Neurodevelopmental delay among HIV-infected preschool children

receiving antiretroviral therapy and healthy preschool children in Soweto,

South Africa.

Dr Sarah Lowick

Student number: 8504492

Degree: Master of Science in Medicine (Part-time)(Coursework)

PAEDS804: Publication in lieu of research report (Neurodevelopment).

Accepted for publication by “Psychology, Health and Medicine” 06/12/2011.



Table of Contents

Declaration
Acknowledgements

Title page and authors’ details
Abstract

Background

Methods

Results

Discussion

Tables

References

i

Journal correspondence and reviewers’ comments



Declaration

I declare that this manuscript is my own work, assisted only by the two co-authors and those
referred to in the acknowledgements. The article was accepted for publication on 06/12/2011
by the journal “Psychology, Health and Medicine”. It is being submitted in partial fulfillment
of the requirements for the degree of Master of Science in Medicine (Part-time)
(Coursework) at the University of the Witwatersrand. It has not been submitted to any other

journals for publication or to any other University for examination.

Sarah Lowick

2
,/4/ B s | C/L

............ Aﬁ' day ofl“- cernn2012

.........



Acknowledgements

Thank you to Dr Tammy Meters and Shobna Sawry for their constant guidance and support.
Thank you to Professor Pieter Bekker for his invaluable assistance with the

statistical analysis of data.

Thank you to Dr Barbara Laughton and Professor Lorna Jacklin for their advice and support.
I"d like to give a special thank you to the children and their caregivers who participated in

this study.



Title

Neurodevelopmental delay among HIV-infected preschool children receiving antiretroviral

therapy and healthy preschool children in Soweto, South Africa.
Journal

Psychology, Health and Medicine

Authors

Sarah Lowick!, Shobna Sawry', Tammy Meyers®

Affiliations

' wits Reproductive Health and HIV Institute, Faculty of Health Sciences, University of

Witwatersran;'d, Johannesburg.

’Department of Paediatrics, Faculty of Health Sciences, University of Witwatersrand,
Johannesburg.

Sarah Lowick: corresponding author

Email address: slowick@wrhi.ac.za

Physical address: Harriet Shezi Clinic, Chris Hani Baragwanath Hospital Old
Potchefstroom Road Bertsham 2013 Johannesburg.

Tel: 011 4407604
Cell: 081 270 4409
Shobna Sawry:

Email:ssawry@wrhi.ac.za

Tammy Meyers:

Email:tmeyers@wrhi.ac.za



Neurodevelopmental delay among HIV-infected preschool children

receiving antiretroviral therapy and healthy preschool children in Soweto,

South Africa.

Abstract

Neurodevelopmental delay has been documented in up to 97.5% of HIV-infected children in
Soweto who were not yet on ART. With growing numbers of children in South Africa being
successfully treated with antiretroviral treatment (ART), the effects of ART on
neurocognitive functioning in children require investigation. The objective of this study was
to determine the extent of neurodevelopmental delay in stable HIV-infected preschool
children (agec‘i 5-6 years) receiving ART and compare it to an apparently healthy
(unconﬁrmedj HIV-status) group of preschool children. Thirty HIV-infected preschool
children (virologically and immunologically stable on ART for > 1 year) were conveniently
sampled from 350 eligible children on ART at the Harriet Shezi Children’s Clinic in Soweto,
Johannesburg. The comparison group comprised thirty well-nourished preschool children
attending the Lilian Ngoyi Primary Health Care Clinic in Soweto for routine immunisations.
Each child was assessed using the Griffiths Mental Development Scales-Extended Revised
Version (GMDS-ER), at a single point in time. The overall developmental z-scores on
GMDS-ER were <-2 (indicating severe delay) in 27 (90%) children in the HIV-infected
group compared to 23 (76%) in the comparison group (p=0.166). Mental handicap (overall
GQ<70) was evident in 46.7% of children in the HIV-infected group compared to 10% in the
comparison group (p= 0.002). There was a 7.88-fold increased likelihood of severe delay in
the HIV infected group. The HIV-infected group and comparison group had significantly
different (p=0.001) mean overall GQ scores of 70 (95% CI: 66.0-74.0) and 78 (95% CI: 75.6-

80.5), respectively, with lower mean scores in the HIV-infected group in all individual
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Background

There are an estimated 2.5 million children under 15 years of age worldwide with HIV
infection. Of these, 2.3 million live in Sub Saharan Africa (UNAIDS, 2010). Since April
2004, there has been a dramatic rollout of antiretroviral treatment (ART) in South Africa. In
2009 there were 86 270 children receiving ART in South Africa, which represented 54% of

all children requiring ART (WHO/UNAIDS/UNICEF, 2010).

HIV is a neurotropic lentivirus that invades the central nervous system (CNS) soon after
infection. Three pathways have been proposed whereby the virus crosses the blood-brain
barrier and enters CNS parenchymal tissue: i) HIV may be carried into the brain by infected
macrophages-monocytes and /or CD4 T lymphocytes (Trojan horse effect); ii) cell-free virus
may pass fror';l the vascular compartment into brain tissue between cerebral microvascular
endothelial cells (CMVECs); iii) following direct HIV infection of the specialized endothelial
cells of the blood-brain barrier or CMVEC:s, viral particles may be released into the cerebral

compartment (L. Smith, Adnams,& Eley, 2008).

The virus in the CNS then infects various cell populations- macrophages, microglia,
astrocytes and possibly neurons. Perivascular macrophages and microglia, are the only major
cell types in the brain that express both CD4 and chemokine co-receptors, which are
necessary for productive HIV infection. Astrocytes are infected via a CD4- independent
mechanism. Viral interactions with astrocytes may play a significant role in paediatric HIV
encephalopathy as foetal astrocytes may be particularly susceptible to HIV infection and the
developing CNS is sensitive to alterations in astrocyte function. Productive infection of
neurons has recently been shown to occur in children but neuronal loss is thought to be

primarily an indirect effect of HIV infection.
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iii) acquired symmetrical motor deficit. These occur in the absence of a concurrent infection

other than HIV and persist for at least 2 months (CDC 1994).

Before antiretroviral therapy, natural history data suggested that HIV encephalopathy could
be progressive or static. Progressive encephalopathy is characterized by the loss of acquired
skills and is commonly seen in young children. Children with static encephalopathy gain new
skills but continue to function on a level below the mean, on standardized testing (Foster,

Biggs, Melvin, Walters, Tudor-Williams, & Lyall, 2006).

The radiological hallmarks of progressive encephalopathy include cortical atrophy and basal
ganglia calcifications on computer tomography scans. White matter lesions and central
atrophy are seen on magnetic resonance imaging. These radiological abnormalities are

associated with more advanced disease (Van Rie, et al., 2007; Foster, et al., 2006).

Neurodevelopmental manifestations of HIV encephalopathy include global
neurodevelopmental delay, overall impaired cognitive functioning, selective delays in
executive function, language or visual spatial tasks and subtle differences in specific areas

such as processing speed (Van Rie, et al., 2009).

This broad spectrum of clinical manifestations reflects the multiple factors that influence the
impact of the virus in an individual child, including timing of infection, age of
neurodevelopmental assessment and quality of the child’s environment (Van Rie, et al.,
2009). Delays in motor development, especially gross motor skills, most strongly
differentiate HIV- infected from HIV-exposed children and are seen more frequently in
infants than school-aged children. Delays in mental development occur later in infancy and
most often present as a global cognitive deficit. Differences in specific areas of cognitive

function have not been systematically observed in HIV-infected children. Delay in language
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6- 12 months of ART (Van Rie, et al., 2009; Van Rie, et al., 2008). The Children with HIV
Early Antiretroviral Therapy (CHER) trial demonstrated that early initiation of ART in South
African children resulted in favourable, short-term neurodevelopmental gains, decreased
infant mortality and disease progression, in comparison to later initiation of ART (Laughton,
et al., 2009). As a result, updated WHO and South African Department of Health
recommendations advise that all infants (<12 months old and <24 months respectively) be

started on ART, regardless of CD4 count or WHO staging (SANAC, 2010; WHO, 2010).

The prevalence of intellectual disability among children in general has been reported as 35.5
and 44 per 1000 in two South African studies (Christianson et al., 2002; Katzenellenbogen,
Joubert, Rendall, & Coetzee, 1995). These figures represent those with more severe
developmental disability and do not include children with subtle cognitive impairments.
Recent resea:rch on early childhood development in resource-limited countries has raised
concern about loss of intellectual potential due to poverty, poor health and nutrition and

under stimulating home environments (Grantham-McGregor et al., 2007). There are few data

on this phenomenon in South African children.

This cross-sectional, comparative study assessed the neurodevelopmental functioning in two
groups of preschool children (aged 5-6 years) in Soweto using the Griffiths Mental
Development Scales-Extended Revised Version (GMDS-ER):- an HIV-infected group,

successfully treated on ART for at least one year and an apparently healthy comparison

group.
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the raw score and age equivalent for each domain and overall in the GMDS-ER analysis
manual. The age equivalent score was then divided by the chronological age to yield a GQ
overall and SQ for each domain. This was done following consultation with experienced
colleagues (personal communication- L. Jacklin, B. Laughton, L. Stroud, N. Van Zyl,
November 2010). This scoring method has been used by Van Heerden and Van Rooyen in

South Africa (Van Heerden, 2007; Van Rooyen, 2005).

General quotient (GQ) and sub quotient (SQ) scores of <70 were indicative of severe
neurodevelopmental delay or mental handicap. Mean scores (calculated from the GQ and SQ
values) were compared between study groups and also categorised into strata according to
clinical significance- mental handicap (<70), borderline (70-79), low average (80-89),
average (90-}09) and high average (110-119). The secondary analysis enabled a more

detailed evafuation and comparison of the children falling within the <-2 z-score range.
Ethics Clearance

Ethical clearance for the study was obtained from the Human Research Ethics Committee of

the University of the Witwatersrand.

Data Analysis

Neurodevelopmental z-scores (GMDS-ER) were categorised into developmentally delayed
(<-2 standard deviations) or not delayed (>-2 standard deviations). Statistically significant
differences in proportions of delayed children per domain and overall between the HIV-
infected and comparison group were compared using either y tests or Fisher’s exact tests
(where expected frequencies were <5). Overall GQ and individual domain SQ means
(GMDS 1970) were calculated and compared using either the two-tailed t-test (equal

variances) or the Welch test (unequal variances). Proportions of each group with GQ or SQ
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<70 (mental handicap) were compared between groups using either x2 tests or Fisher’s exact

tests.

Odds ratios were used to determine the strength of the association between HIV-status and
neurodevelopmental delay per domain. All analyses were performed using Stata® 11

(StataCorp LP, USA).

Results

Demographic and clinical characteristics of participants

In total, 60 children aged 55-75 months were enrolled into the study; 30 HIV-infected and 30
healthy comparison children. There were no significant differences (p>0.05) in the median
ages, gender; socioeconomic status and maternal or paternal orphan status between the
groups. The primary caregiver was one or both parents in 21 (70%) children in the HIV group

and 28 (93.3%) in the comparison group (Table 1).

Of the 30 HIV-infected children, 29 (97%) were at WHO stage III or IV at the time of
starting antiretroviral therapy (ART) with 70% having been treated for either pulmonary or
extra pulmonary tuberculosis in the past. HIV encephalopathy (delay or regression of
milestones; acquired microcephaly or pyramidal tract signs) was diagnosed in five children
(16.67%) and an additional five children (16.67%) had severe failure to thrive prior to
starting ART. The mean weight-for-age z-score was -5.02 prior to starting ART and -1.01 at
the time of testing (p<0.00). The median age of starting ART was 24 months (IQR 15-40.5)
and the median duration of ART was 40 months (IQR 23.5-47.5). Twenty children were
initiated on a regimen of lamivudine, stavudine and lopinavir/ritonavir. Of these, six
subsequently had single drug substitutions due to side-effects. Lamivudine, stavudine and

efavirenz were initiated and maintained in nine children (>3 years at ART initiation). The
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Although the comparison group performed far below expected levels, their overall GQ and

SQ scores were consistently higher than those of the HIV-infected group (Table 3).

When comparing the proportions of children with GQ scores of <70, there was a 7-fold
increase in the likelihood of having severe neurodevelopmental delay in the HIV-infected
group (OR=7.88; CI: 1.96-31.68) compared to the comparison group (Table 5). The two
groups differed significantly in all domains except locomotor, hearing-speech and
performance, when comparing proportions with SQ <70. In the locomotor domain 7 children
in the HIV-infected group and 1 child in the comparison group had a SQ <70 (p 0.052). The
z-score analysis shows the greatest disparity between groups in the locomotor domain —14
children in HIV-infected group versus 2 in the comparison group (p 0.000) (Figure 2). This

apparent contradiction is a result of a number of factors-firstly, the choice of < 70 as a cut-off

3
¥

point. This was based on the clinical significance of this value. GQ values below 70 are
internationally classified as mental handicap and children in this category usually require
special schooling. Secondly, the Fischer exact test, rather than the Chi-squared test (p 0.023),
was used to analyse the locomotor SQs, as the expected cell size was calculated as 4. The z-
scores were analysed using the Chi-squared test. The third factor that contributes to the
statistical paradox is the small sample size, as evidenced by the wide confidence intervals. A
larger sample would probably have resulted in more consistent results. In the hearing-speech
and the performance domains, both groups performed poorly with 25 (83.3%) of the HIV-
infected and 20 (66.7%) of the comparison group having SQs <70 in the language domain
(p>0.05). Similarly, 19 (63.3%) of the HIV infected and 12 (40%) of the comparison group

had SQs of <70 in the performance domain (p>0.05) (Table 5).
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population (Amod Z, 2007; Cockcroft, Amod, & Soellaart, 2008; Perez et al., 2005). A
deterioration of functioning has been shown between 11 and 21 months in children from low
socio-economic circumstances in Cape Town (Laughton et al., 2010). The effects of SES may
become more marked as the child develops (Allan, 1988). This research indicates the
possibility of developmental decline during the early years of childhood in disadvantaged

children.

High rates of cognitive developmental impairment were found in a Kinshasa study in healthy
control subjects-51.1% with moderate or severe delay. The children were all under six years
of age, with both parents alive and HIV uninfected, but living in an impoverished area. There
were substantial improvements in cognitive functioning on repeat testing one year after
parents receied developmental education and the children received basic healthcare (Van

Rie, et al., 2009; Van Rie, et al., 2008).

The HIV-infected group performs consistently lower than the comparison group in all areas.
Mean GQ and SQ comparisons reveal significant differences in all domains and overall
between the HIV- and comparison groups (Table 3). However, the developmental profile
patterns of both groups are very similar as demonstrated in Figure 1. Both groups function
best in the Personal-Social and Locomotor domains and worst in the Hearing-Speech and
Performance areas. There was no statistical difference between groups in the latter two
domains on z-score and SQ <70 analysis, as both groups were impaired in these areas (Table
2 and Table 5). The low language scores are consistent with the findings of other studies in
HIV-infected children (Wolters, Brouwers, Civitello, & Moss, 1997). The language domain
is most indicative of higher order cognition and delays have been associated with maternal
depression (Laughton, et al., 2010), a low level of maternal education and low SES (Molteno,

et al., 1991). Van Heerden and Van Rooyen have reported on developmental profile patterns
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Table 2: Proportion of children with z-scores < -2 standard deviations per domain — primary

analysis
HIV-infected group | Comparison group | p-value | Odds Ratio
N=30 N=30 (cn
(n (%)) (n (%))
Total Overall 27 (90%) 23 (76.7%) 0.166* 2.74
(0.63-11.82)
Locomotor Domain 14 (46.7%) 2(6.7%) 0.000* 12.25
(2.46-60.91)
Personal-Social Domain | 8 (26.7%) 1(3.3%) 0.026** | 10.55
(1.23-90.65)
Hearing-Speech Domain | 27 (90%) 25 (83.3%) 0.706** | 1.8
(0.39-8.32)
Eye-Hand Domain 15 (50%) 7 (23.3%) 0.032* 3.29
(1.08-9.95)
Performance Domain 19 (63.3%) 12 (40%) 0.071* 2.59
(0.91-7.34)
Practical Reasoning 21 (70%) 15 (50%) 0.114* 2.33
Domain (0.81-6.73)

*Chi-squared test

**Fisher’s exact test
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developing countries and 22 of these high burden countries are responsible for 80% of the
entire global burden (7). In 2007 the five highest ranking fuberculosis incidence rates
countries were India (2.0 million), China (1.3 million), Indonesia (0.53 million), Nigeria

(0.46 million) and South Africa (0.46 million) (4).

The average tuberculosis incidence rate in sub-Saharan Africa is estimated at 350 cases per
100000 population. In select arcas of Southeast Asia and in sub-Saharan Africa
tuberculosis is being driven by the human immunodeficiency virus (HIV) epidemic (8).
This is because 10% of patients with HIV will develop active tuberculosis per year;
whereas 10% of people without HIV will develop fuberculosis throughout their entire
lifetime (8). In Asia 24% of all ruberculosis cases are co-infected with HIV compared with

38% in sub-Saharan Africa (6).

Tuberculosis was the seventh major cause of death and the world’s second most common
cause of death from an infectious disease in 2007 (1, 6). In the past century tuberculosis
has killed 100 million people, despite there being treatment for the disease for 50 years (6).
Globally an estimated 2 million people die annually from tuberculosis annually, which is
roughly equivalent to a tuberculosis death every 15 seconds (1, 6). In the entire African

region, tuberculosis kills 1500 people every day constituting 500000 deaths annually (9).

1.1.2 Tuberculosis burden in South Africa

South Africa has a tuberculosis incidence of 720 per 100000 population according to the
Medical Research Council (MRC) (10, 11). This incidence is 60 times higher than that
seen in the industrialised world and 73% of South Africa’s tuberculosis cases are co-
infected with HIV (10). Tuberculosis was declared to be a national crisis in 2005 (12). In

2008, 112000 people died from this disease in South Africa alone (10).
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In sub-Saharan Africa tuberculosis temporal increase is generally attributed to the Human
Immunodeficiency Virus (HIV) epidemic which acts as a co-factor of transmission and
disease (15, 16). In certain African countries, tuberculosis notification rates doubled over a

ten year period during the 1990°s due to the co-evolution of these epidemics.

1.2.2 Tuberculosis and GIS

In countries outside of Africa, GIS has been used frequently in tuberculosis research. In the
United States, a study was done to identify the geographical areas where tuberculosis
transmission was occurring in order to establish the high-risk groups by linking GIS
technology with molecular surveillance (17). In Thailand, GIS was used to assess

geographical clustering of multidrug-resistant tuberculosis cases in a Hmong refugee camp

(18).

1
Most African fuberculosis studies using GIS have been conducted in South Africa. GIS
was used to map tuberculosis cases in the Western Cape, analyse the distribution of

treatment points in rural KwaZulu-Natal and investigate childhood tuberculosis in two

urban communities in Cape Town (14).

1.2.3 Risk factors of tuberculosis
Numerous studies have been conducted throughout the world to establish the risk factors of

tuberculosis. Studies done in Japan identified low educational attainment, old age and
poverty with increased risk and found high incident clusters in the coal mining sector,
industrial and urban areas (15, 19). In Brazil higher tuberculosis rates were found to occur
in state capitals or metropolitan areas (20). In the Gambia, studies revealed that
tuberculosis occurred more in people that were permanent residents of the area while in
Madagascar tuberculosis distribution was associated mainly with the number of people

having low adherence to treatment and the number of households with more than one case
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CHAPTER TWO

This chapter first describes the study setting, design, participants and data used in the
study. It then details the analytical techniques that were used in the study to address the

overall and specific objectives.

2.0 MATERIALS AND METHODS
2.1 STUDY DESIGN

An analytical cross-sectional study was conducted using data from the National Health
Laboratory Service’s (NHLS) database for the Eastern Cape from 2004 to 2009. This was
an appropriate design because pre-existing data of both exposures and outcomes were
collected simultaneously through routine laboratory surveillance of tuberculosis. In
addition l‘Ehis study design was appropriate in establishing the exposure variables (socio-
demographic and laboratory test factors) that were associated with the outcome variable

(pulmonary tuberculosis prevalence) in the Eastern Cape.

2.2 STUDY AREA

The study area is the Eastern Cape province of South Africa. It is the 2" largest province
encompassing an area of 169 580km” and stretches to border with the Western Cape in the
west, Kwa-Zulu Natal in the far northeast, Free State in the north, the Northern Cape in the
northwest, Lesotho in the northeast and the Indian ocean on the east and southeast (38).
There are currently 6.9 million people living in the province and 65% of them live in rural
areas (38). The Eastern Cape is comprised of approximately 87.6% black Africans, 7.5%

coloureds, 4.7% whites and 0.3% Asians.
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GPS co-ordinates for the clinics at which they tested and therefore the final number of
observations included in the study for data analysis was 2 250 877.

Figure 2.1: Flow chart of study participants
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AMNALYSIS

2.6 MEASUREMENT AND DATA SOURCES

2.6.1 DATA SOURCE AND SOFTWARE UTILISED

This secondary data analysis utilised routine laboratory surveillance data collected by
various laboratories in the Eastern Cape and stored in a central repository database of the
National Health Laboratory Services (NHLS). The National Institute of Communicable
Diseases (NICD) gave permission to use the data. The NHLS datasets were all entered
using Excel 2003. Data was extracted from the database to STATA using Database
management systems (DBMS) copy software. STATA version 11 was used to clean, code,
merge and statistically analyse all the data. The program SaTScan was used to do the

spatial analysis through the utilisation of a shape file for all the Eastern Cape clinics, count
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Space-time analysis establishes whether the yearly geographic variations are random or
statistically significant deviations from randomness, where specific year’s statistically
significant excesses and deficits lie and establishes whether significant deviations are
temporary or persistent. The maximum spatial cluster size was adjusted to identify optimal
detection of both excesses and deficits in space and space-time.

2.7.2.2 Risk factors of tuberculosis
The association between socio-demographic factors, laboratory efficiency and three

different dependent variables (viz. any tuberculosis, resistant tuberculosis and XDR
tuberculosis) was assessed for the Eastern Cape using three different logistic regression

models.

Independ?nt variables: Age recoded categorically, Gender and Laboratory efficiency.

The evall‘lation of laboratory efficiency was analysed through using microscopy efficiency
as a proxy measure as this was the only test where data was present for more that 50% of
the laboratories throughout the period. The microscopy efficiency of each laboratory was
established through calculating the province’s average microscopy test time for each year

and then dividing the laboratory’s annual average microscopy test time by the province’s

annual average test time.

A univariate logistic regression analysis was first run for the three different binary
outcomes. Variables found to be significantly associated (p<0.05) or marginally associated
(p<0.15) were selected for inclusion into the equivalent multivariable logistic regression
analysis along with any confounders. From the multivariate logistic regression model all
main exposure variables with a resultant p-value of less than 0.05 were considered to be

independently associated with the dependent variable in question.
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CHAPTER THREE

This chapter covers the results of the data analysis conducted and encompasses both the

descriptive and inferential data analyses.

3.0 RESULTS
3.1 DESCRIPTIVE ANALYSIS RESULTS

3.1.1 Demographic characteristics of study participants
This section summarises the demographic features of the study participants. Characteristics

of all the participants are first detailed and then the characteristics are compared by the
various TB outcomes detailed earlier (any, resistant and XDR tuberculosis).

Table 3.1: Breakdown of characteristics of people suspected of TB: Eastern Cape, 2004-2009.

Disease State

No Tuberculosis 2 160 842 (96%)
Tuberculosis 86 689 (49%)
Sex i

Male 1 035 403 (46%)
Female 1170456 (52%)
Unknown 45 018 (2%)
Age

Minimum 1 day old
Maximum 107 years old
Median 38 years old
Interquartile Range 26 -53 years old
A ri

0-4 22 509 (1%)

5-9 45 018 (2%)
10-14 112 543 (5%)
15-19 135 053 (6%)
20-34 630 246 (28%)
35-44 450 175 (20%)
45-54 337 632 (15%)
55+ 517 701 (23%)
Distri

Alfred Nzo 157 561 (7%)
Amathole 517 702 (23%)
Cacadu 180 070 (8%)
Chris Hani 292 614 (13%)
Nelson Mandela 472 684 (21%)
OR Tambo 495 193 (22%)
Ukhahlambi 135 053 (6%)

Table 3.1 describes the characteristics of the study participants. In general the number of
participants without tuberculosis far exceeded those with the disease. A total of 2 160 842

(96%) participants had no tuberculosis and 86 689 (4%) participants had tuberculosis.

17






tuberculosis 45% were male, 53% were female and the sex was unknown for 2%. The two
groups (tuberculosis positive and tuberculosis negative individuals) were found to be
significantly different in all characteristics tested being sex, age categorised and residential
district, shown through the chi-squared tests having significant p-values of less than 0.05.
The participants without tuberculosis were significantly older at a median age of 39 years,
consisted of more females than males and were predominantly from the Amathole, OR
Tambo and Nelson Mandela districts. Individuals with tuberculosis were significantly
younger with a median age of 36 years, consisted of more males and were predominantly

from the Nelson Mandela district.

Tuberculosis incidence by the various characteristics is also recorded in table 3.2.
Accordinég, to this, tuberculosis occurred mostly amongst males, the 35-44, 45-54 and 20-
34 year age groups as well as in the Nelson Mandela metropolitan and Cacadu district.

Table3.3: Characteristics of TB positive participants by resistance: Eastern Cape, 2004-2009*

Resistant TB
VARIABLE TB n=82 101 n=4 588 P-VALUE
n(%) n{%)
Sex <0.001
Male 44 750 (55.50) 2371 (51.68)
Female 35 877(44.50) 2127 (48.32)
A tegorised <0.001
0-4 1037 (1.26}) 34(0.74)
5-9 451 (0.55) 32(0.70)
10-14 798 (0.97) 38(0.83)
15-19 3270(3.98) 184 (4.01)
20-34 31163 (37.96) 1758 (38.32)
35-44 21266 (25.90) 1225 (26.70)
45-54 12 457 (15.17) 705 (15.37)
55+ 9568 (11.65) 430(9.37)
District <0.001
Alfred Nzo 1290(1.57) 93 (2.03)
Amathole 12 798 (15.81) 1323 (28.84)
Cacadu 9283 (11.31) 358 (7.80)
Chris Hani 5156 (6.28) 181 (3.95)
Nelson Mandela 35302 (43.00) 1515 (33.02)
OR Tambo 11 859 (14.44) 840 (18.31)
Ukhahlambi 3316 (4.04) 142 (3.10)

*Pearson Chi-square test used to test all variables
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province relatively close to each other (Figure 3.18). Three significant secondary clusters
(P-value<0.001) of tuberculosis excess were identified in the northern parts of the
province, namely Qaukeni (4 659 cases observed, 3 565 expected, RR=1.33), Maletswai
(816 cases observed, 544 expected, RR=1.5) and Sakhisizwe (831 cases observed, 696

expected, RR=1.2).

The statistically significant most likely cluster (P-value<0.001) of resistant tuberculosis
was in the south-western part of the province comprising Blue Crane, Makana, Ndiambe,
Sunday’s River Valley, Kouga, Buffalo City, Ngqushwa, Nkonkobe, Inxuba Yethemba
sub-districts and the Nelson Mandela Metropolitan. The cluster had 2 865 resistant
tuberculosis cases (1 564 cases expected) and a high relative risk of 3.33, indicating that
the unden‘lying risk of resistant tuberculosis in this cluster was 3.33 times greater than that
of the baseline rate. Qaukeni district was the only significant secondary cluster (P-
value<0.001) of excess drug resistant fuberculosis (280 cases observed, 190 expected,

RR=1.5).

Finally the most likely significant cluster (P-value<0.001) of XDR-tuberculosis excess
comprised the south-western sub-districts of Blue Crane, Makana, Ndlambe, Sunday’s
River Valley, Kouga, Buffalo City, Ngqushwa, Nkonkobe, Inxuba Yethemba and the
Nelson Mandela Metropolitan. The cluster had 166 resistant tuberculosis observed cases

(60 expected cases) and a very high relative risk of 61.28.

To graphically represent the purely spatial clustering results, three maps follow on
depicting the primary and secondary clusters of fuberculosis (figure3.18), resistant

tuberculosis (figure 3.19) and XDR-tuberculosis (figure3.20) discussed above.
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(expected-9 028) and a high relative risk of 4.19. All eleven sub-districts are in close
proximity to each other and are situated in the west-central area of the province. Three
statistically significant secondary clusters (P-value<0.001) were identified for the period of
2007 to 2009, namely Qaukeni (3 761 tuberculosis cases observed, 1822 expected,
RR=2.11), Sakhisizwe (478 tuberculosis cases observed, 334 expected, RR=1.44) and
Elundini (976 tuberculosis cases observed, 779 expected, RR=1.26). For the period of
2008 to 2009, two statistically significant secondary clusters (P-value<0.001) were
identified: Maletswai (646 tuberculosis cases observed, 189 expected and a high relative
risk of 3.43) and Buffalo City (4 083 cases observed, 3 123 expected, RR=1.32). 2009 one
significant secondary cluster (P-value<0.001) was identified in Mbashe sub-district (820
cases observed, 565 expected, RR=1.46).
!

The statistically significant primary cluster (P-value<0.001) for resistant tuberculosis
occurred from 2007 to 2009 and comprised the Blue Crane, Makana, Ndlambe, Sunday’s
River Valley, Kouga, Nelson Mandela, Buffalo City, Ngqushwa, Nkonkobe and Inxuba
Yethemba sub-districts, situated in the south-western part of the province. This significant
cluster had 1 893 resistant tuberculosis cases while only 785 cases were expected and had
a high relative risk of 3.46. A statistically significant secondary cluster (P-value=0.002)
occurred during 2006 and 2007, encompassed Mbashe and King Sabata Dalinyebo sub-
districts with 224 observed resistant tuberculosis cases, 161 expected cases and a relative
risk of 1.42. The other secondary significant cluster occurred from 2008 to 2009 in
Qaukeni sub-district and had 182 observed resistant tuberculosis cases, 96 expected cases

and a relative risk of 1.98.
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Table 3.8 summarises the results from the univariate and multivariable logistic regression
analyses for resistant tuberculosis. Based on the univariate logistic regressions gender
(p<0.001), age category (p<0.001) and laboratory inefficiency (p<0.001) were significantly
associated with resistant ruberculosis. After multivariable logistic regression gender
(p<0.001), age category (p<0.001) and the laboratory’s inefficiency (p<0.001) remained

significant and were therefore independently associated with resistant fuberculosis.

The odds of an individual having resistant fuberculosis decreased by 23% for female
individuals compared to male individuals. The 20-34 and 35-44 year olds were the highest
risk age groups for resistant tuberculosis. The odds of an individual having tuberculosis
was decreased in all other age groups especially 5-9 years old and 10-14 years old
compared" to the 20 to 34 year old age group. The odds of an individual having resistant

tuberculosis was increased by 52% for a day’s increase in laboratory inefficiency (or

delay).

3.2.2.3 Factors associated with XDR tuberculosis
The final model looked at the factors that were associated with XDR-TB.

Table 3.9: Univariate and multivariable logistic regression analysis showing factors
associated with XDR ruberculosis, Eastern Cape, 2004-2009

VARIABLE UNIVARIATE MULTIVARIATE
OR (95% ClI) P-Value |OR (95% CI) P-Value

Gender
Male 1 1
Female 2.020 1.488-2.743 <0.001 |2.026 1.469-2.795 <0.001
A rised
20-34 yr olds 1 1
0-4 yr olds(2) 1.438 0.518-3.994 0.486 |{1.462 0.517-4.131 0.474
5-9 yrolds(3) omitted omitted
10-14 yr olds(4) 0.631 0.087-4.583 0.649|0.499 0.068-3.679 0.495
15-19 yr olds(5) 1.816 0.946-3.488 0.07311.815 0.933-3.531 0.079
35-44 yr olds(6) 1.817 1.065-2.194 0.0211.757 1.213-2.546 0.003
45-54 yr olds(7) 0.936 0.565-1.551 0.798]1.119 0.668-1.876 0.669
55+ yr olds(8) 0.424 0.209-0.858 0.017 [0.317 0.155-0.651 0.002,
Laboratory Inefficiency 12.615 8.926-17.830 <0.001 |15.548 10.887-22.204 <0.001
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CHAPTER FOUR

In this chapter the findings of the study are discussed with reference to relevant and

available literature. Limitations of the study are then also discussed.

4.1 DISCUSSION

The first objective of the study was to determine temporal patterns and changes in the
incidence proportion of sensitive and resistant tuberculosis in the Eastern Cape from 2004
to 2009. Findings show any tuberculosis, sensitive tuberculosis and resistant tuberculosis
increased and had statistically significant increasing linear trends across the years.
Tuberculosis was initially predicted to increase globally by Dolin, Raviglione and Kochi
from 7.5 million cases in 1990 to 8.8 million cases in 1995 and 10.2 million cases in 2000

(45). The findings of this study correlate with two studies: The first was conducted in a

]
i

peri-urban township near Cape Town in 2005 and found that the tuberculosis notification
rate increased by 2.5 fold from 1996 to 2004 (46). The second study done by Davies found
that tuberculosis was increasing globally and was expected to continue increasing for
longer than ten years further (47). The main reasons for this continued increase were cited
as being the spread of HIV (immunocompromised and thus more susceptible),
demographic changes and increasing poverty levels that promote the spread of tuberculosis
through crowding and malnutrition (47). A plateau was identified in any, sensitive and
resistant tuberculosis from 2008 to 2009. Such a phenomenon has been explained in
previous literature to be due to mass vaccination, drug regimens and new diagnostics
resulting in reductions in incidence (48). The explanation is the most likely for this study
due to the plateau following the roll out of the complete ‘Stop TB’ campaign in the Eastern

Cape which included case finding, vaccinations and tuberculosis treatment by government.
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acquiring fuberculosis (47, 53). Studies conducted in Canada and Asia cited urban areas to
have higher risk due to urban poverty conditions causing higher rates of tuberculosis
transmission and challenges to the contemporary tuberculosis control programmes (55, 59)
. The effects of these conditions have been discussed above in detail and all play a vital

role in the continued spread of tuberculosis in the Eastern Cape.

The fourth objective of establishing the association between available socio-demographic
factors, laboratory efficiency and pulmonary fuberculosis incidence in the Eastern Cape
showed varying strength of association across the tuberculosis type dependent variables.
Multivariable regression confirms that tuberculosis is independently associated with
gender, age and laboratory inefficiency. In particular the findings reveal that male sex, ages
between 20 and 35 and laboratory inefficiency or delay are all significantly associated with
tuberculosis and resistant fuberculosis. The association with male gender is in line with
findings of a study done in 2007 by Kolappan et al (60). However the same study found
that tuberculosis was associated with increasing age which is contrary to our findings
where age groups above and below the 20-34 year old age group were at significantly
lower risk of acquiring tuberculosis. The pattern was similar for resistant tuberculosis,
except for the 35-44 year old age group which was also an independent predictor of

resistant tuberculosis (60).

Our results for XDR tuberculosis regression reveal that femalc sex, 0-4 year, 15-19 year
and 35-44 year age groups as well as laboratory inefficiency are all significantly associated
with XDR tuberculosis incidence. The association with female gender is surprising as most
literature has documented tuberculosis, resistant or not, being more common among males

due to their lower treatment adherence levels (61). Various studies have however

47






P e bt T T gt B n 0, g

R 8 AT T Ty b
el et

S

WS (B Uk e ok AT o e U Temietast ez XDR
tadecrilesic. Latrosssy Slegunals iz hea been ik Sorasseniod 3 by mansisied itk
B Smemrission ol Wdeveuizwis A peview uttetioed by Brode o @ on ey & Us
ttierion  Mdsmmure wAsroules wmn Gt E0. Themimme,  Uodyeen wed
Hyrimens 2 ol IW2 segy mEnd Uom Snguwic dilmy camed tre=e—inty 38 the L,
nomed e Hav of ol ad crsicbess ke dwtes (6 e g oodies Mve
swag the pyaane ipffdeen o ehowecy dnley o= mrius Bwlr of seecelonis
resuEsse 8 foumd 0 M55 ubidy. Frost Dese kg (- seen dus eSomsors effcieney 1

e 0t oy o Soesse oo, but mEare: mpetadly o Seosme The spont o

: %iﬂﬂhﬂhm&mmm‘ldnmﬁmum
bl 3eryuns S This zosed S [frmitasions v oo slisly ey
v The dan ned muny meom seg iy sXtenmive tloimiuyg and e
% Tan A0 Nt oo nilvies formanioo
Fmally e dymsy war semilg i ween of 0 cmmaliies svelbdde %r
rmalvas Sesmie vely e vecsbiss wieady senisd e dhe Gebonsiony
serviges coulic S umsd oty Sow varisbies wees Suzedore uand’ gy S
owiitrmenie meds! noasmeton as dinen wned ware the only zvailible
Erpeplis vattabie
i Baleshiou biss i dptesel sonssried o nisposied clernadodts et Be ey of
VASeS el ba & et Dedlity & e Reafert O The sty =y Asve

An




been quite different from people who did not go to health facilities when they were
sick due to traditional beliefs, lack of funds or transport or lack of awareness.

Due to this being an analytical cross-sectional study the issue of temporality arises
and therefore it was not possible to infer cause and effect in certain instances such
as when looking at the relationship between demographic factors, laboratory
efficiency and tuberculosis incidence proportion. As a result it was difficult to add
to a causality argument due to not knowing what happened first.

Limitation of denominators: the population data being collected in 2001 then 2007
posed a high possibility of the population denominator data being incorrect for the

other years when the census or community survey had not been conducted.
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CHAPTER FIVE

This chapter contains conclusions obtained from the findings of the study. Some

recommendations are then also made based on the study findings.

5.1 CONCLUSION AND RECOMMENDATIONS

The incidence of tuberculosis in all its forms has increased significantly in the Eastern
Cape between 2004 and 2009. This shows that control measures have not been adequate to
treat the infected and to curb further spread of the infection. Efforts of actively searching

for new cases and treatment defaulters therefore need to be scaled up.

Further studies looking at the numbers of patients that started treatment after sputum was
tested for tuberculosis are necessary to establish the level of primary defaulters as well as
studies that follow up patients who did start treatment to establish secondary defaulters.
This will assist in establishing whether control measures need to centre on new case

finding or ensuring patient compliance to the treatment regimen.

Future studies need to incorporate clinical and serological information including HIV
status of suspected tuberculosis cases to establish whether any other underlying conditions

could be risk factors and responsible for the rapid propagation of the disease.

The laboratory load and corresponding tuberculosis suspects of the Eastern Cape increased
considerably from 2004 to 2009. This has led to decreased laboratory functioning with
specific impact on culture and sensitivity testing. It is recommended that all laboratories
that do culture testing in the province, have their facilities upgraded to include the rapid
MGIT liquid media approach for culture testing. In addition to this it is recommended that

the infrastructure for the two main laboratories used for susceptibility testing in the
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province viz. Port Elizabeth TB and Umtata Clinical Pathology laboratory be standardised
to the Greenpoint TB laboratory’s standards to ensure that they are equipped to work as

efficiently and effectively as the Western Cape laboratory.

It is recommended that a similar study be conducted to establish laboratory load and
efficiency for 2010 and 2011 in order to obtain the most up-to-date information and
confirm ongoing trends. It would be of great value to incorporate such studies as part of the
annual laboratory system assessment. The detrimental effect of laboratory
inefficiency/delay to the potential spread of resistant tuberculosis shown in these analyses
suggests that optimal functioning laboratory services are crucial in reducing the spread of
tuberculosis and tuberculosis resistance. The prioritization of tuberculosis laboratory
services Has been implemented in South Africa. Initially little attention was given to these
services with resultant overworked staff and outdated or non-functional laboratory
apparatus. In recent times however, this has changed with laboratories being upgraded and
better equipped and staffed throughout the country (51, 67). It is hoped that consistent
progress in this direction will further decrease test times and eventual test loads per

laboratory in the future.

Tuberculosis in all its forms has proliferated and concentrated in districts with or near large
cities viz. Nelson Mandela Metropolitan, Cacadu, UKhahlamba and Amathole rather than
in the rural areas. This finding can be used as a motivation for government to focus on
rural development in the Eastern Cape in order to prevent current trends of urban
migration. Rural communities need to be sensitised on the effects of rural urban migration

and on methods and benefits of developing themselves in villages.

52



Sub-districts with excess tuberculosis in time periods extending to 2009 should be target
areas for urgent mass treatment as well as tuberculosis control and urgent prevention
campaigns implemented by provincial health authorities. Multisectoral collaboration of the
departments of health, environment, housing, social welfare, urban planning etc. needs to
be established in the districts containing or near large cities to decrease levels of
urbanization’s detrimental effects in order to improve living conditions and decrease the
high tuberculosis incidence rates observed in these areas. Particular emphasis needs to be
placed on alleviating overcrowding in such areas. In addition to this, establishment of
interventions specifically aimed at poverty alleviation need to be prioritized as a strong
link was confirmed between tuberculosis and poverty in this study and this group

represents a vulnerable subpopulation.

'
i
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Regression analysis established that tuberculosis in its various forms is significantly
associated with gender, age and laboratory ineftficiency. In light of this socio-demographic
factors found to be associated with various tuberculosis types need to be adopted as target
populations for educational prevention and case tracing campaigns. These campaigns can
be integrated into health programmes already in place for certain population groups.
Women can be tested for tuberculosis at antenatal clinics and contraception points whereas
children can be tested during vaccination as well as through school health programmes.
Men can be targeted during specific health campaigns that encompass screening and
education on male related diseases. Targeting age groups out of school will however need
wider reaching strategies such as the use of mass media, television, radio and newspaper

educational notices.
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Finally the following policy recommendations are made in order to enhance the guidelines
of the National Tuberculosis Control Programme of 2004:

-Quarterly monitoring of proposed external quality assurance systems at laboratories needs
to be implemented to ensure that laboratories that perform tuberculosis drug susceptibility
tests adhere to this policy guideline. This will ensure that laboratories with susceptibility
testing are functioning at optimum levels more often than not.

-Over and above frequent surveys of drug resistant tuberculosis incidence and prevalence
being conducted, it is recommended that provincial periodic surveys of sensitive
tuberculosis be made mandatory as well to guarantee current data of tuberculosis levels
nationally that can be compared to the records of the tuberculosis registry. This will then
allow mistakes and shortcomings in the registry to be picked up and addressed.

It is recommended that patients that have given in sputum samples, but have not gone
back to clinics to collect results and yet have tuberculosis be followed up. This would
involve going to the address that the patient supplied on their clinic file in order to inform
them of their positive status and need to begin treatment.

-In closing it is imperative that education, influence and persuasion mechanisms be
employed for the general public to be alerted of the importance of having timeous
tuberculosis tests when any relevant symptoms are present. This would have to include
campaigns geared at eliminating the stigma associated with tuberculosis in order for the

fear of testing to be eradicated.
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