 - 21.0) 15.2(10.0-22.0) 13.8(7.9-20.3) 0.07
CD4 (median, IQR) 425 {180 - 847) 389 {164 — 747) 445 {200 — 859) 0.33
Logo HIV VL
copies/mt {median, 4.6 (3.5-5.3) 4.6(3.2-5.1) 4.6(3.7-5.4) 0.21
IQR)
WHO stage 4 (%) 67 65 68 0.42
:zs:i:t(zrejigaenz' -20{-11--33),  ~19(-09--32), -2.1(L1 —-3.4), 025
! n=440 n=146 n=294 '
[QR),n
i f
Z”ng‘eso(mf;an -24(-15--33),  -24(15--3.1), -24(-15 —-3.3), 043
! n=521 n=176 n=345 '
IQR),n
Receiving cART 129 (21%) 50 (23%) 79 (20%) 0.35

IQR= Interquartite range
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Table 2: Characteristics of HIV-infected children co-treated for TB at HSCC from 1 October 2007- 15

March 2009 stratified by microbiological TB investigation results

304
TB confirmed on Negative TB culture
p-valug0s
culture {(n=49) {n=350)
306
Male {n, %) 25(51%) 209{60%) 0.25
307
Age inyears {median,
8.2 (5.7~ 10.1) 3.3(098-7.9) <0.001
IQR) 308
CDA4% (median, IQR) 9.8 (3.0-187)  14.4 (8.4 - 20.5) 0.02 309
CD4 (median, IQR) 157 {41 — 299) 491 (239 — 924) <0.00810
Log;y HIV VL copies/ml 311
4.6(3.4-5.2) 4.7 (3.7 —-5.4) 0.35
{median, 1QR) 312
WHO stage 4 (% ) 76% 67% 0.22 313
Weight for Age Z- 24 -1.2--33),  -2.1(-1.1--3.4), 314
0.85
scores (median, IQR)  n=30 n=264
315
Height for Age 7. -2.4{-1.4 - -3.2}, -2.5{-1.5--3.3),
0.48 1316
scores {median, IQR)In  n=40 n=305
317

IQR= Interquartile range
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Table 3: Logistic regression models for factors associated with T8 confirmation in Hiv-infected children

co-treated for TB

Characteristic at start of TB

treatment Unadjusted Odds Unadjusted Adjusted Odds  Adjusted
ratio, 95% CI p-value Ratio, 95% Cl p-values
Sex
Male 1 1
Female 1.42(0.72-2.21) 0.25 1.89{0.70 - 5.10) 0.21
Age
<3 years 1 1
3-8 years 4.01{1.49-10.79) <0.001  6.65{1.60~27.69) 0.009
>8 years 9.35(3.75-23.47) <0.001 9.40(2.26 —39.08} 0.002
CDA4 count
>=500 1 1
200-500 2.69(1.02-7.10) 0.04 0.65(0.16 — 2.54) 0.53
<200 6.81(2.75 - 16.8) <0.001 3.95{1.23-12.72) 0.02
CD4 percentage
>=25 1
<25 1.35(0.46-4.00) 0.59
Viral load
<400 1
>=400 0.79{0.33-1.90) 0.60
WHO Stage
Stage 3 1
Stage 4 1.51{0.75~- 3.00) 0.24
On cART at start of TB treatment
Yes 1
No 0.95 {0.45-2.01) 0.91
Weight for age Z-score 1.04{0.84 - 1.29) 0.69 0.62 {0.38-1.02) 0.06
Height for age Z-scores 1,12 (0.93 - 1.35) 0.25 1.78 (1.09 - 2.91) 0.02
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