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ABSTRACT

MICROBIOLOGICAL PARAMETERS THAT INFLUENCE THE TREATMENT
OUTCOMES OF MONODRUG AND MULTIDRUG-RESISTANT TUBERCULOSIS

Background and purpose of the study

Previous studies have reported microbiological parameters such as HIV infection, resistance to
anti-TB drugs such as fluoroguinolones, resistance to previous treatment with anti-TB drugsand
extrapulmonary TB, causing poor treatment outcomes in patients with monodrug and multidrug-
resistant tuberculosis. However, little is known about the time to sputum culture conversion in
HIV-positive patients infected with monodrug and multidrug-resistant tuberculosis in South
Africa, and currently there is no information on the effects of inappropriate (i.e. low and high)
anti-tuberculosis drug-dose on the time to sputum culture conversion in monodrug and

multidrug-resistant TB patients. The aim of_th_e_-_sig@y was to investigate whether or not there is a
— —
difference between the time to sput ‘mﬁ drug-resistant tuberculosis patients

with HIV, and those without HIV |n ito find out whether inappropriate (i.e.
low and high) anti-tuberculosis drug tlme to sputum culture conversion in
drug-resistant TB patients. In addltlon the mfluence of HIV infection (CD4 count and viral

VERSITY of the
load), drug resistance type, |mpa Qf antllre\rowr_al q;Jratlon before TB treatment, the

Fll

replacement of ofloxacin by mOX|roxaC|n and DR-TB localization were assessed on drug-

resistant TB treatment outcomes.
Methods

This study was designed as a retrospective observational study that assessed the influence of
microbiological parameters on DR-TB treatment outcomes. The study involved patients
admitted for treatment of drug-resistant TB between 1 January 2009 and 31 December 2015 at
Brewelskoof Hospital, South Africa. The study population includes male and female patients,
HIV-positive and HIV-negative, 18 to 65 years old, with confirmed MDR-TB and mono-
resistance TB (RMR-TB and HMR-TB). Sputum culture results were recorded monthly. Sputum
culture conversion was defined as two negative cultures taken at least one month apart. Time-to-

sputum culture conversion was measured from the day of initiation of DR-TB therapy. The
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influence of sputum culture conversion by HIV status and the influence of inappropriate anti-TB
drug dose on the time to sputum culture conversion was assessed using the ICLIFETEST
procedure (IC indicates interval censoring). The Kruskal-Wallis one way analysis of variance
was used to correlate the duration of antiretroviral therapy before TB treatment and the CD4
counts as well as viral load parameter at baseline and at the end of treatment on the treatment

outcomes in DR-TB patients. The chi-square test was used for the other variables.

Results

Of 244 MDR-TB patients, 229 (93.9%) patients converted within the first six months of
treatment and there was no difference in the proportion that converted based on HIV status.
Median time for conversion was 36 days (IQR 24-72) in HIV-positive patients and 40 days (IQR

26-72) in HIV-negative patients.Of 103 RfB,IB___patlents 102 (99.3%) converted within the
—————_

first 6 months of treatment and ther
LN Y NI ¥

he proportion that converted based on
HIV status. Median time for conver§‘ R 16.5- 46) in HIV-positive patients
and 34 days (IQR 21-55) in HIV-negativ pa& nt‘ w* R-TB. Out of 39 HMR-TB patients,

30 (76.9%) converted within the ﬁﬁ'rst—b—monthror—treatment and there was no difference
\7éip _nTs I\’Iedw{n |me for conversion was 69 days (IQR

VESTER Al
57-103) in HIV-positive patients and 48 days (28 103) in HIV -negative patients with HMR-TB.

- |

between HIV-positive and HIV- negat

Although there was no statistically significant difference in the time to sputum culture
conversion in HIV- positive and HIV- negative patients with monodrug and MDR-TB, treatment
outcomes were statistically significantly worse for HIV-positive patients with MDR-TB.
Inappropriate (i.e. low or high) anti-TB drug dose did not influence the time to sputum culture
conversion. We observed that there was no statistical significant difference between drug-
resistant TB patients who received either of the inappropriate (i.e. low or high) anti-TB drug
dose. There were no statistically significant differences between MDR-TB, RMR-TB, and HMR-
TB treatment outcomes with regard to the other microbiological parameters investigated in this

study.
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Conclusion and recommendations

In this study, we were able to determine the time to sputum culture conversion in DR-TB
patients. There is was no difference between the sputum culture conversion time in HI\VV-positive
patients and HIV-negative patients with MDR-TB, RMR-TB, and HMR-TB respectively. There
was limited evidence to suggest that inappropriate (i.e. low and high) anti-TB drug dose affects
the time to sputum culture conversion in MDR-TB, RMR-TB, and HMR-TB patients. Although,
from the survival analysis, there was no significant difference between drug-resistant TB patients
who received any inappropriate (i.e. low and high) anti-TB drug dose as compared to drug-

resistant TB patients who did not receive any inappropriate anti-TB drug dose.

We were not able to assess if changes in CD4 counts and viral load affect the treatment outcomes
in HIV-positive patients with DR-TB due to limited data, hence this objective was not achieved.
The duration of antiretroviral therapy, the type of anti-TB drug resistance, the replacement of

ofloxacin with moxifloxacin and th sﬂ@@n&m not have any influence on DR-TB

treatment outcomes.

Our findings established concluavjﬁ?”‘:‘ud MQA |olog|cal outcome) sputum culture

conversion does not suggest early cI|n|caI1 riacg\(_-leryl ;1I'h|s IS suggestive of involvement of other
I f the

factors, e.g pharmacokinetic drug- drpq_ lnt,er'act\ons d{ug -food interactions or drug-disease
WwhkS 1l kK L g,

interactions that may influence the treatment outcomes in drug-resistant TB patients.

We had an unequal distribution of patients with regard to CD4 counts and viral load, with
imbalance in the different categories of mono-resistance TB cases and DR-TB localization. We
recommend further studies with a higher sample size of patients to address the unequal
distribution with regard to CD4 counts and viral load. Further research with larger sample size
should be done in order to confirm and extend the understanding of HIV infection, and
inappropriate anti-TB drug dose on the time to sputum culture conversion in MDR-TB, RMR-TB
and HMR-TB patients. The clinical impact of sputum culture conversion time, inappropriate
anti-TB drug dose, extrapulmonary TB, drug resistance TB type, the replacement of ofloxacin
with moxifloxacin, and antiretroviral history on the treatment outcomes in MDR-TB, RMR-TB,

and HMR-TB are still largely unexplored, and further research with a larger sample size should
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be done in order to establish which microbiological parameters may contribute to poor treatment
outcomes in these patients, and whether or not these microbiological parameters are increasing

the risk of treatment failure or other poor clinical outcomes.
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CHAPTER ONE: INTRODUCTION AND MOTIVATION FOR THE STUDY

1.1 Tuberculosis and human immunodeficiency viral infection: Globally and in South
Africa

Tuberculosis (TB) is caused by Mycobacterium tuberculosis and is the most common cause of
death among patients infected with the human immunodeficiency virus (HIV). According to
the World Health Organization (WHO),in 2015about 10.4 million new TB infections occurred,
with 1.4 million people dying of TB and 0.4 million dying of TB and HIV infection (WHO,
2016). The number of TB and HIV infections has decline globally, the only exception is sub-
Saharan Africa, which has the greatest burden of TB and HIV infections (WHO, 2016). In
this region, 75% of the people co- infected with TB and HIV died in 2015 (WHO, 2016).

Despite the progress seen, TB has also been the most common cause of death in South Africa

from 2005 to 2014 (SSA, ZOIWe human immunodeficiency virus

Y
(TB/HIV) co-infection is thought t f-th i constraints to achieving TB control
inSouth Africa. ‘[

In 2015, South Africa was ranked'as havidg'the sixth Highest burden of TB worldwide (WHO,
2016), though the country is maléi%é'l E‘r'(%g-ir'égg}bv%r'a&)ééntrolling TB, and the 2016 Global
Tuberculosis report highlights a declining incidence and prevalence of TB in South Africa
(WHO, 2016). The TB situation in South Africa has improved, taking it from the third highest
affected country in 2011 to the sixth highest in 2015 (WHO, 2016). The method used to

address the challenges associated with the management of drug-susceptible TB in South Africa

has been the WHO recommended Directly Observed Treatment Short-course (DOTS) strategy.
South Africa adopted the DOTS strategy in 1996, but despite investments in TB control,
progress toward reaching programme objectives has been slow (Mukinda et al., 2012).
Treatment success rates for drug-susceptible TB have increased from 63% in 2000 to 78% in
2014, although the rate still falls short of the WHO-recommended goal of 85% (WHO, 2016).



1.2 Drug resistant tuberculosis: Globally and in South Africa

Drug resistant tuberculosis (DR-TB) continues to threaten global TB control and is a major
health concern in many countries. According to a recent report, South Africa was among the
30 highest drug-resistant tuberculosis-burdened countries in the world (WHO, 2016).The
number of persons diagnosed with drug-resistant TB has increased significantly over the last
decade from 2000 patients in 2005 to 18,734 in 2014 (WHO, 2015).

Monodrug resistance TB is defined as resistance to one first-line anti-TB drug only (WHO,
2013),and resistance to Isoniazid (INH) is the most common type of mono-resistance among
Mycobacterium tuberculosis isolates. The prevalence of Isoniazid mono-resistant TB (HMR-
TB), which is resistant only to Isoniazid (WHO, 2015), ranges from 4-12% for all TB cases,
with a global average of 8.1% for new cases (Hoopes et al., 2009; Villegas et al., 2016; Wang
etal., 2014; WHO, 2014).There is Imelcm mono-resistant TB (RMR-TB),

which is defined as resistance to Rifampicintalone“(HO, 2015). Rifampicin mono-resistant
= g ‘\- S
TB prevalence of under 1% for n cases %mn ﬂurope was reported in 2010, 12% in

Lima Peru and 3.2% in Zambia ( andgren et al., 2012; Villegas et al.,

2016). UNIVERSITY of the
WESTERN CAPE

The increased frequency of Rifampicin mono-resistance has been reported by three South
African studies (Dramowski et al., 2012; Mukinda et al., 2012; Coovadia et al., 2013).
Mukinda et al (2012) show significantly increasing trends in RMR-TB over a 5-year period
(2004-2008). The authors report that during this period RMR-TB cases more than tripled, from
31 cases in 2004 to 98 cases in 2008. Coovadia et al (2013) report that the proportion of RMR-
TB varied from a low of 7.3% to a high of 10.0%, with an overall average of 8.8% within a 3-
year period (2007-2009). Dramowski et al (2012) also report that RMR-TB disease is
increasingly encountered, particularly among HIV-infected and HIV-exposed non-infected
children in the Cape Province within a 7-year period (2003 - 2009).

Multidrug resistant tuberculosis (MDR-TB) is defined as resistance to at least isoniazid and
rifampicin, the two most powerful first-line anti-TB medicines (WHO, 2016). MDR-TB is of



increasing concern globally. Among previously treated TB patients, 20% have MDR-TB
(WHO, 2015). It is estimated that 3.3% of new TB cases are MDR-TB, globally (WHO,
2015). According to the World Health Organization, 480,000 new cases of MDR-TB and
190,000 related deaths occurred in MDR-TB patients in 2014 (WHO, 2015; WHO, 2016).

The rise of MDR-TB in sub-Saharan Africa is causing great concern and is complicated by
HIV infection, thus making the eradication of the drug-resistant bacteria difficult.According to
a report by the World Health Organization in 2007, South Africa had the highest number of
MDR-TB cases in Africa (WHO, 2009). An increase in MDR-TB was seen in all nine
provinces, with the greatest increase in KwaZulu-Natal Province with 11393 (25.2%), followed
by the Western Cape Province with 10947 (24.2%) (Department of Health, 2011).
Furthermore, KwaZulu- Natal Province has emerged as a global hotspot of drug resistant TB
and HIV co- infection, with more thanf]__O% of sufferersco- infected with HIV, and the
mortality rate as high as 71% ( '# -addition, the treatment of MDR-TB
remains lengthier and more compl st-line TB therapy, with a higher pill
burden and greater risk of adverselgffjgts m n‘1 W toxicity (Satti et al., 2012). Treatment
success rates in patients with drug-remB—re_rnmn—unacceptably low 52% (WHO, 2016).
The wider use of shorter MDR- TB$t§e§?’rrl1ielnE€" f%}l IEen%s !gf 9-12 months, and of new TB drugs
(bedaquiline and delamanid) for patients with MDR/XDR-TB, could help to improve this

situation (WHO, 2016).

O

The discovery of the Mycobacterium tuberculosis strain, with extensive drug resistance in the
Province of KwaZulu-Natal in 2005, alerted global attention, not only to the drug-resistant TB
problem in the country, but also to worldwide resistance (Gandhi et al., 2006). Drug resistant
TB, especially MDR-TB and XDR-TB,has also emerged as a serious threat to the control of
TB in South Africa. The presence of extensivelydrug—resistant tuberculosis (XDR-TB) is of
great concern in South Africa. XDR-TB is defined as MDR-TB plus resistance to at least one
fluoroquinolone and a second-line injectable agent (WHO, 2016). A previous study conducted
in KwaZulu-Natal Province in South Africa reported a prevalence of XDR-TB of 6% among

patients with TB and a mortality rate exceedingly high (98%) in HIV- infected patients with



XDR-TB (Gandhi et al., 2006).

Recent studies conducted in South Africa within a period of 9 years (2002- 2010) (Dheda et al.,
2010) and a period of 5 years (2008- 2012) (Pietersen et al., 2014) have reported poorer
treatment outcomes in XDR-TB patients, irrespective of HIV infection. These investigators
have reported that long-term treatment outcomes of XDR-TB are poor, irrespective of HIV
infection. They reported mortality rates of 50% (Dheda et al., 2010) and 73% (Pietersen et al.,
2014), but which were lower compared to the previous report of 83% mortality in KwaZulu-
Natal in South Africa. Pietersen et al. (2014) reported thatappropriate long-stay or palliative

care facilities for these patients are generally scarce.

1.2.1 Drug resistant -TB treatment in South Africa

Drug-resistant tuberculosis treatment is much more complex for patients to tolerate than

treatmentfor drug-sensitive TB. It ﬁWrugs that are costlier, more toxic and
less effective (WHO, 2013). The duration-of-t 5 much longer, usually at least 18-24

I
months for DR-TB, as opposed ﬁFz@ fo drﬁ;-sensitive TB. It requires a daily
administration of an injectable aminoglycoside (which 1s.very painful) for a minimum of six-

months, followed by an 18-24montty eentinuation phase. In South Africa, the national

guidelines recommend a 5-drug regimeniduring.a 6-manths intensive phase, followed by a 4-
drug regimen during the 18 months continuation phase for MDR-TB (DOH, 2011). These
regimens and their doses per body weight are shown in Table 1 and Table 2. Treatment for
MDR-TB is driven by sputum culture-conversion, whereby treatment is recommended for 18
months after the date of culture-conversion and, in chronic MDR-TB cases, an extension of 24
months is required (WHO, 2008b).

HIV infection further complicates the DR-TB treatment course via the risk of overlapping drug
toxicities between antiretrovirals (ARVs) and second-line anti-TB drugs (Satti et al., 2012). A
standardised shorter MDR-TB regimen of 9-12 months is now recommendedunder WHO
guidelines issued in May 2016 for all patients (excluding pregnant women) with pulmonary
multidrug resistant (MDR)/Rifampicin resistant TB (RR-TB) that isnot resistant to second-line
drugs. As part of the efforts to improve outcomes for MDR/XDR-TB, at least 70 countries

have started using bedaquiline, and 39 countries were using delamanid by the end of 2015

4



(WHO, 20186).

1.2.2 Drug resistant -TB treatment outcomes in South Africa

Studies have shown that DR-TB is associated with poorer treatment outcomes and frequently
associated with a high rate of treatment failure and death (Seung et al., 2009; Brust et al., 2010;
Farley et al., 2011; Gandhi et al., 2012; Mukinda et al., 2012; Cox et al., 2014; Schnippel et al.,
2015). DR-TB treatment remains challenging and complex, and treatment success is
considerably lower than drug-susceptible TB (Orenstein et al., 2009). The cure rate for drug-
susceptible TB was (79%) in 2010 in South Africa (WHO, 2012), while the cure rate for DR-
TB in South Africa was estimated to be less than 50% (Department of Health, 2009; Schnippel
etal., 2015).

In addition to low cure rates, unfavorable treatment outcomes such as default, failure and death

I

have been reported in a few studie Africa, especially in HIV-co-infected

patients (Holtz et al., 2006; Shean et-al: . BIUs 12010; Gandhi et al., 2012; Cox et al.,

m—

’ i=h | Pl -
2014). Treatment of DR-TB in HI:infected |pat ms[refains a serious public health challenge
s-etal., 2011). Such patients are required

(D

(Orenstein et al., 2009; Johnson et ali=2009;-Isaaka

to take large numbers of pills eachday, [recejmsjmt[amg;sqular injections for extended periods of
time, and are subject to potentiadlly “additive™side‘effects and drug interactions between
antiretroviral agents and second-line anti-tuberculosis drugs (WHO, 2008; WHO, 2009). In
addition, mortality is extremely high in HIV-positive drug resistant-TB patients (Cox et al.,
2014; Meintjes, 2014).

A knowledge of risk factors for poor DR-TB treatment outcomes is essential for developing
effective solutions to improve treatment outcomes. In South Africa limited studies have been
done to evaluate DR-TB treatment outcomes and to identify microbiological parameters

influencing poor treatment outcomes.



1.3 Motivation for the study

In South Africa, HIV-infected patients with drug-resistant TB are known to have significantly
poorer treatment responses and higher mortality rates than HIV-negative patients (Brust et al.,
2010; Gandhi et al., 2010; Farley et al., 2011; Cox et al., 2014; Schnippel et al., 2015). Studies
have reported that the median sputum culture conversion time was similar in both HIV-
positive and HIV-negative MDR-TB patients (Brust et al., 2011; Hafkin et al., 2013).
However, treatment default and death suffered by HIV-positive patients affect the sputum
culture conversion rate (Issakidis et al., 2011). Sputum culture conversion has been reported as
an interim indicator of treatment outcomes, and MDR-TB patients with no sputum culture
conversion within two to three months had a high rate of relapse and treatment failure (Seung
et al., 2009; Brust et al., 2011). Studies conducted in Europe have reported the median sputum

culture conversion time to be 2months (Yew et al., 2000; Holtz et al., 2006; Prasad et al.,

2006). Another study conducted me%m;t__ﬁ?ﬁg America reported sputum culture
conversion time to be longer in RMRaEBand MDRTB patients (94 days and 80 days
' ;%FTB(HMRJB)mddmg%mMNe
TB (48 days and 50 days respectivelp(Prach-etal=—20%3).. However, a study conducted in the
Western Cape in South Africa reportéd fihat; Ibetween’22001 and 2002, 45% of MDR-TB
patients had a median (range) sput’dnﬁ culture'convérsioh time of 5 (2.4- 4.5) months (Shean et

al., 2008).

respectively), when compared to IS

Brust et al (2011) and Hafkin et al (2013), who conducted studies in South Africa and
Botswana, have shown that HIV-infected patients could achieve similar sputum culture
conversion time as HIV-negative patients at the end of the intensive phase of MDR-TB
treatment. In spite of this, the cure rate is poor in MDR-TB patients when compared to drug-
sensitive TB. These two investigators only observed short-term microbiological outcomes, and
recommended furtherstudies to investigate the impact of HIV-infection on longer-term clinical
outcomes in the treatment of MDR-TB. They further recommended additional investigation to
discover whether favourable microbiological outcomes predict equally favourable clinical
recovery during the end of the continuation phase of MDR-TB treatment. There has been no
recent study conducted on the influence of HIV infection on timetosputum culture conversion



during the continuation phase (long-term) treatment of MDR-TB, RMR-TB and HMR-TB
patients. It would,therefore, be interesting to see if HIV-infection had any influence on the
timetosputum culture conversion during long-term treatment in MDR-TB, RMR-TB, and
HMR-TB patients.

Some investigators have revealed that high initial sputum culture colony count, bilateral
cavitations on chest radiography, drug regimen, the number of resistant drugs at treatment
initiation and low body mass index are independent predictors of longer timetosputum culture
conversion in MDR-TB patients (Holtz et al., 2006; Brust et al., 2013; Tierney et al., 2014). A
recent study has also revealed that the pattern of drug resistance affects the sputum culture
conversion time (Kim et al., 2016). Another recent study revealed that low body mass index
was linked to inability to achieve sputum culture conversion in MDR-TB and RMR-TB
patients (Velayutham et al., 2016). There are no recent studies that have reported the
influence of inappropriate (i.e low and hl_g_m..ang__tuberculosw drug dose on the timetosputum

"-\.._.______
culture conversion in drug- reswtaﬁ-j 1é, it is essential to examine the effect

of inappropriate (i.e low and high) the timetosputum culture conversion
in drug-resistant TB patients. ‘ \ F

UNIVERSITY of the
HIV infection has been generally,foundte:significantly lower the treatment success in drug-

resistant-TB andcauses a rapid progression of TB to death in both outbreaks and treatment
cohorts in South Africa (Brust et al., 2010; Faley et al., 2011; Cox et al., 2014; Schnippel et
al., 2015). HIV-co-infected DR-TB patients appear to benefit from antiretroviral treatment,
though concurrent management of the treatment of both diseases is complex. Although the
combination of tuberculosis treatment and antiretroviral therapy can increase survival in HIV
and TB co-infected patients in general, it is less likely to do so in patients with drug-resistant
TB in South Africa (Dheda et al., 2004; Gandhi et al., 2012).

Several investigators have confirmed that there is a link between HIV infection and poor
treatment outcomes due to a high mortality rate in drug-resistant TB patients (Gandhi et al.,
2006; Kliiman and Altraja, 2009; Brust et al., 2010; Farley et al., 2011; Prach et al., 2013; Cox

et al., 2014). Poor outcomes and rapid time-to-death have mostly been observed in the absence



of effective antiretroviral treatment (Gandhi et al., 2006; Wells et al., 2007; Seung et al., 2009).
A study from KwaZulu-Natal Province, the first extensive study detailing the treatment
outcomes of MDR-TB patients in a TB referral hospital in South Africa, reported an
association between HIV co-infection and death (Brust et al., 2010). Although the period
studiedwas prior to the availability of antiretroviral therapy (ART) in the public sector (2000-
2003), they attribute the HIV/deaths to the lack of antiretroviral therapy and recommend an
integration of ART with second-line anti-TB treatment in the management of MDR-TB
patients. Recent studies have found no association between HIV infection and poor treatment
outcomes in MDR-TB (Satti et al., 2012; Marais et al., 2013; Mugabo et al., 2015).

Several authors from Southern Africa have shown in recent studies that the use of

antiretrovirals (ARVs) improves the cure rate in MDR-TB patients (Brust et al., 2011; Satti et

al., 2012; Hafkin et al., 2013). A recent s&@xg_g_rlducted in South Africa has reported that the
J—-

duration of antiretroviral therap;g’ before 1B treatment
outcomes in MDR-TB patients (I\iﬁTrﬁ H2035)-

South Africa revealed a higher m ta y Hi\ HIV Hositive patients with MDR-TB who
initiated ART before TB treatment-{Omanah et al. 20155+ More studies are needed on HIV-

positive patients before anti-TB fredtrhént: to shaw! the&ffects of antiretroviral treatment on
WESTERN CAPE

Another recent study conducted in

MDR-TB treatment outcomes.

A study conducted in Tugela Ferry in KwaZulu-Natal, South Africa, within a period of 2 years
(2005- 2006), reported that a CD4 count of less than 50 cellssmm?® and a CD4 count between
51-200 cells/mm>were associated with mortality in MDR-TB patients (Gandhi et al., 2012). A
recent study conducted in Lesotho within a period of 5 years (2003-2007) reported poor
treatment outcomes in HIV-positive drug-resistantTB patients in which the CD4 count
decreased from baseline, or at any point during the treatment (Satti et al., 2013). Limited
studies have been done to investigate the effect of changes in CD4 count and viral load at
baseline to the end of treatment on DR-TB treatment outcomes in South Africa. Therefore, it
is important to look at the influence of changes in CD4 count and viral load,at the baseline to
the end of treatment, and at the treatment outcomes in HIV-positive patients with drug-
resistant TB in South Africa.



Researchers from South Africa have reported drug-resistant TB to be associated with a
significantly higher failure rate and death (Brust et al., 2010; Jacobson et al., 2011; Mukinda et
al., 2012; Cox et al., 2014; Schnippel et al., 2015). Brust et al (2010), who conducted a study
in KwaZulu- Natal South Africa within a period of 4 years (2000-2003), reported poor
treatment outcomes such as failure and death in MDR-TB patients. Mukinda et al (2012), who
conducted a study in the Western Cape Province of South Africa on Rifampicin mono-resistant
TB over a 5-year period (2004-2008), found an association between RMR-TB and treatment
failure. Another study, conducted in the Western Cape Province of South Africa within a 10-
year period (2000-2009), found no association between Isoniazid (INH) resistance and
outcomes (Jacobson et al., 2011), although it did suggest a poorer outcomefor Isoniazid mono-
resistant TB. Schnippel et al (2015), who conducted a study in Gauteng, South Africa within a
3-year period (2009-2011) reported that DR-TB patients receiving second-line drugs were
associated with death. There have been limited studies to investigate the influence of drug-
resistant TB on treatment outcomes i i x%ﬁfrica. It would thereforebe of interest

to see if a significant difference exists-between'the treatment outcomes in mono-resistance TB

i [T

Some researchers have found a linlK B%[\%iéﬁ%%f&bﬁlﬁ%dﬁé'ry TB and poor treatment outcomes
in DR-TB patients. A study cond‘l}b{éa; |'n lS(')fJih ,&frlﬁ'cé}t!)y Gandhi et al (2012) within a two-
year period (2005 -2006) involving 186 MDR-TB patients revealed that MDR-TB patients
with extrapulmonary TB were more likely to die. Another study conducted in the United States
of America by Kurbatova et al (2012) within a four-year period (2000-2003) involving 1786

MDR-TB patients reported extrapulmonary TB to be associated with mortality.Limited studies
have been conducted on the influence of DR-TB localization on treatment outcomes in drug-
resistant TB patients in South Africa. It would be interesting to investigate the influence of
pulmonary TB, extrapulmonary TB, and pulmonary TB and extrapulmonary TB co-infection

on the treatment outcomes in drug-resistant TB patients.

The fluoroquinolones are a very important drug class in the treatment of DR-TB and have been

shown to improve the cure rate, although development of resistance to quinolones is a concern



(Chigutsa et al., 2012). The national TB programme no longer recommends the use of
ofloxacin for the treatment of MDR-TB, instead moxifloxacin is the preferred agent, and in
younger children levofloxacin is used (DOH, 2014). However, clinical studies conducted in
Southern Africa have found ofloxacin to be less effective than other fluoroquinolones such as
moxifloxacin (Zvada et al., 2014; Chigutsa et al.,, 2012). A pharmacokinetic-
pharmacodynamic study of ofloxacin has shown that the currently recommended ofloxacin
dose of 800 mg per day is too low for the treatment of MDR-TB in South Africa (Chigutsa et
al., 2012), while limited studies have been conducted on the influence of fluoroquinolones on

the treatment outcomes in HIV-positive and HIV-negative DR-TB patients.

In Southern Africa ofloxacin has until recently been the fluoroquinolone used in DR-TB,
treatment, as the minimum inhibitory concentrations (MICs) of moxifloxacin (0.12-0.50
pg/mL)are lower than those of ofloxacin (1.0-2.0 pg/mL) (Arbex et al., 2010),

whilemoxifloxacin exhibits in vitro a ﬂ,cny,iiy_janﬂfggﬂhacterludal activity (Arbex et al., 2010).

e |

However, there is evidence that mﬂiﬁmmmerably better activity than ofloxacin
T T

(Rustomjee et al., 2008). Since Deﬂ l jﬂﬁfncan guidelines have recommended

i TB treatment regimen (DOH, 2014).

the use of moxifloxacin instead of
The extent of cross-class resistance; jis; again jpt entirely clear, with some evidence that

moxifloxacin retains activity against ssome jofloxacinpresistance. Zvada et al (2014) and
Chigutsa et al (2012) have proposed susceptibility breakpoints of 0.125 mg/liter for 400 mg
doses of moxifloxacin and 0.25 mg/liter for 800 mg ofloxacin. They believe that the current
dose of 800 mgofloxacin and 400 mg moxifloxacin may be related to poor clinical outcomes.
No recent study has investigated the replacement of ofloxacin by moxifloxacin, soit would be
interesting to see if the replacement of ofloxacin by moxifloxacin improves treatment

outcomes in drug-resistant TB patients.

Consequently, a better understanding of the microbiological parameters influencing DR-TB
treatment outcomes should improve the treatment of Mycobacterial infections, and provide a
more rational use of anti-TB therapy among patients with MDR-TB, RMR-TB, and HMR-TB
patients with and without HIV. In this study, the following microbiological and
pharmacotherapeutic parameters will be assessed on MDR-TB, RMR-TB, and HMR-TB
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treatment outcomes: HIV status, inappropriate (i.e low and high), anti-TB drug dose, sputum
culture conversion, sputum culture reversion, immunological and virological profile, ART
duration before anti-TB therapy, DR-TB localization, drug resistance and the replacement of
ofloxacin with moxifloxacin. It is believed thatconsideration of these parameters in developing
therapeutic strategies could improve treatment outcomes in patients with drug- resistant TB,

with or without HIV infection.

1.4 Research questions

The key (relevant) questions raised in the literature review are summarized below.

Two studies from Southern Africa have reported similar sputum culture conversion times in
HIV-positive and HIV- negative patients with MDR-TB at the end of the intensive phase of
MDR-TB treatment (Brust et al., 2011; Hafkin et al., 2013). To the best of my knowledge, no

previous study has investigated the time to_sputum culture conversion during long-term
——

treatment in HIV-positive and
Rifampicin mono-resistant TB, a I0-fesistant TB. Hence it would be

interesting to describe the sputum ¢

L in this group of patients.

!
=

Secondly, we seek to find out if HI/ iffection affects the'time to sputum culture conversion in
. . WESTERN CAPE
drug-resistant TB patients.

Thirdly, we seek to find out whether inappropriate (i.e. low and high) anti-TB drug dose

influence the time to sputum culture conversion in drug-resistant TB patients.

Fourthly, we seek to find out whether the changes in CD4 cell count and viral load during
treatment which are common in HIV-positive drug-resistant TB patients have any influence on

the treatment outcomes.
Fifthly, many of the patients with MDR-TB and co-infected with HIV are on antiretroviral

(ARV) therapy, and we would like to find out what influence the duration of antiretroviral

therapy before TB treatment has on MDR-TB treatment outcomes.

11



Sixthly, we seek to compare the treatment outcomes among drug-resistant TB patients.

In addition, since drug-resistant TB patients were treated with either ofloxacin or
moxifloxacincontaining regimen, we would like to find out whether the replacement of

ofloxacin by moxifloxacin improves the treatment outcomes in these patients.

Lastly, patients with drug resistanceare infected either with pulmonary TB, extrapulmonary
TB, or co-infected with pulmonary and extrapulmonary TB, and we would like to find out the
influence of pulmonary TB, extrapulmonary TB and co-infection with pulmonary and

extrapulmonary on the treatment outcomes in these patients.

The study therefore attempts to answer the following questions:

1. What is the time to sputum culture conversion in drug-resistant TB patients?

patients?

3. Could inappropriate (i.e. low al

sputum culture conversion in drug- esista

4. To what extent do changes in CR4;count; cells- §anf viral load at base line and 12 months;
baseline and 24 months influenceythe treatment;outcames. in HIV-positive patients with drug
resistant TB?

5. Could antiretroviral duration before TB treatment influence the treatment outcomes in HIV-
positive patients with MDR-TB?

6. Are there differences in treatment outcomes among MDR-TB and mono- resistance cases?

7. Did the replacement of ofloxacin by moxifloxacin improve the treatment outcomes in drug
resistant TB patients?

8. Could the fact of having (i) pulmonary TB, (ii) extrapulmonary TB (iii) or co-infection with
pulmonary and extrapulmonary have any influence on the treatment outcomes in drug-resistant
TB patients?

1.5. Hypothesis
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1.5.1 Experimental hypotheses

There are differences in the time to sputum culture conversion in drug-resistant TB
patients

HIV infection influences the time to sputum culture conversion in drug-resistant TB
patients.

Inappropriate (low and high) anti-tuberculosis drug dose influence the time to sputum
culture conversion in drug-resistant TB patients.

Changes in CD4 count and viral load from baseline to the end of treatment influences
the treatment outcomes in drug-resistant TB patients.

The duration of antiretroviral therapy before TB treatment influences the treatment
outcomes in HIV-positive patients with MDR-TB.

There are differences in the treatment outcomes among drug-resistant TB cases

The replacement of ofloxacin by moxifloxacin influences the treatment outcomes in

drug-resistant TB patientsm?

e NN RN Nim WiN NIl

The fact of being infecte ry TB, extrapulmonary TB or co-

infected with pulmonary |[TB Imonary TB influences the treatment

outcomes in drug-resistan ats————~

UNIVERSITY of the

1.5.2 Null hypotheses WESTERN CAPE

There are no differences in the time to sputum culture conversion in drug-resistant TB
patients.

HIV infection does not influence the time to sputum culture conversion in drug
resistant TB patients.

Inappropriate (low and high) anti-tuberculosis drug dosage does not influence the time
to sputum culture conversion in drug-resistant TB patients.

Changes in CD4 count and viral load from baseline to the end of treatment does not
influence the treatment outcomes in HIV- positive patients with drug -resistant TB.
The duration of the antiretroviral therapy before TB treatment does not affect the
treatment outcomes in HIV-positive patients with MDR-TB.

There are no differences in the treatment outcomes among drug-resistant TB cases.
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e The replacement of ofloxacin by moxifloxacin does not influence the treatment
outcomes in drug-resistant TB patients.

e The fact of having pulmonary TB, extrapulmonary TB, or co-infection with pulmonary
TB and extrapulmonary TB does not influence the treatment outcomes in drug-

resistant TB patients.

1.6 Objectives of the study

The objectives of the present study are:
1. To determine the time to sputum culture conversion in drug-resistant TB patients

2. To find out whether HIV infection influences the time to sputum culture conversion in drug-
resistant TB patients.

3. To find out if inappropriate (i.e. low and.high) anti-TB drug dose influences the time to
sputum culture conversion in drug resistant

- |
4. To assess whether changes (inéréase/decrease)ir

@D4 cell count and viral load affects

drug-resistant TB treatment outcomgs

5. To find out whether the durarrlon—or-antrretrovrral—the%apy before TB treatment influences

the treatment outcomes in HIV- posmve pa]fle%f‘élvvllt% MlﬁﬁFé B

6. To find out whether there are dl}}elreﬂr;cés irf{ tr?é t;'ea%rrlreht outcomes between MDR-TB cases
and mono- resistant TB cases.

7. To find out if the replacement of ofloxacin by moxifloxacin improvesdrug-resistant TB
treatment outcomes.

8. To find out if the fact of being infected with (i) pulmonary tuberculosis (ii) extra-pulmonary
tuberculosis or (iii) co-infection of pulmonary and extrapulmonary tuberculosis influences

drug-resistant TB treatment outcomes.
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CHAPTER TWO:LITERATURE REVIEW

2.1 Search strategy
Several search strategies were used to identify potentially relevant studies.

1. A systematic search was conducted to identify relevant studies in the following
databases: PUBMED (January 2000 to September, 2016), MEDLINE (1999 to 2016),
International Pharmaceutical Abstracts (January 1970 to November 2013). Keywords
included tuberculosis, Multidrug resistant tuberculosis, Rifampicin mono-resistant TB,
Isoniazid mono-resistant TB, DR-TB, XDR-TB, drug-resistant tuberculosis, sputum
culture, sputum conversion, sputum reconversion, Mycobacterium tuberculosis, low anti-
TB drug dose, high anti-TB drug do :
HIV/AIDS, risk factors for N '"".l;'

2. Hand-searching of the folloWyit

wretroviral agent, extrapulmonary TB,

dtional Journal of Tuberculosis and

Lung Disease, American Jou %|Critical Care Medicine, and Journal

of Clinical Infectious Disease:

3. Bibliographies of full-text ar%"des welrrel (:Im%l

STERN CA

relevant studies.
WE ;
4. Abstracts were included in search results.

2.2 Selection of Studies

Studies obtained from the literature search were checked by title and citation. If an article
appeared relevant, the abstract was reviewed. Relevant abstracts were examined in full-text.
More than 50 studies were included in the study. Inclusion criteria were as follows: an original
study, reported in English; reported treatment outcomes in a population of adult, culture-
confirmed MDR-TB, RMR-TB and HMR-TB patients; reported outcomes presented in a format
allowing for comparison with other studies. Exclusion criteria were as follows: exclusive

surgical series.
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2.3 Overview of phenotypic subpopulation of Mycobacterium tuberculosis

Mycobacterium tuberculosisis a slow-replicating bacterium with an invitrodoubling time of
about 24 hours in Middlebrook 7H9 liquid media (Straus and Wu, 1980; Ginsberg and
Spigelman, 2007), but varying from 18-54 hours under similar growth conditions (Gill et al.,
2009). This is in contrast to other bacteria that replicate much more rapidly in culture, for
example, such as Staphylococcus aureuswhichhas a doubling time of about 24 minutes
(Domingue et al., 1996). In patients with TB at least 2 different sub-populations have been
described in terms of metabolic activity and replication rate: those that are actively replicating
and are killed rapidly by anti-tubercular drugs (Jindani et al., 2003), and those that are non-
replicating and can lie dormant in the human host for very long periods of time, being less
sensitive to the bactericidal activity of drugs (Wayne and Hayes, 1996).Dormant bacteria may

result in latent infection for several decades before clinical disease appears (latency) due to

decreased immune surveillance or other%wnﬁg@f&‘(pllebaek et al., 2002).

——
r;'_:fl"lt"_b:r‘q_'ﬁ_rvf J[T‘{_Fl'[]‘
e

The terms ‘latency’, ‘dormancy’ and ly used interchangeably in this thesis

and possibly confusing, are define inney (2004) as follows. ‘Latency’

describes the state of a tuberculous Jesiopsthat,deesynot produce clinical symptoms because it is
induced by an initially vigorous immune #esponse+to s_orﬁair]._the infection (Gomez and Mckinney
2004). ‘Dormancy’ relates to the bacteria adopting mechanisms to survive under stressful
conditions of low oxygen tension, acidic conditions and amino acid starvation in parts of the
lung, and they undergo phenotypic changes whereby they do not replicate. These phenotypic
changes also make the bacteria more tolerant of antibiotics (Grant et al., 2012). ‘Persistence’
refers to the ability of Mycobacteria to ‘persist’ in the face of harsh conditions, including drug
treatment or host immunity (Satria et. al., 2013). The slowly-killed bacteria that remain after the
initial killing of actively dividing organisms are frequently called ‘persisters’, which appear to be

genetically identical to drug-sensitive organisms but are not replicating (Zhang et al., 2012).

2.3.1 Impact of HIV infection on clinical and microbiological presentation of TB

HIV infection changes the clinical and microbiological presentation of tuberculosis in various
ways. Studies have shown that HIV-infected patients have lower Mycobacterial colony counts
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compared to HIV-negative patients (Mohamed and Naing, 2001; Aderaye et al., 2004). The
reduction in colony counts and smear positivity rate in HIVV-infected patients make the diagnosis
of TB complex among this group of patients and this may have a negative effect on the TB
detection process (Aderaye et al., 2004).

A study from the United States of America that analysed 2,953 patients with TB, of which 13.6%
were new cases, found that the progression of TB was attributed to HIV infection (Kathryn et al,
2007). Although defects in macrophage function have been demonstrated in HIV-infected
patients, there is proof that HIV sero-positive persons are more likely to acquire TB infection
than HIV-seronegative individuals, given the same degree of exposure (Hesselings et al., 2009)).
In other respects, subclinical infection (positive acid bacilli stains or culture without symptoms
and radiological findings) has been found to be most common among ambulatory HIV- infected
persons (Mtei et al., 2005).

—
2.3.2 Impact of tuberculosis on hur@yirus progression

T T ek T

.
fetio kn HIV-positive patients world-wide

= By
Tuberculosis is the most common OH%O mﬁ:m;

(Badri et al., 2001). Studies have shown-that"FB-a
andthat tuberculosis increases the abilityl of tHIV; torreplicate by activating CD4-T-lymphocytes
and macrophages harbouring latentVHI\Sinfection (Day éttal., 2004; Kwan et al., 2011). The
onset of tuberculosis in HIV-infected patients causes a marked release of proinflammatory

erates progression of the disease in HIV,

cytokines that activate lymphocytes and macrophages, and this results in an increased HIV viral
load (Day et al., 2004). Similarly, studies of patients with tuberculosis, and with no access to
ART therapy reported that viral load did not decrease, despite effective anti-tuberculosis therapy
(Morris et al., 1998; Lawn et al., 1999).

Whalen et al (1995) found a higher mortality rate and a higher incidence of newly-acquired
immune deficiency syndrome(AIDS), defining opportunistic infections for HIV-TB co-infected
patients, than for HIV-infected patients without active TB who were matched for CD4 cell
counts. However, studies assessing the influence of tuberculosis on HIV progression have
reported inconsistent results. For example,two of the studies reported that there was a higher
mortality and incident rate for new AlDs-defining opportunistic infection for HIV-TB co-
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infected patients than for HIV—infected patients without TB who were matched for CD4 cell
count (Whalen et al., 1995; Kwan et al., 2011), while other studies have reported either a
significantly decreased survival rate (Perneger et al., 1995; Leroy et al., 1997) or an increased
incidence of AIDS-defining illness following the diagnosis of tuberculosis in HIV-infected
patients (Munsiff et al., 1998).

The synergistic interaction between HIV and TB organisms increases with the level of P24,
which implies that TB and its components may activate HIV replication, while stimulation of
HIV replication by TB exacerbates dysfunction of host immune responses in dually infected
individuals (Zhang et al., 1995).

In addition, TB infection has been shown to elevate expression of HIV co-receptors (CXCR4 and
CCR5) that help HIV infection progression, further supporting the idea that blocking these co-
wfection_in TB and HIV co-infected patients

=

receptors may accelerate progressiogén_:f_,-—__
(Juffermans et al., 2001). Furtherm
greater threat in HIV-infected individH

similar CD4+ cell counts without acti

¢tions and death are considered to be a
THEE TR TRNT]

ted itj ‘I B than in HIV-infected patients with
in 1996).

UNIVERSITY of the
2.3.3 Effect of human immunodeficiency Virusinfection’of tuberculosis incidence

HIV increases the risk of progression to active TB in both primary and TB infection, and the
reactivation of latent TB (Kwan et al., 2011). HIV exacerbates the severity of tuberculosis,
greatly increasing the risk of developing the disease in co-infected individuals and leading to
more frequent extrapulmonary involvement and atypical radiographic manifestations (Kwan et
al., 2011). Although HIV and TB are both treatable and preventable, incidence rates continue to

rise in developing nations where HIV infection and TB are endemic and resources are limited.

Furthermore, a study conducted in South Africa amongst gold miners with TB found a linear
association between TB incidence and HIV prevalence (Sonnenberg et al., 2005) — a finding
which supports the synergistic action between these two infections (Mayer et al., 2010).
However, the current predictive models of TB incidence underestimate the effect of HIV in areas
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where TB is endemic (Sonnenberg et al., 2005). Another study reported that TB incidence was
more strongly associated with HIV infection than the point prevalence of undiagnosed disease,
and the researchers attributed that to a rapid increase in TB disease prevalence (Elizabeth et al.,
2004).

Although the prevalence and incidence of TB infection is similar for both HIV sero-positive and
HIV-sero-negative intravenous drug-users, the risk of active TB is higher in sero-positive
subjects (Selwyn et al., 1989). These data suggest that in HIV positive persons, TB most often
results from reactivation of latent TB infection, which warrants aggressive chemotherapy against

TB in patients with HIV infection and a positive purified derivative (PPD) test.

2.4 Drug-resistant TB

2.4.1 Mechanism of drug resistance o

There are two mechanisms by whichfa patient'may/e

resistance whereby a patient who has ated for TB becomes infected with a

drug-resistant strain of Mycobacterﬁ‘n‘t‘b‘e‘r‘rlo‘m‘(ﬁ‘e‘da‘hd 2007a). The second mechanism

'[ee MDR-TB.Firstly,there is primary

UNIVERSITY of th
is acquired resistance, where a patle{lt haa l:i>een rr"_Fr\(iated iolr TrB on one or more occasions, so that
k. L

resistance is likely to have been caused by an insufficient amount of one or more anti-
mycobacterial drugs (Friedland, 2007a). The insufficient amount or improper use of anti-TB
drugs may be caused by poor patient compliance, poor quality medicines, or the administration
of inappropriate treatment regimens, for example in areas with poor TB control programs (WHO,
2013b). Inadequate drug levels select for resistant mutants, and once patients have resistance to

one of the drugs, they are more likely to develop resistance to other drugs (Friedland, 2007a).

2.4.2 Factors influencing bacterial drug resistance

Several authors from Europe and the United States of America have reported previous TB
history and treatment as one of the factors influencing bacteria drug resistance (Sandman et al.,
1999; Leimane et al., 2005; LoBue and Moker, 2005; Faustini et al., 2006; Cattamanchi et al.,
2009; Kliiman and Altraja, 2009). Studies conducted in sub-Saharan Africa have also reported
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previous TB treatment as a factor influencing bacterial drug resistance in high HIV-prevalence
settings (Schreiber et al., 2009; Cox et al., 2010; Sanchez- Padilla et al., 2012; Asres et al.,
2013). According to Sanchez-Padilla et al (2012), TB treatment history has been strongly
associated with MDR-TB, and this also suggests that MDR-TB may have been acquired during a
previous treatment episode. Such an acquired drug resistance may signify a failure of TB control
programmes due to inadequate case management, interruption in drug supply or inadequate drug
regimens. A meta-analysis of 22 clinical studies in Africa also reported previous TB treatment to
be associated with MDR-TB (Viswanathan, 2008). Cattamanchi et al (2009) and Fox et al
(2011) report a link between previous TB history and Isoniazid mono-resistant TB. According to
a study by Espinal et al (2000), the likelihood of MDR-TB increased gradually, along with the
length of the previous treatment period. The longer the TB treatment, the more likely its
becoming unstandardized or interrupted and, consequently, the higher the probability of

generating strains resistant to the selected drugs.

Another factor influencing bacteriafedH ; T

have demonstrated a clear associatinabeny N
age group (Faustini et al., 2006; Su He racial g
from South Korea, where MDR- TB—has—been-srgmhtantry-related to those under 45 years old

(Choi et al., 2007). A recent South A?rLcan sitlu:a{ cond-ucfied by Mugabo et al. (2015) revealed
WESTERN CAPE
that MDR-TB was associated with the 25-50 years age group (Mugabo et al., 2015). Some

=TBjjand the under-65 year (22-45 years)
HOG) Similar reports have emanated

investigators in South Africa have reported Rifampicin mono-resistant TB to be linked to the
occurrence of infections in those older than 40 years of age (Mukinda et al., 2012). In contrast is
another study conducted in South Africa, which reported RMR-TB to be more likely in the age
range of 25-29 years (Coovadia et al., 2013). The magnitude of drug resistance among younger
age-groups is more likely to be indicative of recent transmission than among older age-groups,

which are more likely to be harboring older infections (WHO, 2009).

The issue of gender in association with developing DR-TB is also interesting. According to a
report by Faustini et al (2006), it has been demonstrated in Western Europe that MDR-TB
patients were more likely to be males. Furthermore, it has been hypothesized that women are
more compliant with treatment and therefore less likely to receive inadequate treatment. By

contrast, in some reports from the former Soviet Union, where the risk of transmission of drug-
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resistant TB is greater because of the wide spread of MDR-TB infection, female sex was found
to be a predictor of MDR-TB (Mdivani et al., 2008; Suchindran et al., 2009). According to a
meta-analysis of 22 clinical studies conducted in Africa, MDR-TB was reported to be associated
with the female gender in Equatorial Guinea (Viswanathan, 2008). Another study conducted in
South Africa reported that MDR-TB was more common amongst males (Mugabo et al., 2015).
Studies conducted in South Africa have revealed that Rifampicin mono-resistant TB patients

were more likely to be male (Mukinda et al., 2012; Coovadia et al., 2013).

There has been conflicting evidence about whether HIV infection is a risk factor for MDR-TB.
A recent study conducted in Swaziland demonstrated a positive association between HIV and
MDR-TB (Sanchez-Padilla et al., 2012), while other researchers found no association between
HIV-infection and MDR-TB (Viswanathan, 2008; Suchindran et al., 2009; Asres et al., 2013;
Mugabo et al., 2015). A more recent report has revealed that HIV is not a risk factor for MDR-
TB and that the prevalence of TB has been i f:r,lm:e_a___ng among patients who were HIV-negative
(Chuchottaworn et al., 2015). Studies = ': F“ . gn association between RMR-TB and
HIV infection (Munsiff et al., 1997; jmanfet al 1999, Dramowski et al., 2012; Mukinda et
al., 2012; Coovadia e al., 2013). Sﬁmmf m‘;}m an association between RMR-TB
and lower CD4 cell counts, extrapmﬁné;y%B-dﬁeaséTnﬁhcompliance, and use of anti- fungal
drugs (Munsiff et al., 1997, Ridzor:‘ e?aﬁli9{é8kj T\')é?lhahféf'a|., 1999; Mukinda et al., 2012).A

WESTERN CAPE
study conducted in the United States of America reported no link between HIV infection and

—————

Isoniazid mono-resistant TB (Cattamanchi et al., 2009).

The most likely reasons linking drug-resistant TB to HIV are numerous. The first is the
acquisition of rifampicin-resistance among HIV-infected patients under treatment for TB.
Malabsorption of certain anti-TB drugs, particularly, of rifampicin and ethambutol, has been
reported in settings where HIV-prevalence is high (WHO, 2008). This suggests that HIV-
positive TB patients may be at greater risk of acquiring resistance due to their decreased
bioavailability of the respective drugs which, in terms of the performance of the drugs,is equal to
the effect of intermittent therapy (Kliiman and Altraja, 2009). The second reason is related to
‘common exposures’ whereby HIV-positive patients and drug-resistant TB patients may share
risk factors such as a history of hospitalization, intravenous drug abuse, previous imprisonment,

socioeconomic distress, and alcohol abuse (Kliiman and Altraja, 2009).

21



Another factor is the specific genotype of Mycobacterium tuberculosis strain. The Beijing
genotype family has been shown to have an association with drug resistance (Bifani et al., 2002;
Marais et al., 2006). The worldwide distribution of this family strain has led to assumptions that
it has a selective advantage over other clinical isolates in causing disease (Bifani et al., 2002). In
addition, a genotype family of Mycobacterium tuberculosis strains characteristic of South Africa
has been linked to anti-TB drug resistance in KwaZulu-Natal Province, where XDR-TB emerged
as a major public health concern (Gandhi et al., 2006).

2.4.3 Factors influencing sputum culture conversion rate in drug-resistant TB patients

2.4.3.1 Factors influencing sputum culture conversion rate in MDR-TB patients

Sputum cultures are an important tool in monitoring the response to tuberculosis (TB) treatment,
especially in multidrug-resistant tu

P y g TN NI WY
(2014), sputum culture conversion Jsutiemtramsiti

, 2014). According to Tierney et al

rsputum culture which results from a

positive sample growing Mycobacter{iu tL\ALerQ IoHs two consecutive negative cultures

=

separated by at least 30 days, whi ifestone signifying that the patient is
responding to therapy. It is known ‘tHat cUltdre “ohversidficcan be delayed in the treatment of
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MDR-TB, as compared to drug-suscépglbfe dlselésé ('IlleF'n!ey! etal., 2014).

Recent studies have shown that HIV infection is not a risk factor in delaying sputum culture
conversion among MDR-TB patients during the intensive phase of treatment (Seung et al., 2009;
Brust et al., 2011; Hafkin et al., 2013). However, other studies have shown that HIV infection is
associated with rapid time to sputum culture conversion in MDR-TB patients (Brust et al., 2011,
Basit et al., 2014; Tierney et al., 2014). Recent studies have reported similar time and rate of
sputum culture conversion between HIV-positive and HIV-negative MDR-TB patients at the end
of the intensive phase of treatment (Brust et al., 2011; Hafkin et al., 2013).

Another important factor is the presence of advanced pulmonary disease, such as respiratory
difficulty and tachycardia. These advanced pulmonary diseases have been associated with lower

rates of conversion, possibly due to higher bacterial burdens in MDR-TB patients (Tierney et al.,
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2014). A study of 56 MDR-TB patients conducted in South Africa by Brust et al (2013) found
that patients with cavitary disease and consolidation on base-line chest radiography were
associated with a longer time to sputum culture conversion. They also reported positive baseline
sputum smear to be associated with longer time to sputum culture conversion in MDR-TB
patients. Otherinvestigators reported lung cavitation at baseline and chest x-ray as predictors of

longer time to sputum culture conversion (Basit et al., 2014).

According to a recent study, culture conversion occurs more slowly in patients with low body-
weight (Tierney et al., 2014). A recent study has revealed that a low body mass index (BMI) is
associated with the inability to achieve sputum culture conversion in MDR-TB patients
(Velayutham et al., 2016). It revealed that patients with body mass index (BMI) <16 kg/m2 and
patients with body mass index (BMI) <16-18 kg/m2 were less likely to have culture conversion.
Another investigator reported female sex, no previous history of TB and increased weight to be

associated with shorter time to sputum cultfg.con___grsmn in HIV-negative patients with MDR-
"-\.._.______

TB (Loveday et al., 2012). Other in¥e hruuqﬁgl-m-l-ujiui TB treatment and incarceration

as predictors of longer time to spu conver:
2006). ‘ \

Different studies have reported the use of prothionamide, resistance to second-line anti-TB drugs

and first-line anti-TB drugs such as‘fluoroduinglones, kahdamycin, pyrazinamide, ofloxacin, and
streptomycin as predictors of delayed culture conversion in MDR-TB patients (Leimane et al.,
2005; Holtz et al., 2006; Guler et al., 2007; Basit et al., 2014; Tierney et al., 2014).

2.4.3.2 Factors influencing sputum culture conversion rate in Rifampicin mono-resistant TB
patients

It is known that culture conversion can take longer in the treatment of Rifampicin mono-resistant
TB (RMR-TB) patients when compared to drug susceptible disease. A study conducted in the
United States of America reported culture conversion to be longer in patients with RMR-TB as
compared to drug sensitive TB (Prach et al.,, 2013). The median time to sputum culture
conversion reported by the authors was 93.5 days (IQR 42.0-162.0) in RMR-TB patients and 50
days (27.0-81.0) in drug-sensitive TB cases. The investigators documented culture conversion in
77.1% of the 160 RMR-TB patients involved in the study. Another study from the United States
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of America documented culture conversion in 50% of the 11 RMR-TB patients involved in the
study (LoBue and Moser, 2005).

A recent study has revealed that low body mass index (BMI) affects the time to sputum culture
conversion in Rifampicin-resistant TB patients (Velayutham et al., 2016). They show that
patients with body mass index (BMI) <16 kg/m2 and patients with body mass index (BMI) <16-
18 kg/m2 were less likely to have culture conversion. There have been limited studieson the time

to sputum culture conversion in Rifampicin mono-resistant TB patients.

2.4.3.3 Factors influencing sputum culture conversion rate in Isoniazid mono-resistant TB
patients

A study conducted in the United States of America has shown that culture conversion time can
be almost similar between patients with Isoniazid mono-resistant TB (HMR-TB) and patients
with drug sensitive-TB (Prach et al., 2013). The investigators reported a median time of 48 days
(IQR 26-84) in HMR-TB patients a}?d-ﬁﬁ»’-i@"‘ ,Q) in drug-sensitive TB patients. The
authors documented culture conversm: in o_@fw b _' '. 434 HMR-TB patients involved in the
study. Another study conducted in trﬁ J +e tﬁs ;m:rica documented culture conversion
in 71% of the 287 patients in their .study a er, 2005). Another study in Taiwan
documented a culture conversion rate&oﬁ?S 9%, of the, 395 HMR-TB patients involved in the
study (Chien et al., 2015).There have/Been Véryilimited'stidies conducted on the time to sputum

culture conversion in Isoniazid mono-resistant TB patients.

2.4.4 Factors influencing sputum culture reversion rates in drug-resistant TB patients

Very few studies have been reported on sputum reversion in DR-TB patients. Culture reversion
has been described in cases of MDR-TB (Holtz et al., 2006; Kurbatova et al. 2011,; Janssen et
al., 2012). Holtz et al (2006) reported 14 cases (an 11% reconversion rate) in their study, with 13
patients having successful outcomes and only 1 patient failing the treatment. They also reported
previous treatment of MDR-TB as a risk factor for sputum reversion in MDR-TB patients.
Another group of researchers reported that the mean time to sputum reversion was 11.3+ 6.3
months after the start of MDR-TB treatment, reporting a culture reversion rate of 23.7% in their
study (Kurbatova et al., 2011).Other investigators highlighted the effects of sputum reversion at
different intervals during the treatment of MDR-TB patients (Janssen et al., 2012), reporting that
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the sputum cultures of 11.6% of patients reverted to positive within 1 month following the initial
negative culture result. These investigators reported that an additional 5.4% reverted after two
consecutive negative cultures. Importantly, in 60.9% of patients with a reversion, the sputum
culture returned negative within 1 month. In all of these patients, the sputum culture returned

negative within 4 months of treatment.

2.4.5 Causes of Relapse

Relapse is defined as the case when patients who were previously treated for TB were declared

cured or their treatment completed after their most recent treatment, and are now diagnosed with

recurrent episodes of TB (WHO, 2013). Relapse can be caused by the same strain of

Mycobacterium tubeculosis that caused the previous TB episode. However, caution is required

when differentiating between the recurrence of a TB infection due to relapse and a reinfection.

DNA fingerprinting can help to identify the strain of the Mycobacterium and thereby distinguish
e

between the two scenarios (Sonnenb | —

""I"-n—f."

Since the treatment of TB is relativel " ’ 1 s) and the time needed to investigate
relapse is a further 1-2 years, surrogate|endpoifits 3:3 mvestlgated in an attempt to conduct
feasible and realistic studies for foIIowm&uP E)atlents butthis is associated with increased study

of the
costs and feasibility problems, such as Pq:uqnt_ qr_':oQouEt_aQq,__lp.creased amounts of missing data. A

f

negative sputum culture result after 8 weeks of treatment is widely accepted as a surrogate

endpoint for sterilizing activity (Mitchison, 1993).
2.5 Drugs used for treating drug resistant TB in South Africa

According to South African guidelines, the standardized treatment regimen for MDR-TB
consists of a six-month daily intensive phase with five anti-TB drugs. An aminoglycoside
(Kanamycin), a  thionamide  (ethionamide), pyrazinamide, a  fluroquinolone
(ofloxacin/moxifloxacin), ethambutoland terizidone, followed by a 12- 18 month continuation
phase with three drugs (ethionamide, ofloxacin/moxifloxacin,), and either ethambutol or
terizidone (Weyer, 2005). It has been recommended that these anti-TB drugs be administered

five times per week in out-patient clinics and seven times per week in hospitals (DOH, 2013).

The first line anti-TB drugs added to the standardized MDR-TB treatment are Pyrazinamide and
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Ethambutol (DOH, 2013). The treatment for Rifampicin-mono-resistant TB is a standardized
regimen of MDR-TB plus Isoniazid, with a minimum duration of 18 months after culture
conversion (DOH, 2013).

The treatment of Isoniazid mono-resistant TB is usually within 6 - 9 months, based on
symptomatic response to treatment, weight gain and sputum culture combinations (DOH, 2013).
A minimum of 6 months after culture conversion is adequate (DOH, 2013). Regimen | or Il is

used in the intensive phase for the full duration of treatment (except for Isoniazid) (DOH, 2013).

Second- line drugs used in intensive and continuation phases, and the dosages of these drugs,are

shown in Tables 1 and 2.

et
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Table 1:Standardised National MDR-TB Treatment Regimen for Adults and Adolescents

(Intensive phase) (DOH, 2013)

Patients weight Drug Daily dosage mg/kg
33 kg Kanamycin 15-20 mg/kg
Moxifloxacin 400 mg
Ethionamide 15-20 mg/kg
Ethambutol 15-20 mg/kg
Terizidone 15-20 mg/kg
Pyrazinamide 30-40 mg/kg
33-50 kg Kanamycin 15-20 mg
Moxifloxacin 400 mg
Ethionamide 500 mg
Ethambutol 800 mg
Te% i jﬁi"‘*—-—-._'n“'-_-::;“'-- y 750 mg
Pyrawmﬁ, 1000-1750 mg
51-70 kg Kan iv‘nyc n 1000 mg
Mekifloxacit————= | 400 mg
Etfionamide =5 T T Y of the [ 750 mg
Ethambutol T * 7 | 1000 mg
Terizidone 750 mg
Pyrazinamide 1750-2000 mg
>70 kg Kanamycin 1000 mg
Moxifloxacin 400 mg
Ethionamide 750-1000 mg
Ethambutol 1200 mg
Terizidone 750-1000 mg

Pyrazinamide

2000-2500 mg
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Table 2: Standardised National MDR-TB Treatment Regimen for Adults and Adolescents
(Continuation phase) (DOH, 2013)

Patients weight Drug Daily dosage mg/kg
33 kg Moxifloxacin 400mg
Ethionamide 15-20 mg/kg
Terizidone 15-20 mg/kg
Pyrazinamide 30-40 mg/kg
33-50 kg Moxifloxacin 400 mg
Ethionamide 500 mg
Terizidone 750 mg
Pyrazinamide 1000-1750 mg
51-70 kg Moxifloxacin 400 mg
Ethionamide 750 mg
Terjzi ﬁﬁ:ﬁ“*“--._“—-- 750 mg
Pyr J 1000-1750 mg
>70 kg Mox H|0) scirH 400 mg
Ethiemamide——— | 750-1000 mg
Terizidone EEST T Y ofihie [750-1000 mg
Pyrazinamide 7 1 | 2000-2500 mg

2.5.1 Pharmacology of anti-tuberculosis drugs used for treating drug- resistant TB patients

2.5.1.1 Rifampicin

Rifampicin is one of the most active anti-tuberculosis agents known, and is also effective against

most gram-positive bacteria, as well as many gram-negative species (Rang et al., 2012). It enters

phagocytic cells and can therefore kill intracellular microorganisms, including the tubercle

bacillus. Rifampicin acts by binding to, and inhibiting, DNA- dependent RNA polymerase in

prokaryotic but not in eukaryotic cells (Rang et al., 2012). The oral bioavailability is reduced by

food and by first-pass metabolism.

It is well distributed, with cerebrospinal fluid (CSF)

concentrations reaching 10-20% of the plasma concentrations (Rossiter, 2010). Protein binding
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is 80-90% and rifampicin has a half-life of 2.5 hours (which is increased in hepatic disease). Itis
metabolized rapidly in the liver and undergoes autoinduction. Rifampicin and its active
deacetylated metabolite are eliminated chiefly via the biliary-faecal route, 60-65% is excreted
unchanged in the faeces and the remainder in the urine (Rossiter, 2010).

Adverse effects of rifampicin include induction of hepatic metabolizing enzymes, which
increases the degradation of warfarin, glucocorticoids, narcotic analgesics, oral anti-diabetic
drugs, dapsone and oestrogens (Rang et al., 2012). Gastro-intestinal disturbances, and liver
damage with jaundice,has been reported and has proved fatal in a very small proportion of

patients, and liver function should be assessed before treatment is started (Rang et al., 2012)

Rifampicin may cause an orange discolouration of body fluids such as saliva, sputum, sweat and

tears (Rang et al., 2012). Rifampicin should be used with caution in patients with pre-existing
-"‘:—f““:"';:h

hepatic dysfunction and porphyria,ggam:ﬁaﬁms:?amge—,other hepatotoxic drugs or alcohol
1 .
(Chambers, 2004). The level of these nay-besdeereased and may drop below therapeutic

levels, requiring dosage adjustment. |[Th n{gs i% olved|jinclude: protease inhibitor (PIs), non-

.

nucleoside reverse transcriptase inhibHers=(NNRFIs)—phenytoin, warfarin, oral contraceptives
and digoxin (Rossiter, 2010). UNIVERSITY of the

WESTERN CAPE
The usual adult dose is 10 mg/kg orally (PO) or by intravenous injection (V1) as a single daily
dose (Chambers, 2004). In patients with liver impairment, the total daily dose should not exceed
8 mg/kg and in paediatrics the usual dose is 15 (range 10-20) mg/kg/day (WHO, 2014).

2.5.1.2 Isoniazid

Isoniazid is bacteriostatic and it is a pro drug that is activated by the Mycobacterial enzyme katG
(Rang et al., 2012). It is active against growing tubercle bacilli and it enters the Mycobacterial
cells by passive diffusion (Rang et al., 2012). As well as being used in the treatment of TB, it is
used prophylactically in Isoniazid Preventative Therapy (IPT). Oral absorption of isoniazid is
good, although this is decreased when taken simultaneously with food or antacids (Rossiter,
2010). It is widely distributed, via tissues and body fluids, including the CSF and is excreted in
the urine partly as unchanged drug and partly in the acetylated or otherwise inactivated form
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(Rang et al., 2012).

Isoniazid penetrates well into ‘caseous’ tuberculous lesions (i.e. necrotic lesions with a cheese-
like consistency). Metabolism involves acetylation, and depends on genetic factors that
determine whether a person is a slow or rapid acetylator of the drug, with slow inactivators
enjoying a better therapeutic response (Rang et al. 2012). The half-life in slow inactivators is 3 h
and 1 h in rapid inactivators (Rang et al., 2012).

Isoniazid is hepatotoxic and may cause haematological changes, arthritic symptoms, fever and
vasculitis. It affects the central and peripheral nervous systems, largely due to pyridoxine
deficiency, which is common in malnourished patients (Rang et al., 2012). Isoniazid may cause
haemolytic anaemia in individuals with glucose 6-phosphate dehydrogenase deficiency (Rang et
al., 2012).

Due to the hepatotoxic nature of isofiiaz iSed in patients with pre-existing liver

impairment or porphyria, and in patientstakings
(Rang et al., 2012).

potentially hepatotoxic drugs or alcohol

o

T;‘_Nnv’_ €, 1_;1‘_rt%ftﬁ!er:fact that isoniazid is an inhibitor of
certain cytochrome P450 enzym;s‘. Isoriwigzi}él \wiEI'I' \llrilallblt the metabolism of phenytoin,
carbamazepine, warfarin, and theophylline, and hence their doses may need to be reduced in
order to prevent toxicity (Rossiter, 2010). Studies conducted in South Africa have reported that
the high dose of INH, used in the treatment of MDR-TB that is caused by TB isolates do not
have KatG mutations but inhA promoter mutation (Muller et al., 2011; Niehaus et al., 2015).
These two investigators reported that the prevalence of inhA mutation without a KatG mutation
in MDR-TB isolates was 40% and 14.8% respectively (Muller et al., 2011; Niehaus et al., 2015).
The concurrent use of isoniazid with rifampicin, paracetamol or alcohol may potentiate
hepatotoxic effects. In adults, isoniazid is dosed at 5 mg/kg daily as a single oral dose and in
paediatrics 10 (range 7-15) mg/kg/day (WHO, 2014). In TB meningitis (TBM) and miliary TB,
20 mg/kg/day may be given. When INH is given as prophylaxis (IPT), the dose is 10 mg/kg

daily (maximum 300 mg/day) (Rossiter, 2010).
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2.5.1.3 Ethambutol

Ethambutol is bacteriostatic, but may be bactericidal at higher doses. It is hypothesized that it
exerts its effect by inhibiting ribonucleic acid (RNA) synthesis in actively dividing Mycobacteria
(Rossiter, 2010). It is used in the treatment of drug sensitive TB and drug resistance TB, and has
low toxicity and good tolerance (DOH, 2011). Ethambutol is evenly distributed except in the
CSF. It has an elimination half-life of 3-4 hours in healthy patients, which is increased in
patients with renal impairment. Approximately 15% is metabolized in the liver, and it is
eliminated chiefly by the excretion of the unchanged drug in the urine (DOH, 2011).

The most common adverse effects of ethambutol are optic neuritis and hyperuricaemia (which
may cause arthralgia and gout). Other less common adverse effects are gastrointestinal

disturbances, peripheral neuropathy and skin rashes. The use of ethambutol is contra-indicated

in patients with advanced renal failure thc neuritis (Rossiter, 2010). Caution

is applied when used in patients :'"J" pawmentiand eye defects. Ethambutol is not
recommended for use in children y ng | ']ﬂld except in severe cases where the
benefit outweighs the risk. Etham A and thiazide diuretics, causing an

increased risk of elevated serum urate levelsy Whenyused with other neurotoxic drugs, the risk of
optic and peripheral neuritis is increased (Rossiter;2010).p i

In adults, ethambutol is given at a dose of 15 mg/kg orally once daily, in paediatrics ethambutol
is given at a dose of 20 (15-25) mg/kg with doses of up to 25 mg/kg being used for TB
meningitis (WHO 2014). In geriatric patients, the lowest dosing range should be used
(maximum 15 mg /kg daily) and in patients with renal impairment the dosage intervals should be
increased (Rossiter, 2010).

2.5.1.4 Aminoglycosides (Streptomycin/Amikacin/Kanamycin)

Streptomycin was the first anti-mycobacterial drug to be discovered. Aminoglycosides exert
their antimicrobial action by inhibiting bacterial protein synthesis by binding to the 30S
ribosomal subunit and are bactericidal against actively dividing bacteria (DOH, 2011).

Following intramuscular (IM) injection, peak concentrations of aminoglycosides in the plasma
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are reached in approximately 30-90 minutes. This class of drugs exhibits concentration-
dependent Killing and a significant post-antibiotic effect; thereforeit is recommended that they be
given as a single daily dose (Chambers, 2004). Aminoglycosides are cleared via the kidneys and
have a half-life of approximately 2-3 hours in patients with normal renal function. Therapeutic
drug monitoring is useful in patients with renal impairment so as to avoid or minimise
accumulation and toxicity, but dosing intervals may need to be increased, depending on plasma
levels (Rossiter, 2010).

The most severe adverse reaction caused by aminoglycosides is ototoxicity due to damage to
cranial nerve VIII, including vestibular damage (vertigo, ataxia, and nystagmus) and cochlear
damage that can lead to hearing loss (Arbex et al., 2010). The other side effect is nephrotoxicity,
which is seen in patients with renal impairment or those taking other nephrotoxic agents
concurrently. The concurrent use of aminoglycosides with other nephrotoxic or ototoxic drugs is

not recommended, due to the addjgﬂ,ﬂo_whgoxic effects (Arbex et al., 2010).

Hypersensitivity reactions and CNS effects'siich-as*heéadaches may also occur. Aminoglycosides

3 B
are contra-indicated in patients wht‘hjte HEpT[Feﬁﬂitim ti rhem and they are not recommended
for use in pregnancy as they cross t se fetal ototoxicity. They should be

used with caution in patients with renal impaisment;-hearing impairment and myasthenia gravis

(Rossiter, 2010). WESTERN CAPE

The usual adult dose for aminoglycosides is 15 mg/kg. In patients with renal impairment, the
dosing interval should be prolonged and the dose reduced according to existing plasma levels.
Streptomycin is given by intramuscular (IM) injection only, amikacin and kanamycin may be
given IM or intravenously (1V) (Rossiter, 2010).

2.5.1.5 Ethionamide

Ethionamide is bacteriostatic at the usual dose, but bactericidal at higher concentrations (Arbex
etal., 2010; DOH, 2011). Ethionamide acts on intracellular and extracellular bacilli. The MIC of
ethionamide for Mycobacterium tuberculosis is in the range of 0.6-2.5 pg/mL (Arbex et al.,
2010). Ethionamide is widely distributed throughout the whole body, including the CNS (Coyne

et al., 2009). It has a half-life of two hours and is metabolized mainly in the liver. Ethionamide
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is metabolized in the liver and excreted in the urine, 1-5% being excreted as an active drug

(unaltered) and the remainder being excreted as metabolites (Arbex et al., 2010).

The most common adverse effects are gastrointestinal, including a metallic taste in the mouth,
excessive salivation, nausea, vomiting (severe), loss of appetite and abdominal pain (Arbex et al.,
2010). These symptoms may improve if the drug is taken at mealtime or at bedtime. CNS
effects such as psychosis, depression and anxiety may also occur. The use of ethionamide is
contra-indicated in patients hypersensitive to the drug, as well as patients with severe hepatic
dysfunction and porphyria. Caution should be exercised when using ethionamide in patients

with a history of psychiatric illness, epilepsy, diabetes or hypothyroidism (Rossiter, 2010).

The concurrent use of ethionamide with isoniazid will result in increased risk of neurological

side-effects. When it is used with cycloserine or terizidone, there is an increased risk of CNS

side-effects. In adults and children oldef‘_thgwgr&_me usual dose is 15-20 mg/kg daily as a
m-ﬂ. ——

single oral dose (maximum 1 g/day). L Ratientsrwitherenalimpairment with a glomerular filtration

rate (GFR) of less than 10 ml/min s Wﬂﬁwmﬁﬁ?ﬁ the normal dose. Children younger
than 10 years are given 15-20 mg/k (t reased to 20 mg/kg daily in military
TB or TB meningitis) (WHO, 2014)1‘. NIVERSITY of the
WESTERN CAPE
2.5.1.6 Fluoroquinolones (Moxifloxacin/Ofloxacin/Levofloxacin)

Fluoroquinolones are bactericidal and show different degrees of effectiveness against
Mycobacterium tuberculosis (Arbex et al., 2010). Moxifloxacin is preferred in the treatment of
MDR and XDR-TB, but ofloxacin and levofloxacin are preferred in patients younger than 8
years old (DOH, 2011). Fluoroquinolones are well absorbed following oral administration and
distributed widely in the tissues. They are excreted renally. The half-life of ofloxacin and
levofloxacin is 5-7 hours, while the half-life of moxifloxacin is 9-10 hours (Chambers, 2004). In
in vitro the minimum inhibitory concentrations (MICs) for ofloxacin and moxifloxacin are in the
range of 1.0-2.0 ug/ml and 0.12- 0.25 ug/ml respectively (Arbex et al., 2010).

The fluoroquinolones are generally well tolerated, with common adverse effects being

gastrointestinal, such as nausea, abdominal discomfort, anorexia, vomiting and diarrhoea (Arbex
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et al., 2010). Central nervous effects such as dizziness, headache, insomnia and tremor may
occur (Arbex et al., 2010). Quinolones are contraindicated in patients who have a known allergy
or sensitivity to them. Caution should be exercised when using them in patients with hepatic or
renal impairment or in patients under 18 years old, as they may damage growing cartilage. They
are not recommended for use in pregnant or lactating women (Rossiter, 2010). Fluoroquinolones
should not be taken with antacids or minerals such as calcium, iron or magnesium, as they may
interfere with the drug and reduce absorption (Chambers, 2004). Levofloxacin is given to adults
in a dose of 7.5-10 mg/kg daily (maximum 1000 mg/day) and to children younger than 5 years
old in a dose of 10 mg/kg twice daily. Children older than 5 years are given 10 mg/kg once daily.
The adult dose for moxifloxacin is 400 mg daily (orally or 1V), and the dose for children is 7.5
mg-10 mg/kg daily. Ofloxacin is dosed at 800 mg daily for adults (oral or 1) (DOH, 2011).

2.5.1.7 Terizidone/Cycloserine

Terizidone is a cycloserine denvatweﬂbu&ta?ﬁu'@ﬂnmdence of side-effects than cycloserine.

Terizidone is a combination of 2 mMWMDOH 2011). It is bacteriostatic at

the normal dose and inhibits MycobT" '
I

pentapeptide production (Arbex et a

nt 5|s by interfering with peptidoglycan

ows good absorption and distribution

into tissues and fluids including the &Sk (Rassiter; 2030), ,Only a small proportion of terizidone/
cycloserine is metabolized in the liver arfd'the_majprigt_y.éﬁvtlne dose is excreted in the kidneys via
active form into the urine.  Terizidone is bacteriostatic and the minimum inhibitory
concentrations (MICs) of cycloserine/terizidone for Mycobacterium tuberculosis are in the range
of 5-20 mg/mL (Arbex et al., 2010).

Terizidone commonly causes a series of neurological side-effects such as headache, mental
confusion, convulsion, dysarthria and vertigo (Arbex et al., 2010). These occur especially when
the daily dose is higher than 500 mg or when cycloserine/terizidone is concomitantly
administered with other neurotoxic drugs, such as isoniazid and ethionamide (Arbex et al.,
2010). High dose pyridoxine (150 mg) should be given concomitantly to minimize neurological
side-effects (DOH, 2011). Terizidone use is contra-indicated in patients with porphyria,
psychosis, depression, epilepsy and severe renal impairment (Arbex et al., 2010). It is given to
adults at a dose of 10-20 mg/kg daily orally (maximum 1000 mg/day) (DOH, 2013. The dosing

interval should be prolonged for patients with renal impairment (Rossiter, 2010).
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2.5.1.8 Pyrazinamide

One key characteristic of pyrazinamide (PZA) is its ability to inhibit semidormant bacilli
residing in acidic environments (Jnawali et al., 2013). Many MDR-TB patients have chronically
inflamed lungs, which also theoretically provide an acidic environment. It inhibits Mycobacteria
at concentrations of approximately 20 mcg/ml (Chambers, 2004). It has a sterilizing effect and is
active against dormant bacteria, thereby allowing the treatment period to be shortened and

playing a crucial role in the treatment of Mycobacterium tuberculosis.

PZA activity is quite poor, with minimum inhibitory concentrations (MICs) in the range of 6.25-
50 ug/ml (Jnawali et al., 2013). PZA is a structural analogue of nicotinamide and is a pro-drug
that needs to be converted into its active form, pyrazinoic acid, by the enzyme
pyrazinamidase/nicotinamidase (PZase) (Jnawali et al., 2013). Recent research shows that PZA

is only active against Mycobacterium tuberculosis at acid pH 5.5 (Jnawali et al., 2013).
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PZA is only used in the treatment of: rcobacteriating ections and is used in combination with
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other anti-TB drugs. The drug is Eiell fﬁﬁﬁ)ﬁg ﬂﬁlhe gastrointestinal tract and widely
distributed, reaching concentrations i equal se in the plasma. It has a half-life of
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9-10 hours, and 4-14% of the drug fisieliminatedanghanged in the urine, the remainder as
metabolites formed in the liver (Ros8itér,2010)i N C AP E

The most significant side-effect noted is dose-related hepatotoxicity, as well as gastrointestinal
tract side-effects such as nausea, vomiting and diarrhoea, although these may be minimized if the
drug is taken with meals. It may also cause hyperuricaemia (due to PZA inhibiting uric acid
clearance) and this may be associated with arthralgia (Rossiter, 2010). Liver function tests and
serum uric acid levels should be regularly monitored. Photosensitivity, thrombocytopenia, and
sideroblastic anaemia are rare. PZA is contraindicated in patients with porphyria, or those with
severe hepatic damage, and should be used with caution in patients with gout, diabetes, renal
impairment, and in patients who exhibit hypersensitivity to PZA, isoniazid, ethionamide or
niacin. PZA inhibits urate clearance, and therefore allopurinol and probenicid dosages may need
to be adjusted if used concurrently. When PZA is used with diuretics and ethambutol, there is an

increased additive potential for serum urate levels to be elevated (Rossiter, 2010).
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The adult dose of PZA is 20-30 mg/kg/day (maximum of 2 g/day) (DOH, 2011). With patients
with renal impairment, the dose at the lower limit of the recommended range should be used,
although if the patient’s GFR is less than 10 ml/min the dose may be reduced by up to 50%. In
paediatric patients the dose used is 35 (30-40) mg/kg daily (up to 40 mg/kg/day in TB
meningitis, miliary and MDR-TB) (WHO, 2014).

2.5.1.9 Para-aminosalicylic acid

Para-aminosalicylic acid (PAS) was one of the first antibiotics to show anti-TB activity and was
used to treat TB in combination with isoniazid and streptomycin (Jnawali et al., 2013). Later,
with the discovery of other more potent drugs including rifampicin, its use in first line regimens
was discontinued (Jnawali et al., 2013). Para-aminosalicylic acid is bacteriostatic, it acts
preferentially on extracellular bacilli (Arbex et al., 2010). The drug can currently be

administered in granules stored in 4-%39 the former 500-mg capsules. The
MIC of the drug for Mycobacteriu1 berculosislis-in'the

believed that the mechanism is rel th bacterial folic acid synthesis and

inhibition of iron intake (Arbex et al;,2910): pltis-well absorbed following oral administration.
The half- life of para-aminosalicyligiacid; is & howr, it ié metabolized in the intestines and liver,
via acetylation, into N- acetyl- para- aminosalicylic acid. PAS is excreted renally (Arbex et al.,
2010).

Common adverse effects of PAS are gastrointestinal, such as anorexia, diarrhoea, nausea, and
vomiting (Arbex et al., 2010). Hypothyroidism may occur, especially when para-aminosalicylic
acid is administered concomitantly with ethionamide (Arbex et al., 2010). Para- aminosalicylic
acid should be used with caution in patients with glucose-6- phosphate dehydrogenase deficiency
and in those who are allergic to aspirin (Arbex et al., 2010). Para-aminosalicylic is
contraindicated also in patients with severe kidney failure and liver failure (Arbex et al., 2010). It
should be used with caution in patients in the first trimester of pregnancy due to congenital
abnormalities (Arbex et al., 2010).
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2.5.1.10 Bedaquiline

Bedaquiline was the first new TB drug to be made available for treatment for more than 40 years
for use in the treatment of MDR-TB (WHO, 2014). Bedaquiline (TMC207) is the first drug with
a novel mechanism of action (DOH, 2013). It acts by inhibiting the Mycobacterium tuberculosis
ATP synthase. There are already publications on its use inMDR/XDR-TB patients showing very
promising results. In a phase Ilb study in MDR-TB, the addition of TMC207 to a treatment
regimen with second-line drugs versus placebo plus second-line drugs administered over 8 weeks
showed sterilised sputum in 48% of the patients versus 9% for the placebo group (DOH, 2013).
After 2 years of treatment, 815 of patients who received TMC207 plus the standard regimen
were cured,as opposed to 575 of those who received only the standard regimen (DOH, 2013). It
was granted accelerated approval by the United States Food and Drug Administration. Although
it is still in Phase 111 trials, WHO urges caution in its use and strict adherence to the conditions
listed in the WHO interim policy guidance
MDR/XDR-TB, 70 countries have*starte

conditions listed by WHO for the use|o!

part of efforts to improve outcomes for
iifine (WHO, 2016). Below are the

Bedaquiline should be used with cattier=ir=persons=fiviag with HIV infection, as well as in
patients with co-morbidities (such as-tiaBetes)lorpefsons with drug or alcohol abuse. It must not
be added alone to a failing regimen.]‘m‘? ihfofmed defisioh Making-process by patients should be
followed. Baseline testing and monitoring for QT prolongation and development of arrhythmia
is imperative (WHO, 2014). Clinical monitoring and management of co-morbidities (especially
cardiac and liver disease) should be in place. Spontaneous reporting of adverse drug reactions is
reinforced at country level and active pharmacovigilance is established among patient groups
treated with bedaquiline (WHO, 2014). In the absence of a specific drug-susceptibility test,
resistance to bedaquiline should be monitored through assessment of Minimum Inhibitory
Concentrations (MICs). Resistance to other anti-TB drugs should be monitored, following WHO
recommendations when bedaquiline is used in patients (WHO, 2014).

2.5.1.11 Delamanid

Delamanid is a new drug with a novel mechanism of action, which is now available for the
treatment of adults with MDR-TB (WHO, 2014). The World Health Organization has revealed
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that 39 countries had introduced delamanid by the end of 2015 to improve the outcomes of
MDR/XDR-TB (WHO, 2016).Information about these new drugs remains limited, since it has
only been through a phase Ilb trial, and studies for safety and efficacy. There are conditions that
must be in place if delamanid is used to treat adults with MDR-TB. Below are the conditions
listed by WHO for the use of delamanid (WHO, 2014).

e Delamanid should be used for a maximum duration of 6 months and at the suggested dosing: 400
mg daily for the first 2 weeks, followed by 200 mg 3 times per week for the remaining 22 weeks.

e Special caution is required when delamanid is used in people aged 65 and above. Also, caution is
to be applied in adult patients living with HIV, patients with diabetes, hepatic or severe renal
impairment and those who use alcohol or substances.

e Its use in pregnancy, breastfeeding is not advised but it can certainly be used in children (Harauz
etal., 2017).

e Delamanid should be used along with four effective second-line drugs as well as PZA.

e It should not be used alone in )_ategimen—in-whieh-the companion drugs are failing to show
effectiveness.
e Pharmacovigilance measures sha '

of adverse drug reactions and pote

= | || E—

e Patients should be fully aware of the potential benefits and harms of delamanid and give informed
UNIVERSI l"1 of the
consent before embarking on tflqkniea%rr]el?t CAPE

2.6 Drug-Drug interactions
The administration of two or more drugs simultaneously to the same patient can alter the

absorption, distribution, hepatic metabolism and renal elimination of the drugs involved.

2.6.1 Drug interaction during absorption

Drug absorption is the movement of drug molecules from the site of administration into systemic
circulation (Peloquin, 2002). Interactions between two drugs or between food or drinks and
drugs can happen when they interfere with each other’s absorption. The absorption rate of a drug
may be increased or decreased by the pH of the medium around the site of absorption and the
acid dissociation constant (pka) of the drug. For example, the absorption rate of weak acidic
drugs will be higher in the stomach where the pH is acidic, as opposed to the alkaline pH in the
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small intestine. The absorption rate of a weak basic drug will be increased in the small intestine,
where the pH is alkaline (Brunton et al., 2011). The poor absorption of anti-TB drugs results in
sub-therapeutic plasma concentration levels and treatment failure of such drugs, with increased
risk of acquired drug resistance (Gurumurthy et al., 2004).

2.6.2 Drug interaction during distribution

The ability of a drug to produce the required pharmacological effect may be influenced by the
extent to which the drug binds to proteins within the blood plasma. Drug—protein binding is
reversible and equilibrium is established between the bound and unbound drug, regardless of the
extent of protein binding. The less bound a drug is, the more effective it is, since it can cross cell
membranes.Normally, it is the unbound fraction of a drug that exhibits pharmacological effects.

B from the binding sites, increasing tion. This may increase the effects of

drug B. This change in li‘ef--,--—J--e,-—---r ld—have adverse effects on the patient

(Bruntonet al., 2011). UNIVERSITY of the

2.6.3 Hepatic drug metabolism > 1 BN CAFE

Drug metabolism mediated by the CYP450 system mainly occurs in the liver. Therefore, any
dysfunction of the liver may lead to changes in drug metabolism. Drugs metabolised by the
CYP450 system can be classified as cytochrome P450 substrates, inhibitors or inducers.
Efavirenz, an ARV, is metabolized by CYP450. It is a 3A4 inducer and inhibitor and therefore
interacts with other drugs administered concomitantly (Almond et al., 2005). Inhibition of
CYP450 is usually reversible and competitive, such that the substrate and inhibitor compete for
the same site on the enzyme. Drugs that inhibit CYP450 can cause reduced clearance and
therefore increased plasma concentrationand therapeutic effect of drugs metabolised through the
CYP450 enzyme system. Drugs that induce the CYP450 system increase the rate of liver

metabolism. Induction of the CYP450 pathway then leads to increased clearance and a
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subsequent fall in the plasma concentration and effectof drugs metabolised by the pathway (Tang

et al., 2005).

2.6.4 Renal elimination

Drug—drug interactions at the renal level can involve several mechanisms. For example, reduced
plasma binding leads to an increase in the excretion of highly bound drugs through an increase in
glomerular filtration (Bonate et al., 1998).

In addition, the pH of urine and pka of the drug can influence the extent of the passive
reabsorption of the drug in theproximal tubule. This mechanism is clinically significant for drugs
that are excreted unchanged and have a narrow therapeutic index, such that changes in urine pH
can interfere with plasma concentration. For example, the acidification of urine pH can increase
the rate of passive reabsorption of weak acidic drugs, resulting in an increase in the half-life of
the drug and therefore increased risk of drug interaction. Similarly, the alkalinisation of the urine

et al., 2011).

The most notable mechanism of renahdrugrinteraction, js:alteration of tubular active transport.
Many drug transporters are actively Yésponsible-for the sectétion and reabsorption of drugs in the
kidney (Keith, 2006). Transporters are specific and are susceptible to competitive drug—drug

interactions.

Competition between two drugs for the same transporter protein inhibits the renal clearance of
one of the drugs and this results in the increased plasma concentration of the other drug that is a
substrate of the transporter. In several cases, this increased plasma concentration can lead to
increased toxic levels of the drug. For example, the inhibition of transporter organic anion
transporting polypeptide by trimethoprim decreases lamivudine excretion into the proximal

tubule, resulting in the increased plasma exposure of lamivudine (Taft, 2009).

2.6.5 Interaction between second-line anti-tuberculosis drugs and antiretroviral drugs
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Due to the susceptibility of HIV-infected individuals to several opportunistic infections, they
normally take a wide variety of drugs, in addition to their ARV therapy (De Maat et al., 2003).
HIV positive patients taking ARVs and co-infected with TB have an additional problem of drug-
drug interaction. For example, non-nucleoside reverse transcriptase inhibitors and protease
inhibitors are metabolized by CYP450 and there is a significant PK drug interaction when they
are administered concurrently with other drugs metabolized via the same enzyme pathway
(Burma et al, 1999; De Mat et al., 2003). Therapeutic drug monitoring (TDM) should therefore
be used to establish the adequacies of anti-TB drugs doses and ARV drug doses, particularly
protease inhibitors [PIs} and non- nucleoside reverse transcriptase inhibitors (NNRTIs)
(Peloquin, 2002).

Furthermore, HIV-infected patients have a tendency to be more susceptible to adverse reactions
such as peripheral neuropathy, cutaneous reactions, renal toxicity and gastro-intestinal
disturbances (Weyer, 2005). A study has s that there is an increased risk of peripheral
neuropathy with concurrent use o -"‘;iniiﬁiggiwﬁgaﬁ or isoniazid with stavudine or
3 'ﬁ-ﬁ‘nd didanosine are no longer used in

C

qully and appropriate prophylaxis or

didanosine (Swart and Jones, 2009).74

clinical practice. These patients should be ni{re

treatment given simultaneously. Although-mere—rs-scamy—évidence to propose this, zidovudine
UNIVERSITY of the .

may decrease levels of PZA (Swart E;P]J Boinés,ﬁéobg). f Accordlng to Kenyon et al (2011), a

WESTERN CAPE
substantial proportion of patients taking tenofovir may develop certain of the features of

Fanconi’s syndrome (a proximal tubular wasting syndrome as a result of proximal convoluted

tubular cells dysfunction).

Tenofovir may also cause renal failure. A recent report has revealed that tenofovir is associated
with mild decreases in glomerular filtration rate (GFR) when compared with patients on other
ARVs (National Department of Health, 2010). Ethionamide has been shown to cause
depression, anxiety and psychosis when administered concurrently with efavirenz. These effects

are commonly experienced in the first week of efavirenz therapy (Coyne et al., 2009).

Studies demonstrating interactions between second-line drugs that are used in MDR-TB
treatment regimens and ARVSs are very scanty, although the potential for adverse interactions is
considerable. Therapeutic drug management (TDM) of drugs used in TB management is
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supported, with TDM helpingtowards better control of TB treatment, particularly in patients co-
infected with HIV and managing anti-TB drugs interactions (Peloguin, 2002). Routine
therapeutic drug monitoring (TDM) is not possible in most low- and middle-income countries
where MDR-TB is most prevalent.

2.6.6 Interaction between second-line anti-tuberculosis drugs and other drugs other than

antiretroviral drugs commonly used in HIV-infected patients

It has been noted that terizidone can increase the serum levels of phenytoin and oral
anticoagulants, as well as decreasing those of pyridoxine (Arbex et al., 2010). In patients using
anticonvulsants and neuroleptics, the dose of terizidone should be adjusted. However, due to the
potential effect that terizidone has on the central nervous system, patients should be closely
monitored for side-effects of this drug combination. Arbex et al (2010) reported that the

concomitant use of terizidone aan!d worsen the potential effects of
terizidone on the central nervous systenr [ s

[7]

The ototoxity and nephrotoxicity &.:a&‘utwwmmbe potentiated when administering

amphotericin B, vancomycin, cephal@sporin,Feisplatinoand: loop diuretics such as furosemide
concurrently with aminoglycosides (‘Ar’bek 'et‘aff‘, ‘201‘0).‘ In'a addition, concomitant administration
of aminoglycosides and neuromuscular blocking agents can cause respiratory depression, and
patients with conditions such as myasthenia gravis, hypocalcaemia, severe hypokalaemia or
hypomagnesaemia are susceptible to such side effects (Arbex et al., 2010).

According to Arbex et al (2010), the concomitant use of ethionamide and terizidone can
potentiate these neurotoxic effects (hallucinations, irritability, tremors, depression, convulsions,
psychosis, and peripheral neuropathy). There is a possible risk of drug interactions when
administering ethionamide and para-aminosalicylic acid simultaneously as this can increase

hepatotoxicity and the possibility of hypothyroidism (Arbex et al., 2010).

The concomitant administration of fluoroquinolones and nonsteroidal anti-inflammatory drugs

(NSAIDS) could increase central nervous system stimulation and the possibility of convulsions.
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In addition, vitamin supplements containing zinc or iron have been found to interfere with the
gastrointestinal absorption of fluoroquinolones (Arbex et al., 2010). Fluoroquinolones can
inhibit numerous cytochrome P450 sub-families, which increases the plasma concentrations of
drugs that are metabolized via the cytochrome P450 system. It has also been noted that
fluoroquinolones increase the serum levels of theophylline, glibenclamide and cyclosporine, as
well as increasing the effect of oral anticoagulants (Coyne et al., 2009). Yew (2000) found that
antacids containing calcium, aluminium, or magnesium interfere with the absorption and
concentration of fluoroguinolones. According to Arbex et al (2010), fluoroquinolones should not
be administered until 2 hours after the use of antacids, since probenecid and cimetidine can

increase the serum levels of fluoroquinolones.

2.7 Drug food interactions

2.7.1 Interaction between second line anti-tuberculosis drugs and food

Food can affect the rate of absorption . E’simultaneously, thus affecting the

bioavailability of the drug. Grapewuw" en’ Tto interfere with drugs that undergo
CP450 oxidative metabolism in the |inte _in TV:HLWV It interferes with these drugs by
binding to the iso- enzyme, CYP3MTas_ajsﬁb§ﬁ§r€aj‘mTrﬁpairs first-pass metabolism through
the inhibition of CYP3A4; the resu:i:t;t_:';;_ ia_ﬁiﬁg:_é?gqjsﬂel ?1 gﬁ!ef_’;t.;joavailability of these drugs and an
increased risk of serious side effects (Leucuta and Nlase, 2006).

o —

Chigutsa and colleagues describe the pharmacokinetics of an 800 mg oral dose of ofloxacin in
adults with MDR-TB in 2 locations in South Africa. They found that the administration of
ofloxacin with a meal resulted in delayed absorption (Chigutsa et al., 2012). According to Arbex
et al (2010) foods, with the exception of dairy products with a high concentration of calcium, do
not interfere with the absorption of ofloxacin, levofloxacin, or moxifloxacin, as they do with the
absorption of other fluoroquinolones. Patients using ciprofloxacin should be instructed to avoid
excessive use of foods with high caffeine content, since ciprofloxacin inhibits the cytochrome

P450 system, thereby reducing caffeine clearance.
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According to Arbex et al (2010),food increases the absorption of para-aminosalicylic acid. Para-
aminosalicylic acid could be administered with water, orange juice, or fatty foods. Foods
increase the time required for terizidone to be absorbed by 3.5 times, and there could be a 35%
reduction in the maximum concentration of the drug (Arbex et al., 2010). Orange juice (and
probably other acidic beverages) reduces the maximum concentration of the drug by 15%.

Whenever possible, the drug should be ingested with water, well before or after meals.

2.7.2 Influence of disease on the pharmacokinetics and pharmacodynamics of second-line

anti-tuberculosis drugs

Diseases can cause modifications in some organs (e.g. liver, kidneys), which would affect the
pharmacokinetics of drugs. Conditions affecting the gastro-intestinal tract, liver, heart and
kidneys may increase or decrease the PK of drugs used for the treatment of MDR-TB by altering

these conditions are gastro-enteritis,

N NIE Rl . . - .
Cirrfiosis of the liver, congestive cardiac

1

UNIVERSITY of the
The most important aspect of drugtiseasé inféractions is Imalabsorption of anti-mycobacterial

agents due to HIV enteropathy and other HIV-associated opportunistic infections of the gut
(Yew, 2002). Rifabutin, a drug with equivalent anti-tuberculous activity in patients with HIV,
appeared to be less frequently malabsorbed in this patient population compared with rifampicin
(Yew, 2002).

Furthermore, it has been suggested that patients infected with HIV, with or without diarrhoea,
may not sufficiently absorb anti-TB drugs. The study published by Gurumurthy et al (2004)
reported that HIV-infected patients with or without TB had lower plasma concentrations of RIF
and INH well below the therapeutic range. It was further stated that malabsorption of
pyrazinamide and ethambutol was evident in HIV-positive patients co-infected with TB when
compared to HIV-infected patients without TB (Gurumurthy et al., 2004). Some studies have

44



suggested that malabsorption of anti-tuberculosis drugs occurs in HIV-infected patients with
advanced HIV infection (Patel et al., 1995; Berning et al., 2003; Gurumurthy et al., 2004). This
resulting lower anti-TB drug exposure may lead to acquired drug-resistance and the reduced
efficacy of anti-TB therapy in patients infected with HIVV (Gurumurthy et al., 2004).

2.8 Treatment outcomes, and factors influencing drug-resistant TB treatment outcomes

2.8.1 Treatment outcomes of multidrug-resistant tuberculosis

Treatment outcomes of MDR-TB are poor when compared to-drug sensitive TB. The estimated
success rate of drug sensitive TB and MDR-TB was 83% and 48% in 2015, respectively (WHO
2016). Systematic reviews and meta-analysis results based on data from different continents and
over 21 countries have revealed a successful MDR-TB treatment outcome of about 62-64%

(Johnston et al., 2009; Orenstein e gﬁ -studi

combination of cure and ‘treatment €omp '-u.ui—m.:{-".in' he WHO classification of treatment

outcomes. Both studies reported similar le R zﬁ BE ’t terms of failure (6-8%), default (12-
13%), died (11%) and transferred out={2%}-(Eohnston 2009; Orenstein et al., 2009).
UNIVERSITY of the

WESTERN CAPE
A recent large individual patient data meta-analysis, consisting of 9153 patients, documented a

s defined successful treatment as a

very low proportion of treatment success, which was slightly more than half of the patient
population (54%) compared to other treatment outcomes (Ahuja et al., 2012). These investigators
utilised data from three systematic reviews (Johnston et al., 2009; Orenstein et al., 2009;
Akcakira 2010). The failure/relapsed rate and default rate in the study were 8% and 23%
respectively. The proportion of patients who died in the study was 15% and these were mainly
older HIV-positive patients. The researchers revealed that patients who defaulted on treatment

were more likely to be older people.

In South Africa, several studies have compared treatment outcomes of MDR-TB, in terms of
cure, completed treatment, failure, default, and mortality between HIV co-infected patients and

HIV-negative patients, with documentations of poor outcomes in HIV-positive patients prior to
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the scaling up of Antiretroviral therapy (Shean et al., 2008; Brust et al., 2010; Gandhi et al., 2010
Farley et al., 2011). These studies conducted in South Africa revealed much lower and poorer
treatment success rates of about 43-46%, with higher and earlier mortality rates of over 23%,
especially among HIV-positive patients (Farley et al., 2011) —a higher default and treatment
failure rate using a standardized treatment regimen when compared to the meta-analyses
(Johnston et al., 2009; Orenstein et al., 2009) which used more studies with individualised

treatment regimens than the standardised regimen.

A recent study conducted in South Africa reported a cure rate of 36% in MDR-TB patients
(Mugabo et al., 2015). The MDR-TB cure rates reported at national level range between (30-
50%) in patients without HIV—infection in South Africa (DOH, 2013). Mugabo et al. (2015)
reported a cure rate of 36% in HIV-positive and 35% in HIV-negative patients with MDR-TB.
Another study conducted in South Africa by Farley et al (2011) reported a cure rate of 40% in

-u--“"--"'\-\.

HIV-positive patients and 49.6% |%@@%&H_}#%[H&f Another recent study conducted in

South Africa reported a cure rate of Ve=ppsitivespatients with MDR-TB (Umanah et al.,
2015). These cure rates are poor in p ie vM?’\ DHTT% and factors influencing them need to

be investigated.

UNIVERSITY of the

WESTERN CAPE
Several researchers in South Africa have reported failure rates ranging between 2.5% and 17%

among MDR-TB patients (Brust et al., 2010; Farley et al., 2011; Marais et al., 2013). Farley et
al (2011) reported failure rates of 4.2% in HIV-positive and 13.2% in HIVV-negative patients with
MDR-TB. A recent study reported a failure rate of (9%) in HIV-negative patients with MDR-TB
and (5%) in HIV-positive patients with MDR-TB (Mugabo et al., 2015). Other investigators
from South Africa reported a default rate ranging between 20% and 29% (Shean et al., 2008;
Farley et al; 2011; Marais et al., 2013). MDR-TB and HIV co-infection are amongst the
condition-related factors reported as predictors of MDR-TB treatment default (Brust et al.,
2010). However, other studies have found no link between HIV and MDR-TB treatment default
rates (Shean et al., 2008; Farley et al., 2011). Farley et al (2011) reported no differences in the
default rate between HIV-positive patients (20.6%) and HIV-negative patients (21.1%) with
MDR-TB. A recent study reported a default rate of 20% and 25% in HIVV-negative patients and
HIV-positive patients with MDR-TB (Mugabo et al., 2015). A study conducted on the
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evaluations of MDR-TB treatment default in South Africa revealed that healthcare workers’

attitude and substance abuse are associated with patient default (Holtz et al., 2006).

2.8.2 Factors influencing treatment outcomes in multidrug resistant tuberculosis

Several investigators have reported high mortality and poor treatment outcomes associated with
HIV-infected patients (Flament-Saillour et al., 1999; Ghandi et al., 2006, Wells et al., 2007;
Kliiman and Altraja, 2009; Seung et al., 2009; Brust et al., 2010; Farley et al., 2011; Kurbatova
et al., 2012). The poor outcomes and especially rapid time to death have mostly been observed
in the absence of effective antiretroviral treatment (Gandhi et al., 2006; Wells et al., 2007; Seung
et al., 2009). HIV-co-infected MDR-TB patients appear to benefit from antiretroviral treatment

against HIV; however, simultaneou ﬂg%the treatment of both diseases is
complicated. Although the combination‘efFB-treatment'and antiretroviral therapy can increase

= ST e
survival in HIV-TB co-infected patleMal it ﬁTﬁT likely to do so in patients with drug-
resistant TB (Dheda et al., 2004; Hol . € 1L

INIVERSITY of the
A study from the KwaZulu-Natal Pr?vmg:e Ehe\flrst eigt?nswe study detailing the treatment

outcomes of MDR-TB patients in a TB referral hospital in South Africa, in 2010 reported an
association between HIV co-infection and death. Although the study period was before the
availability of ART therapy in the public sector (2000-2003), the authors attributed the
HIV/death association to the lack of ART therapy and recommended an integration of ART with
second-line anti-TB treatment in the management of MDR-TB patients (Brust et al., 2010).
However,more recent studies have shown no association between HIV status and poor treatment
outcomes,such as death (Loveday et al., 2012; Satti et al., 2012; Marais et al., 2013; Mugabo et
al., 2015). These studies have shown that HIV-positive patients could achieve similar treatment
outcomes with HIV-negative patients when treated concurrently with second line anti-TB drugs
and antiretroviral therapy. However, the co-administration of ART together with MDR-TB
treatment has notably improved treatment outcomes of MDR-TB patients in previous studies and

the rapid occurrence of death that is often associated with HIV/MDR-TB co-infected patients is
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greatly decreased with effective early treatment of both HIV and MDR-TB (Brust et al., 2011:
Hafkin et al., 2013).

Several authors have reported previous anti-TB treatment as a risk factor for poor treatment
outcomes such as failure and mortality in MDR-TB patients (Faustini et al, 2006; Johnston et al.,
2009; Kliiman and Altraja, 2009; Brust et al., 2010). A meta-analysis study reported successful
outcomes in new MDR-TB patients and poor treatment outcomes in patients previously treated
for MDR-TB (Johnston et al., 2009). Another study conducted in South Africa by Dheda et al.
(2010) found that previous treatment for MDR-TB was an independent predictor of poor
treatment outcomes such as death. In contrast to the above studies, Marais et al (2013) found no
association between previous TB treatment and poor treatment outcomes in MDR-TB patients.
They also revealed that no association was found in the treatment outcomes between new versus
retreatment MDR-TB cases. The previous history of TB suggests that this could possibly be due

to the high rates of drug resistance, which co e regarded as the failure of TB control before

2000, due to inadequate case man f*drug supply and use of inadequate

drug regimens or defaulting treatmentwithinfreCentiears

o

Another factor causing poor treatmgpgq@cmpgliqylpf%!‘m is treatment with too few drugs.
Some researchers report that treatment-with If_ive‘drugs'«bl‘* fewer anti-TB drugs for 3 months or
longer was associated with poor treatment outcomes such as mortality and failures in MDR-TB
patients (Leimane et al., 2005; Umanah et al., 2015). Some researchers reported that patients
resistant to 5 or more drugs were more likely to fail treatment (Brust et al 2010). They

emphasize the need for more than 4 drugs in the treatment of MDR-TB.

According to Kliiman and Altraja (2009), several studies emphasize the important role of
resistance to ofloxacin in poor MDR-TB treatment outcome. It was noted that the risk of poor
treatment outcome was more than twice as high among patients in whom Mycobacterium
tuberculosis had resistance to ofloxacin (Kliiman and Altrajah, 2009). Other studies have
reported poor treatment outcomes in patients with fluoroquinolone resistance (Leimane et al.,
2005; Johnston et al., 2009; Kurbatova et al., 2012). In contrast to this study, a treatment

regimen containing ofloxacin has been found to be a predictor of successful treatment outcomes
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in another study (Chiang et al., 2006). This finding further emphasizes the importance of
ofloxacin in MDR-TB treatment regimens, and highlights the need for preserving susceptibility

to ofloxacin, as well as pointing out the clinical value of ofloxacin resistance.

There are conflicting reports of gender as a predictor of treatment failure. Some researchers have
shown that female sex is a predictor of treatment failure (Lockman et al., 2001; Mdivani et al.,
2008; Marais et al., 2013). On the other hand, male sexhas also been associated with treatment
failure, according to other reports (Johnston et al., 2009; Babalik et al., 2013). However, male
gender was found to be associated with treatment failure and death in South Africa (Brust et al.,
2010; Farley et al., 2011). Another study in South Africa reported poor treatment outcomes,
such as death, in female sex (Marais et al, 2013), but this was a weak association observed
between female sex and poor treatment outcomes in this study.

i

'

Another factor influencing poor tredfe “;Sbody mass index (BMI) of less than

18.5kg/m? as marker of poor nutrition : h TB at treatment initiation has been
described as a risk factor of poor trgatment|putcomes in|some studies (Leimane et al., 2005;
Kurbatova et al., 2012). A study conducted in Lesotho fourid a strong association between low

UNIVERSITY of the N
BMI at baseline and increased risk‘:cif:\c‘zlei;iihhoiﬁa}illljr% (éla{P et. al., 2012). In addition, another
VESTERN CAPE
study reported body weight of less than 45 and less than 60 kg to be associated with death and
treatment failure (Farley et al., 2011). Another study conducted in South Africa reported severe

underweight to be associated with mortality (Umanabh et al., 2015).

Gandhi et al (2012) found an association between low CD4 cell count and mortality in MDR-TB
patients. These authors reported that HIV-positive patients with a CD4 count less than 50
cells/mm?3and 51-200 cells/mm? were found to be associated with mortality. The impact of low
CD4 count and higher drug resistance may be cumulative in individual patients, resulting in
dramatic mortality in MDR-TB and XDR-TB patients. According to a report by Gandhi et al
(2012), previous studies show that TB incidence and allcauses of mortality are both higher with
low CD4 cell counts, and that risk diminishes as the CD4 cell count improves on ART. Some
other studies have reported changes (decrease / increase) in CD4 count as a factor influencing the
treatment outcomes in MDR-TB patients. They reported that patients whose CD4 count
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decreased during treatment were more likely to fail treatment (Satti et al., 2012; Andries et al.,
2013).

Extrapulmonary TB caused by multidrug—resistant isolates has been reported to be associated
with poor treatment outcomes such as treatment failure and mortality (Gandhi et al., 2102;
Kurbatova et al., 2012). Extrapulmonary disease in the setting of HIV infection signifies
advanced immunosuppression, and there is a complex interaction between the cellular immune

system, the invading Mycobacteriumand anti-tuberculous agents (Sandman et al., 1999).

Another factor is the association between the genotype strain family of Mycobacterium and poor
treatment outcomes. A study conducted in South Africa by Marais et al (2013) reported the
entire strain of families to have similar rates of successful treatment outcomes, with the

exception of the Haarlem (H) family, which was associated with death. This suggests that

genotypic determination could poteq% ogRastic factor.
Studies assessing age as a risk fact{ri[ Tﬁil}atﬂw—loutcomes in MDR-TB have yielded

conflicting results. An associations age and treatment failure has been
demonstrated in studies (Vasankaritet-al. 20075 Babalik et-al., 2013; Kurbatova, et al., 2012).
This association between advanced agé‘dnd treatment failtre is related to increased comorbidity,

overall physiological deterioration and difficulty in accessing several healthcare opportunities,
along with increasing age (Vasankari et al., 2007; Babalik et al., 2013). Other studies conducted
in South Africa and Lesotho have reported poor treatment outcomes such as treatment failure and
death in the age group of 31-40 years and 40 years respectively (Seung et al., 2009; Brust et al.,
2010).

Another study found that the presence of any additional disease and chronic lung disease was
associated with adverse outcomes (Aysun et al., 2015). Vasankari et al (2007) reported that the
presence of immunosuppression and malignity were associated with death. Other studies
reported the presence of any comorbid disease, opportunistic infection, diabetes mellitus or
malignity to be associated with poor outcomes such as failure and mortality in MDR-TB patients
(Vasankari et al., 2007; Babalik et al., 2013; Umanah et al., 2015).
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2.8.3 Treatment outcomes of Rifampicin mono-resistant TB

Treatment outcome of Rifampicin mono-resistant TB (RMR-TB) is poor when compared to
drug-sensitive TB. Investigators from France and Europe have reported 67% and 70.8% cure
rates in RMR-TB patients (Meyssonnier et al., 2014; Villegas et al., 2016). Several investigators
have reported high mortality and failure associated with RMR-TB patients (Sandman et al.,
1999; Mukinda et al., 2012; Prach et al., 2013; Schnippel et al., 2015; Villegas et al., 2016). A
study conducted in France documented a 33% failure rate in RMR-TB patients (Meyssonnier et
al., 2014).

A study from the Western Cape Province, the first extensive study detailing the treatment
outcomes of RMR-TB patients in an MDR-TB referral hospital in South Africa in 2012, reported

an association between RMR-TB q%ﬂﬁg@@wukinda et al., 2012). The authors

attributed the treatment failure t of pFi{}quality drugs previouslyused, and

.g,..h_.q,_._ﬁ_ ==
{0 increase treatment adherence. The authors

recommended that DOTS should b
further emphasized the need for drug

ity-testing-for-H|\/-coinfected patients.
UNIVERSITY of the
Another recent study conducted in South“Africatreported & 83.7% cure rate in Rifampicin mono-

resistant TB patients (Schnippel et al., 2015), but alsoa failure and unknown rate of 36.8% and
51.4% in RMR-TB patients (Schnippel et al., 2015). Another study from Europe reported a
20.83% unknown rate in RMR-TB patients (Villegas et al., 2016). Very scanty studies have

been conductedon the treatment outcomes in RMR-TB patients.

2.8.4 Factors influencing treatment outcomes in Rifampicin mono-resistant TB

There have been conflicting reports of HIV infection causing poor treatment outcomes in
Rifampicin mono-resistant TB patients. Studies have revealed that HIV infection was one of the
factors causing poor treatment outcomes such as death and treatment failure in Rifampicin
mono-resistant TB patients (Mukinda et al., 2012; Prach et al., 2013). Prach et al (2013) revealed
that out of 74 patients with Rifampicin mono-resistant TB/co- infection with HIV, 31 (42%) died
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during treatment. They concluded that patients with Rifampicin mono-resistant TB/ HIVco-
infection were more likely to have poor treatment outcomes. However, other investigators in
France revealed that HIV infection is not a factor influencing poor treatment outcomes in
Rifampicin mono-resistant TB patients (Meyssonnier et al., 2014).

PreviousTB treatment had been reported as a factor influencing treatment outcomes in
Rifampicin mono-resistant TB patients. Some researchers from France revealed thatpatients
previously treated for RMR-TB were more likely to have unfavourable treatment outcomes, such
as death and treatment failures, as compared to new patients (Meyssonnier et al., 2014). The
authors reported a failure rate of 50% and 19% in previously treated RMR-TB patients and new
RMR-TB patients respectively. They showed a link between poor treatment outcomes and

retreatment cases in Rifampicin mono-resistant TB patients (Meyssonnier et al., 2014).

—
%réfﬂiW#%h.h-
1 .
2.8.5 Treatment outcomes of Isoniazigi -fesistantyhB
Isoniazid mono-resistance TB treatment-outcon Iso been a topic of debate due to

conflicting studies. Several investigatorsihave Jevealed poor treatment outcomes in Isoniazid
mono-resistant TB patients (HMR-TBY); ‘aslcompared to drlig-sensitive TB patients (Menzies et
al., 2009; Prach et al., 2013; Villegas et al., 2016). Several researchers from the United States of
America and Europe have reported treatment success ranging between 56% and 74.1% in HMR-
TB patients (Gegia et al., 2012; Lee et al., 2015; Villegas et al., 2016).A study conducted in
South Africa reported a 65% successful treatment rate in HMR-TB patients. (Jacobson et al.,
2011)

Several studies have revealed that Isoniazid mono-resistant TB is associated with worse
treatment outcomes and frequently associated with a high rate of treatment failure and mortality
(Menzies et al., 2009; Jacobson et al., 2011; Gegia et al., 2012; Villegas et al., 2016). Although
the treatment outcomes for Isoniazid mono-resistant TB patients are poor compared to patients
with drug-susceptible TB, successful outcomes have been reported in other studies (Cattamanchi

et al., 2009; Wang et al., 2014). Cattamanchi et al (2009) retrospectively reviewed all cases of
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culture-confirmed, Isoniazid mono-resistant TB reported during a 14-year period (1992- 2005) in
the United State of America, and compared them with a time-matched sample of drug-
susceptible tuberculosis cases. They reported that the treatment outcomes for patients with
Isoniazid mono-resistant TB were excellent and were no different from the drug-susceptible

Cases.

According to a global meta-analysis study of outcomes among patients with Isoniazid mono-
resistance, poor treatment outcomes, with a failure rate ranging from 18% to 44%, were reported
(Menzies et al., 2009). Several other researchers also failed to prove an association between
Isoniazid mono-resistant TB and treatment failure. These studies from the United States of
America and Europe reported failure rates ranging between 2%-8% in HMR-TB patients
(Cattamanchi et al., 2009; Bang et al., 2010; Villegas et al., 2016).

Isoniazid mono-resistantTB patients,E%p ted|a fai

cohort progressed to MDR-TB and 1

from the United States of America qep\grﬁd a quf"’]luftar@t? 9.‘:.20'6% in HMR-TB patients (Gegia
et al; 2012). Another study from Egrpp@-idppﬂmen;edgqn!18.82% unknown rate in HMR-TB
patients (Villegas et al., 2016).

2.8.6 Factors influencing treatment outcomes in Isoniazid mono- resistant TB

Researchers have reported previous anti-TB treatment as a risk factor for poor treatment
outcomes such as failure and mortality in Isoniazid mono-resistant TB patients (Gesia et al.,
2012; Wang et al., 2014). A study by Gegia et al (2012) reported an association between
previous TB treatment history and treatment failure. They reported that previously treated
patients with HMR-TB were more likely to have unfavourable outcomes, as compared to new
HMR-TB patients. A recent study reported that Isoniazid resistance of any type in both new and
retreatment cases were associated with failure (Lee et al., 2015). In contrast to the above studies,
no association was found between previous TB treatment and poor treatment outcomes in HMR-

TB patients in a study conducted in South Africa (Jacobson et al., 2011). A study conducted in
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the United States of America revealed that patients with a history of previous TB treatment were
more likely to default from treatment, particularly when given a regimen of a longer duration
(Gegia et al., 2012). The authors reported the probability of successful outcomes of 76% in new
and 58% in previously-treated patients with HMR-TB.

Studies assessing age as a risk factor for poor treatment outcomes in Isoniazid mono-resistant TB
have yielded conflicting results. An association between advanced age of >65 years and
treatment failure or death has been demonstrated in studies (Gegia et al., 2012; Chien et al.,
2015). In a study conducted in South Africa, the first study on the treatment outcomes of
Isoniazid mono-resistant TB patients reported that patients between 33 years and 43 years had
worse treatment outcomes, as compared to patients between 44 years to 65 years (Jacobson et al.,

2011). The authors concluded that poorer compliance and default were the reason why the

poor treatment outcomes in a study conducted in South Africa (Jacobson et al., 2011).
UNIVERSITY of the
WESTERN C ". PE
Other factors associated with poor outcomes in Isoniazid mono-resistant TB patients documented
by researchers were smoking, Isoniazid resistance, cancer (underlying malignancy), liver
cirrhosis, rifampicin interruption during treatment, and smear-positive cases (Jacobson et al.,
2011; Chien et al., 2015).

2.8.7 Treatment outcomes in MDR-TB/HIV co-infected patients based on ART duration and
timing of initiation of ART

There have been few reported studies looking at the effect of timing of (early) initiation of ART
on the outcomes of MDR-TB treatment in HIV-positive patients (Issakidis et al., 2011; Palacios
et al., 2012; Mugabo et al., 2015; Umanah et al., 2015). Palacios et al (2012) noted a lower
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death-rate in HIV-positive patients who had started antiretroviral therapy early compared to
those who were not on ART. The authors reported that the median time for ART initiation was
longer, about 5.6 months, and this study had patients not on ART as a comparison group. Similar
results were obtained in a study by Waisman et al (2001), who compared mortality in MDR-TB
HIV-positive patients prior to the availability of Highly Active Antiretroviral Therapy (HAART)
and during the HAART era. These studies did not consider the timing of ART based on before or
after initiation of MDR-TB treatment.

Early initiation of ART during MDR-TB treatment has been shown to produce favorable
outcomes in terms of longer median survival time (Satti et al., 2012). Satti et al (2012) reported
no association between HIV-positive patients who commenced ART prior to or after MDR-TB
treatment. They reported that the time to death in HIV-positive patients who were not already on
ART prior to MDR-TB treatment was significantly shorter compared to HIV-positive patients

who were already on ART. .
s B, |
MO NN RT
1 1

Vo T T o
A recent study conducted in South i i ' F
HIV-positive patients with MDR-T

and failure rate of 35% and 65% in
al., 2015). The authors reported that
there were no differences in the treatment outeomes: between HIV-positive patients receiving

ART and HIV-positive patients notsom ART: Anotherarecent study conducted in South Africa
reported a 33.4% cure rate, a 2.9% failure rate, a 21.8% death rate, a 4.8% transferred out rate, a
19.3% default rate, a 16.9 completed rate and 0.9% were still on treatment in HIV-positive
patients with MDR-TB on ART before the commencement of MDR-TB treatment (Umanah et
al., 2015). The authors reported significant association with higher mortality among patients who
commenced ART before initiating MDR-TB treatment, when compared with ART initiation after
commencement of MDR-TB treatment. These authors pointed out the importance of early
initiation of ARVs and their protective benefits for HIV.ART has been shown to confer a
protective effect on mortality in HIV-positive patients on MDR-TB treatment (Palacios et al.,
2012), and this evidence supports the current WHO guidelines on commencing ART within 2-8
weeks after commencement of MDR-TB, irrespective of the CD4 count (WHO, 2011), compared
to that which was in operation prior to 2010, when ART was initiated in patients with CD4 cell

count less than 350 cellsymm>.A previous study conducted in South Africa has shown that
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receiving ART was not associated with improved survival in HIV-infected MDR-TB patients
(Ghandi et al., 2012). But Isaakidis et al (2011) reported improved overall outcomes, with an
increase in the median CD4 count (after one to two years of treatment) of HIV co-infected
patients, the majority of whom were on ART before initiation of MDR-TB treatment. Hence,
adequate data is needed in South Africa on the outcomes of MDR-TB in HIV-positive patients
who initiated ART before the commencement of MDR-TB treatment, compared to those who
commenced ART afterwards, to support the timely initiation of ART and improve the overall
outcomes of MDR-TB in HIV-positive patients.

2.9 Microbiological parameters and pharmacotherapeutic parameters in patients with
drug-resistant tuberculosis
Researchers from Lesotho, South Africa and Botswana, Seung et al (2009), Brust et al (2011)
and Hafkin et al (2013) respectively, have described the influence of HIV infection on the time
to sputum culture conversion in MDR-TB pﬂ@tﬁ the end of the intensive phase of treatment.

)t affect the time to sputum culture

conversion. The median time to sp
MDR-TB patients in two of the studi re

in HIV-positive and HIV-negative
IV-positive 54 days (IQR 41-90) and

HIV-negative 103.5 days (IQR 86-1 =.*ﬁ=:=m=-'e‘-=== days) for HIVV-positive and 95
days (IQR 70-133) for HIV- negatlve pfaltlén éb?ésbg‘cﬁ'vely (Brust et al., 2011; Hafkin et al.,
2013) WESTERN CAPE

These studies from Southern Africa have demonstrated high rates of culture conversion among
HIV-infected individuals who survived during anti-tuberculosis treatment. Together they include
fewer than 50 HIV-infected patients, and only the study from Lesotho reported worse survival
rates among HIV-infected individuals. Another study conducted in Taiwan during an 8-year
period (2004- 2011) documented worse treatment outcomes, despite early sputum culture
conversion in HMR-TB patients (Chien et al., 2015). It was revealed by the authors that 68.7%

had poor treatment outcomes.

Another investigator, who conducted a study in Latvia for non-HIV-infected patients, reported a

median time of 60 days (range of 4 to 462 days) in patients (Holtz et al., 2006). They

56



investigated the influence of sputum culture reconversion and revealed that patients who were
previously treated with second-line drugs were more likely to revert after achieving initial

sputum culture conversion.

Very few studies have determined the sputum culture conversion time in RMR-TB patients. A
study conducted in the United States of America reported culture conversion to be longer in
patients with RMR-TB as compared to drug sensitive TB (Prach et al., 2013).The median time to
sputum culture conversion reported by the authors was 93.5 days (IQR 42.0-162.0) in RMR-TB
patients and 50 days (27.0-81.0) in drug sensitive TB cases. This study from the United States of
America, have demonstrated high rates of culture conversion among RMR-TB patients who

survived during anti-tuberculosis treatment.

Limited studies have been conducted on the time to sputum clearance in HMR-TB patients. A
as shown that culture conversion time can be

=tesistant TB (HMR-TB) and patients with
orted a median time of 48 days (IQR

study conducted in the United States of America

almost similar between patients with-ISonia

26-84) in HMR-TB patients and 50 day
the United States of America, have‘demonstrated—h'rgh-rates-of culture conversion among HMR-
TB patients who survived during anfl tu‘be}r gls'! ?r ftrfr’fent (Prach et al., 2013; LoBue and

WESTI I'-{"\' CAPE
Moker, 2005).

drug sensitive-TB (Prach et al., 20135 The investigators
4 - sensitive TB patients. Studies from
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CHAPTER THREE: METHODS

3.1 Study design

This study was designed as a retrospective observational study that assessed the influence of
microbiological parameters on DR-TB treatment outcomes. The microbiological parameters
assessed include: HIV-infection, sputum culture conversion time, immunological and virological
profile, antiretroviral therapy, the impact of inappropriate (i.e. low and high) anti-tuberculosis
drug dose on the time to sputum culture conversion (reference anti-TB drug dose in Table 1,
Table 2 and section 3.8which were used to identify patients with inappropriate anti-TB drug
dose), drug resistance (comparing mono-resistance-TB cases and MDR-TB cases), the
replacement of ofloxacin by moxifloxacin in DR-TB treatment regimen and DR-TB localization.

ll.ll.ll.“.ll.ll

3.2 Data collection site

The study data was collected at t g |taI. This hospital operates in the

Worcester/Robertson health District®@ =4 :-s vV —, Africa.
UNIVERSITY of the
WESTERN CAPE

3.3 Study Population

The study population includes male and female patients, HIVV-positive and HIV-negative, 18 to

65 years old, with confirmed MDR-TB and mono-resistance TB (RMR-TB and HMR-TB) who

started and finished treatment between 2009- 2015.

3.4 Inclusion and exclusion criteria:

Inclusion criteria were sputum microbiology, culture and sensitivity at baseline and every month

during treatment. Recordsof any of the following treatment outcomes cured, completed, failed,
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died or transferred out. Immunological and virological profile at baseline, six, twelve, and

twenty-fourmonths after starting anti-TB treatment.

Exclusion criteria were MDR-TB patients without a definitive treatment outcome, patients with
no evidence of MDR-TB, patients with no monthly sputum culture result, Pre-XDR-TB patients,

XDR-TB patients, patients of less than 18 years and more than 65 years.

3.5 Anti-tuberculosis medication used at Brewelskoof Hospital

The drugs used for the treatment of DR-TB patients at Brewelskoof Hospital involve a
combination of the following first and second line drugs: ethambutol, pyrazinamide, isoniazid,

rifampicin, ofloxacin/moxifloxacin, ethionamide, kanamycin and terizidone.

3.6 Demographics, clinical and the 2bauticchavactaris

Data was collected from TB registers_ar ical records. All data collected was

entered into a database using ExceIll(!\fki(irgsgfit{gfifipeyzrng!)ﬁ Adata-collection form was used to
extract data from health-facility registers:; iTherfollowing-data were extracted from patients’
records: year of registration, sex, age, patient’s diagnostic category, treatment regimen and
doses, DR-TB confirmatory, final treatment outcomes, smear microbiology, culture and
sensitivity (MCS) test results, HIV-status, TB and DR-TB localization, TB history, anti-
retroviral therapy history, CD4 count, viral load, monthly sputum MCS and sputum culture

conversion date.

3.7 Data Collection

All patients involved in the study were identified by searching the TB register and patient’s
folder for first and second-line susceptibility test results. These results were screened during data
collection/data cleaning to remove duplicates and only the first known MDR-TB and mono-
resistant TB data for each patient were selected for use in the study. The patients’ data included
in the study exhibited one of fourdrug-resistance profiles:resistance to isoniazid only, resistance
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to rifampicin only, resistance to isoniazid and rifampicin only, resistance to isoniazid, rifampicin
and streptomycin or ethambutol. The current study data reflects resistance patterns to first-line
anti-TB drugs. Patients who were resistant to 2 or more second-line drugs were not included in

the study.

3.8 Dosage of anti-TB drugs (DOH, 2013)

Dosages of anti-TB drugs prescribed to drug-resistant TB patients in this study were compared
with dosages recommended by the national Department of Health (South Africa) Guidelines for
the diagnosis and treatment of drug-resistant-TB patients (Table 1,Table 2, and sections 3.8.1
and 3.8.2).

3.8.1 Dosing of Isoniazid in single-drug preparation

DOH recommended 150 mg for patin 33 kg, 400 mg for patients weighing

33-50 kg, 450 mg for patients weig Mwwi mg for patients weighing >70 kg
(DOH, 2013).

— —  —
T T

3.8.2 Dosing of Ofloxacin in single':i:img'prepararrcm—
UNIVERSITY of the

WESTERN CAPE . L
DOH recommended 600 mg for patients welghh:wg less than 33 kg, 600 mg for patients weighing
33-50 kg, 800 mg for patients weighing 51-70 kg and 800 mg for patients weighing >70 kg
(DOH, 2013).

3.9 Validity and reliability of data collected

The patient’s folder and TB register were made available by the sister in charge of DR-TB data
records. Any patient in the database who had a result showing genotypic mono-resistant TB to
rifampicin and isoniazid was included. Conversely, in those with no results for either rifampicin
or INH resistance, the patient’s information was excluded. Duplicate entries were removed from

the data, and patients less than 18 years of age and more than 65 years old were excluded.
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3.10 Definitions of commonly-used terms in the study

Terminologies for drug-resistant tuberculosis treatment

The following definitions were recommended by the World Health Organisation (WHO, 2013)
and updated in WHO, 2014 report.

Case of tuberculosis
Case of tuberculosis refers to a patient in whom tuberculosis has been bacteriologically
confirmed, or has been diagnosed by a clinician using other methods of diagnosis.

Pulmonary tuberculosis
Pulmonary TB is defined as any bacteriologically confirmed or clinically diagnosed case of TB
involving the lung parenchyma or the tracheobronchial tree. Miliary TB is classified as

pulmonary TB because there are les :_:,_ii-e"""""

Extrapulmonary tuberculosis

Any bacteriologically-confirmed or

the lungs is known as extrapulmonaQ: TB el & Iieqlra I¥mph nodes, abdomen, genitourinary
L of th

tract, skin, joints and bones, menmgﬁ.l STERN CAPFE
v 1'. T, i

New case of TB
A patient who has never had treatment for TB or who has taken anti-TB drugs for less than one

month.

Retreatment case of TB

There are three types of retreatment case:

(i) A patient previously treated for TB. Previously treated patients who have received 1 month
or more of anti-TB drugs in the past or who have started on a retreatment regimen after previous

treatment has failed (treatment after failure).

(if) Treatment after loss to follow-up patients previously treated for TB and declared lost to

follow-up at the end of their most recent treatment episode. (These were previously known as
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“treatment after default” patients).

(iii) Relapse patients are those previously treated for TB, declared cured or treatment completed
at the end of their most recent treatment episode and are now diagnosed with a recurrent episode
of TB (either a true relapse or a new episode of TB caused by reinfection).

Classification based on drug resistance

Cases are classified in categories based on drug susceptibility testing in clinical isolates

confirmed to be Mycobacterium tuberculosis:
Monoresistance: resistance to one first-line anti-tuberculosis drug only.

Rifampicin mono-resistant TB (RMR-TB): Rifampicin mono-resistant TB which is resistant to
Rifampicin alone (WHO, 2015),

Isoniazid mono- resistant TB (H i plsoniazid (WHO, 2015).
Multidrug resistance (MDR-TB): rgsistance|to at least isoniazid and rifampicin, the two most
powerful first-line anti-TB medicieS-AAH=H

UNIVERSITY of the
Extensive drug resistance (XDR-TB); MDR-TB plus resistance to at least one fluoroguinolone

and a second-line injectable agent (WHO, 2016).

Standard definitions of DR-TB outcomes

Treatment outcomes were defined using World Health Organization categories(WHO, 2013):

e ‘Cure’: Treatment completed as recommended by the national policy without evidence of
failure and three or more consecutive cultures taken at least 30 days apart are negative

after the intensive phase.
« ‘Treatment completed’ as recommended by the national policy without evidence of

failure, but no record that three or more consecutive cultures taken at least 30 days apart

are negative.
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« ‘Treatment failed’: Treatment terminated or need for permanent regimen change of >2
anti-TB drugs because of lack of conversion in the continuation phase, or bacteriological
reversion®* in the continuation phase after conversion* to negative, or evidence of
additional acquired resistance to fluoroquinolones or second-line injectable drugs, or

adverse drug reactions (ADRS).

» ‘Death’: patient who dies for any reason during the course of treatment.

« ‘Lost to follow up’: patient whose treatment was interrupted for 2 consecutive months or

more (this category was previously known as ‘defaulted’).

* ‘Not evaluated’: A patient for whom no treatment outcome is assigned. This includes
cases ‘transferred out’ to ano it and whose treatment outcome is
unknown.

«  “Sputum culture conversion’ is defined as two consecutive negative cultures taken at least

date of the first negative culture;isused as:the date of conversion.
WESTERN CAPE
« ‘Sputum culture reconversion to positive’: Cultures are considered to have reverted to

30 days apart after initiation gfMDR-1 /.1, such a case, the specimen collection

positive when after initial conversion, two consecutive cultures taken at least 30 days
apart are found to be positive. For the purpose of defining ‘Treatment failed’, reversion is

only considered when it occurs in the continuation phase.

» Poor treatment outcomes: are outcomes such as died and failure.

DR-TB outcomes were defined using the standard definitions recommended by WHO. Treatment
outcomes were: cured, treatment completed, failed, defaulted, transfer and death. Theseare
further categorized into the following in this study: cured, not cured (completed, died and failed)

and unknown (defaulted and transferred out).
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3.11 Statistical analysis of data

The data collected during the study was organized and coded into data collection forms
anonymously before being capturedby Microsoft Excel. Analysis was done using SAS version
9.0.

Basic statistics such as mean, standard deviation, median and range were used to describe
continuous and ordinal variables, and frequency tables for nominal variables. When data was not
normally distributed, the Wilcoxon Rank Sum test, the non-parametric alternative to a paired t-
test, was used and the time to culture conversion were reported as median and range. The
Kruskal-Wallis one-way analysis of variance was used in comparing more than two groups to see
if they originate from the same population. Statistical significance was assumed at the p-value
<0.01 significant level to avoid a false positive. The p-value <0.01 was used to avoid too many

type 1 error and also due to the study populati '[____o -tailed P- value was reported.

Sputum conversion time is the time

analysis methods. The ICLIFETESI;LT progeﬂ)rgj w?sxlthe method used in the survival analysis.
I f the

These methods require knowledge qlf‘c[e.r}i;op?_gﬁ Qlesé. ai\i\‘el” as actual times to the event. There

were cases wWhere patient’s sputum did ‘'not convert' or censored. Censoring time was found

based on the algorithm (a gap of 2 or more would determine the censoring time). Patients whose

sputum cultures did not convert due to death or failure were described, but were right-censored

from the primary analysis.

3.12 Ethical considerations

This study was registered and approved by the University of the Western Cape Ethics Committee
under the ethics clearance registration number 07/6/12. Permission to access patients’
information was granted by the Provincial Department of Health, as well as the medical
superintendent of Brewelskoof Hospital. The study was conducted according to the Helsinki and
ICH guidelines. Patient information was captured anonymously, and all the data obtained were

treated as confidential.
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3.14 Dissemination of research results

The study results will be disseminated through the following channels:

a.
b.

C.

o

Presentation at Department, School of Pharmacy, University of Western Cape
Conference presentations
Publication in scientific journals

Thesis for Master’s degree at the university

UNIVERSITY of the
WESTERN CAPE
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CHAPTER FOUR: RESULTS

4.1 Patient’s demographics and clinical characteristics

This study describes the treatment outcomes of 386 drug-resistant TB patients(57.5% males and
42.% females), which includes 244 (63.2%) MDR-TB patients, 103 (26.%) Rifampicin mono-
resistant TB (RMR-TB) patients, and 39 (10.1%) Isoniazid mono-resistant-TB (HMR-TB)
patients.

4.1.1 MDR-TB patients

Out of 244 (63.2%) MDR-TB patients, 146 (59.8%) and 98 (40.%) were male and female
respectively. One hundred and ninety (77.%) patients had previously been treated with anti-TB

drugs. Two-hundred and twenty—seven 9 .l',.u-ct. ients were infected with pulmonary TB, 13

]
=

=190), 38 (15.%) patients returned after qret;raultln_g treatment 50 (20.%) patients returned after
-c. the

failed treatment, 92 (37.7%) patleﬂtsilretttr{_teﬂ ther. : eilapse 3 (1.2%) patients returned for

treatment after being transferred to another health facility and 7 (2.%) patients returned for
unspecified reasons. The median (range) age and weight of MDR-TB patients was 37 years (29-
45.5) and 49.95 kg (43.7-54) respectively.

4.1.1.1 HIV - positive patients

Ninety-nine (40.%) HIV-positive patients with MDR-TB were involved in this study.

The 72.7% HIV-positive patients with available ART history were taking the following ARVs:
stavudine (30 mg/po/bd), lamivudine (150 mg/po/bd) and efavirenz (600 mg/po/nocte).

4.1.1.2 HIV —negative patients

One hundred and forty-five (59.4%) HIV-negative patients with MDR-TB were included in the
study.
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4.1.2 Rifampicin mono-resistant TB patients

Of the 103 Rifampicin mono-resistant TB patients included in the study, 57 (55.3%) were males
and 46 (44.%) were females. Fifty- two (50.%) were HIV—positive patients. Seventy- seven
(74.%) patients had previously been treated with anti-TB drugs. Ninety-eight (95.%) patients
were infected with pulmonary TB, and 4 (3.%) patients were infected with extrapulmonary TB.
Twenty-six (25.2%) patients were new cases and 77 (74.%) were retreatment cases. Amongst
the retreatment cases (n =77), 15 (14.%) patients returned after defaulting treatment, 18 (17.48%)
patients returned after failed treatment, 39 (37.%) patients returned after relapse, 2 (1.9%)
patients returned for treatment after being transferred to another health facility and 3 (2.9%)
patients returned for unspecified reasons. The median (range) age and weight of Rifampicin
mono-resistant TB patients was 38 years (31-45) and 50.5 kg (43-54.8) respectively.

R
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AtS-With=R1l 2

4.1.2.1 HIV —positive patients

Fifty-two (50.%) HIV-positive patie
study. The 49 (94.2%) HIV-positiveypatientsswithy'available ART history were taking the
following ARVs: stavudine (30 mig/po/bd)} lantivudine” (150 mg/po/bd), and efavirenz (600

mg/po/nocte).

mono-resistant TB were included in the

4.1.2.2 HIV- negative patients
Fifty-one (49.5%) HIV-negative patients with Rifampicin mono-resistant TB were included in

the study.

4.1.3 Isoniazid mono-resistant TB patients

Of the 39 (10.1%) Isoniazid mono-resistant TB patients included in the study, 19 (48.7%) were
males and 20 (51.%) were females. Fourteen (35.9%) were HIV-positive patients. Twenty-six
(66.%) patients had previously been treated with anti-TB drugs. Thirty-seven (94.%) patients

were infected with pulmonary TB and 3 (5.1%) patients were infected with extrapulmonary TB.
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Thirteen were new cases of Isoniazid mono-resistant TB and 26 (66.%) were retreatment cases.
Amongst the retreatment cases (n =26), 7 (1%) patients returned after defaulting treatment, 5
(12.8%) patients returned after failed treatment and14 (35.9%) patients returned after relapse.
The median (range) age and weight of Isoniazid mono-resistant TB patients was 36 years (29-45)
and 48.3 kg (40.5-52.5) respectively.

4.1.3.1 HIV — positive patients

Fourteen (35.9%) HIV-positive patients with Isoniazid mono-resistant TB were included in the
study. The 14 (100%) HIV-positive patients with available ART history were taking the
following ARVs: stavudine (30 mg/po/bd), lamivudine (150 mg/po/bd) and efavirenz (600
mg/po/nocte).

4.1.3.2 HIV- negative patients

—
‘Tﬁ'ﬂm

UNIVERSITY of the
WESTERN CAPE

> ) . TR
Twenty- five (64.1%) HIV-negative _patients-withison mono resistant TB were included in
the study.
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Table 3:Description of the study population.

Patients’ MDR-TB Rifampicin Isoniazid Total
Characteristics N= 244 mono- mono-resistant | N= 386
resistant TB B
N=103 N=39
Sex
Male 146 (59.8%) 57 (55.3%) 19 (48.7%) 222 (57.5%)
Female 98 (40.%) 46 (44.%) 20 (51.%) 164 (42.%)
Age
<20 years 13 (5.3%) 2 (1.9%) 4 (10.%) 19 (4.9%)
21-30 years 59 (24.%) 23 (22.3%) 9 (23.%) 91 (23.%)
31-40 years 76 (31.%) 32 (31.%) 12 (30.77%) 120 (31.%)
41-50 years 65 (26.6%) 33 (32.0%) 11 (28.21%) 109 (28.2%)
>50 years 31 (12.7 E—PL&L“"" 3 (7.%) 47 (12.%)
HIV-positive 99 (40.%) 52/(50.% 14 (35.9%) 165 (42.%)
HIV-negative 145 (59. 4% — 51 54? '?%)); == 25 (64.1%) 221 (57.%)
Antiretrovi {{il therapl?y l&Of the patlents with HIV)
Total number N=99 N=52 N=14 N=165
Yes 72 (72.7%) 49 (94.2%) 14 (100%) 135 (81.8%)
No 1 (1.0%) 2 (3.9%) 3 (1.8%)
Missing 26 (26.%) 1 (1.9%) 27 (16.%)
DR-TB history
Never treated before 54 (22.1%) 26 (25.2%) 13 (33.3%) 93 (24.%)
Previously treated 190 (77.%) 77 (74.%) 26 (66.%) 293 (75.9%)
Patient’s diagnostic category
New cases 54 (22.1%) 26 (25.2%) 13 (33.3%) 93 (24.%)
Retreatment cases
After default 38 (15.%) 15 (14.%) 7 (%) 60 (15.5%)
After transfer 3 (1.2%) 2 (1.9%) 5 (1.3%)
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After relapse 92 (37.7%) 39 (37.%) 14 (35.9%) 145 (37.%)
After failure 50 (20.%) 18 (17.%) 5 (12.8%) 73 (18.9%)
Unknown 7 (2.%) 3 (2.9%) 10 (2.%)
DR-TB localization

Pulmonary TB 227 (93.0%) 98 (95.%) 37 (94.%) 362 (98.%)
Extra-pulmonary TB 13 (5.3%) 4 (3.%) 2 (5.1%) 19 (49.2%)
Pulmonary and extra- | 4 (1.6%) - - 4 (1.0%)
pulmonary TB

Unknown - 1 (1.0%) - 1 (1.0%)

4.2: Immunological and virological profile in HIV-positive patients with drug

resistant-TB

S
(I8 NIN BNIN NIN WIN NI
S I e S RS A R

4.2.1 CD4 counts at baseline

— —

The table below shows CD4 codnts=at-haseline=orty—Fable 36 and Table 37 show CD4
counts at 12 and 24 months resp&étively ERSITY of the
Table 4 shows a break-down pe‘r"‘aﬁ'wﬁﬁf of ofrir@-régistant TB patients with available

data involved in this study.

Table 4:Immunological profile in HIV-positive patients with drug resistant-TB

CD4 counts cellssmm® at | MDR-TB RMR-TB HMR-TB
baseline N=99 N=52 N=14
<200 24 23 1

200- 500 1 14 3

>500 6 1

Missing at baseline 51 52 7
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From table 4, of the 48 HIV-positive patients with CD4 count results available at the time
of the initiation of MDR-TB treatment, HIV-positive patients had a CD4 count of < 00
cells/mm?. - HIV-positive patients had a CD4 count cells/mm?*-(Column 2/MDR-TB)

Of 43 HIV-positive patients with Rifampicin mono-resistant TB, with available CD4
count results at baseline of DR-TB treatment, had a CD4 count of < 00 cells/mm?® had a
CD4 count of 00 cells/mm?®.

Of 7 HIV-positive patients with Isoniazid mono-resistant TB, with available CD4 count

results at baseline of DR-TB treatment, had a CD4 count of < 00 cells/mm®and had a

CD4 count of cells/mm?.

4.2.2: Virological profile

patients had a viral load of less thM 4D cobles/h]L }ind'rl HIV-positive patients had a viral
load ranging from 50 to 1,000 Qﬁezmpn@ﬁm#&ﬂ#Hlv positive patient had a viral

load result at 12 months of MDR-TBtréatient, Wita¥iral load of 106-copies/ ml.

Out of 4 Rifampicin mono-resistant TB patients with an available viral load data at
baseline- 2 HIV-positive patients had a viral load of less than 40 copies/mL and 2 HIV-
positive patients had a viral load of 50-1,000,000 copies/mL.lIsoniazid mono-resistant TB
patients had no available viral load data.

4.3 Treatment outcomes

4.3.1. Treatment outcomes in drug-resistant TB patients

This section presents treatment outcomes of MDR-TB, RMR-TB, and HMR-TB patients.

Table 5:Treatment outcomes in drug-resistant TB patients

Outcomes Failed Unknown
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MDR-TB 104 (42.6%) 70 (30.7%) 65 (26.6%) 244

RMR-TB 42 (40.%) 21 (20.%) 40 (38.8%) 103

HMR-TB 22 (54.4%) 8 (20.5%) 9 (23.%) 39

4.3.2 MDR-TB patients

As shown in table 5, the cure rate for MDR-TB is 42.6%. The failure and unknown rate
were 30.7% and 26.6% respectively. There were no differences in the treatment outcomes
in MDR-TB patients.

4.3.3 Rifampicin mono- resistant TB patients

From the table above, the cure _rate_-was-AO.%,fThé_failure rate was 20.%, and the
unknown rate was 38.8%. There' were [no difféfencés in the treatment outcomes in

Rifampicin mono- resistant TB patients— :

4.3.4 Isoniazid mono-resistant ‘I_'B'.pqti_en't.s:_ e - o

There were no differences among the treatment outcomes in HMR-TB patients. The cure
rate was 54.4%, failure rate was 20.5%, and unknown rate was 23.%.

4.4 Effect of age and sex on drug-resistant TB treatment outcomes

4.4.1 MDR-TB patients

Table 6: Effect of age and sex on MDR-TB treatment outcomes

Age group Cured Failed Unknown

and sex
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Age

<20 years 9 (69.2%) 1 (7.%) 3(23.%) 13 (5.3%)
21-30 years 26 (44.%) 18 (30.5%) 15 (25.4%) 59 (24.%)
31-40 years 32 (42.1%) 22 (2%) 22 (2%) 76 (31.%)
41-50 years 26 (40.0%) 23 (35.%) 16 (24.6%) 65 (26.6%)
>50 years 11 (35.%) 11 (35.%) 9 (29.0%) 31 (12.7%)
Total 104 (42.6%) 75 (30.7%) 65 (26.6%) 244 (100%)
Sex
Male 61 (41.8%) 46 (31.5%) 39 (26.7%) 146 (59.8%)
Female 43 (43.%) 29 (29.%) 26 (26.5%) 98 (40.%)
Total 104 (42.6%) 75 (30.7%) 65 (26.6%) 244 (100%)
—
Table 6 shows the effect of age _' d sex on the Nt outcomes in MDR-TB patients.

From the table above, the cure

patients in the agerange of 20 ygars @ 30, years, 31-40 years, 41-50 years,

and those older than 50 years of,age; fespegtively, - The failure rate was 7.%, 30.5%,
28.9%, 35.%, and 35.% for patients, inthe age.ran-geiqf 20 years and below, 21-30 years,
31-40 years, 41-50 years, and those older than 50 years of age respectively. The unknown
rate was 23.%, 25.4%, 28.9%, 24.6% and 29.0% for patients in the age range 20 years
and below, 21-30 years, 31-40 years, 41-50 years, and those older than 50 years

respectively. The differences among all these outcomes were not statistically significant.

As shown in the table above, the cure-rate was 41.% and 43.% in male and female
patients respectively. The difference between the treatment outcomes in male and female

MDR-TB patients is not statistically significant.

4.4.2 Rifampicin mono-resistant TB patients
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Table 7:Effect of age and sex on the treatment outcomes in Rifampicin mono-

resistant TB patients

Age group and Cured Unknown
sex
Age

<20 years 2 1 (50.0%) 1 (50.0%) 2 (1.9%)
21-30 years 9 (39.1%) 6 (26.%) 8 (34.8%) 23 (22.3%)
31-40 years 14 (43.%) 3 (9.%) 15 (46.%) 32 (31.%)
41-50 years 14 (42.4%) 6 (18.%) 13 (39.%) 33 (32.0%)
>50 years 5(38.) 3 (23.%) 13 (12.6%)
Total 42 (40.%) 21 (20.%) 40 (38.8%) 103 (100%)

e
Male 22 (38.6%) [ IA@ABEIL L] 21 (36.8%) 57 (55.3%)
Female 20 (43.%) 7 (2% || 19 (41.3%) 46 (44.%)
Total 22 (40%) _UL_1p14z0.06) L1140 (38.8%) 103 (100%)

resistant —TB patients. The cure rate was 0%, 39.1%, 43.%, 42.4%, and 38.% for patients
in the age range of 20 years and below, 21-30 years, 31-40 years, 41-50 years, and those

above 50 years of age respectively.

The failure rate was 50.0%, 26.%, 9.%, 18.% and 38.% for patients in the age group of 20
years and below, 21-30 years, 31-40 years, 41-50 years, and those older than 50 years of
age respectively. The unknown outcome rate was 50.0%, 34.%, 46.%, 39.%, and 23.%
for patients in the agerange of 20 years and below, 21-30 years, 31-40 years, 41-50 years,
and those older than 50 years of age respectively. The differences among all these

outcomes were not statistically significant .

As shown in the table above, the cure rate was 38.6% and 43.% in male and female cases

respectively. The differences between the treatment outcomes in male and female RMR-
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TB patients were not statistically significant.

4.4.3. Isoniazid mono- resistant TB patients

Table 8: Effect of age and sex on the treatment outcomes in Isoniazid mono-
resistant TB patients

Unknown

Age groupand  Cured Failed

Sex

<20 years 4 (100%) - - 4 (10.%)
21-30years 3 (33.3%) 3 (33.3%) 3 (33.3%) 9 (23.%)
31-40years 5 (41.7%) 2 (16.7%) 5 (41.7%) 12 (30.%)
41-50 years 8 (72.7%) -- -.3.(22.%5 — 11 (28.2%)
>50 years 2 (66.7%) e e t33.3%) 3 (7.%)
Total 22 GAA%) T8 205%) — —9123.%) 39 (100%)
Male 11 (57.9%) 5 (26.3%) 3 (15.9) 19 (48.7%)
Female 11 (55.0%) 3 (15.0%) 6 (30.0%) 20 (51.%)
Total 22 (5.4%) 8 (20.5%) 9 (23.%) 39 (100%)

Table 8 shows the effect of age and sex on the treatment outcomes in Isoniazid mono-
resistant TB patients. The cure rate was 100%, 33.3%, 41.7%, 72.7%, 66.7% for patients
in the age range of 20 years and below, 21-30 years, 31-40 years, 41-50 years, and those
above 50 years of age respectively. However, patients in the age range of 20 years and
below, 41-50 years and those older than 50 years of age were more likely to be cured.

The failure rate was 0%, 33.3%, 16.7%, 27.%, and 0% for patients in the age range of 20
years and below, 21-30 years, 31-40 years, 41-50 years, and those above 50 years of age

respectively. The unknown outcome rate was 0%, 33.3%, 41.7%, 33.3%, and 0% for
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patients in the age range of 20 years and below, 21-30 years, 31-40 years, 41-50 years,
and those older than 50 years of age respectively. The differences among all these

outcomes were not statistically significant .

The cure rate was 57.% and 55.0% in male and female cases respectively. There were no

significant differences in the treatment outcomes between male and female.

4.5: Effect of HIV-infection and antiretroviral therapy on drug-resistant TB

treatment outcomes

4.5.1 MDR-TB patients

Table 9: Effect of HIV-infection and antiretroviral therapy on MDR-TB treatment

outcomes ————

e

HIV status Cured ' File - Unknown

-—"

Positive 42 (40.%) gil 20 (20.2%) 99 (40.%)
Negative 62 (59.6%) =— S5 (3L.0%) 145 (59.4%)
Total 104 (42.6%) U N L75°(30:706) ¥ of 165 (26.6%) 244 (100%)

Antiretroviral therapy (Efaviren, stavuding. and lamivudine)

Yes 30 (41.%) 28 (38.%) 14 (19.4%) 72 (72.7%)
No - - 1 (100%) 1 (1.00%)
Missing 12 (46.%) 9 (34.6%) 5 (19.2%) 26 (26.%)
Total 42 (42.4%) 37 (37.%) 20 (20.2%) 99 (100%)

Table 9 shows the effect of HIV status and antiretroviral therapy on the treatment
outcomes in MDR-TB patients. The cure rate was 40.% and 59.6% in HIV-positive and
HIV-negative patients infected with MDR-TB respectively. The failure rate was 37.3%
and 26.2% in HIV-positive and HIV-negative patients respectively. The unknown rate
was 20.2% and 31.0% in HIV-positive and HIV-negative patients respectively. The
differences between all these outcomes were not statistically significant.
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As shown in table 9, the cure rate was 41.% in HIV-positive patients with MDR-TB
receiving antiretroviral therapy. The failed and unknown rate in HIV-positive patients
receiving antiretroviral therapy was 38.% and 19.4% respectively. The cured, failed and
unknown rate was 0%, 0% and 100% in HIV-positive patients not receiving ARVS,
respectively. The cure rate was 46.% in HIV-positive patients with missing ARV data.
The failure and unknown rate was 34.6%, and 19.2% in HIV-positive patients with

missing ARV data respectively.

4.5.2 Rifampicin mono- resistant TB patients

Table 10: Effect of HIV-infection and antiretroviral therapy on RMR-TB treatment

outcomes

——

ailed I Unknown

HIV status

Positive 21 (40.38%) 52 (50.49%)

Negative 21 (41.18%) ~L—13(95 49017 (33.33%) 51 (49.51%)

Total 42 (40.78%) U N 1 21(20539%) of 1140 (38.83%) 103 (100%)

Antiretroviral therapy (Efavirenz:Stavudineand Lamivudine)

Yes 20 (40.8%) 7 (14.%) 22 (44.9%) 49 (47.%)
No 1 (50.0%) - 1 (50.00%) 2 (1.9%)

Missing 1 (100%) - 1 (1.00%)
Total 21 (40.%) 8 (15.%) 23 (44.2%) 52 (50.%)

Table 10 shows the effect of HIV status and antiretroviral therapy on the treatment
outcomes in Rifampicin mono-resistant TB patients. The cure rate was 40.38% and
41.18% in HIV-positive and HIV-negative patients with Rifampicin mono-resistant TB
respectively. The failure rate was 15.%, and 25.% in HIV-positive and HIV-negative

patients with Rifampicin mono-resistant TB respectively. Patients with unknown
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outcomes accounted for 44.2%, and 33.3% in HIV-positive and HIV-negative

respectively. The differences among all these outcomes were not statistically significant.

As shown in table 10, the cure rate was 40.82% and 50.00% in HIV-positive patients,
with Rifampicin mono-resistant TB receiving antiretroviral therapy and HIV-positive
patients with Rifampicin mono-resistant TB not receiving antiretroviral therapy
respectively. No significant differences in the treatment outcomes were found between

the two groups .

4.5.3 Isoniazid mono-resistant TB patients

Table 11: Effect of HIV-infection and antiretroviral therapy on HMR-TB treatment

outcomes

HIV status

Positive

Cured ailed

AU 19 (70g)y 1L UL 4 (28.%)

9 (64.%)

Unknown

14 (35.9%)

Negative

1:¢5 (20.0%)

13 (52.0%) UINTT@80%) Y »/

25 (64.1%)

Total

22 (56.4%) W L 58(201519%)C A P 19 (23.%)

39 (100%)

Antiretroviral therapy (Efavirenz, Stavudine, and Lamivudine)

Yes 9 (64.%) 1 (7.1%) 4 (28.%) 14 (100%)
No - - - -
Missing - - - -
Total 9 (64.%) 1 (7.1%) 4 (28.) 14 (35.9%)

Table 11 shows the effect of HIV status and antiretroviral therapy on the treatment
outcomes in Isoniazid mono-resistant TB patients. The cure rate was 64.% and 52.0% in
HIV-positive and HIV-negative patients with HMR-TB respectively. The failure rate was
7.1%, and 28.0% in HIV-positive and HIV-negative patients with HMR-TB respectively.

Patients with unknown outcomes were 28.%, and 20.0% in HIV-positive and HIV-
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negative respectively. The differences between all these outcomes were not statistically

significant.

As shown in table 11, the cure and failure rate was 64.29% and 7.1% respectively. The
rate of unknown outcomes was 28.% in HIV-positive patients with Isoniazid mono-
resistant TB receiving antiretroviral therapy respectively. No outcomes were recorded in
HIV-positive patients with  HMR-TB not receiving antiretroviral therapy due to

insufficient data.

4.6 Influence of previous TB treatment on drug-resistant TB treatment outcomes

4.6.1 MDR-TB patients

Table 12: Influence of prewousTBtreatmEt_onMRTB

Previous TB treatment Curd ' Fild - Unknown Total

New 21 (3896) 23 (42.96) — 10 (18.5%) 54 (22.1%)

Previously treated with 25 (37.3%) | ©47Y(25.06)"" I 25 (37.3%) 67 (27.%)
first-line drugs

Previously treated with 58 (47.16%) 35 (28.%) 30 (24.%) 123 (50.4%)
second-line drugs

Total 104 (42.6%) 75(30.7%) 65 (26.6%) 244 (100%)

As indicated in the table, the cure rate was 38.89%, 37.3% and 47.% in new patients,
patients previously treated with first-line drugs and patients previously treated with
second-line drugs, respectively. The failed and unknown rate was 42.%, 25.%, 28.% and
18.%, 37.3%, 24.% in new patients, patients previously treated with first-line drugs and
patients previously treated with second-line drugs respectively. The differences among all

these outcomes were not statistically significant.
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4.6.2 Rifampicin mono- resistant TB patients

Table 13:Influence of previous TB treatment on rifampicin mono-resistant TB

Previous TB Cured

treatment
New 14 (53.%) 7 (26.9%) 5 (19.2%) 26 (25.2%)
Previously 28 (36.%) 14 (18.%) 35 (45.%) 77 (61.5%)

treated  with
anti-TB drugs
Total 42 (40.%) 21 (20.%) 40 (38.8%) 103 (100%)

From the table above, the cure rate was 53.% and 36.% in new patients, and patients
previously treated with anti-TB drugs respectively. The failure rate was 26.9% and 18.%
in new patients, and patients previously.tr'eated With=anti-TB drugs respectively. Patients
with an unknown outcome ratesweres49-2% an_d 45.% in new patients, and patients
previously treated with anti-TB drugs respectively. [There is a significant relationship
between previous TB treatment=and=poor-treatment-outcomes in RMR-TB patients.
Patients previously treated with'antiJ T8 drugs Wwere/mite likely to have poor treatment

outcomes (P- value=0.010).

4.6.3 Isoniazid mono-resistant TB patients

Table 14: Influence of previous TB treatment on Isoniazid mono-resistant TB

Previous TB  Cured Unknown

treatment

New 7 (53.%) 4 (30.%) 2 (15.%) 13 (33.3%)
Previously 15 (57.%) 4 (15.%) 7 (26.9%) 26 (66.%)

treated with

anti-TB drugs
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Total 22 (56.4%) 8 (20.5%) 9 (23.%) 39 (100%)

From the table above, the cure rate was 53.% and 57.% in new patients and patients
previously treated with anti-TB drugs respectively. The failure rate was 30.% and 15.%
in new patients and patients previously treated with anti-TB drugs respectively. The
unknown outcome was 15.% and 26.9% in new patients and previously treated patients
with anti-TB drugs respectively. The differences between all these outcomes were not
statistically significant.

4.7 Influence of diagnostic categories on the treatment outcomes in drug-resistant
TB patients.

4.7.1 MDR-TB patients

Table 15: on the treatment outcomes-irMBR=FB patients

Patients Failed Unknown

diagnostic

category

New cases 21(39.6%) 1123 (43@%WX 1TV of the9 (1%) 54 (22.1%)
Retreatment cases WESTERN ¢

After default 16 (42.1%) 11 (2%) 11 (2%) 38 (15.%)
After relapse 42 (45.%) 22 (23.9%) 28 (30.4%) 92 (37.%)
After failure 22 (44.0%) 14 (28.0%) 14 (28.0%) 50 (20.%)
After transfer 2 (66.%) 1 (33.3%) - 3 (1.2%)
Other 1 (12.5%) 4 (50.0%) 3 (37.5%) 7 (2.%)
Total 104 (42.6%) 75 (30.7%) 65 (26.6%) 244 (100%)

Table 15 shows the influence of patients’ diagnostic categor on the treatment outcomes in
MDR-TB patients. The cure rate in new cases, after default, after relapse, after failure,
after transfer and other cases was 39.6% 42.1%, 45.%, 44.0%, 66.%, and 12.5%
respectively. The failure rate in new cases, after default, after relapse, after failure, after
transfer and other cases was 43.4%, 28.9%, 23.9%, 28.0%, 33.3%, and 50.0%

81




respectively. The unknown rate in new cases, after default, after relapse, after failure,
after transfer and other cases was 1%, 2%, 30.4%, 28.0% and 37.3% respectively. There

is a significant P-value =0.001.

4.7.2 Rifampicin mono- resistant TB patients

Table 16: and treatment outcomes in Rifampicin mono-resistant TB patients

Patients Failed Unknown Total

diagnostic

category

Newcases 13 (50.0%) 8 (30.%) 5 (19.2%) 26 (25.2%)
Retreatment cases

After default 4 (26.%) 3 (20.0%)—_ 8 (53.3%) 15 (14.%)

Afterrelapse 14 (35.9%) @0 o 18 @6.%) 39 (37.%)

After failure 10 (55.96) |2 CLL.19%) 1T 116 (33.3%) 18 (17.%)

After transfer 1 (100%) A I I WL - 1(1.0%)

Total 42(40%) 1 RL@OM)S 1Ty o e 40 (388%) 103 (100%)

Table 16 shows patients’ diagnostic category according to the treatment outcomes in
Rifampicin mono-resistant TB patients. The cure rates in new cases, after default, after
relapse, after failure and after transfer cases were 50.0% 26.%, 35.9%, 55.%, and 100%
respectively. The failure rates in new cases, after default, after relapse, and after failure
cases, were 30.%, 20.0%, 1%, and 11.1% respectively. The unknown rates in new cases,
after default, after relapse, and after failure cases were 19.2%, 53.3%, 46.%, and 33.3%

respectively.

4.7.3 Isoniazid mono-resistant TB patients
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Table 17: on the treatment outcomes in Isoniazid mono-resistant TB patients

Patients Cured Failed Unknown Total
diagnostic
category

Retreatment cases
After default 5 (71.4%) 1 (14.%) 1 (14.%) 7 (1%)
After relapse 7 (50.0%) 2 (14.%) 5 (35.7%) 14 (35.9%)
After failure 3 (60.0%) 1 (20.0%) 1 (20.0%) 5 (12.8%)
After transfer
Total 22 (56.4%) 8 (20.5%) 9 (23.%) 39 (100%)

Table 17 shows patients’ diagnostic_categor.on the treatment outcomes in Isoniazid
mono-resistant TB patients. The' cﬁfe’__fg_tés |n ‘_r)é\'.?\.'lic?s'-e;s, after default, after relapse, after
failure cases were 53.%, 71.4%, 50/0% and 60.0%respectively. The failure rates in new
cases, after default, after relapseyjjand| after failure cases were 30.%, 14.%, 14.%, and
20.0% respectively. The unknown rates in New cases, after default, after relapse, and after
failure cases was 15.%, 14.%, 35.7,%3__ _amd 200% rééﬁé&ﬁvely. The differences among all

these outcomes were not statistically significant.

4.8 Effect of inappropriate (i.e. low or high) anti-TB drug dose on treatment

outcomes

4.8.1 DR-TB patients

This section gives a breakdown of patients who received normal and inappropriate (low
and high) dose of anti-TB drugs. It also gives a breakdown of normal and inappropriate
(low and high) anti-TB drug dose, which patients were receiving per drug-resistant TB
group.

The means procedure was used for comparative analysis of inappropriate (low) anti-TB

drug dose on the treatment outcomes in the drug-resistant groups included in this study.
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Table 18: Patients receiving inappropriate (i.e. low and high) and normal anti-TB

drug dose in the study population

Anti-TB drugs Number of Number of Number of Total
patients patients patients receiving

receiving receiving normal dose

Low dose high dose

Pyrazinamide 22 (13.%) 0 138 (86.%) 160
Kanamycin 7 (4.%) 1 (1.0%) 145 (94.%) 153
Ofloxacin 0 11 (12.2%) 79 (87.%) 90
Moxifloxacin 0 0 102 (100%) 102
Ethionamide 5 (3.1%) 12 (7.%) 144 (89.4%) 161
Ethambutol 6 (3.7%) 61 (32.%)—__ 94 (58.%) 161
Terizidone T(L0%) O i sid5i(99.3%) 140
Isoniazid 1 (1.%) 41(521%)||| |36 (46.%) 78
Rifampicin 0 Qi Il 1T (1009%) 7
Total 42 NI2GER ST T888¢h. 1051

As indicated in table 18, all DR-TB patients were included in the study with available
drug dose data, with patients receiving 13.%, 4.%, 3.1%, 3.7%, 1.0% and 1.% of low
dose Pyrazinamide, Kanamycin, Ehionamide, Ethambutol, Terizidone and Isoniazid
respectively. Kanamycin, Ofloxacin, Ethionamide, Ethambutol, and Isoniazid were
prescribed at a high dosage to 1.00%, 12.22%, 7.45%, 37.89%, and 52.56% of patients,
respectively. Pyrazinamide, Kanamycin, Ofloxacin, Moxifloxacin, Ethionamide,
Ethambutol, Terizidone, Isoniazid and Rifampicin were prescribed at normal dosages to
86.%, 94.%, 87.% 100%, 89.4%, 58.%, 99.3%, 46.%, and 100% of patients, respectively.

4.8.2. MDR-TB patients
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Table 19: Number of patients receiving all normal anti-TB drug dose among MDR-

TB patients

Total number  Frequency of  Percentage of  Cumulative Cumulative

of normal patients patients frequency of percentages of

drug dose receiving receiving patients patients

patients were  normal anti- normal anti- receiving receiving

receiving TB dose TB drug dose  normal anti- normal anti-
TB dose TB dose

0 120 49. 120 49.

1 11 4.5 131 53.

2 1 0.4 132 4.1

3 4 1.6 136 55.7

4 11 4.5 147 60.

5 46 18- - 193 79.1

6 44 18.0 237 97.1

7 4 | 1.6 | 241 98.

8 3 12 244 100.

As indicated in the table above, 49.% of MDR-TB patients did not receive all normal

anti-TB drug dose. The percentage of MDR-TB patients who received any 1, 2,3,4,5,6,7,
and 8 normal anti-TB drug dose was 4.51%, 0.41%, and 1.64% 4.51%, 18.85%, 18.03%,
and 1.64% respectively.

Table 20: Number of patients receiving any low anti-TB drug dose among MDR-TB

patients

Total number

of low drug

dose patients

were receiving

Frequency of
patients
receiving low

anti-TB dose

229

Percentage of
patients
receiving low
anti-TB drug
dose

93.

Cumulative
frequency of
patients
receiving low
anti-TB dose
229

Cumulative
percentages of
patients
receiving low
anti-TB dose
98.
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1 10 4.1 239 9

2 2 0.8 241 98.
3 2 0.8 243 99.
4 1 0.4 244 100

As shown in table 20, 93.% of MDR-TB patients did not receive any low anti-TB drug
dose. The percentage of MDR-TB patients who received any one, two, three or four low
anti-TB drug dose was 4.10%, 0.8%, 0.8% and 0.4% respectively.

Table 21: Number of patients receiving any high anti-TB drug dose among MDR-
TB patients
Total number  Frequency of  Percentage of = Cumulative Cumulative

of high drug patients patients frequency of percentages of

dose patients receiving high  receiving high  patients patients

were receiving anti-TB dose anti-TB drug receiving high  receiving high

dose anti-TB dose anti-TB dose
0 180 L 180 73.
1 60 gk i siniatol. 3.7 98.
2 2 0;8 | 242 99.
3 2 0.8 244 100

As shown in table 21, 73.% of MDR-TB patients did not receive any high anti-TB drug
dose. The percentage of MDR-TB patients who received any 1,2, or 3 high anti-TB drug

doses was 24.%, 0.8% and 0.8% respectively.

4.8.3 Rifampicin mono-resistant TB patients
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Table 22: Number of patients receiving all normal anti-TB drug dose among

Rifampicin mono-resistant TB patients

Total number  Frequency of Percentage of Cumulative Cumulative

of normal patients patients frequency of Percentages of

drug dose receiving receiving patients patients

patients were  normal anti- normal anti- receiving receiving

receiving TB dose TB drug dose  normal anti- normal anti-
TB dose TB dose

4 4 3. 73 70.

5 13 12.6 86 83.5

6 5 4.8 91 88.

7 11 10. 102 99.0

8 1 - 103 100

As shown in the table above, 6% of RMR-TB patients|did not receive all normal anti-TB

drug dosage. The percentage of RMR-TB patients who received any 4, 5, 6, 7 and 8

normal anti-TB drug dose was 3.%, 12.6%, 4%, 10.%, and % respectively.

Table 23: Number of patients receiving any low anti-TB drug dose among

Rifampicin mono-resistant TB patients

Total number

of low drug

dose patients

were receiving

Frequency of
patients
receiving low

anti-TB dose

Percentage of
patients

receiving low
anti-TB drug

dose

Cumulative
frequency of
patients
receiving low

anti-TB dose

Cumulative
percentages of
patients
receiving low

anti-TB dose

14

13.

101

98.

1.9

103

100
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As indicated in the table above, 84.% of RMR-TB patients did not receive any low anti-

TB drug dose. The percentage of RMR-TB patients who received any 1 or 2 low anti-TB

drug dose was 13.% and 1.9% respectively.

Table 24: Number of patients receiving any high anti-TB drug dose among

Rifampicin mono-resistant TB patients

Total number  Frequency of  Percentage of Cumulative

of high drug patients patients frequency of
dose patients receiving high  receiving high  patients

were receiving anti-TB dose anti-TB drug receiving high

Cumulative
percentages of
patients

receiving high

dose anti-TB dose anti-TB dosage
0 73 70.87 _ 73 70.87
1 26 —25:27 , =99 96.12
2 4 3.88 03 100.00

As indicated in the table above, 70.% of RMR-TB patients did not receive any high anti-

TB drug dose. The percentages of RMR;TB pat'i'entsrwho received any lor 2 high anti-

TB drug dosewere 25.2%, and 3.% respectively.

4.8.4 Isoniazid mono- resistant TB patients

Table 25: Number of patients receiving any normal anti-TB drug dosage among

Isoniazid mono-resistant TB patients
Total number  Frequency of Percentage of Cumulative

of normal patients patients frequency of

drug dose receiving receiving patients

patients were ~ normal anti- normal anti- receiving
receiving TB dose TB drug dose  normal anti-
TB dose

88

Cumulative
Percentages of
patients
receiving
normal anti-
TB dose




0 26 66. 26 66.
5 6 15. 32 82.
6 7 39 100

As indicated in the table above, 66. of HMR-TB patients did not receive all normal anti-
TB drug dosage. The percentage of HMR-TB patients who received any 5 and 6 normal

anti-TB drug dose was 15. and respectively.

Table 26: Number of patients receiving any high anti-TB drug dose among Isoniazid
mono-resistant TB patients

Total number  Frequency of  Percentage of = Cumulative Cumulative

of high drug patients patients frequency of percentages of

dose patients receiving high  receiving high  patients patients

were receiving anti-TB dose anti-TBdrug  receiving high  receiving high

dose anti-TB dose anti-TB dose
0 20 51 20 51.
1 16 410 36 92.3
2 3 UNIVERSITY of 39 100

As indicated in the table above, 51. of HMR-TB patients did not receive any high anti-TB
drug dose. The percentage of HMR-TB patients who received any 1 or 2 high anti-TB

drug dose was 41.0% and 7.% respectively.

4.8.5 Effect of Inappropriate (low) anti-TB drug dose on the treatment outcomes in
DR-TB patients

4.8.5.1 MDR-TB patients
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Table 27: Effect of inappropriate (low) anti-TB drug dose on the treatment
outcomes in MDR-TB patients

Outcomes Patients who did not receive Patients who received low

low anti-TB dose anti-TB drug dose
Failed 38 (32.%) 5 (33.3%) 43
Unknown 35 (29.9%) 7 (46.%) 42
Total 117 15 132

As indicated in table 27, the cure rate=F=MBR=FB patients who received low anti-TB
drug dose and patients who didpnet r-ééei‘ve-lbw anti-TB drug dose was 20.00% and
37.6% respectively. The other outcome rates|in patients who receive low anti-TB drug
dose and patients who did not receive low anti-TB.drug dose were 33.3% and 32.%
failure, 46.% and 29.9% unkﬁévyn respectivelys ._The differences between all these

outcomes were not statistically significant(p:value=1013336).

4.8.5.2 Rifampicin mono- resistant TB patients

Table 28: The effect of inappropriate (low) anti-TB drug dose on the treatment

outcomes in Rifampicin mono-resistant -TB patients

Outcomes Patients who did not Patients who received low Total

receive low anti-TB dose anti-TB drug dose
Cured 9 (33.3%) 6 (37.5%) 15
Failed 4 (14.8%) 6 (37.5%) 10
Unknown 14 (51.%) 4 (25.0%) 18
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Total 27 16 43

As indicated in table 28, the cure rates in RMR-TB patients who received low anti-TB
drug dose and RMR-TB patients who did not receive low anti-TB drug dose were 37.5%
and 33.3% respectively. The other outcome rates in patients who received low anti-TB
drug dose and patients who did not receive low anti-TB drug dose were 37.5% and 14.8%

failure, 25.0% and 51.% unknown respectively.

Note: Isoniazid mono-resistant TB patients did not receive any low dose of anti- TB

drugs.

4.9 Sputum culture conversion time—.___

Tables 29, 30, and 31 show the sputurﬁ“é‘ﬁltW conversuon time/rate in both HIV-positive
and HIV-negative patients with IVI_DR-.TB, leamp_lcm-mono-reswtant TB and Isoniazid
mono-resistant TB respectively. '[rlle H}eqi'an time ko éﬂ)lutum culture conversion by HIV-

status was compared to the dlfferent drug reS|stant group included in the study using the
ICLIFETEST procedure (IC |nd|cates mterval censori'rig) The findings of this analysis
are shown in figures 1,2 and 3 below They also show the effects of normal, low and high
anti-TB drug dose on the time to sputum culture conversion in MDR-TB, RMR-TB and

HMR-TB patients respectively.

4.9.1 MDR-TB patients

Table 29: Sputum culture conversion time/ rate in HIVV-positive and HIV-negative
MDR-TB patients

Time  sputum HIV-positive HIV-negative

culture

) Number Number Number
conversion
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occurred

Within 60 days 60 88 148

of treatment

Within 61-80 10 18 28

days

Within 81-100 8 15 23

days

Within 101-180 13 17 30

days

>180 days 2 E«-'" . 5

Sputum cultures 6 e 10

+ BT

did not convert HTH‘_\HD” HTH

Total 99 145 244
UNIVERSITY of the
WESIERIN ULAPLE

As indicated in table 29, of 244 MDR-TB patients, 229 (93.%) patients achieved sputum
culture conversion within the intensive phase of MDR-TB treatment. These included 91
of 99 (91.9%) HIV-positive patients and 138 of 145 (95.%) HIV-negative patients.
Overall, 96% (141 HIV-negative and 93 HIV-positive) patients from each study group
obtained sputum culture conversion respectively. The sputum culture conversion rate
was higher in the intensive phase (within 6 month) of treatment than in the continuation
phase (within 7-24 months). The p-value shows that there are no significant differences
in the time to sputum culture conversion between HIV positive and HIV-negative patients
with MDR-TB (p= 0.98).

The median time to culture conversion was 36 days (IQR 24-72) and 40 days (IQR 26-
72) in HIV-positive and HIV-negative MDR-TB patients respectively. There were no
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significant differences in the time to sputum culture conversion by HIV- status in MDR-
TB patients. As shown in Figure 1, the estimated survival probabilities are undetermined
within the Turnbull intervals.

Figure 1: Nonparametric Survival Estimates comparing the time to sputum culture

conversion by HIV status in MDR-TB patients
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Figure 1 shows the survival probability amongst HIV-positive and HIV-negative patients
with MDR-TB. The time from the date of initiation of TB treatment to the date of initial
sputum culture conversion was defined in the methodology section. The time to sputum
culture conversion by HIV status was compared using the ICLIFETEST procedure (IC
indicates interval censoring). The ICLIFETEST procedure performs nonparametric
survival analysis for interval-censored data. The first step in analyzing interval-censored
data is to estimate the survival function. The survival function is a function of time that

measures the probability that a subject will survive beyond a given time (SAS Institute
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Inc, 2013). The estimated survival probabilities are undetermined within the Turnbull
intervals, for ease of visualization; dashed lines are plotted across the Turnbull intervals
for which the estimates are not defined (SAS Institute Inc, 2013).

4.9.2 Rifampicin mono- resistant TB patients

Table 30: Sputum culture conversion time/ rate in HIV-positive and HIV-negative

Rifampicin mono-resistant TB patients

Time  sputum HIV-positive HIV-negative

culture
conversion

occurred

Within 60 days 44 T AT 81
of treatment ' imml

Within__ 61-80 6 — 13
daye ,

Within  81-100 1 3 4
days

Within 101-180 O 4 4
days

>180 days 1 0 1

Sputum cultures - - -

did not convert

Total 52 51 103
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As indicated in table 30 of the 52 HIV-positive and 51 HIV-negative Rifampicin mono-
resistant TB patients with positive sputum culture results at the start of treatment, 102
(99.0%) achieved sputum culture conversion within the intensive phase of anti-TB
treatment (first 6 months). These included 51 of 52 (98.%) HIV-positive patients and 51
of 51 (100%) HIV- negative patients. Overall, 100% (52 HIV-negative and 51 HIV-
positive) patients from each study group obtained sputum culture conversion
respectively. The sputum culture conversion rate was high, and almost all patients
converted during the intensive phase (within 6 month) of treatment. The p-value shows
that there are no significant differences in the time to sputum culture conversion between

HIV positive and HIV-negative patients with Rifampicin mono-resistant TB (p= 0.14).

The median time to culture conversion was 26.5 days (IQR 16.5- 46) and 34 days (IQR
21-55) in HIV-positive and

| --- mono-resistant TB patients
respectively There was no significant;differencesinathe proportion of RMR-TB patients

who converted by HIV status. |II IIIIIIIII‘I'H e estimated survival probabilities

are undetermined within the TurAbtlEintervals,———
UNIVERSITY of the
WESTERN CAPE
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Figure 2: Nonparametric Survival Estimates comparing the time to sputum culture

conversion by HIV status in RMR-TB patients
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Figure 2 shows thesurviving amongst HIV-positive and HIV-negative patients with
Rifampicin mono-resistant-TB. The time from the date of initiation of TB treatment to
the date of initial sputum culture conversion was defined in the methodology section. The
time to sputum culture conversion by HIV status was compared using the ICLIFETEST
procedure (IC indicates interval censoring). The ICLIFETEST procedure performs
nonparametric survival analysis for interval-censored data. The first step in analyzing
interval-censored data is to estimate the survival function. The survival function is a
function of time that measures the probability that a subject will survive beyond a given
time (SAS Institute Inc, 2013). The estimated survival probabilities are undetermined
within the Turnbull intervals, for ease of visualization; dashed lines are plotted across the

Turnbull intervals for which the estimates are not defined (SAS Institute Inc, 2013).
4.9.3 Isoniazid mono- resistant TB patients
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Table 31: Sputum culture conversion time/rate in HIV-positive and HIV-negative

Isoniazid mono-resistant TB patients

Time sputum HIV-positive HIV-negative

culture

conversion

occurred

Within 60 days 5 8 3
of treatment

Within 61-80 4 4 5
days

Within 81-100 - 3 3
days -

Within  101-180 2 YT -
days

>180 days 3 U1 RSITY o/ e .
Sputum cultures - 1 .
did not convert

Total 14 5 =

As indicated in table 31, of the 14 HIV-positive and 25 HIV-negative Isoniazid mono-
resistant TB patients with positive sputum culture results at the start of treatment, 30
(76.9%) patients achieved sputum culture conversion within the intensive phase of anti-
TB treatment (first 6 months). These included 11 of 14 (78.%) HIV-positive patients and
19 of 25 (76%) HIV-negative patients. Overall, 97.4% (24 HIV-negative and 14 HIV-
positive) patients from each study group obtained sputum culture conversion

respectively. The sputum culture conversion rate was higher in the intensive phase
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(within 6 months) of treatment than in the continuation phase (within 7-24 months. The
p-value shows that there are no significant differences in the time to sputum culture
conversion between HIV-positive and HIV-negative patients with Isoniazid mono-
resistant TB (p= 0.25).

The median time to culture conversion was 69 days (IQR 57-103) and 48 days (IQR 28-
103) in HIV-positive and HIV-negative Isoniazid mono-resistant TB patients
respectively. There was no significant difference in the time to sputum culture conversion
by HIV status in HMR-TB patients. As shown in Figure 3, the estimated survival
probabilities are undetermined within the Turnbull intervals.

Figure 3: Nonparametric Survival Estimates comparing the time to sputum culture

conversion by HIV status in Isoniazid mono-resistant TB patients
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Figure 3 shows the surviving probabilityamongst HIVV-positive and HIV-negative patients
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with Isoniazid mono-resistant TB. The time from the date of initiation of TB treatment to
the date of initial sputum culture conversion was defined in the methodology section. The
time to sputum culture conversion by HIV status was compared using the ICLIFETEST
procedure (IC indicates interval censoring). The ICLIFETEST procedure performs
nonparametric survival analysis for interval-censored data. The first step in analyzing
interval-censored data is to estimate the survival function. The survival function is a
function of time that measures the probability that a subject will survive beyond a given
time (SAS Institute Inc, 2013). The estimated survival probabilities are undetermined
within the Turnbull intervals, for ease of visualization; dashed lines are plotted across the
Turnbull intervals for which the estimates are not defined (SAS Institute Inc, 2013).

4.9.4. Effect of the dose of anti-TB drugs on the time to sputum culture conversion in
MDR-TB patients

The effect of the dose of anti-TB|drugs on the time to sputum culture conversion were
analysed using the ICLIFETES
ICLIFETEST procedure was u&ed\t@@@t il;h,g estimates of the survival curves for each

[as discussed in section 4.8). The

variable normal and inappropriater(fow @and rhigh)santi=TB drug dose. Time to culture
conversion in MDR-TB patients receiving inappropriate (low and high) anti-TB drug
dose was compared to check the effect of inappropriate (low and high) anti-TB drug dose

against the 'survival' time.

The median time to sputum culture conversion in MDR-TB patients who received all
normal anti-TB drug dose and MDR-TB patients who did not receive all normal anti-TB
drug dose was 38 days (IQR 24-72) and 41 days (IQR 25-69) respectively. There was no
significant difference in the time to sputum culture conversion between patients who
received all normal anti-TB drug dose and patients who did not receive all normal anti-
TB drug dose (p- value was 0.66).

The median time to sputum culture conversion in MDR-TB patients who received any

low anti-TB drug dosage and MDR-TB patients who did not receive any low anti-TB
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drug dose was 35.5 days (IQR 21-101) and 38 days (IQR 25.5-69) respectively.No
significant differences were observed between MDR-TB patients who received any low
anti-TB drug dose and MDR-TB patients who did not receive any low anti-TB drug dose
(p- value was 0.827).

The median time to sputum culture conversion in MDR-TB patients who received any
high anti-TB drug dose and MDR-TB patients who did not receive any high anti-TB drug
dose was 41 days (IQR 25-65) and 38 days (IQR 26-89) respectively.No significant
difference was observed between MDR-TB patients who received any high anti-TB drug
dose and MDR-TB patients who did not receive any high anti-TB drug dose (p- value
was 0.34).

Figure 4: Nonparametric Survival Estimates comparing time to culture clearance by
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All normal=0 signifies patients who did not receive all normal anti-TB drug dose.
1= signifies patients who received all normal anti-TB drug dose.

Figure 4 shows the estimated survival. From the figure above, it can be seen that patients
who received all normal anti-TB drug dose group of MDR-TB patients who did not
receive all normal anti-TB drug dose. As shown in figure 4, the estimated survival

probabilities are undetermined within the Turnbull intervals.

Figure 5: Nonparametric Survival Estimates comparing time to culture ¢ by any low
anti-TB drug dose in MDR-TB patients
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Some low =0 signifies patients who did not receive any low anti-TB drug dose.

1= signifies patients who received any low anti-TB drug dose.
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Figure 5 shows the estimated survival . Figure 5 shows clearly that patients who received
any low anti-TB drug dose tend to have a lower survival rate before experiencing
deterioration due to the effect of the low anti-TB drug dose than the group of MDR-TB
patients who did not receive any low anti-TB drug dose. As shown in Figure 5, the
estimated survival probabilities are undetermined within the Turnbull intervals.

Figure 6: Nonparametric Survival Estimates comparing time to culture c by any
high anti-TB drug dose in MDR-TB patients
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Some high=0 signifies patients who did not receive any high anti-TB drug dose.

1= signifies patients who received any high anti-TB drug dose.

Figure 6 shows the estimated survival . From figure 6 it is revealed that patients who
received any high anti-TB drug dose MDR-TB patients who did not receive any high
anti-TB drug dose. Butclinical deterioration was faster in the group of MDR-TB patients
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who did not receive any high anti-TB drug dose. As shown in Figure 6, the estimated

survival probabilities are undetermined within the Turnbull intervals

4.9.5 Effect of the dose of anti-TB drugs on the time to sputum culture conversion in

Rifampicin mono-resistant -TB

Figure 7: Nonparametric Survival Estimates comparing time to culture clearance by

all normal anti-TB drug dose in Rifampicin mono-resistant-TB patients
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All normal=0 signifies patients who did not receive all normal anti-TB drug dose.

1= signifies patients who received all normal anti-TB drug dose.

Figure 7 shows the estimated survival . From figure 7 it was revealed that Rifampicin

mono-resistant TB patients who received all normal anti-TB drug dose tend to survive
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longer than RMR-TB patients who did not receive all normal anti-TB drug dose. As
shown in figure 7, the estimated survival probabilities are undetermined within the

Turnbull intervals.

Figure 8: Nonparametric Survival Estimates comparing time to culture cby any low

anti-TB drug dose in Rifampicin mono resistant-TB patients.
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Some low =0 signifies patients who did not receive any low anti-TB drug dose.
1= signifies patients who received any low anti-TB drug dose.

Figure 8 shows the estimated survival . From figure 8 it was revealed that Rifampicin
mono-resistant TB patients who received any low anti-TB drug dose RMR-TB patients
who did not receive any low anti-TB drug dose. As shown in figure 8, the estimated

survival probabilities are undetermined within the Turnbull intervals.
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Figure 9: Nonparametric Survival Estimates comparing time to culture clearance

by any high anti-TB drug dose in Rifampicin mono-resistant-TB patients.
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Some high=0 signifies patients who did not receive any high anti-TB drug dose.

1= signifies patients who received any high anti-TB drug dose.

Figure 9 shows the estimated survival. From figure 9 it was revealed that RMR-TB
patients who received any high anti-TB drug dose RMR-TB patients who did not receive
any high anti-TB drug dose. As shown in figure 9, the estimated survival probabilities

are undetermined within the Turnbull intervals.

4.9.6 Effect of anti-TB drug dose on the time to sputum culture conversion in Isoniazid

mono-resistant TB patients
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The median time to sputum culture conversion in Isoniazid mono-resistant TB patients
who received all normal anti-TB drug dose and Isoniazid mono-resistant TB patients who
did not receive all normal anti-TB drug dose was 76 days (IQR 55-155) and 61 days (IQR
61-104) respectively. No significant difference was observed in the time to sputum

culture clearance between the 2 groups of patients (p- value was 0.036).

Note: Isoniazid mono-resistant TB patients did not receive any low anti-TB drug dose.

The median time to sputum culture conversion in Isoniazid mono-resistant TB patients
who received any high anti-TB drug dose and Isoniazid mono-resistant TB patients who
did not receive any high anti-TB drug dose was 61 days (IQR 61-104) and 55 days (IQR
76-155) respectively. No significant difference was observed in the time to sputum

culture conversion between the 2 groups of patients (p- value was 0.33).

.--"_.__.u-“'"“""'-.
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All normal=0 signifies patients who did not receive all normal anti-TB drug dose.

1= signifies patients who received all normal anti-TB drug dose.

Figure 10 shows the estimated survival . From figure 10 it was revealed that Isoniazid
mono-resistant TB patients who received all normal anti-TB drug dose tend to survive
longer before experiencing clinical deterioration than Isoniazid mono-resistant TB
patients who did not receive all normal anti-TB drug dose. As shown in figure 10, the

estimated survival probabilities are undetermined within the Turnbull intervals.

Isoniazid mono-resistant TB patients did not received any low anti-TB drug dose.

Figure 11: Nonparametric Survival Estimates comparing time to culture clearance

by any high anti-TB drug dose@m;qsgtant-TB patients
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Some high=0 signifies patients who did not receive any high anti-TB drug dose.
1= signifies patients who received any high anti-TB drug dose.

Figure 11 shows the estimated survival . From figure 11 it was revealed that Isoniazid
mono-resistant TB patients who received any high anti-TB drug dose Isoniazid mono-
resistant TB patients who did not receive any high anti-TB drug dose

4.10 Influence of sputum culture conversion on treatment outcomes

The chi-square test was used to correlate the influence of sputum culture conversion time
on the treatment outcomes in MDR-TB, RMR-TB and HMR-TB patients respectively.

4.10.1 MDR-TB patients

et
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Table 32: Influence of sputum culture conversion on the treatment outcomes in HIV-positive and HIV-negative MDR-TB patients

Time Number of Treatment outcomes, n (%) Treatment outcomes, n (%)
sputum MDR-TB HIV-positive HIV-negative
culture patients
conversion

Cured Failed Unknown Cured Failed Unknown
Within 60 days 148 (60.%) 31(2%) 20 (13.5%) 9 (6.%) 42 (28.%) 19 (12.8%) 27 (18.2%)
of treatment
Within ~ 61-80 28 (11.%) 3 (10.7%) 4 (14.%) 3 (10.7%) 8 (28.%) 3 (10.7%) 7 (25.0%)
days e
Within  81-100 23 (9.4%) 3 (16.%) 4(222%) 1(5%) 7 (30.4%) 7 (30.4%) 1 (4.%)
days ‘ | :
Within 101-180 30 (12.3%) 4 (13.3%) 3(10.0%) .l 16 (20.0%)!. 4 (13.3%) 6 (20.0%) 7 (23.3%)
days = :
>180 days 5 (2.5%) 1 (20.0%) 1 (20.0%):5 T E=K 1 (20.0%) 2 (40.0%) -
Sputum 10 (4.1%) - 5 (50.0%) 1 (10.0%) - 1 (10.0%) 3 (10.0%)
cultures did not
convert
Total 42 (40.%) 37 (37.%) 20 (20.2%) 62 (59.6%) 38 (26.2%) 45 (31.0%)

244 99 145

Table 32 shows the sputum culture conversion rate and the treatment outcomes in MDR-TB patients by HIV status. The cure rate was
40.% and 59.6% in HIV-positive and HIV-negative patients with MDR-TB respectively. Of the 10 patients who never had sputum
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culture conversion,6 failed the treatment and 4 had unknown outcomes. The failure rates in HIV-positive and HIV-negative patients
were 37.% and 26.2% respectively. Patients with unknown outcomes were 20.2% and 31.0% respectively. The p- value was 0.030 in
HIV-negative patients and 0.001 in HIV-positive patients. The p-value shows that treatment outcomes were statistically significantly
worse for HIV-positive patients, despite early sputum culture conversion.

4.10.2. Rifampicin mono-resistant TB patients

Table 33: Influence of sputum culture conversion time on the treatment outcomes in HIV-positive and HIV-negative

Rifampicin mono-resistant -TB patients

Time Number of Treatment outcomes, n (%) Treatment outcomes, n (%)
sputum RMR-TB HIV-positive HIV-negative
culture patients
conversion
Cured Failed Unknown Cured Failed Unknown
Within 60 days 81 (78.6%) 17 (2%) 7 (8.6%) 20 (24.%) 15 (18.5%) 10 (12.%) 12 (14.8%)
of treatment
Within  61-80 13 (12.6%) 3 (23.%) 1(7.%) 2 (15.%) 1 (7.%) 2 (15.%) 4 (30.%)
days
Within  81-100 4 (3.%) 1 (25.0%) - - 2 (50.0%) 1 (25.0%) -
days
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Within 101-180 4 (3.%) - - - 3 (75.0%) - 1 (25.0%)
days

>180 days 1 (1.00%) - - 1 (100%) - - -

Sputum

cultures did not _ _ _ - - -

convert

Total 21 (40.%) 8 (15.%) 23 (44.2%) 21 (41.%) 13 (25.%) 17 (33.3%)

103 52 51

status. The cure rate was 40.% and 41.% in HIV-positive and? HV-negative
e .- =

A d !
and HIV-negative patients was 44.2% and 33.3% respectively. ...?ﬁaﬁ was 0.844 in HIV-negative patients and 0.922 in HIV-
UNIVERSITY of the

positive patients. The differences between all these outcomes werenot statistically significant.
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4.10.3 Isoniazid mono- resistant TB patients

Table 34: Influence of sputum culture conversion time on the treatment outcomes in HIV-positive and HIV-negative Isoniazid mono-resistant TB

patients

Time to sputum Number of Treatment outcomes, n (%) Treatment outcomes, n (%)

culture HMR-TB HIV-positive HIV-negative

conversion patients

occurred

Within 60 days of 13 (33.3%) 4 (30.%) ] - BT %) 3 (23.%) 3 (23.%) 2 (15.%)

treatment

Within 61-80 days 8 (20.5%) 2 (25.0%) 1(12.5%) 1(12.5%) 3 (37.5%) - 1(12.5%)

Within ~ 81-100 3 (7.%) - - 1 (33.3%) 2 (66.%0) - -

days

Within  101-180 6 (15.%) 3 (50.0%) - 1 (33.3%) 2 (66.%) - -

days

>180 days 8 (20.5%) - - - 3 (37.5%) 3 (37.5%) 2
(25.0%)

Sputum cultures 1 (2.%) - - - - 1 (100%) -

did not convert
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Total 9 (64.%) 1(7.1%) 4 (28.%) 13 (52.0%) 7 (28.0%) 5 (20%)

39 14 25

Table 34 shows the sputum culture conversion time/rate and the treatment outcomes in Isoniazid mono-resistant TB patients by HIV
status. The cure rate was 64.% and 52.0% in HIV-positive and HIV-negative patients with Isoniazid mono-resistant TB respectively.
The failure rates were 7.1% and 28.0% respectively. The unknown outcome was 28.% and 20.0% respectively. Only 1 patient did not
achieve sputum culture conversion, and he failed the treatment. The P-value was 0.013 in HIV-negative patients and 0.159 in HIV-
positive patients.

UNIVERSITY of the
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4.11 Sputum culture reversion
We noticed that DR-TB patients could achieve sputum culture conversion at the intensive phase

of treatment and become culture-positive again during the continuation phase of treatment.

4.11.1 MDR-TB patients

Of the 229 (93.%) MDR-TB patients who achieved initial sputum culture conversion within the
intensive phase of treatment as shown in table 20, 14 (6.1%) MDR-TB patients’ sputum culture
reverted during the continuation phase of treatment. This includes 3 HIV-positive and 11 HIV-
negative patients with MDR-TB. The treatment outcomes of these patients were: 11 failed, and

3 patients had unknown outcomes (Table not included).

4.11.2 RMR-TB patients

Out of 102 (99.0%) RMR-TB patie

intensive phase of treatment as shown"in“te

sputum culture conversion within the

RMR-TB patients’ sputum culture
5 includes 1HIV-positive and 1HIV-

negative patients. The treatment oﬁt't‘O‘mFs_Gf‘th@—Z—p‘atTeTTr'stere: 1 failed, and 1 had unknown
UNIVERSITY of the

WESTERN CAPE

reverted during the continuation phase

outcomes (table not included).

4.11.3. HMR-TB patients

There was no reversion after initial culture conversion in all 39 Isoniazid mono-resistant TB

patients.

4.11.4 TB localization and sputum reconversion in HIV—positive patients
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Table 35: TB localization and sputum culture reconversion in HIV-positive patients with

MDR-TB and Rifampicin mono-resistant -TB
MDR-TB patients

B

localization

HIV -

Conversion

Reversion

RMR-TB patients

HIV -

Conversion Reversion

positive  within 6 after positive  within 6 after
months initial months initial
conversion conversion
Pulmonary TB 91 84 (92.3%) 3(3.57%) 50 49 (98.0%) 1 (2.04%)
Extrapulmonary 7 6 (85.7%) - 1 1 (100%) -
B —
Pulmonary TB 1 1 (100%) = 1 1 (100%) -
and
extrapulmonary
B
Total 99 91 3 52 51 1

Table 35 shows TB localization and sputum culture reversion in HIV-positive patients with
MDR-TB and RMR-TB. It shows that only 3 (3.%) and 1 (2.0%) of pulmonary TB patients with
HIV infection reverted during the continuation phase of MDR-TB and RMR-TB treatment.

Isoniazid mono-resistant TB patients did not revert sputum culture after initial sputum culture

conversion.
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4.12 Influence of the immunological and virological profile on the treatment
outcomes in drug resistant-TB patients

The CD4 count, viral load parameters and treatment outcomes in HIV-positive
patients with MDR-TB, RMR-TB and HMR-TB are compared using the Kruskal-
Wallis test to see if there are any differences among the CD4 count, with viral load
parameter at different intervals on the treatment outcomes. The Kruskal-Wallis one
way analysis of variance is a non-parametric method and its equivalent is the one-way
analysis of variance (ANOVA). Due to the skewness of the data, the Kruskal-Wallis
test was used to correlate the influence of CD4 count cells and viral load values to
check for significant differences in the treatment outcomes of HIV-positive patients
with DR-TB.

4.12.1 MDR-TB patients

4.12.1.1. CDA4 counts ——

In table 36 of the 48 HIV-positiveTpatientsTwi
time of MDR-TB treatment initia . |
median CD4 count of 230 (IQ{(T ?f;t}_ﬁb}?{;%e{l'sl{q?r?;} ."!:II;'/ patients failed treatment and
19 patients had unknown 0“%‘2“}?&-;9&}@ 4‘;:8 __Ei?;ig,_nts with CD4 data at baseline
only, 10 HIV-positive MDR-TB patients had a CD4 count data available at the end of

CD4 count results available at the

22 patients were cured with a

twelve months of treatment. Of these 10 patients, only 4 were cured, 5 failed and 1
had unknown outcomes. Of these 10 HIV-positive patients with available data at 12
months of treatment, 6 patients had a decreased CD4 count when compared to
baseline and 4 patients had an increased CD4 count when compared to baseline. The
median CD4 count of the 4 patients who were cured was 258 (IQR 166-377.50)
cells/mm?®,

Among 48 HIV-positive patients with CD4 counts data at baseline only 5 HIV-
positive patients had CD4 count data available at the end of 24 months of MDR-TB
treatment. Of these 5 patients only 3 were cured, with a CD4 count of 311 (IQR 225-
515) cells/mm?® and 2 failed treatment. Of these 5 HIV-positive patients with CD4
counts at 24 months of treatment, 3 patients had a decreased CD4 count when
compared to baseline and 2 patients had an increase in CD4 count when compared to

baseline.
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4.12.1.2 Viral load

Among MDR-TB patients with HIV viral load test result at baseline (n= 12), only 4
patients were cured with a median of 40 (IQR 40 -1507.50) VL, 5 patients failed
treatment and the outcomes of the other 3 patients was unknown. Of the 12 MDR-TB
patients only 1 patient had an available HIV viral load at the end of 12 months of
treatment. This patient failed treatment and had a decrease in viral load when
compared to baseline. As indicated in table 36, there are no significant differences in
the CD4 count cells and viral load at baseline, baseline and 12 months and baseline
and 24 months on the treatment outcomes in HIV-positive patients with MDR-TB.
There were insufficient data to compare viral load at baseline and viral load at 12

months. he p value 0.03. The

4.12.2 RMR-TB patients

4.12.2.1 CD4 counts —=

cured with a median CD4 count-ef-308“HOR=1112338) cellssmm°, 6 patients failed
and 20 patients’ outcomes weéresunknown.I 1Of the:43 HIV—positive patients with
RMR-TB only 4 HIV-positive pafients hatha‘CD4'cbunt available at the end of twelve
months of treatment. Of these 4 patients, 2 were cured and 2 failed treatment. The
median CD4 count of the 2 patients cured was 117 (IQR 35-199) cells/mm?®. Of these
4 patients, 2 patients had a decrease in CD4 count when compared with baseline and

the other 2 patients had an increase in CD4 count when compared with baseline.
Among the 43 HIV—positive RMR-TB patients, only 2 HIV-positive patients had a
CD4 count data available at the end of 24 months of DR-TB treatment. Of these 2
patients 1 was cured, with a CD4 count of 515 (IQR 515-515) cells/mm?, and the
other patient’s treatment outcome was unknown. Of these 2 patients, 1 patient had a
decrease in CD4 count when compared with baseline and the other patient had an

increase in CD4 count when compared with baseline.

4.12.2.2. Viral load

117



Among Rifampicin mono-resistant-TB patients with HIV viral load test result at
baseline (n=4), only 2 patients were cured with a median of 58 (IQR 40 -76) VL and
the outcome of the other 2 patients was unknown. There were no data to compare the
viral load at the end of 12 months in the RMR-TB patients.

As indicated in Table 37, 0.683

4.12.3. HMR-TB patients

Of the 7 HIV-positive patients with Isoniazid mono-resistant TB with CD4 count
results available at the time of DR-TB treatment initiation (Table 5), 6 patients were
cured with a median CD4 count of 208 (IQR 123-313) cells/mm® and one patient’s
outcome was unknown. There were insufficient CD4 and viral load data to compare
the CD4 and viral load in this group of patients. he p-value was 0.13 in HMR-TB-
positive patients.

i —
UNIVERSITY of the
WESTERN CAPE

118



Table 36: The effect of immunological and virological profile on the treatment outcomes at different intervals in HIV- positive
MDR-TB patients.

Outcomes N  Variables 75" percentile Minimum Maximum

25" percentile VELIER

Cured CD4 count at baseline 22 75.00 230.00 465.00 4.00 811.00
42
CD4 count at 12 months 4 166.00 258.00 377.50 133.00 438.00
CD4 count at 24 months 3 225.00 311.00 515.00 225.00 515.00
Viral load at baseline 4 40.00 __4Q.OO 1507.50 40.00 3055.00
Viral load at 12 months - _t;
1o o o
Failed 37 CD4 count at baseline 17 119l00 I 1l [l [207:00 279.00 34.00 564.00
CD4 count at 12 months 5 6400 1vERSTITH3P:H0 188.00 42.00 748.00
W E ER CAPE
CD4 count at 24 months 2 65.00 111.00 157.00 65.00 157.00
Viral load at baseline 5 421.00 1438.00 3300.00 256.00 8414.00
Viral load at 12 months 1 106.00 106.00 106.00 106.00 106.00
Unknown CD4 count at baseline 9 53.00 126.00 207.00 18.00 414.00
20
CD4 count at 12 months 1 36.00 36.00 36.00 36.00 36.00
CD4 count at 24 months 1 178.00 178.00 178.00 178.00 178.00

119




Viral load at baseline 3 40.00 40.00 183.00 40.00

183.00

Viral load at 12 months - - - - N

UNIVERSITY of the
WESTERN CAPE
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Table 37: The effect of immunological and virological profile on the treatment outcomes at different intervals in HIV- positive

Rifampicin mono-resistant TB patients

Outcomes N  Variables 25" percentile Median 75" percentile Minimum Maximum
Cured CD4 count at baseline 17 111.00 308.00 338.00 15.00 754.00
21
CD4 count at 12 months 2 35.00 117.00 199.00 35.00 199.00
CD4 count at 24 months 1 515.00 515.00 515.00 515.00 515.00
Viral load at baseline 2 76.00 40.00 76.00
Viral load at 12 months - T - - -
o
Failed 8  CD4 count at baseline 6 7.00 U [If ]I 1070 207.00 2.00 575.00
CD4 count at 12 months 2 190:001 v R 5117720590 221.00 190.00 221.00
NESTERN ( E
CD4 count at 24 months - - - - - -
Viral load at baseline - - - - - -
Viral load at 12 months - - - - - -
Unknown CD4 count at baseline 20 39.50 110.50 303.00 4.00 1068.00
23
CD4 count at 12 months - 36.00 36.00 36.00 36.00 36.00
CD4 count at 24 months 1 156.00 156.00 156.00 156.00 156.00
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Viral load at baseline 2 40.00 167156.00 334272.00 40.00

334272.00

Viral load at 12 months - - - - N

UNIVERSITY of the
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4.13. Influence of the duration (days) of antiretroviral therapy on TB treatment
outcomes in HIV-positive patients with MDR-TB

The duration of ART was measured from the start of ARV therapy until the time anti-TB
treatment was initiated. The data shown in the tables below were collected from the
folders of HIV-positive patients who were on ART before MDR-TB treatment was
initiated. Due to the skewness of the ART duration data, the Kruskal-Wallis one way
analysis of variance was used to correlate the duration of antiretroviral therapy on the

treatment outcomes in MDR-TB patients.

Table 38: Influence of the duration (days) of antiretroviral therapy on MDR-TB
treatment outcomes in HIV-positive patients

Treatment | Number | Number 25" Median 75% Minimu | Maximu
Outcomes observed | missing %"“ percentile m m
Cured 13 29 é 727.0000 | 19.0000 | 1630.0000
Failed 8 29 JJ H 643.5000 | 18.0000

. 1897.0000
Unknown 4 16 LT 276/5000 1| [736:0000° | 1398.0000 | 48.0000 | 1829.0000

WEMIERIN UAFPE

Numbersreported in table 38 indicate number of HIV-positive patients with ART
duration. Number missing indicates HIV-positive patients with missing data on ART
duration. 25"percentile indicates the lower interquartile range of ART duration in HIV-
positive patients. Medianindicates middle interquartile range of ART duration in HIV-
patients. 75" percentile indicates upper interquartile range of ART duration in HIV-
positive patients. Minimum indicates the least ART duration period in days. Maximum
indicates the highest ART duration period in days.

Table 38 shows the influence of duration of antiretroviral therapy on MDR-TB treatment
outcomes in HIV-positive patients. From the table above, the median duration of
antiretroviral therapy in HIV-positive patients who were cured was 82 days (IQR 29-

727). The median duration of antiretroviral therapy in HIVV-positive patients who failed
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treatment was 273 days (IQR 136-643.5). There are no significant differences between
the cured and failed group (p-value = 0.5586).

The influence of the duration of ART on the treatment outcomes in mono-resistance TB

was not done due to insufficient data.

4.14. Comparison of the treatment outcomes in MDR-TB and mono-resistance-TB
The outcomes of MDR-TB, RMR-TB and HMR-TB are compared to see if there are any

differences. The Chi-square test was used since it is a categorical variable.

Table 39: Comparison of the treatment outcomes in MDR-TB and mono-resistance-
B

Type of drug resistance Cured Failed Unknown Total

e~

MDR-TB 104 (@W#ﬂs 65 (26.6%) 244

RMR-TB 42 (40”/0) 211 (20.26) 40 (38.8%) 103
. — |
HMR-TB 22 (56.4%) 8 (20.5%) 9 (23.%) 39
UNIVERSITY of the
0, 0, 0,
Total 168 (43.5%)... .. 104 {?,‘?x%‘]:_ 106 (29.5%) | 386

Table 39 shows the outcomes per drug-resistance group. The cure rate was 42.6%, 40.%
and 56.4% in MDR-TB, RMR-TB and HMR-TB patients respectively. There were no
significant differences amongst the group (p-value = 0.049).

4.15 Comparison of the treatment outcomes in patients treated with ofloxacin and
moxifloxacin containing regimen

In this section, the treatment outcomes in MDR-TB, RMR-TB and HMR-TB patients
with available data who received either ofloxacin or moxifloxacin containing regimen are

shown below. The Chi-square test was used since it is a categorical variable.

4.15.1 MDR-TB patients
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Table 40: Comparison of the treatment outcomes in MDR-TB patients treated with

ofloxacin and moxifloxacin containing regimen.

Fluroquinolones Cured Failed Unknown Total
Ofloxacin 40 (38.%) 34 (32.%) 30 (28.%) 104
Moxifloxacin 46 (46.9%) 26 (26.5%) 26 (26.5%) 98
Total 86 60 56 202

Table 40 shows the cure rate in patients treated with ofloxacin and moxifloxacin
containing regimen. Of the 202 MDR-TB patients with available data, 104 and 98
patients were treated with ofloxacin and moxifloxacincontaining regimen, respectively.
The cure rate was 38.% and 46.9% in patients treated with ofloxacin and moxifloxacin
containing regimen, respectlvelyﬁwﬁ"@ﬁgmﬁcant differences or associations

e |

were found between the two grouﬁ&aﬁp&t@mﬁs«&e@ﬁvﬁﬁ either ofloxacin or moxifloxacin

oo UL

4.15.2. Rifampicin mono-resistéhi‘\"lva[iétfe“hféi' Y of the
WESTERN CAPE

Table 41: Comparison of the treatment outcomes in Rifampicin mono-resistant TB

patients treated with ofloxacin and moxifloxacin containing regimen

Fluroquinolones Cured Failed Unknown Total
Ofloxacin 14 (33.3%) 12 (28.%) 16 (38.1%) 42
Moxifloxacin 27 (45.%) 9 (15.%) 23 (2%) 59
Total 41 21 39 101

Table 41 shows the cure rate in patients treated with ofloxacin and moxifloxacin
containing regimen in Rifampicin mono-resistant TB patients. Of the 101 Rifampicin

mono-resistant TB patients with available data, 42 and 59 patients were treated with
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ofloxacin and moxifloxacin containing regimen respectively. The cure rate was 33.3%

and 45.% in patients treated with ofloxacin and moxifloxacin containing regimen

respectively. However, no significant differences or associations were found in the

treatment outcomes between the two groups of patients receiving either ofloxacin or

moxifloxacin containing regimen (p= 0.23).

4.15.3. Isoniazid mono-resistant TB patients

Table 42: Comparison of the treatment outcomes in Isoniazid mono-resistant TB

patients treated with ofloxacin and moxifloxacin containing regimen

Fluroquinolones Cured Failed Unknown Total
Ofloxacin 6 (85.7%) 0 (0.0%) 1 (14.%) 7
Moxifloxacin 3 (33.3%) 4 (44.4%) 2 (22.2%) 9
Total 9 A= 3 16

it e —
:F'Le-"‘—.‘i.-.—.—.—""'h—.":r:-

Table 42 shows the cure rate iV\\

1
= e e e

tie
containing regimen in Isoniazid /mono-resista

éat d f[ith ofloxacin and moxifloxacin
FB-patients. Of the 16 Isoniazid mono-

resistant TB patients with available-datar7rand 9 patients- were treated with ofloxacin and

moxifloxacin containing regimen’ fespéctively:

Theldlre rate was 85.7% and 33.3% in

patients treated with ofloxacin and moxifloxacin containing regimen respectively.

However, no significant differences or associations were found in the treatment outcomes

between the two groups of patients receiving either ofloxacin or moxifloxacin containing

regimen (p=0.077).

4.16 Influence of DR-TB localization on DR-TB treatment outcomes

This section shows the influence of DR-TB localization on the treatment outcomes in
MDR-TB, RMR-TB and HMR-TB patients. The Chi-square test was used since it is a

categorical variable

4.16.1. MDR-TB patients
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Table 43: Influence of MDR-TB localization on MDR-TB treatment outcomes.

MDR-TB Cured Failed Unknown Total
localization

Extrapulmonary TB 5 (38.%) 3 (23.%) 5 (38.%) 13
Pulmonary TB 96 (42.%) 72 (31.7%) 59 (2%) 227
Pulmonary TB and 3 (75.0%) - 1 (25.0%) 4
extrapulmonary TB

Total 104 75 65 244

Table 43 shows the influence of MDR-TB localization on the treatment outcomes
amongst MDR-TB patients. As indicated in the table above, the cure rate was 38.46%,
42.% and 75.0% in patients infected with-extrapulmonary TB, pulmonary TB, and in

e
i i
e

patients co-infected with puImoﬁ‘%:fi;?y'-'thﬁ-su_’&h@h‘‘T‘in'"ﬁTJr“?hi;f_ﬁ'/j TB, respectively. However, no

significant differences or associat ﬁ Was "”)Ljilu"ﬁ"'i':""re‘"ﬁreatment outcomes amongst the 3
groups (p=0.51). r‘ l

LA | Ll i

UNIVERSITY of the
4.16.2. Rifampicin mono- resistant FB patients ¢ A P I

Table 44: Influence of TB localization on Rifampicin mono-resistant-TB treatment

outcomes.

TB localization Cured Failed Unknown Total
Extrapulmonary TB 0 (0.0%) 2 (50.0%) 2 (50.0%) 4
Pulmonary TB 41(41.8%) 19 (19.%) 38 (38.%) 98

Pulmonary TB and - - - -
extrapulmonary TB
Total 41 21 40 102

Table 44 shows the influence of TB localization on the treatment outcomes amongst

Rifampicin mono-resistant TB patients. As indicated in the table above, of the 102
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Rifampicin mono-resistant TB patients with available data, 98 patients were infected with
pulmonary TB, 4 patients had extrapulmonary TB and no patients were co-infected with
pulmonary and extrapulmonary TB. The cure rate was 41.8% in patients infected with
pulmonary TB and 0% in patients infected with extrapulmonary TB. However, no
significant differences or association was found among the treatment outcomes among

the 3 groups (p-value = 0.11). There were insufficient data to compare the 3 groups.

4.16.3. lIsoniazid monoresistant TB

Table 45: Influence of TB localization on Isoniazid mono-resistant-TB treatment

outcomes.

TB localization Cured Failed Unknown Total

Extrapulmonary TB 2 (100%)
Pulmonary TB 20 (54.% )1 812 116%):

T

0 (0.0%) 2
9 (24.3%) 37

Pulmonary TB and -
Extrapulmonary TB

Total 22 UNIVERSITY of the > >

WESTERN CAPE

Table 45 shows the influence of TB localization on the treatment outcomes amongst
Isoniazid mono-resistant TB patients. As indicated in the table above, the cure rate was
54.% and 100% in patients infected with pulmonary TB and patients infected with
extrapulmonary TB. However, no significant differences or association was found

between the 2 groups (p-value = 0.495).
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CHAPTER FIVE: DISCUSSION

The aim of this study was to investigate and describe the sputum culture conversion time
in HIV-positive and HIV-negative patients with multidrug resistant TB (MDR-TB),
Rifampicin mono-resistant TB (RMR-TB) and Isoniazid mono-resistant TB (HMR-TB).
There are very few studies in the available literature that have shown the influence of
HIV infection on the time to sputum culture conversion in these groups of patients. This
study also aimed to investigate whether inappropriate (i.e. low and high) anti-TB drug

dose could affect the time to sputum culture conversion in these groups of patients.

The influence of antiretroviral duration, immunological and virological profile, sputum
culture conversion time, DR-TB localization and the replacement of ofloxacin by

moxifloxacin were assessed on the treatment outcomes in these groups of patients. In

beginning of this study, on the bas:s—tnat-p'remus-authors had found evidence of similar

sputum culture conversion tlme in |[—|1‘I\/E p03| _ve and)HIV-negatlve MDR-TB patients,
and that HIV infection does not\rmzlu:nicé tﬁe\}mie 'Elols;!)utum culture conversion. It was
observed in this study that treatment outcomes were statically significantly worst for
HIV-positive patients with MDR-TB and HIV-negative patients with HMR-TB. In
addition, inappropriate (i.e. low and high) anti-TB drug dose does not have any influence
on the time to sputum culture conversion in MDR-TB, RMR-TB and HMR-TB patients
respectively. It was observed in this study that MDR-TB, RMR-TB and HMR-TB
patients who received any inappropriate anti- TB drug dose (i.e. low and high) had the

worst survival rate.

5.1. Demographics, clinical characteristics, and treatment outcomes of patients

included in this study

5.1.1. The number of patients included in this study
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Three hundred and eighty-six (57.51% males and 42.49% females) patients included in
this study were to describe the influence of microbiological parameters on the treatment
outcomesin patients infected with MDR-TB, RMR-TB and HMR-TB respectively. In
addition, the number of patients in HIV-positive and HIV-negative groups was sufficient
to give a power of about 80% in detecting a statistical significant difference in the means
of about 1.96 standard deviations based on our power calculations. Also, the number of
patients included in previously published studies was similar to the number of patients in

our study.

Studies of same nature have used similar sample sizes to detect a significant change in
their measurements. For example, a study by Satti et al (2012) that investigated the
outcomes of MDR-TB treatment with early initiation of ART in HIV- positive patients in
Lesotho included 134 patients. Mukinda et al (2012) who investigate the rise of

Rifampicin mono-resistant TB in the W. ape in South Africa included 91 patients.
e

:E,"ﬂ-é“s“iﬁ_" ""'"““H
Holtz et al (2006), Brust et al (2014)randiHafkinret-ali(2013) used a sample size of 167,

45, and 70 patients in their respe : Ve uﬁﬂu s?':]fé%r'_ﬂrw}ne the sputum culture conversion
time in MDR-TB patients. Basﬂ]ﬂ:__ﬁj bms],r patients in previous studies, our
sample size of 244 MDR-TBLp_LQlti[eQI?_,: g%,a%'ﬂ%nﬂjfin mono-resistant TB and 39
Isoniazid mono-resistant TB wgt-syfﬁiqiqnygo\delt_ermi;p the microbiological parameters
influencing treatment outcomes in patients with MDR-TB, RMR-TB, HMR-TB and in
those with MDR-TB, RMR-TB, HMR-TB co-infected with HIV respectively.

5.2. Treatment outcomes

5.2.1. Multidrug resistant tuberculosis patients

Several investigators from different countries have reported successful treatment
outcomes of about 48%- 64% in MDR-TB patients (Johnston et al., 2009; Orenstein et
al., 2009; Ahuja et al., 2012; Marais et al., 2013). Although for these studies successful
treatment was defined as a combination of cure and treatment completed. The total MDR-
TB cure rate found in this study (4%) is higher than the cure rate reported in a study
conducted in South Africa (36%) by Mugabo et al (2015). These findings are consistent
with MDR-TB cure rates reported at national level (30-50%) in patients without HIV —
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infection in South Africa (DOH, 2013). The total failure rate in MDR-TB patients is 3%
which is high as compared to other studies conducted in South Africa where failures rates
ranges between 2.5% to 17% among MDR-TB patients (Brust et al., 2010; Farley et al.,
2011; Marais et el., 2013). Although in this study, failure rate and mortality were
combined as one outcome (failure).

In this study, a high proportion of unknown outcomes (2%) in MDR-TB patients was
noted. Three meta-analysis studies on MDR-TB outcomes reported 13%, 23%, and 11%
default rate (Johnston et al., 2009; Orenstein et al., 2009; Ahuja et al., 2012). This study
finding is consistent with other studies conducted in South Africa that reported default
rates ranging between 20 and 29% (Shean et al., 2008; Farley et al; 2011; Marais et al.,
2013).

5.2.2. Rifampicin mono-resistant TB patients

—
— W.--—-Z‘.:;:.,h__ _

The treatment outcomes of Rifarpi 1ono-resistant T

have not been deeply studied

as compared to MDR-TB, which oW ociated with poor treatment
outcomes. Although few studies W(m_k :Ir NLL mﬁtment outcomes such as
treatment failure and mortality nTRIVIE]WFmda etal., 2012; Prach et al.,
2013; Schnippel et al., 2015; Vlngg!as el; t2(:)3,62 Sttfg!es from France and Europe have
reported high cure rates of 67% and 70.8% in RMR-TB patients (Meyssonnier et al.,

2014; Villegas et al., 2016) as compared to the total cure rate found in this study (40.%).

This study finding is consistent with a study conducted in South Africa that reported a
33.7% cure rate in RMR-TB patients (Schnippel et al., 2015). in this study was as a result
of the high-unknown in this group of patients.

The total failure rate in RMR-TB patients found in this study was 20.%, which is lower as
compared to the failure rate reported by studies conducted in South Africa (36.8%) and
France (33%) (Meyssonnier et al., 2014; Schnippel et al., 2015). The total unknown
outcome in RMR-TB patients found in this study was 38.8%. This is consistent with a
study conducted in South Africa that reported unknown rates of 51.4% (Schnippel et al.,
2015). Another study from Europe reported a 20.83% unknown rate (Villegas et al.,

2016). The unknown rate is high and factors influencing it need to be investigated.

131



5.2.3. Isoniazid mono-resistant TB patients

Isoniazid mono-resistance treatment outcomes have been a topic of debate due to
conflicting studies. Investigators have reported high cure rate in Isoniazid mono- resistant
TB (HMR-TB) patients from the United States of America (71%) and Europe (74.1%)
(Gegia et al., 2012; Villegas et al., 2016).Our results were compatible with previous
reports demonstrating that Isoniazid mono-resistant cases are at a higher risk for poor
outcomes, specifically failures and deaths. The total cure rate found in this study (56.4%)
is lower than that reported in a study conducted in South Africa by Jacobson et al. (2011)
(65%).

The failure rate found in this study (20.5%)_is comparable to those reported in South

—

Africa by Jacobson et al. (201ﬁ" g H‘Zﬁ‘ failure rate. Studies from the
United States of America and E( rates ranging between 2%-8% in
HMR-TB patients (Cattamanchi gt ali} 2 9* a al., 2010; Villegas et al., 2016).
This study finding is con5|stenrwmra—metafanaryms-study that reported failure rates of

between 18%-44% in HMR-TB [ ;{‘,ér}t; l\ZEH } ;1 et ai 2009). The unknown outcomes

‘ ESTERN CA PE
in HMR-TB patients found in thIS study (23 %) is high as compared to those reported in

South Africa 16% and Europe 18.82% (Jacobson et al., 2011; Villegas et al., 2016).

5.3. Effect of age group and sex distribution on treatment outcomes.

5.3.1. MDR-TB patients

The cure rate was high in patients in the age range 20 years and below (69.2%), as
compared to patients in the age range 21-30 years (44.%), 31-40 years (42.1%), 41-50
years (40.0%), and those above 50 years’ age range (35.%).

Although there are no differences among the treatment failure rate in MDR-TB patients
by age range. The failure rates are high in patients in the 21-30 years range (30.5%), 31-
40 years (2%), 41-50 years (35.%), and those above 50 years’ age range (35.%) only
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patients in the age range 20 years and below had a low failure rate (7.%). However, these
rates are unacceptably high and the risk factors associated with them need to be
investigated. This study finding is consistent with studies conducted in South Africa and
Lesotho that reported poor outcomes in MDR-TB patients in the age range 31-40 years
and 41-50 years (Seung et al., 2009; Brust et al., 2010). These high failure rates may also
be attributed to the high prevalence of HIV infection among these age group, as the
association between HIV infection and MDR-TB mortality and failure has been reported
by several studies (Flament-Saillour et al., 1999; Kliiman and Altraja, 2009; Seung et al.,
2009; Brust et al., 2010; Farley et al., 2011). Why failure rate among the older age group
(above 50 years and older) may be attributed to advanced age, increased co-morbidies,
overall physiological deterioration, and difficulty in accessing several healthcare

opportunities along with increasing age (Vasankari et al., 2007; Babalik et al., 2013).

The unknown outcomes are high in all age groups; it ranges within 23.% to 29.0%. This
——

high unknown outcomes may b -infection, as MDR-TB and/ HIV
orted as predictors of MDR-TB

21, ttlu re|nave been other studies that found

!

co-infection is amongst the cond i

- B

treatment default (Brust et al., 20

no link between HIV infection antEMBR=FB=treatment=default (Shean et al., 2008; Farley
et al., 2011).These suggest that thefé may*havel Been @ther factors which contributed to
that high-unknown rate. A meta-analysiststidy-réported that patients who default on

treatment were more likely to be older people (Ahuja et al., 2012). Other investigators
who conducted a study on the evaluations of MDR-TB treatment default in South Africa
revealed that healthcare workers’ attitude and substance abuse are associated with patient
default (Holtz t al., 2006).

Similarly, sex did not have any influence on the treatment outcomes in MDR-TB
patients. The cure rate was almost similarin male (41.8%) and female cases (43.%), thus
indicating that sex is not a predictor of poor treatment outcomes in MDR-TB. Although
studies conducted in South Africa had shown that male and female sex are associated
with poor treatment outcomes (Brust et al., 2010; Farley et al., 2011; Marais et al., 2013).

However, this study rules out sex as a factor influencing MDR-TB treatment outcomes.

5.3.2. Rifampicin mono-resistant TB patients
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It was shown in the previous section that there are no differences in the treatment
outcomes among RMR-TB patients by age range. Poor cure rate was observed in all age
groups, ranging between 38.% to 43.%, except patients in the age group 20 years and
below, due to no data. The failure rate was high among patients in the age range 20 years
and below (50%), 21-30 years (26.%), 41-50 years (18.%), and those above 50 years’ age
range (38.%) as compared to patients in the age range 31-40 years (9.%). However, these
rates are unacceptably high and the risk factors associated with them need to be
investigated. These high failure rates may also be attributed to the high prevalence of
HIV infection among these groups, as the association between HIV infection and RMR-
TB has been reported by several studies from South Africa, France, United States of
America, and Europe (Munsiff et al., 1997; Sandman et al., 1999; Mukinda et al., 2012;
Prach et al., 2013; Meyssonnier et al., 2014).

The unknown outcomes are high-ia=3 ranging between 23.0% -50%. This

high unknown outcome may be “ . :%\':gff_’ﬂg'y}lnfectlon, as RMR-TB and/ HIV
co-infection are amongst the con kio re e(ﬁfact’( rs t ported as predictors of RMR-TB
treatment default (Mukmda et al=201z F=However-these. rates are unacceptably high and

WESTERN C ".!"!

Similarly, sex did not have any influence on the treatment outcomes in Rifampicin mono-
resistant TB patients. The cure rate was almost similar in male (38.6%) and female
(43.%) cases, thus indicating that sex is not a predictor of poor treatment outcomes in
Rifampicin mono-resistant TB patients. Although a study conducted in South Africa had
shown that male gender was associated with RMR-TB and in that study poor treatment

outcomes such as failure were reported (Mukinda et al., 2012).

5.3.3. Isoniazid mono-resistant TB patients

There are no differences in the treatment outcomes among the different age range in
HMR-TB patients. The cure rate was high in patients in the age range 20 years and
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below (100%), 41-50 years’ age range (72.7%) and those above 50 years’ age range
(66.7%) as compared to patients in the age range 21- 30 years (33.3%) and 31-40 years’
age range (41.7%). This study finding is consistent with a study conducted in South
Africa that reported a better cure rate for patients in the age range 44-67 years (Jacobson
etal., 2011).

There are no differences among the treatment failure rate in Isoniazid mono- resistant TB
patients by age group. The failure rates are high for patients in the age range 21-30 years
(33.3%), 31-40 years (16.7%) and those in the 41-50 years’ age range (27.%) as
compared to patients in the age range 20 years and below (0%) and those above 50 years’
age range (0%). This study finding is consistent with a study conducted in South Africa
that reported worst treatment outcomes for HMR-TB patients in the age range 33-43

years (Jacobson et al., 2011). The authors reported that poorer compliance and default

8 range 21-30 years (33.3%), 31-40
3.3%) as compared to patients in

The unknown outcomes are high fi

years (41.7%) and those above 58
the age range 20 years and below(0%)- ahd tHosecinithe age range 41-50 years (0%).
However, these rates are unacceptably hidh ‘and-the’risk factors associated with them

need to be investigated.

Similarly, sex did not have any influence on the treatment outcomes in Isoniazid mono-
resistant TB patients. The cure rate in male (57.9%) and female (55.0%) cases was
almost similar, thus indicating that sex is not a predictor of poor treatment outcomes in
Isoniazid mono-resistant TB patients. This study finding is similar to a study conducted
in South Africa that found no link between sex and poor treatment outcomes in HMR-TB

patients (Jacobson et al., 2011).

5.4. Effect of HIV infection and ART on treatment outcomes

5.4.1. MDR-TB patients
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Previous studies have reported high mortality and poor treatment outcomes associated
with HIV-infected patients (Flament-Saillour et al.1999; Kliiman and Altraja 2009; Brust
et al.2010; Ekaterina et al., 2012). The poor outcomes and especially rapid time to death
have mostly been observed in the absence of effective antiretroviral treatment (Gandhi et
al. 2006; Wells et al. 2007; Seung et al. 2009). A previous study from KwaZulu-Natal
Province, the first extensive study detailing the treatment outcomes of MDR-TB patients
in a TB referral hospital in South Africa, reported an association between HIV co-
infection and death. Since the study period was prior to the availability of ART therapy in
the public sector (2000-2003), the authors attributed the HIV/death association to the lack
of ART therapy and recommended an integration of ART with second-line anti-TB
treatment in the management of MDR-TB patients (Brust et al.2010). Although more
recent studies from South Africa have revealed that HIV infection does not influence the
treatment outcomes in MDR-TB patients (Farley et al., 2011; Brust et al., 2012; Marais et

,.--"ﬁ"‘-—. ..
al., 2013; Mugabo et al., 2015).Fhe-¢ ed no association between HIV
status and poor treatment outcom

T T
The cure rate found in HIV-posi iule uLtll”;

N
T
]LOH/[‘)—‘Md HIV-negative patients (59.6%)
with MDR-TB is higher than thait,rg\p?ite{q E;xjai slttgidxfcgnQUcted in South Africa (Mugabo

et al., 2015). The authors reported, cure fate of §5%)!iq,._HIV-positive and 37% in HIV-

negative MDR-TB patients. Another study conducted in South Africa by Farley et al
(2011) reported a cure rate of 40% in HIV-positive patients and 49.6% in HIV-negative
patients. Although in this study, the cure rate in HIV-positive patients was lower as
compared to HIV-negative patients with MDR-TB due to a high-unknown rate. This
study finding is similar to other studies conducted in South Africa that found no
differences or associations in the cure rate between HIV-positive and HIV-negative
patients with MDR-TB (Faley et al., 2011; Mugabo et al., 2015).

There were no differences between the treatment failure rate in HIV-negative patients
(37.%) and (26.2%) in HIV-positive patients with MDR-TB. The failure rates found in
this study are high as compared to a study conducted in South Africa by Mugabo et al.,
(2015) (9%) in HIV-negative patients with MDR-TB and (5%) in HIV-positive patients
with MDR-TB. Another study conducted in South Africa reported failure rate of 4.2% in
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HIV-positive patients and 13.2% in HIV-negative patients with MDR-TB (Farley et al.,
2011).

There are no differences between the unknown outcomes in HIV-negative patients
(20.2%) and in HIV-positive patients with MDR-TB (31.0%). However, these rates are
unacceptably high and the risk factors associated with them need to be investigated. In a
study conducted in South Africa, Mugabo et al (2015) reported a default rate of (20%)
and (25%) in HIV-negative MDR-TB patients and HIV-positive patients with MDR-TB.

It was shown in this study that HIV infection does not influence MDR-TB treatment
outcomes. There were no data for HIV-positive patients with MDR-TB not receiving
antiretroviral therapy in this study, so we could not compare the cure rate in HIV-
positive patients on ART and HIV- positive patients not on ARVs. The cure rate in HIV-
positive patients receiving ART S high e red to the cure rate reported in a
study conducted in South Africa, (Mug al., 2015).Although the authors

reported no differences in the| treatment %Jt fws, between HIV-positive patients

receiving ART and HIV-positive=patieats=heter=ART(Mugabo et al., 2015).We could
not compare this group because 6f insufficiéntidata’ o/ ¢

WESTERN CAPE
The failure rate in HIV-positive patients receiving ARVs is high (38.9%). A study

conducted in South Africa reported a failure rate of 65% in HIV-positive patients
receiving ARVs (Mugabo et al., 2015). These rates are high, and one could expect lower
failure rates, although a previous study has shown that receiving ART was not associated
with improved survival in HIV-infected MDR-TB patients (Ghandi et al., 2012). We
could not compare the failure rates in HIV- positive patients receiving ART and HIV-

positive patients not receiving ART because of insufficient data.

The unknown rate is high (19.4%) in HIV-positive patients receiving ARVs (19.2%) as
well as HIV-positive patients not on ARVs (100%).

5.4.2. Rifampicin mono-resistant TB patients
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We found no differences in the cure rate between HIV-negative (41.8%) and HIV-
positive patients with RMR-TB (40.%). This study finding is consistent with a study
conducted in France by Meyssonnier et al. (2014), that found no differences in the cure
rate between HIV-positive and HIV-negative patients with RMR-TB. There are no
differences between the treatment failure rate in HIVV-negative patients (25.%) and (15.%)
in HIV—positive patients with RMR-TB. Although HIV-negative patients tend to have a
higher failure rate as compared to HIV-positive patients with RMR-TB. This study
finding is consistent with studies conducted in South Africa, United States of America,
Europe and France that reported RMR-TB to be linked or associated with poor treatment
outcomes such as failure and death (Mukinda et al. 2012; Prach et al. 2013; Meyssonnier
et al., 2014; Villegas et al., 2016).

Although no difference was found between the unknown outcomes in HIV-positive and

e, . ... .
HIV- negative patients with RMR<FB=the tnknawn-outcome in HIV-positive patients
.. N NN NIW NN .
(44.2%) is high as compared to ;L-he hﬁin;_ é?\.zsﬁ__\g,'lth RMR-TB (33.3%). However,

these unknown outcomes are una FpHﬁ, ﬁg{;{at ’d‘;lH risk factors associated with them
need to be investigated. A study=condtieted=in-Setith=Africa has reported RMR-TB to be
linked with default (Mukinda et &l.]}2012). R 5 T'TY of the

WESTERN CAPE

-

The cure rate in HIV-positive patients with RMR-TB on antiretroviral therapy (40.8%)
was low as compared to HIV-positive patients with RMR-TB not on antiretroviral
therapy (50%). Although there are no differences in the cure rates between the two
groups of patients. Our findings could not be compared with other studies because no
previous studies have looked at the influence of ART history on the cure rate in RMR-TB

patients.

The failure rate was high in HIV-positive patients with RMR-TB on antiretroviral therapy
(14.%) as compared to HIV-positive patients with RMR-TB not on antiretroviral therapy
(0%). One would expect RMR-TB patients on ARVs to benefit from the protective
effects of ART. More studies are needed to look at the impact on ARVs on the treatment

outcomes in RMR-TB patients.
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The unknown outcome was high in HIV-positive patients with RMR-TB receiving ARV
(44.9%) and patients with RMR-TB not on antiretroviral therapy (50%). These rates are

high and the factors influencing them need to be investigated.

5.4.3. Isoniazid mono-resistant TB patients

This study does not show any significant differences between the cure rate in HIV-
positive (64.%) and HIV-negative patients with HMR-TB (52.0%). Although HIV-
negative patients with HMR-TB had a lower cure rate as compared to HIV-positive
patients with HMR-TB. This study finding is consistent with a study conducted in South
Africa that found no differences in the treatment outcomes between HIV-positive and
HIV-negative patients with HMR-TB (Jacobson et al., 2011). There are no differences
between the treatment failure rate in HIV-negative patients with HMR-TB (28.%) and
(7.1%) in HIV—positive patients with HMR B\Altﬂ)ugh HIV- negative patients had a
,';;-}"'":ﬁj;i g}‘,’_"{"{-}* ents. There are no differences
' with HMR-TB (20%) and HIV-

higher failure rate as compared

between the unknown rate in
positive patients with HMR-TB (28.

UNIVERSITY of the ) _
It was shown that the cure ratqtv\{g% ,(%4,9/th Hll_\({'qgiltlve patients with HMR-TB on

antiretroviral therapy. There were insufficient data in the HIV-positive patients with
HMR-TB not receiving antiretroviral therapy. We could not compare the treatment

outcomes in this group of patients.

5.5. Influence of previous anti-tuberculosis treatment on treatment outcomes

5.5.1. MDR-TB patients

There are no differences among the treatment outcomes in new patients (38.9%),
previously treated patients for TB (37.8%) and previously treated patients for MDR-TB

(47.%). Cure rate was poor in new patients with MDR-TB due to high failure rate, as
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well as patients previously treated for TB. This study finding is inconsistent with a meta-
analysis study that reported successful treatment outcomes in new MDR-TB patients
(Johnston et al; 2009).

The failure rate in new MDR-TB patients (42.%) is high as compared to patients
previously treated for TB (25.%) and patients previously treated for MDR-TB (28.%).
This study finding is consistent with several studies that have demonstrated repeatedly
that a history of previous TB infection and previous TB treatment were associated with
poor treatment outcomes such as failure and death in MDR-TB patients (Faustini et al.,
2006; Johnston et al., 2009; Kliiman and Altraja, 2009; Dheda et al., 2010; Brust et al.,
2010).

The unknown outcomes are high in patients previously treated for TB (37.3%), as

5.5.2. RMR-TB patients H ‘ ||

From the previous section, it Wa{§ sQoHn'rtrlgngE]equi,js an association between previous TB
vl a B i i} LITE

treatment and poor treatment outcomes 1i-mRMI37Rﬁ>@atients. The cure rate was poor
(36.%) in patients previously treated with anti-TB drugs as compared to new RMR-TB
patients (53.%). The failure rate in new RMR-TB patients (26.9%) is higher, as compared
to previously treated RMR-TB (18.%). This study finding is inconsistent with a study
conducted in France that reported higher failure rate in previously treated patients with
RMR-TB, as compared to new patients with RMR-TB (Meyssonnier et al., 2014). The
authors reported failure rate of 50% in previously treated patients and 19% in new

patients.

The unknown outcome in previously treated patients with RMR-TB (45.%) is high as
compared to new patients (19.2%) These rates are very high, most especially in the
previously treated patients with RMR-TB. A study conducted in South Africa has
reported an association between RMR-TB patients and default after previous TB
treatment (Mukinda et al., 2012). Factors influencing this high-unknown outcomes needs
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to be investigated.

5.5.3. Isoniazid mono-resistant TB patients

As highlighted earlier, there are no differences in the cure rate between new and
previously treated patients with Isoniazid mono-resistant TB. The cure rate in new
patients (53.%) was almost similar to HMR-TB patients previously treated with anti-TB
drugs (57.%). This study finding is inconsistent with studies from Europe that reported a
cure rate of 76% in new and 58% in previously treated patients with HMR-TB (Gegia et
al., 2012).

The failure rate in new patients (30.%) was high, as compared to patients previously
treated with HMR-TB (15.%). This study finding is in contrast with a study conducted in

South Africa that found no link between new TB treatment and poor treatment outcomes

(Jacobson et al., 2011). Some i 50 demonstrated repeatedly that a
history of previous TB infectio ment were associated with poor
treatment outcomes, such as failure and death| inca % of Isoniazid mono-resistant TB
(Gegia et al., 2012; Wang et al., 2854y — ' =

UNIVERSITY of the
The unknown outcome in previpusty;tieated patientspwith HMR-TB (26.9%) is high as

compared to new patients with HMR-TB (15.%). A study has revealed that patients with
a history of previous TB treatment may be more likely to default from treatment,
particularly when given a regimen of a longer duration (Gegia et al.,, 2012). They
reported a treatment default rate of 20.6 % in HMR-TB patients.

5.6. Influence of diagnostic category on treatment outcomes

5.6.1. MDR-TB patients

It was shown in the results section, that there is a significant association between
patients’ diagnostic category and treatment outcomes in MDR-TB patients. The cure rate

was low in new cases (39.6%), as compared to retreatment cases, after transfer cases
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(66.7%),after default (42.1%), after relapse (45.%), after failure (44%) and other cases
(12.5%),due to higher failure and unknown rate. This suggests that previous exposure to
anti-TB drugs is not the main reason why MDR-TB treatment outcomes are poor,

because in this study new cases also had a poor cure rate.

The failure rates are high in new cases (43.4%), after failure cases and other cases (50%),
as compared to the other retreatment cases that range between 23.9% and 33.3%. This
shows that new MDR-TB cases are more likely to have poor treatment outcomes. The
study finding disagrees with a study conducted in South Africa that showed no link
between poor treatment outcomes in new cases and retreatment cases in MDR-TB
patients (Marais et al., 2013). These failure rates are high and factors influencing them

need to be investigated.

These unknown outcomes are high in irlgietreatment cases (ranges between 28% to

es-of-these high unknownoutcomes,and

the factors influencing, them :--az:-;.._' -._;"- .,._{-a

UNIVERSITY of the
It was shown that there are no s@gqif@_‘cqng_-_qifﬁgrepc_g‘s!bgt_ween the treatment outcomes in

RMR-TB patients with new cases and retreatment cases. The cure rate was poor in after
default cases (26.7%) and after relapse cases (35.9%) as compared to new cases (50%),
after failure cases (55.6%) and after transfer cases (100%). The failure rate is high in
new cases (30.77%), as compared to after default (20%), after relapse (1%) and after
failure cases (11.1%). The study finding agrees with a study conducted in South Africa
and Europe that showed a link between poor treatment outcomes and retreatment cases in

Rifampicin mono-resistant TB patients (Mukinda et al., 2012; Meyssonnier et al., 2014).

The unknown outcomes are very high in after default cases (53.3%), after relapse cases
(46.15%) and after failure cases (33.3%), as compared to new cases (19.2%). These rates

are unacceptably high and factors influencing them need to be investigated.

5.6.3. Isoniazid mono-resistant TB patients
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There are no significant differences between the treatment outcomes in HMR-TB
patientscases, new and retreatment. The cure rate is high in after default cases (71.4%) as
compared to new cases (53.8%), after relapse (50%) and after failure cases (60%). The
failure rates are high in new cases (30.%), as compared to after default cases (14.%), after
relapse cases (14.%) and after failure case (20%). The number of patients in each of the
diagnostic categories was low. This study finding agrees with a study conducted in the
United States of America over a 3 years period (2007-2009) that reported a link between

poor treatment outcomes and retreatment patients with HMR-TB (Gegia et al., 2012).

The unknown outcomes are high in after relapse (35.7%) and after default (20%) cases,
as compared to new cases (15.%) and after default cases (14.%). These rates are high,
especially in after relapse cases. The factors contributing to thesehigh unknownoutcomes

need to be investigated.

5.7. Influence of CD4 count &
HIV- positive patients

5.7.1. MDR-TB patients

It was shown in the previous se\ctlon ET e ;{d E&m}f It;h!ere are no significant differences
between the cured (22 patients) and failed (17 patients) group of HIV-positive patients
with available CD4 count data. The median CD4 count in HIV-positive patients with
MDR-TB who were cured and failed was 230 (IQR 75-465) and 207 (IQR 119-279)
respectively, and treatment outcomes did not differ between the cured and failed group of
HIV-positive patients with MDR-TB. This study findingis inconsistent with a study
conducted in KwaZulu-Natal, South Africa during a 2-year period (2005-2006), that
reported a CD4 count less than 50 cellssmm? and CD4 count of 51-200 cells/mm? to be
associated with poor treatment outcomes such as mortality(Gandhi et al., 2012). This
study finding is in line with another study conducted in Gauteng, South Africa,during a 4
—year period (2007-2010), that reported a higher cure rate in MDR-TB patients with CD4
counts of 201-349 cellssmm?® and CD4 counts of >350 cellssmm® (Umanah et al.,
2015).This study finding rules out a CD4 count at baseline as a possible factor that

influences MDR-TB treatment outcomes.
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There are no significant differences between the cure rate and failure rate in HIV-
positive patients with a viral load data at baseline. The median viral loads in HIVV-positive
patients who were cured and failed was 40 (IQR 40 -1507.50) VL and 1430 (IQR 421-
3300) respectively. The median viral load was higher in the failed group as compared to
the cured group.

5.7.2. Rifampicin mono-resistant-TB patients

It was shown in (Table 37) that there are no significant differences between the cured and
failed group of HIV-positive patients with RMR-TB with available CD4 count data.
Although no significant differences are seen, the median CD4 count was low in the failed
group 107 (IQR 7-207) as compared to the cured group of RMR-TB patients 308 (IQR

111-338).
m‘;

o _ [T NI NI NN _ _
There are no significant differet rate and failure rate in HIV-

positive patients with viral load data [at baseline. [The/median viral load in HIV-positive
patients with RMR-TB who w :58 (IQR 40 -76) VL and 1430

(IQR 421-3300) respectively. The median viral F'oéfd Aas higher in the failed group as
WESTERN CAPE

ere—cureg—ana—ratea\\/as

compared to the cured group.

Although a study conducted in South Africa hadreported RMR-TB patients to be
associated with a low CD4 count (Mukinda et al., 2012). It was difficult to compare this
result because no previous studies had reported the influence of CD4 count and viral load

at baseline on the treatment outcomes in RMR-TB patients.

5.7.3. Isoniazid mono-resistant TB patients

It was difficult to compare our results in this group of patients because of insufficient
data.
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5.8. Effects of inappropriate (low) anti-TB drug dose on treatment outcomes.

5.8.1. MDR-TB patients

As highlighted earlier there is evidence to suggest that MDR-TB patients who had poor
treatment outcomes might be subject to sub-therapeutic plasma levels of anti-TB drugs,
possibly as a result of low anti-TB drug dose. Although no significant differences were
observed between MDR-TB patients who received any low anti-TB drug dose and MDR-
TB patients who did not receive any low anti-TB drug dose. The cure rate was worst in
MDR-TB patients who received any low anti-TB drug dose (20.00%), due to high failure
(33.3%) and unknown rate (46.7%), as compared to MDR-TB patients that did not
receive any low anti-TB drug dose (37.6%). The failure rate (33.3%) and unknown

outcome (46.7%) in MDR-TB patients who received any low anti-TB drug dose was

owis;that low serum concentrations of

treatment failure in human immunode

anti-TB drugs may be related te@ ' fini almeutesmes, which are closely related to
ci cyIirL;( I\V) infected and non-HIV infected

patients (Weiner et al., 2005). Awmmed that low serum concentration
of anti-TB drugs may be related-t0 poor clinical dutédfries (Peloguin et al., 1999). Since
some patients in this study receibéé'sﬁgoﬁt%a aEnti'}T‘ E!drug dosage this could be one of

the factors affecting the treatment outcomes in MDR-TB patients.

5.8.2. Rifampicin mono-resistant-TB patients

It was shown that there are no differences between the cured and failed group of RMR-
TB patients who received any low anti-TB drug dose. The cure rate in RMR-TB patients
who received any low anti-TB drug dose was almost similar (37.5%) to the RMR-TB
cure rate in patients who did not receive any low anti-TB drug dose (33.3%). The failure

rate in RMR-TB patients who received any low anti-TB drug dose was high (37.5%), as
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compared to RMR-TB patients who did not receive any low anti-TB drug dosage
(14.8%). The unknown outcome was high in RMR-TB patients who did not receive any
low anti-TB drug dose (51.%), as compared to RMR-TB patients who received any low
anti-TB drug dose (25%). Since poor treatment outcomes were seen in this study, we
believe low anti-TB drug dose had an effect on the treatment outcomes in RMR-TB

patients.

5.8.3. Isoniazid mono-resistant TB patients

HMR-TB patients did not receive any low anti-TB drug dose.

5.9. Determination of time to sputum culture conversion in DR-TB patients

5.9.1. MDR-TB patients e —

A

ﬁrly all MDR-TB patients (96%)
hslof treatment, irrespective of HIV

Our findings were favorable, de

achieved culture conversion within-the'first-s it

status. Moreover, the culture conversigntime for 1V go-infected patients was similar to
reports of HIV-negative patientsAnithe ipuhl‘-ishect'_li.télamﬂre. (Seung et al., 2009; Brust et
al., 2011; Hafkin et al., 2013). This study finding is similar to other studies conducted in
Southern Africa. In a study conducted in Lesotho, culture conversion was documented in
68% of 76 study patients after a follow up of 252 days (Seung et al., 2009). Brust et al
(2011) documented a culture conversion rate of 88% in the 45 patients in Tugela Ferry
South Africa, and they found no difference in the time to sputum culture conversion
between HIV-positive patients and HIV—negative patients at the end of 6 months of
treatment. Another study from Botswana, (Hafkin et al, 2013) documented a culture
conversion rate of 51% of the 70 patients involved in the study. They found no difference
in the proportion of patients that converted, based on HIV status at the end of 6 months of
treatment. Possible reasons as to why our culture conversion was higher than in the three

other Southern African studies referred to arethat our sample was far larger.
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In this study, we found culture conversion rates to be similar between HIV-positive (9%)
and HIV-negative patients (95%). Ten MDR-TB patients (6 HIV- positive and 4 HIV-
negative) remained persistently culture-positive (i.e., in jeopardy of becoming a treatment
failure). This study finding is similar to other studies conducted in Southern Africa. The
finding is almost similar to a study conducted in Tugela Ferry, South Africa, that
documented a culture conversion rate of 85% in HIV-positive patients and 100% in HIV-
negative patients atthe end of 6 months of treatment (Brust et al., 2011). Another study
conducted in Botswana documented a culture conversion rate of 50% in HIV-positive
patients and 53% in HIV-negative patients at the end of 6 months of treatment (Hafkin et
al., 2013).

The p-value shows that there are no significant differences in the time to sputum culture
conversion between HIV positive and HIV-negative MDR-TB patients. This study
finding is consistent with studles co ueteﬁ:ns_-—]:ug Ia Ferry, South Africa, during a 2-
year period (2008 -2009), and -'cmmmaaz_: durimg-ar g,:,. period (2005-2009) that found
no differences in the time to sput rJﬂTﬁj{f‘ ﬁ;\\:ﬂ sioh between HIV- -positive and HIV-
negative patients with MDR-TB.|O culture conversion add to those
recently reported amongMDR- Tﬁ/\Hg\/ ic;ol mfﬁrltep patlents in South Africa (Brust et al.,

L5 the

2011). VESTERN C APE

5.9.2. Rifampicin mono-resistant TB patients

Our findings are favorable, demonstrating that all RMR-TB patients (100%) achieved
culture conversion within the first six months of treatment, irrespective of HIV status.
These early data provide optimism that a strategy of concurrently treating DR-TB and
HIV may lead to favorable outcomes for co-infected patients. In this study, we found
culture conversion rates to be similar between HIV-positive and HIV-negative RMR-TB
patients. No patients remained persistently culture-positive (i.e. in jeopardy of becoming

a treatment failure).

The p-value shows that there are no significant differences in the time to sputum culture
conversion between HIV-positive and HIV-negative RMR-TB patients. This study

147



finding is inconsistent with a study conducted in the United States of America that
reported longer time to sputum culture conversion in RMR-TB patients (Prach et al.,
2013). The authors reported a median time of 93.5 days (IQR 42-162) in RMR-TB
patients. The study was conducted during a 16- year period (1993 -2008), and the authors
documented culture conversion in 77.1% of the 178 RMR-TB patients involved in the
study. Although in that study HIV infection was not investigated. The authors compared
RMR-TB, HMR-TB, MDR-TB and drug-sensitive cases. In another study from the
United States of America, culture conversion was documented in 50% of the 11 RMR-TB
patients (LoBue and Moser, 2005). Another study from the United States of America
during a 16-year period (1993- 2008) documented culture conversion in 77.1% of the 160
RMR-TB patients involved in the study (Prach et al., 2013).

5.9.3 Isoniazid mono-resistant TB patients

Our findings were favorable, demonstrating-that-nearlyall Isoniazid mono- resistant TB

patients (97%) achieved culture on [Within the first six months of treatment,
irrespective of HIV status. In thig|study, W ung iculture conversion rates to be similar
between HIV-positive and HIV-pgg\atlve patients with Tsoniazid mono-resistant TB. Only

NIVERSITY of the
1 HIV-negative patient remainqdl_ghergjst%gtly (E:ulgu]r,_e!-positive. This study finding is
YY ILO 1B A A ]

consistent with a study from Taiwan conducted during an8-year (2004- 2011)that found
culture conversion in 73.7% of 395 study patientsexamined (Chien et al., 2015).Another
study conducted during a 10-year period (1993 - 2002) in the United States of America,
showed culture conversion in 72% of the 287 HMR-TB patients examined (LoBue and
Moker, 2005).Similarly, another study conducted in the United States of America during
a 16-year period (1993- 2008)showed culture conversion in 82.9% of the 3434 HMR-TB

patients examined(Prach et al., 2013).

The p-value shows that there are no significant differences in the time to sputum culture
conversion between HIV positive and HIV-negative HMR-TB patients. This study is
inconsistent with a study conducted in the United States of America that reported longer
time to sputum culture conversion in HMR-TB as compared to drug-sensitive cases
(Prach et al., 2013), although in that study HIV infection was not investigated.The
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authors compared HMR-TB, RMR-TB, MDR-TB and drug sensitive cases. They
reported that the median time to sputum culture conversion was 48 days (IQR 26-84) in
HMR-TB patients, which was almost similar to the median time to sputum culture
conversion in HMR-TB-negative patients in this study of 48 days (IQR 28-103).

5.10. Influence of the sputum culture conversion time on treatment outcomes

5.10.1. MDR-TB patients

Although the sputum culture conversion rate was higher in the first 6 months of treatment
in both HIV-positive and HIV-negative MDR-TB patients,the cure rate was low (40.%)
in HIV-positive patients as compared to HIV-negative patients with MDR-TB (59.6%).
It was observed that 37.% of HIV-positive patients and 26.2% of HIV-negative patients
with MDR-TB failed treatment, even with the high rate of initial sputum culture

conversion at the end of the inteth. The p-value (0.001) in HIV-
T h""h—n—ﬂ-h'
positive patients shows that treatrnent/outcomes-were'statistically significantly worse for

: T
HIV-positive patients with MDR-TB, [despite 'Mﬂl.lm culture conversion. This could
. Iture conversion does not suggest

early clinical recovery. This stydy,iscensistent-with a study conducted in Lesotho that

suggest that early (microbiologic

revealed poorer treatment outcomes: despitereatlysputam culture conversion in MDR-TB
patients (Seung et al., 2009).

5.10.2. Rifampicin mono-resistant TB patients

It was shown in Table 30 that the sputum culture conversion rate was higher in the first 6
months of treatment in both HIV-positive and HIV-negative RMR-TB patients. The cure
rate was almost similar in HIV-positive (40.%) and HIV-negative RMR-TB patients
(41.%). It was observed that 15.% of HIV-positive and 25.% of HIV-negative patients
with RMR-TB failed treatment, even with the high rate of initial sputum culture
conversion at the end of the intensive phase of treatment. The p-value shows no
significant difference in the treatment outcomes in HIV-positive and HIV-negative
patients with RMR-TB. Although it did suggest poor treatment outcomes, despite early

sputum culture conversion.
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5.10.3. Isoniazid mono-resistant TB patients

It was shown in Table 31, that the sputum culture conversion rate was higher in the first 6
months of treatment in both HIV-positive and HIV-negative HMR-TB patients.It was
observed that 7.1% of HIV-positive and 28% of HIV-negative patients with HMR-TB
failed treatment, even with the high rate of initial sputum culture conversion at the end of
the intensive phase of treatment. The p-value -treatment outcomes HIV-negative patients
with HMR-TB. This study is consistent with a study conducted in Taiwan during an 8-
year period (2004- 2011). The authors documented worse treatment outcomes despite
early sputum culture conversion in HMR-TB patients (Chien et al., 2015). It was
revealed by the authors that 68.7% had poor treatment outcomes.

5.11. Impact of sputum culture reversion on the treatment outcomes

5.11.1. MDR-TB patients ——
e

It was observed in section 4.11.1 ra 14 (6.1
11 HIV-negative) sputum cultures| reverte .
after initial sputum culture (:ph\\(‘e{s%lo’rnpa,jgltpei rlJnte,nswe phase of treatment.Other

if the

ITB patients’ (3 HIV-positive and

@l continuation phase of treatment,

investigators from the United States of America, gfa{vgal,-_Estonia, Philippines, Russia and
Peru that conducted a study during a 5-year period (2000-2004) documented a reversion
rate of 23.7% in MDR-TB patients (Kurbatova et al., 2011). Janssen et al (2012), who
conducted a study in Gauteng in South Africa during a 2 years period (2008-2009),
documented a reversion rate of 11.6% (after 1 month), and 5.4% (after 2 months), after
initial sputum culture conversion in 336 patients. Another investigator from Latvia who
conducted a study during a 1-year period (between 1 January 2006 and 31 December
2006) documented an 11% reversion rate after initial sputum culture conversion in 167
MDR-TB patients (Holtz et al., 2006).

Of these 14 MDR-TB patients’whose sputum culture reverted after initial conversion, 11
failed treatment and only 3 were cured. The failure rate was high in MDR-TB patients
who reverted after initial sputum culture conversion (79%), as compared to the cure rate

(21%). This study’s finding is inconstrast with a study conducted in Latvia by Holtz et al
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(2006), who observed patients during a 1 year period (1 January 2006 to 31 December
2006). They reported an 11% (14)reversion rate and failure in only one patient, with the

other patients having successful outcomes.

These patients in our cohort were discharged from hospital after initial sputum culture
conversion at the end of the intensive phase of treatment, their sputum cultures reverted
from a negative sputum cultures to positive during the continuation phase of treatment.
These patients survived for long periods living in the community and are likely to
contribute to community-based spread of DR-TB. It was also observed that during the
continuation phase of the treatment there were fewer culture tests done on these groups of
patients. This could suggest that adherence was a problem in these groups of patients.

5.11.2. Rifampicin mono-resistant-TB patients

It was observed that only 2 Wit rerted sputum cultures after initial
sputum culture conversion at the-e /e, phase of treatment. Of these 2

patients one failed treatment and ome was unknown.

5.11.3. Isoniazid mono- re3|startt {?-P%“ﬁ% ['Y of the

WESTERN CAPE
No reversion was seen in this group of patients.

5.12. Could HIV infection influence the time to sputum culture conversion in
patients infected with drug-resistant TB?

We were able to effectively establish and calculate the sputum culture conversion time in
HIV—positive and HIV-negative patients with MDR-TB, RMR-TB and HMR-TB
respectively by using the ICLIFETEST procedure.

5.12.1. Multidrug resistant TB patients

The median time to sputum culture conversion was similar inHIV—positive and HIV-
negative patients with MDR-TB. Although no difference was found between the time to
sputum culture conversion in HIV-positive and HIV-negative, patients with MDR-TB,

Figure 1 show that HIV-positive patients with MDR-TB tend to have a worse survival
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rate during MDR-TB treatment before experiencing clinical deterioration than HIV-
negative patients with MDR-TB. As shown in Figure 1, the estimated survival

probabilities are undetermined within the Turnbull intervals.

Our findings supported the views of Brust et al (2011) and Hafkin et al (2013),who found
no significant differences between the time to sputum culture conversion in HIV positive
and HIV-negative patients with MDR-TB at the end of the intensive phase of treatment.
The only exception to this was with regard to survival time, indicating that the number of
patients contributing to survival time was undetermined for the long-term treatment in
MDR-TB (Fig 1). This demonstrates that HIVV—positive patients with MDR-TB who
survive after the intensive phase of treatment do appear to have worse survival rates as
compared to MDR-TB patients without HIV infection (Figure 1). This shows that early
sputum culture conversion (favourable ﬂg_r_obiologic outcomes) do not predict equal

favourable clinical recovery over=the=t A=(gontinuation phase) of MDR-TB

treatment.

lhe influence of HIV-infection on

!
=

This study confirms and extends

the time to sputum culture conv};tsjg?{nfhfgtgﬁlii:il?l%, p?tfiaents observed in recent studies by
vl a B i i} LITE

Brust et al (2011) and Hafkin et,al.(2013);who Eqr]{yl,opserved MDR-TB patients at the

end of the intensive phase of treatment.

5.12.2. Rifampicin mono-resistant TB patients

HIV infection did not affect the time to sputum culture conversion in RMR-TB patients.
Figure 2 shows that HIV-positive patients with RMR-TB tend to have a worst survival
rate during DR-TB treatment before experiencing clinical deterioration than HIV-
negative patients with RMR-TB. As shown in Figure 2, the estimated survival
probabilities are undetermined within the Turnbull intervals. This shows that early
sputum culture conversion (favourable microbiologic outcomes) do not predict equally
favourable clinical recovery over the long term (continuation phase) of RMR-TB
treatment.No recent study has investigated the influence of HIV infection on the time to

sputum culture conversion in Rifampicin mono- resistant TB patients.
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5.12.3. Isoniazid mono- resistant TB patients

Although no differences were seen in the time to sputum culture conversion by HIV
status,HIV-positive patients with HMR-TBtend to survive longer during DR-TB
treatment before experiencing clinical deterioration than HIV-negative Isoniazid mono-
resistant TB patients as shown in Figure 3, although the estimated survival probabilities
are undetermined within the Turnbull intervals.This shows that early sputum culture
conversion (favourable microbiologic outcomes) do not predict equally favourable
clinical recovery over the long term (continuation phase) of HMR-TB treatment.No
recent study has investigated the influence of HIV infection on the time to sputum culture

conversion in Isoniazid mono- resistant TB patients.

5.13. Could inappropriate (i.e. an B drug dose influence the time

tients?

to sputum culture conversion in

5.13.1. Multidrug resistant TB patietsE R ST TY of the

WESTERN C ". PE
When inappropriate (i.e. low and high) anti-TB drug dose was correlated with the sputum
culture conversion time in MDR-TB patients,it was revealed that inappropriate (i.e. low
and high) anti-TB drug dosehas no influence on the time to sputum culture conversion in
MDR-TB patients. Although no difference was found in the influence of inappropriate
(i.e. low and high) anti-TB drug dose on the time to sputum culture conversion in MDR-
TB patients, we may that inappropriate (i.e. low and high) anti-TB drug dose might be
one of the factors influencing the time to sputum culture conversion. Figure 5 shows
clearly that MDR-TB patients who receive any low anti-TB drug dose tend to have the
survival before experiencing clinical deterioration, as compared to MDR-TB patients
who did not receive any low anti-TB drug dose. As shown in Figure 5, the estimated

survival probabilities are undetermined within the Turnbull intervals.
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This suggests that the relatively low rate of treatment success in MDR-TB may be
associated with low serum concentrations of anti-MDR-TB drugs (Lee et al., 2015).
According to Lee et al (2015), such low anti-TB drug concentrations have been
associated with malabsorption, alcohol use, age, sex, hyperalouminemia, weight-adjusted

dose, and drug formulation.

Figure 6reveals that MDR-TB patients who receive any high anti-TB drug dose MDR-TB
patients who did not receive any high anti-TB drug dose. Although the estimated survival
rate was undetermined due to the Turnbull interval.One might have expected that patients
who received high anti-TB drug dose would have a more rapid time to sputum culture
conversion than patients who received low anti-TB drug dose. Therapeutic drug
monitoring (TDM) has been recommended by some clinicians as being particularly
useful for more complicated patients, including those with more co-morbidities than
ordinary patients responding to treatmen al., 2015). During the course of
complicated MDR-TB treatmentiw "thfc_égfgh? 'ng.dr{g!gs, TDM allows the clinician to
make an informed decision aboquHu Iaﬁor lion and to adjust the treatment

BER

accordingly in a timely manner {ee=et=at-=2015)—-According to Lee et al (2015), TDM

shortens the time to sputum Icutture fconveérsione through adjusting drug dose and
decreasing the adverse effects of Righ Ievéls of antiTB drugs.This is the first study to
investigate the influence of inappropriate (i.e. low and high) anti-TB drug dose on the

time to sputum culture conversion in MDR-TB patients.

5.13.2. Rifampicin mono-resistant TB patients

It was revealed in this study that inappropriate (i.e. low and high) anti-TB drug dose has
no influence on the time to sputum culture conversion in RMR-TB patients. Although no
difference was found in the influence of inappropriate (i.e. low and high) anti-TB drug
dosage on the time to sputum culture conversion in RMR-TB patients, We may conclude
that inappropriate (i.e. low and high) anti-TB drug dose might be one of the factors

influencing the time to sputum culture conversion.
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Figure 9 reveals that RMR-TB patients who receive any high anti-TB drug dose RMR-
TB patients who did not receive any high anti-TB drug dose. However, the estimated
survival rate was undetermined due to the Turnbull interval. One might expect that
patients who received high anti- TB dose would convert faster than patients who received
low anti-TB drug dose. This is the first study to investigate the influence of inappropriate
(i.e. low and high) anti-TB drug dose on the time to sputum culture conversion in RMR-

TB patients.

5.13.3. Isoniazid mono-resistant TB patients

It was shown in the previous section that HMR-TB patients did not receive any low anti-

TB drug dose. Inappropriate (high) anti-TB drug dose has no influence on the time to

sputum culture conversion in HMR-TB patients. Although no difference was found in the

influence of inappropriate (high) anti-TB drug dose on the time to sputum culture
—

conversion in HMR-TB patients;we-riay-conc -- tmappropriate (high) anti-TB drug

dose might be one of the factors ¢ at i e to sputum culture conversion in
HMR-TB.Figure 11 reveals that
dose tend to have worse surviva

any high anti-TB drug dose. Howevérxtﬁelesbhhﬁaf’fed stitvival rate was undetermined due

0 receive any high anti-TB drug

MIR=TB patients who did not receive

to the Turnbull interval.One mlght eXpeci'fhat patlen{s Who received high anti- TB drug

dose would convert sputum faster than patients who received low anti -TB drug dose.

Compliance rate may be another critical factor affecting the sputum conversion during
the early period of treatment. Studies have shown that concomitant prescription of at least
five anti-TB drugs and a relatively high incidence of secondary anti-TB drug—associated
side effects can cause low compliance (Lee et al., 2015). Although no significant
differences were found, it was observed in this study that suboptimal dosing could have
an effect on the time to sputum culture conversion in these groups of patients. More
studies are needed to investigate this.This is the first study to investigate the influence of
inappropriate (low and high) anti-TB drug dose on the time to sputum culture conversion
in HMR-TB patients.
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5.14.To what extent do changes in immunological and virological profile
influencetreatment outcomes in HIV-positive patients with drug resistant TB?

5.14.1. MDR-TB patients

HIV-infection is a microbiological factor that is dependent on CD4 count and viral load.
HIV-positive patientshadimmunological and virological profiles, since out of 48 HIV-
positive patients with available CD4 count data had a CD4 count  cells/mm?®. And 6

HIV-positive patients with MDR-TB had viral load less than 40 copies/ml.

Decrease in CD4 count and viral load from baseline to the end of treatment with poor
treatment outcomes were seen in 3 HIV-positive patients with MDR-TB.The 3 MDR-TB
patients received ART after TB treatment. This study finding suggests that HI\-positive

patients with MDR-TB who had a decrease in CD4 count and viral load from
baseline,right through to the end WQW had undetected antiretroviral

of poor DR-TB treatment outcomes

reported by similar previous studies(Satti et al;,2013; Andries et al., 2013).

_ o WESTERN CAPE _ -
Patients receiving concurrent DR-TB treatment and ART can experience clinical

deterioration for a number of reasons other than ART failure. This includes severe side
effects of treatment, treatment failure, new opportunistic infections and TB-associated
immune reconstitution inflammatory syndrome (Brust et al., 2010). Satti et al (2013)
shared their experience of six cases of antiretroviral drug-resistant TB patients with HIV
co-infection in Lesotho. They reported that three patients died before or immediately
after antiretroviral resistance was detected by genotyping, and the remaining three
patients’ culture converted within 2 months after being switched to effective
antiretroviral therapy containing ritonavir-boosted lopinavir. These three patients were
cured after 24 months of treatment and they showed dramatic immunological and
virological improvement. The researchers propose that where HIV-drug resistance is
suspected, switching the patients to an effective ART would improve outcomes.

Although the exact causes of HIV-drug resistance are not well defined, they point out that
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it is reasonable to suspect the prevalence and risk factors in patients co- infected with
HIV and TB. They believe that HIV-drug resistance to anti-retroviral drugs may be
related to poor clinical outcomes, but they agree that there is much more research needed
in this field and encourage researchers in other parts of the world to pursue and

investigate this.

Andries et al (2013) also agreed that HIV drug-resistance should be suspected in any
patients with HIV-infection who fail to respond to therapy despite good adherence to

treatment.

5.14.2. Rifampicin mono-resistant TB patients

Decrease in CD4 count and viral load from baseline right throughto the end of treatment

was only seen in 2 HIV-positive patient with RMR-TB. Although the outcomes of the

ent. In this study, we did not

TN T

f,resistance of ARVs as one of the
treated with ARVs. And this has

assess resistance to ARVs.Howevegz\we

been reported by similar previous-sted attetals=201.3; Andries et al., 2013).

UNIVERSITY of the
5.14.3 Isoniazid mono-resistant; [ B Raglqnﬁ N CAPE

There was no data with which to compare this group of HIV-positive patients.

5.15. Could antiretroviral duration before anti-TB treatment influence the

treatment outcomes in HIV-positive patients with MDR-TB?

5.15.1. MDR-TB patients

The HIV-positive patients with MDR-TB with available ART data before anti-TB
treatment (25) involved in this study had been on ART for216.5 days (IQR 18-1897). The
duration of exposure is long enough to show an interaction between ARVs and anti-TB

drugs, if any. Antiretroviral duration before TB treatment does not influence the
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treatment outcomes in HIV-positive patients with MDR-TB. It was shown that there are
no differences between the median duration of antiretroviral treatment in HIV-positive
patients with MDR-TB in regard toboth those who were cured and failed. This study
finding is consistent with a study conducted in South Africa that found no differences in
the duration of ARV therapy on the treatment outcomes of HIV positive patients with
MDR-TB (Mugabo et al., 2015).Antiretroviral therapy use before MDR-TB treatment
was significantly associated with higher mortality in another study conducted in Gauteng
South Africa (Umanah et al., 2015). The investigators reported these findings as
surprising because they had not been reported anywhere before by other studies. It should
be assumed that patients should have benefited from being on ARVs before MDR-TB
treatment. The authors revealed that a greater percentage of patients who commenced

ARVs before MDR-TB treatment initiation were severely underweight, had more extra-

pulmonary TB, adverse events, and with modlﬁed regimen base on patients’ history at
baseline. They also reported that=s
]

ART—frem poor adherence and treatment
failure may have been responsible fol %@?]ty rate in HIV-positive patients

P |

5.16. Are there differences in the[t{e?terthlo‘“Etcromfs among patients with MDR-
TB, and mono-resistance TB? WESTERN CAPE

It was revealed in the previous section that there are no differences among the cure rate in
MDR-TB, RMR-TB and HMR-TB patients. In this study the cure rate was high in HMR-
TB patients (56.4%), as compared to MDR-TB (42.6%) and RMR-TB patients (40.8%).
The failure rate was high in MDR-TB patients (30.7%), as compared to RMR-TB (20.%)
and HMR-TB (20.5%) patients. This study finding is consistent with a study conducted in
South Africa by Mukinda et al (2012), who compared RMR-TB and HMR-TB patients,

and demonstrated that RMR-TB was associated with failure. Other studies conducted in

who commenced ART before MD

South Africa and the United States of America reported worse treatment outcomes

inlsoniazid mono-resistant TB (Menzies et al., 2009; Jacobson et al., 2011).

Another study conducted in Europe where Isoniazid mono-resistant TB, drug susceptible
TB and MDR-TB were compared, the authorsreported Isoniazid mono-resistant TB and
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MDR-TB to be associated with failure (Fox et al., 2011). A study conducted in Peru by
Villegas et al (2016), who compared RMR-TB patients and HMR-TB patients, reported
poor outcomes such as failure and death in HMR-TB patients and failure in RMR-TB

patients.

The unknown outcome is high in RMR-TB patients (38.8%), as compared to MDR-TB
(26.6%) and HMR-TB (23.%) patients. This suggests that RMR-TB patients were more
likely to default treatment as compared to MDR-TB and HMR-TB patients. Mukinda et
al. (2012) revealed that RMR-TB was linked to treatment default.

5.17. Could the replacement of ofloxacin by moxifloxacin influence the treatment

outcomes in drug-resistant TB patients?

lﬂm—!I differences between the cure rate in

MDR-TB patients receiving eltkﬂgg\o{l\())ﬁafjmﬁPrl,r{]qygiﬂlcr)xacin-containing regimen. The

5.17.1. MDR-TB patients

|

From section 4.15.1, it was showr

cure rate was higher in MDR-TBn‘p@ti_sgqts-iy\f}ge.\reggi__\{qd moxifloxacin-containing regimen
(46.9%), as compared to MDR-TB patients who received Ofloxacin-containing regimen
(38.%). The failure rate was high in MDR-TB patients who received ofloxacin-containing
regimen (32.%) as compared to MDR-TB patients who received moxifloxacin-containing
regimen (26.5%). The unknown outcomewas almost similar in MDR-TB patients who
received ofloxacin-containing regimen (28.%) and MDR-TB patients who received

moxifloxacin-containing-regimen (26.5%).

Although there were no statistically significant differences in the treatment outcomes in
MDR-TB patients that received either ofloxacin or moxifloxacin-containing
regimen.There were a limited number of patients involved in the study. These study
results show that, in spite of the limited number of patients, the replacement of ofloxacin

by moxifloxacin did not improve the outcomes in MDR-TB patients.Studies have shown
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that the current dosesof moxifloxacin (400 mg) and ofloxacin (800 mg) may thus be
suboptimal for the treatment of drug-resistant tuberculosis if a pharmacodynamic target

of fAUCO _24/MIC =100 correlates better with successful clinical outcomes (Chigutsa et
al., 2012; Zvada et al., 2014). They propose susceptibility breakpoints of 0.125 mg/liter

for 400 mg dose of moxifloxacin and 0.25 mg/liter for 800 mg ofloxacin. They believe
that the current doses of 800 mg ofloxacin and 400 mg moxifloxacin may be related to
poor clinical outcome, but agree that there is much more research needed in this field and

they encourage researchers in other parts of the world to pursue and investigate this.

Our findings support the view of Chigutsa et al (2012) and Zvada et al (2014)which
revealed that the current doses of 800 mg ofloxacin and 400 mg moxifloxacin used in the
treatment of MDR-TB patients in South Africa is related to poor clinical outcomes.

Zvada et al (2014) revealed that the currently used dose of moxifloxacin 400 mg is more
,.--"ﬁ"‘-—.

e=freatment of multidsug-resistant TB patients. They
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T’_\ IF E'H' g could achieve better outcomes
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5.17.2. Rifampicin mono-resistant TB patients =~
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efficacious than ofloxacin in

revealed that doubling the dose o

in patients.

From section 4.15.2, we see that the cure rate was higher in RMR-TB patients who
received moxifloxacin-containing regimen (45.%), as compared to RMR-TB patients
who receive ofloxacin-containing regimen (33.3%). The failure rate was high in RMR-
TB patients who received ofloxacin-containing regimen (28.%) as compared to RMR-TB
patients who received moxifloxacin-containing regimen (15.%). The unknown outcome
was high in RMR-TB patients who received ofloxacin-containing regimen (38.1%), as
compared to RMR-TB patients who received moxifloxacin-containing regimen (2%).
Although no significant difference was observed between the treatment outcomes in
RMR-TB patients that received either ofloxacin or moxifloxacin-containing regimen,
from the result we could suggest that the replacement of ofloxacin by moxifloxacin tends
to improve the outcomes in RMR-TB patients.However, a limited number of patients

were involved in the study.
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5.17.3. Isoniazid mono-resistant TB patients

As shown in section 4.15.3, the cure rate was high in HMR-TB patients who received
ofloxacin-containing regimen (85.7%), as compared to HMR-TB patients who receive
moxifloxacin-containing regimen (33.3%). The failure rate was worse in HMR-TB
patients who received moxifloxacin-containing regimen (44.4%), as compared to HMR-
TB patients who received ofloxacin-containing regimen (0%). The unknown was high in
HMR-TB patients who received moxifloxacin-containing regimen (22.2%), as compared
to HMR-TB patients who receive ofloxacin-containing regimen (14.%).Although there
were no differences in the treatment outcomes in HMR-TB patients who received either
ofloxacin or moxifloxacin-containing regimen, we could say that the replacement of

ofloxacin by moxifloxacin did not improve the cure rate in all 39 HMR-TB patients.
= Sy

mg does not improve treatment

outcomes in HMR-TB pati fS.—Studies—have—shown that the current doses for
moxifloxacin (400 mg) and oflokacir @bdrﬁm h‘ay ihdé be suboptimal for the treatment
of drug-resistant tuberculosis n}‘ a pharmacoa'ynamlc target of fAUCO _24/mIC =100
correlates better with successful clinical outcomes (Chigutsa et al., 2012; Zvada et al.,
2014). Our findings support the view of Zvada et al (2014) whichrevealed that the current
dose of 400 mg moxifloxacin used in the treatment of DR-TB patients in South Africa are

related to poor clinical outcomes.

5.18. Could the fact of being infected with pulmonary TB, extrapulmonary TB, or
co-infected with pulmonary TB and extrapulmonary TB affect the treatment

outcomes in drug resistant TB patients?

5.18.1. MDR-TB patients.

161



In the previous chapter, we have demonstrated that there are no significant differences
among the treatment outcomes in MDR-TB patients infected with pulmonary TB,
extrapulmonary TB and co-infected with pulmonary TB and extrapulmonary
respectively. Due to the limited number of patients with extrapulmonary TB and patients
co-infected with pulmonary TB and extrapulmonary TB, we cannot definitely conclude
that indeed no significant differences exist in the treatment outcomes among these groups

of patients.

The cure rate was poor in MDR-TB patients infected with extrapulmonary (38.46%) and
MDR-TB patients infected with pulmonary TB (42.%), as compared to MDR-TB patients
co-infected with pulmonary TB and extrapulmonary TB (75%). The failure rate was high
in MDR-TB patients infected with pulmonary TB (31.7%), as compared to MDR-TB
patients infected with extrapulmonary TB (23 %). The unknown outcome was high in

MDR-TB infected with extrapu@@ﬁﬁﬁ:ﬁﬁgﬁ;:as compared to MDR-TB patients

LI Y
infected with pulmonary TB (2%)-aad-MDR-I.B patients co-infected with pulmonary TB
and extrapulmonary TB (25%). In t [s ﬂ\F—d;r it |was |bbserved that MDR-TB patients
infected with pulmonary TB were-rrorelikely-to-fail-treatment, as compared to MDR-TB

patients infected with extrapulmonaiATBiand Ipatients«co-infected with pulmonary TB
and extrapulmonary TB. This tutly’ findifig “aré- cohsistent with studies conducted in
South Africa and the United States of America that reported poor treatment outcomes in
MDR-TB patients infected with extrapulmonary TB (Gandhi et al., 2012; Kurbatova et
al., 2012).

5.18.2. Rifampicin mono-resistant-TB patients

The cure rate was poor in RMR-TB patients infected with extrapulmonary TB (0%) as
compared to RMR-TB patients infected with pulmonary TB (41.8%). Although the
number of patients involved was few and there were a limited number of patients
involved in the study.

The failure rate was highin RMR-TB patients infected with extrapulmonary TB (50%), as
compared to RMR-TB patients infected with pulmonary TB (19.%). The unknown
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outcome was high in RMR-TB patients infected with extrapulmonary TB (50%), as
compared to RMR-TB patients infected with pulmonary TB (38.8%). There were no data
to compare the outcomes in RMR-TB patients co-infected with pulmonary TB and
extrapulmonary TB. This suggests that RMR-TB patients infected with extrapulmonary
TB tend to have worse treatment outcomes as compared to RMR-TB patients infected
with pulmonary TB. Studies have revealed an association between RMR-TB and
extrapulmonary TB (Sandman et al., 1999; Vernon et al., 1999).But no recent studies
have looked at the influence of DR-TB localization on the treatment outcomes in RMR-
TB.

5.18.3. Isoniazid mono-resistant TB patients

The cure rate was lower in Isoniazid mono-resistant TB (HMR-TB) patients infected with
r-;:-f'-“":'-\::.""

pulmonary TB (54.%) as compareg=te - s infected with extrapulmonary

| mi

TB (100%). The failure rate was B in-HvR=T-Bapatients infected with pulmonary TB
(21.6%) as compared to HMR-TB| patien ir11 eCte th extrapulmonary TB (0%). The
unknown outcome was high in B pati fected with pulmonary TB (24.3%) as
compared to HMR-TB patients ‘with' éxtraptiimonafy TB (0%). There were insufficient

B e i S0 _
data to compare the outcomes in I-iM'R-TB'{pEtle%tsi‘c!o-!lnfected with pulmonary TB and

extrapulmonary TB. This suggests that HMR-TB patients infected with extrapulmonary
TB tend to have better treatment outcomes as compared to HMR-TB patients with

pulmonary TB. But we had only a few patients infected with extrapulmonary TB.

5.19. Limitations of the study

This was a retrospective study so data collection was based on the available clinical
records and the data available in the drugresistant tuberculosis register. There was no
balance in the DR-TB localization dataamong the drug resistant TB group of patients.
Mostpatients were infected with pulmonary TB, few patients were infected with
extrapulmonary TBvery few patients were infected with both pulmonary and

extrapulmonary TB. It was thus difficult to compare the cure rates in this group of
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patients. Our sample size was too small for us to evaluate some well-known types of
extrapulmonary TB (e.g., pleural, cutaneous, pericardial, lymph nodes, meninges,
peritoneal cavityand intra-abdominal organs). In addition, there was no balance in the
drug resistance TB data. Few patients had Isoniazid mono-resistant TB, and thus it might
be difficult to conclude the influence of drug resistance on the treatment outcomes in
patients.Limited CD4 counts and viral load data prevented assessment of whether the

changes in CD4 count and viral load influenced the treatment outcomes.

Notably, the scope of this study did not extend to explore the influence of genotypic
strains of Mycobacterium tuberculosis on MDR-TB, RMR-TB and HMR-TB clinical

outcomes, which is an important microbiological factor to be considered.
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CHAPTER SIX: CONCLUSION AND RECOMMENDATIONS

6.1 Conclusion

In conclusion, we were able to achieve most of the objectives set out for this study. This was
successfully achieved by using the ICLIFETEST procedure for the determination of time to
sputum clearance in both groups of patients. We therefore accept the null hypotheses in our first

and second experimental hypotheses.

We found no evidence of a significant difference between the two population groups with regard
to time to sputum culture conversion, the exception to this being with regard to survival time,
which was not defined, indicating that MDR-TB and RMR-TB patients with HIV infection who
survived during DR-TB treatment had WoQ/_i_\_/aI prospects than HIV-negative MDR-TB,

—
and RMR-TB patients. e :Hﬁ""

HIV-positive patients with Isoniazid o survived during DR-TB treatment

tend to survive longer before experienging ation than HIV-negative patients with

HMR-TB. UNIVERSITY of the

WESTERN CAPE
The ICLIFETEST procedure was also used to correlate the effect of inappropriate anti-TB drug

dose on the sputum culture conversion time in MDR-TB, RMR-TB and HMR-TB patients. We
found no evidence of a significant difference between the two population groups with regard to
the effect of inappropriate anti-TB drug dose on the time to sputum culture conversion in MDR-
TB, RMR-TB and HMR-TB patients, the exception to this being with regard to survival time
which was not defined,. We therefore fail to reject our experimental hypotheses and accept the

null hypotheses in these cases.

We found that treatment outcomes were statistically significantly worse for HIV-positive
patients with MDR-TB as compared to HIV- negative patients despite early sputum culture
conversion. We also found that treatment outcomes were statistically significantly worst for
HIV-negative patients with HMR-TB as compared to HIV —positive patients with HMR-TB

despite early sputum culture conversion. We therefore accept our experimental hypotheses. We
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found no evidence of a significant difference between the other microbiological parameters
studied with regard to MDR-TB, RMR-TB and HMR-TB treatment outcomes. We therefore fail

to reject our experimental hypotheses and accept the null hypotheses in these cases.

Our research was limited by an unbalanced distribution in Isoniazid mono-resistant TB cases,
extrapulmonary TB cases, and ART history, as well as the inability to assess whether changes in
CD4 counts and viral load affects the treatment outcomes in DR-TB patients.

This study shows that early (microbiological outcome) sputum culture conversion does not
suggest early clinical recovery. This is suggestive of other factors e.g pharmacokinetic, drug-
drug interactions, such asARVs and anti-TB drugs, drug-food interactions, drug-disease
interactions that influence the treatment outcomes in drug-resistant TB patients.

..-F"""-..’“‘-‘-_"‘--..__

Therefore with regard to the result obtal in-thi pé can conclude that the objectives of

| [
e The sputum culture conversief-time=in ts and DR-TB co-infected with HIV
was described. UNIVERSITY of the

the present study were achieved:

e HIV infection does not have'aAyinfliénce oh thé time to sputum culture conversion in
DR-TB patients.

e Inappropriate (i.e low and high) anti-TB drug dose does not have any influence on the
time to sputum culture conversion in DR-TB patients.

e Antiretroviral duration before TB treatment does not have any influence on MDR-TB
outcomes.

e There are no differences in the treatment outcomes between MDR-TB and mono-
resistant—TB cases.

e The replacement of ofloxacin by moxifloxacin does not improve the treatment outcomes
in DR-TB patients.

e The fact of being infected with extrapulmonary TB does not influence the treatment

outcomes in DR-TB patients.
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This objective was not achieved due to limited data
e Changes in CD4 count and viral load from baseline to the end of treatment do not

influence the treatment outcomes in HIV-positive patients with DR-TB.

UNIVERSITY of the
WESTERN CAPE
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6.2 Recommendations
Based on the above-mentioned limitations, the following should be considered for future studies:

e Changes in CD4 count at different intervals should be determined, because it helps to check
the relationship between HIV infection and treatment outcomes i.e. HIV drug resistance,
which will aid to know if HIVV-positive patients need to switch to other ARVs.

e Studies are neededwith a higher number of HIV-positive patients with drug-resistant TB,
with available immunological and virological data to give a better understanding of the
influence of the immunological and virological profile on DR-TB treatment outcomes.

e Sputum culture reversion should be studied and the real causes or risk factor for culture
reversion should be studied.

e Further characterization of these patienE__vy_i_th delayed conversion is needed to determine

six months of treatment.

e Studies are needed with higher n

confirm and extend the understanding of the influence of

HIV- infection on the time to sputu‘hlichlfu%bbbﬂv‘érsfoﬁ'f
WESTERN CAPE

Isoniazid mono-resistant TB to

e Studies focusing on inappropriate (low and high) anti-TB drug dose to look at patient’s body
weight for the 24 months of treatment and the dose of anti-TB drugs patients were receiving.
These studies would also have to find out the reason why patients were receiving
inappropriate anti-TB dose, to check if they had other co-morbidities or if thedrug dose was
adjusted by the clinicians and the reasons.

e More studies are needed to investigate the influence of ART before anti-TB treatment on
MDR-TB treatment outcomes.

e More studies are needed to look at the influence of DR-TB localization on MDR-TB, RMR-
TB, and HMR-TB treatment outcomes.

e Influence of HIV infection on the time to sputum culture conversion in RMR-TB and HMR-
TB patients should be studied.
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Larger number of extrapulmonary TB patients should be studied (e.g., pleural, cutaneous,
pericardial, lymph nodes, meninges, peritoneal cavity, and intra-abdominal organs) and their
influence on the treatment outcomes in Rifampicin mono-resistant TB, Isoniazid mono-
resistant TB and MDR-TB patients.

One microbiological factor that was not assessed in this study is the genotypic strain of
Mycobacterium tuberculosis on the treatment outcomes in MDR-TB, RMR-TB, and HMR-
TB patients. This is an important microbiological parameter that should be considered in

further studies.

There is much more research needed in the area of microbiological parameters in MDR-TB,
RMR-TB and HMR-TB patients, especially in South Africa. Even greater is the need to
explore these microbiological parameters in the HIV positive population, as these patients

make up a significant proportion of the DR-TB patient population in South Africa. Further

investigation with a high number of patierts=iS-reguired in order to establish if these patients

M
igh)fanti-TB drug dose, and whether or not
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