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ABSTRACT

Background: The HIV pandemic has led to a resurgence of tuberculosis. and with it. increased
need for prompt and appropriate diagnosis. treatment and management ol tuberculosis in HIV-
nfected individuals, Objectives: To determine. among ambulant HIV infected individuals in
Dar es Salaam, the prevalence of tuberculosis. actiological mycobacterial species and their
susceptibility to first-line anti-TB drugs.

Methodology: During the study period. January 1o June 2004, a total of 3064 sputum specimens
from 1688 known HIV infected patients. 473 (28".) males and 1215 (72%) females. aged
between [N and 70 years (mean 44 vears) were examined by micrescopy and growth on
Lowenstein Jensen medium. Positive cultures were identified to species fevel by growth and
biochemical characteristics. Drug susceptibifity was performed by the cenventional proportional
method to four first line TB drugs- ritampicin. cthambutol. isoniazid and streptomycin. Results:
The prevalence of tuberculosis was 5.2%. Majoritv (33.8%) of the isolates were M. tuberculosis,
most of which (89.3%) were fully sensitive to the first line anti-tuberculous drugs. M. fortitum
and other NTM were isolated from ten (19.2%) and nine (17.3%) patients respectively. Five
(9.7%) isolates were untypable .MDR was 3.6 %. 66.7%. 90%. and 20% for MTB, NTM, M.
tortium and untypable isolates. Conclusion: [n this population of ambulant HIV patients. with
CD 4 counts = 200 cells/ml. the prevalence ot tuberculosis was low (3.2%) and was not
correlated with CD4 counts. Majority (53.8%) of the isolates were M. ruberculosis and were
fully sensitive to the first line drugs with only one isolate (3.6%) being multi drug resistant.
Recommendations: There is a need for simple and rapid techniques for identification and
speciation of mycobacteria and for anti-TB drug sensitivity surveillance. The high isolation rate

of NTM needs to be investigated further.
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1.0 INTRODUCTION AND LITERATURE REVIEW

1.1 General introduction

Worldwide. tuberculosis is the miost common opportunistic infection aftecting HiV-
seropositive individuals (1. 2) und the commonest cause of death in patients with AIDS
killing 1 of every 3 patients (). The World Heaith Organization (WHO) estimates that
one-third of the world's populution is infected with Mycobacterium tuberculosis.
resulting in an estimated 8 million new cases of tuberculosis and nearly 2 million deaths
each year (4). Approximately 10 million people are estimated to be coinfected with M
twberculosis and HIV. and over Y0% of these dually infected individuals reside in
developing nations. In some arcas of sub-Saharan Africa, the rates of coinfection exceed
1.000 per 100,000 population (1. Because of the relentless spread of tuberculosis
throughout the world. the World Health Organisation (WHO), in 1993, 100k the
unprecedented step of declaring tuberculosis a global emergency (6).

The burden of HIV related tuberculosis is not evenly distributed as it is determined by
the overall prevalence of infection by the tubercle bacilius and HI'V in the community
(7). From the global perspective, the region most affected is sub-Saharan Africa, where
83% of all AIDS related deaths have occurred (8-10). Since the early 1980s, HIV
infection has emerged as by far the most important of all the predisposing factors for
tuberculosis (11). In persons co-infected with the tubercle bacillus and HIV, the overall
annual risk of developing active tuberculosis rises 20 times (12). This risk however,
depends on the degree of immunosuppression. with AIDS patients having the greatest

risk, therefore HIV and M tuberculosis "have been dubbed the cursed duet” (13).
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Tuberculosis in HIV positive persons could be due to reactivation, primary infection or
reinfection with tubercle bacillus (14). The risk of primary infection and reinfection with
wherculosis s related 1o the prevalence of tuberculosis in a community (13).

Infection with M wberculosis occurs after inhaling particles (<35 um in size) containing
the tuberele bacilli (16). If the bacilli reach the pulmonary alveoli, they may be ingested
by alveolar macrophages. which are the first line of defence against M tuberculosis.
Surviving tubercle bacilli multiply within the macrophage and eventually undergo
haematogenous spread to other areas of the body. Although the immune response to M
wberculosis 1s important in controlling disease. immune activation may also be
associated with increased HIV viral load and accelerated progression of HIV infection
(17). Thus. 1t 1s likely that tuberculosis acts to accelerate the clinical course of HIV

nfection.

1.2 Clinical presentation of HIV related tuberculosis

The nature, presentation, clinical and radiological features of tuberculosis depend on the
degree of immunosuppression. In individuals with high CD4+ cell counts, and a low
viral load. the manifestations and presenting symptoms of tuberculosis are essentially
similar to those in HIV negative persons. As HIV infection progresses, the CD4 + T-
lymphocytes decline in number and function. Thus, the immune system becomes less
able to prevent the growth and local spread of M.tuberculosis. characterized with
dissemzaied and extra pulmonary forms of the discase (18). There 1s an increasing

incidence of atypical presentations of tuberculosis. and diagnostic difficultics are posed
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by the rather non-specific presenting features. which may be confused with those of
other HIV related infections (19-21). These atvpical forms of tuberculosis include rapid
progression of clinical discase after infection and a high proportion of extrapulmonary,
multisite, and widely disseminated tuberculosis.

The commonest forms of extrapulmonary tuberculosis include pleural effusion,
lymphadenopathy, pericardial disease. miliary disease. meningitis and disseminated
tuberculosis (with mycobacteracmia). For reasons that are not clear, involvement of the
central nervous and genitourinary systems is. relative to the industrialised countries,
uncommon in Africa (22).

The table 1 summarizes the clinical picture. sputum smear result and CXR appearance in

early and late HIV infection.

Table I: Clinical picture, sputum smear results and CXR appearance in early and

late HIV infection

Features of PTB Stage of HIV infection
Early Late
Clinical picture Often resembles post- Often resembles primary
primary PTB PIB
Sputum smear result Often positive Often negative
CXR Often cavities Often infiltrates with no

cavities.




1.3 Diagnosis of tuberculosis

Traditionally, the diagnosis of tuberculosis has been made on the basis of clinical
findings. chest radiographs and confirmed by microscopic demonstration of acid-fast
bacilli in biological specimens and by in vitro cultivation of tubercle bacilli. These
methods remain the "gold standard" for diagnosis. However, neither of the above
approaches is completely satisfactory and attention has recently turned to molecular
methods of diagnosis which are more sensitive. An overview of the TB diagnostic

methods is presented below.

1.3.1 Clinical Diagnosis

The clinical manifestations of tuberculosis largely depend on the site of infection and
degree of immunosuppression. Irrespective of this, the pulmonary form of tuberculosis is
the most common type of tuberculosis and is the most important one for control
programmes. Patients with pulmonary tuberculosis usually present with weight loss and
productive cough for more than three weeks (23). These defining symptoms and others
such as haemoptysis, night sweats, chest pain, dyspnoea, fever and anorexia have been
shown to be common presenting symptoms of patients with pulmonary form of TB (23-
25). A history of contact with a known case of tuberculosis is also considered as one of
the main criteria for the diagnosis of tuberculosis especially in children less than five

years of age (26, 27). It is important to note that many patients with extra pulmonary
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tuberculosis also have pulmonary tuberculosis (28. 29). The clinical manifestations of
extra pulmonary TB. in addition to the constitutional features i.e. fever, night sweats ana

weight loss, include symptoms specitic to the affected body site (23).

1.3.2 Chest radiography

The radiological appearance ot pulmonary tuberculosis in both HIV negative and HIV
seropositive patients is very variable. but more so in the latter (30, 31). Classical chest
radiograph appearances of tuberculosis are seen in approximately one third of HI\Y
infected patients while the others show a range of atypical appearances. In HIV-related
tuberculosis there is significantly increased incidence of lymphadenopathy, pleural
effusions, parenchymal changes, consolidation and miliary disease, but significantly less
cavitary disease and atelectasis (23,24,31). Intrathoracic lymphadenopathy, uncommon
in HIV uninfected adults with post-primary tuberculosis, is evident in 25%-50% in HIV
infected adults with pulmonary tuberculosis (32). The occurrence of normal radiographs
in 7-14% of cases (33, 34) and of atypical radiological manifestations in HIV related
pulmonary tuberculosis has implications for the accurate diagnosis of the disease and a
high index of suspicion must be maintained in evaluating an HIV-infected patient with

symptoms suggestive of tuberculosis.
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1.4 Laboratory diagnosis of tuberculosis

For laboratory investigations. usually three sputum specimens are collected, two spot
specimens and one morning specimen. The morning specimens are more likely to vield
positive results. Approximately 80% of patients ultimately smear positive will be so on
the first specimen, an additional 15% on the second and 5% on the third (35). The
recommended volume of sputum to be collected should be about 3 mls (36). The qualit
of specimen is of utmost importance. A good sputum specimen consists of freshly
expectorated material from the bronchial tree, with minimum amounts of oral or nasal
material. Satisfactory quality implies the presence of mucoid or mucopurulent material,
The type of sputum container is important; it should be wide mouthed. made of break-
resistant plastic. with a screw cap to prevent leakage, desiccation and aerosol formation.
Specimens should be transported to the laboratory as soon as possible after collection. I
a delay is unavoidable the specimens should either be refrigerated or mixed with
cetylpyridinium chloride-sodium chloride (CPC-NaCl) to inhibit the growth «

contaminants.

1.4.1 Microscopic examination

The use of microscopy to reach a rapid preliminary diagnosis of tuberculosis is of great
value especially in the detection of active, infectious cases. Smear microscopy is a rapid
diqgnostic technique with a turnaround time of one working day from specimen receipt.
However, a direct smear has limited sensitivity and specificity (37) since it can only

detect 5000-10000 acid-fast bacilli (AFB) per millilitre of specimen. The concentratios



of decontaminated specimens by centrifugation increases the detection of mycobacteria
by smear microscopy by up to 20% without much extra input (38, 39).

The two most commonly used stains are the Ziehl-Neelsen method, which involves
staining with a strong carbol fuchsin dye. and decolourised upon washing with acia
alcohol and the auramine-rhodamine flourochrome. which requires a fluorescence
microscope (40). Fluorescence acid fast staining increases the sensitivity because slides
can be examined faster at lower magnifications and shortens the time required for
reading smears but is more expensive than conventional Ziehl-Neelsen (ZN). In

addition. fluorescence positive slides must also be confirmed by ZN staining (41)

1.4.2 Culture-based-techniques

Definitive diagnosis of tuberculosis can only be done by culturing clinical specimens
and further testing the isolates in view of their identification. Culturing of clinical
specimens increases the case detection rates because the sensitivity of culture is much
higher than that of the smear microscopy since it can detect 10 to 10% bacilli per ml (42).

There are numerous TB culture methods, a few of which are discussed below:

1.4.2.1 Traditional culture methods

Traditional culture for mycobacteria is performed on either solid or liquid media such as
Lowenstein Jensen media (LJ) or various Middlebrook formulations (7H9, 7H10, and
TH11). Methods based on a combination of liquid or biphasic (solid and liquid) media

together with solid media are used to attain maximum sensitivity of detection and are



considered to be the current gold standard tor culture. The mean time for detection of the
VL bercudosis complex is about 20 davs for currently used solid media (43).

['he choice and preparation of specimens by various pre-treatment procedures has
rremendous influence on the sensitivity of results. The positivity of culture largely
depends on the technique of decontamination used by various laboratories. visa viz the
chemicals used for decontamination and the centrifugation method adopted for
processing specimens for culturing mycobacteria by inoculating into solid or liquid
media (44).

Although a combination of solid and liquid media is currently the gold standard for the
primary isolation of mycobacteria. a few modern. rapid methods are also available (43-
48). These include micro-colony detection on solid media (including the rapid slide
culture technique), septicheck AFB method, and microscopic observation in broth
culture (MODS), the BACTEC 460 radiometric svstem. BACTEC MGIT 960 system
(Becton Dickson), MB/BucT system (Organon Teknika). and the ESP IT culture system

(43-48).

1.4.2.2 Radiometric BACTEC 460 TB mecthod

This technique is specific for mycobacterial growth, wherein '*C labelled palmitic acid
in 7HI2 medium is used. This system detects the presence of mycobacteria based on
their metabolism (49) rather than visible growth. When the '* C labelled substrate
present in the medium is metabolised. C0, is produced and measured by the BACTEC

svstem instrument and reported in terms of growth index (GI) values. The BACTEC
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system is also useful in the identification of M.nberculosis using the specific inhibitor,
para-nitro-a-acetylamino-b-hvdroxypropiophenone.  Using the same system. drug
susceptibility tests can also be performed for all the anti-tuberculous drugs when
sufficient GI is observed. Using this system mycobacteria can be detected in half the
time compared to conventional culture (30). However the BACTEC 460 procedure is

labour intensive and involves the use of radioactive material, which requires special

safety and regulatory approvals (51-53).

1.4.2.3 MGIT 960 mycobacteria detection svstem

It is an automated system for the growth and detection of mycobacteria with a capacity
to incubate and continuously monitor 960 mycobacteria growth indicator tubes (MGIT)
every 60 minutes for increase in fluorescence (34-36). Growth detection is based on the
AFB metabolic O, utilisation and subsequent intensification of an O, quenched
fluorescence dye contained in a tube of modified MGIT. A series of algorithms are used
to determine presumptive positivity and alert the operator to the presence and location of

the tubes.

1.4.2.4 MB/BacT System

This i1s a non-radiometric continuous monitoring system with computerised data base

management. The system is based on calorimetric detection of CO, (54)



1.4.2.5 SP Culture system 11

This is a fully automated continuous monitoring system based on the detection of
pressure changes within the headspace above the broth culture medium in a sealed
bottle. i.c. either gas production or gas consumption due to microbial growth (57, 58). A

special detection algorithm is present in this svstem for detection of very slowly growing

mycobacteria

1.4.2.6 Microscopic observation of broth cultures

This is a rapid and relatively inexpensive method. which compares very well with other
established systems in terms of both sensitivity as well as specificity. and also to some
extent with speed when compared to solid media. Although this technique may be
appropriate for high burden countries, it requires relatively expensive Middlebrook 7H9
broth, oleic acid dextrose catalase (OADC) and anti-microbial supplements and a
relatively high technical skill (59).

A comparison between detection time and isolation rates for mycobacterial isolates

between the BACTEC 460 method and conventional culture media is shown in table II

over leaf.



Table IT: Comparison of detection times of the different culture systems

CULTURE MEDIUM AVERAGE DETECTION ISOLATION RATE IN %*

TIME IN DAYS

BACTEC 460 - 7TH12 14 72
LOEWENSTEIN-JENSEN 28 62
MIDDLEBROOK 7H10 21 56
MIDDLEBROOK 7H11 21 52
L.J+7H10 + 7TH11 26 89

Rates calculated using the total number of isolates detected by all four methods as

denominator

1.4.2.7 Micro colony detection on solid media

In this method plates poured with thin layer of Middlebrook 7H11 agar medium are
incubated and examined microscopically on alternate days for the first 2 days and less
frequently there after. In less than 7 days. micro colonies of slow growing mycobacteria

such as M.tuberculosis can be detected. Though this method is less expensive and



requires about half the time needed for conventional culture. the recovery of

mycobacteria is less efficient and is labour intensive.

1.4.2.8 Septi-check AFB method

The Septi-check AR svstem consists of a capped bottle containing 30.0mls of
Middlebrook 7HY broth under enhanced (3-8%0) COs. a paddle with agar media enclosed
in a plastic tube. and enrichment broth containing glucose. glycerine. oleic acid,
pyridoxal. catalase. albumin, polyoxyethylene 40 stearate. azlocillin. nalidixic acid,
trimethoprim. polvmyxinB, and amphotericin B. One side of the paddle is covered with
non-selective Middlebrook 7H11 agar and the reverse side is divided into two sections:
one contains 7H11 agar with para-nitro-a-acetylamino-b-hvdrodxypropiophenone (NAP)
for differentiation of M.zuberculosis from other mycobacteria. the other section contains
chocolate agar for detection of contaminants.

This non-radiometric approach has the potential to expedite processing. obviate CO;
incubation requirements and facilitates early detection of positive cultures since it
requires about three weeks of incubation. The unique advantage of this technique is the
simultaneous detection of M.tuberculosis, non-tuberculous mycobacteria. other

respiratory pathogens and even contaminants.



1.5 Identification of mycobacterial species

Mycobacteria isolated from clinical specimens should be rapidly identified to species
level whenever possible for a better understanding of the etiology and for proper
interpretation of drug surveillance test results (49. 60-63).

Mycobacterial speciation can be carried out by various methods ranging from
conventional biochemical tests (60, 62, 64-67) to modern high-tech molecular biological
methods. These speciation methods can be brietly classified as:

(1) Phenotypic characterization, which is mainly based on growth rate, pigment
production, and temperature preference.

(11) Biochemical typing tests for identification of mycobacterial species include
susceptibility to thiophene-2-carboxylic acid hydrazide. susceptibility to p-
nitrobenzoic acid, as well as tests for nitrate reductase, niacin accumulation,
catalase and pyrazinamidase (40, 68-69). All these biochemical tests are
subjective, tedious, slow and inconsistent. For example. although M.bovis is
inherently resistant to pyrazinamide and M. tuberculosis is considered
pyrazinamide-sensitive, some pyrazinamide resistant isolates of
M.tuberculosis have been found (70).

(itf)  Analysis of lipids by gas chromatography, mass spectrum and high pressure
liquid chromatography (HPLC).

(iv)  Probe based identification, which includes peptide nucleic acid (PNA) and
florescence in-situ hybridization assays for identification of mycobacteria

species. PNA is a novel DNA mimic in which sugar phosphate backbone of



DNA has been replaced by a polyamide backbone. The uncharged nature and
high conformational flexibility of PNA allows PNA probes to hybridise DNA
or RNA with excellent affinity and specificity. The sensitivity of
M.uibercutosis (MTB) probe targeting MTB complex was reported to be
98%. The sensitivity of NTM species. however, was only 57% since these do
not target all NTM species (71).

(V) Sherlock mycobacteria identification system (SMIS) that uses computerized
software to identify mycobacterial species on the basis of the mycolic acid
pattern generated by HPLC (72).

(vi)  PCR restriction enzyme analysis that exploits the 65kDa hsp gene and 16s
rRNA gene for identification purposes (73, 74).

(vil)  DNA chips: this is a technology still under development that appears
promising and involves oligonucleotide arrays or DNA chips (molecular
biology coupled with computer technology), which have been designed to
determine the specific nucleotide sequence diversity of the rpoB and 16s
rRNA genes for species identification (75).

It is important to note that each of the above method has its merits and demerits and

the choice of the test 1o be used has to be guided by feasibility in a testing facility.

1.6 Detection and identification of mycobacteria directly from clinical samples
Mycobacterial isolates have traditionally been identified to the species level based on

their reactions in a series of phenotypic and biochemical tests. However. the biochemical



reactions of the same species may vary from cach other and trom time to time, and in
many cases no definitive identification is obtained (76). Because biochemical testing is
slow. cumbersome. and may yield ambiguous results. laboratories are increasingly using
molecular methods for species identification. Both genotypic and phenotvpic methods
are available and modifications to them are continuously being made. Some of these

methods are briefly discussed in the sections below.

1.6.1 Genotvpic methods

1.6.1.1 Polymerase chain reaction (PCR)

PCR allows sequences of DNA present in only a few copies of mycobacteria to be
amplified in vitro such that the amount of amplified DNA can be visualized and
identified. If appropriate sequences specific for AM.ruberculosis are selected. 10-10,000
organisms can be rapidly identified (77). The PCR method is rapid. with results being
available within a day of DNA extraction from the sample. A number of target genes of
mycobacterial DNA have been evaluated for diagnosis by PCR and various other
genotypic methods. The most common target used in the PCR is the IS6110 (78). This
sequence is specific for M.tuberculosis complex and is present up to 20 times in the
genome, thus offering multiple targets for amplification. PCR detection of [IS6110 in
sputum (in pulmonary TB) and peripheral blood (in extra pulmonary TB). when
compared to culture has a sensitivity, specificity and positive predictability of 83%,
99%, and 94.2% respectively. A variety of PCR methods have been described in the

search for a sensitive and reliable screening test for tuberculosis in clinical specimens.
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Species-specific and genus-specific PCR methods are being used with various
modifications of PCR (79). These include Transcription mediated amplification (TMA)

and Nucleic acid amplification (NAA) (80).

1.6.1.2 Transcription Mediated amplification (TMA) and nucleic acid amplification

This approach identifies the presence of genetic information unique to M. ruberculosis
complex directly from pre-processed clinical specimens (81). The NAA technique uses
chemical rather than biological amplification to produce nucleic acid, so that within a
few hours these tests distinguish between M.tuberculosis complex and NTM in an AFB
positive specimen. It is currently used only for respiratory specimens: use for non-
respiratory specimens is hikely in the near future.

A positive direct amplified test in conjunction with an AFB positive smear is highly
predictive of TB disease. A negative NAA with an AFB positive smear is probably
NTM.

The results of NAA are preliminary and mycobacterial culture is still needed for species
identification/ confirmation and for drug susceptibility testing.

The M.tuberculosis direct test (MTD) and amplified mycobacterial direct test (AMDT)
are highly sensitive (96%) and specific (100%) for M.tuberculosis on specimens that are
smear positive for AFB (82). However occasional false positives or false negative

results have been reported which are either due to the presence of few bacilli or due to



contamination (83, 84). Another disadvantage of the technique is that both viable and

dead bacilli can give positive results as the DNA of both can be amplified (85. 86).

1.6.1.3 The Ligase chain reaction:

This method 1s a variant ot PCR. in which a pair of oligonucleotides is made to bind to
one of the DNA target strands. so that they are adjacent to cach other. A second pair of
oligonucleotides is designed to hybridise to the same region on the complementary
DNA. The action of DNA polymerase and ligase in the presence ot nucleotides results in
the gap between adjacent primers being filled with the appropriate nucleotides and
ligation of the primers. The LCX M.tuberculosis assay kit (ABOTT) is mainly being
used for respiratory samples and has a high overall specificity and sensitivity for smear
positive and negative specimens (87)

Other modifications of PCR inciude;_strand displacement amplification (SDA ). nucleic
acid sequence based amplification (NASBA), branched DNA (b-DNA) and line probe
assay (LiPA) (49, 88). Despite the numerous advantages of these techniques, the high
cost of the technology, limits their routine use in clinical laboratories in low-income

countries (89).

1.6.2 Phenotypic methods

1.6.2.1 FAST plaque TB ™

This is an original phage based test which uses the mycobacteriophage to detect the

presence of M.tuberculosis directly from sputum specimens. It is a rapid manual test,



easy to perform and. i newly dingnosed smear positive TB patients has an overall
sensitivity of (70.3-75.2%) and specificity 01 (98.7-99.0%) compared with sputus
smear microscopy whose sensitiv iy and speciticity are (34-01.3%0) and (97.3-97.= )
respectively (90, 91). The simplicity of this method makes it a potential tool for
detection of myeobacteria and for drug susceptibility testing. However, more data needs

to be gathered before this method is recommended for use in routine diagnostic

laboratories (Y2)

L Treatment of HIV-Related Tuberculosis

HIV-seropositive patients with tuberculosis respond well to antituberculosis therapy, us
long as the regimen contains [NH and a rifamycin (93). There is little or no difference in
relapse rate between HIV infected and uninfected patients when rifampicin based short
course treatment is used (93). Thus it 1s essential to adopt strategies of directly observed
therapy (DOT) in order to ensure completion of treatment (94) and also help to Limit the

emergence of drug resistant tuberculosis.

The treatment of HIV-related wberculosis requires close monitoring because of frequent

drug toxicities, possible drug-drug interactions. and other paradoxical reactions.

Thiacetazone based regimens. though cheap. are associated with an unacceptably high
incidence of severe toxic reactions in HIV infected persons and they have been

universally abandoned (93).
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In TB patients infected with HI\'. it is important to be aware of the potential problems
that can occur when antituberculosis medications and antiretroviral agents are
administered concurrently. Gastrointestinal complaints and rash are not uncommon with
antituberculosis medications and these can be quite common with certain antiretroviral
medications. A flulike illness has been described with ritampin, which could be
confused with an abacavir hypersensitivity reaction. Peripheral neuropathy is an adverse
effect of INH as well as stavudine and didanosine. Elevated liver function tests can

occur with INH, rifampin, pyrazinamide, and most of the NRTIs. NNRTIs, and Pls.

There is considerable evidence that HIV seropositive patients with tuberculosis are at a
higher risk of dying than their HIV seronegative counterparts during or after treatment
for tuberculosis, with death usually being caused by complications of HIV infection
rather than tuberculosis itself (95, 96). This risk is reportedly higher in patients with
smear negative and extrapulmonary tuberculosis (97) than among those patients with
sputum positive disease, as the former tend to be associated with more profound

immunosuppression. This risk of death is also related to the anti-tuberculosis regimen

used (98).

1.8 Drug resistant tuberculosis

Wild strains of M.tuberculosis that have never been exposed to anti-TB drugs are almost

never clinically resistant (99). Exposure to a single drug as a result of poor adherence to
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treatment. inappropriate prescription. and or irregular drug supply suppresses the growth
of bacilli susceptible to that drug but permits the multiplication of preexisting drug
resistant organisms. This phenomenon 1s called acquired drug resistance. Subsequent
transmission of such resistant bacilli to other persons may lead to disease that is drug

resistant from the outset, a phenomenon known as primary resistance.

The emergency of drug-resistant M.cuberculosis has been associated with a variety of
management, health provider and patient-related factors. In some countries. management
factors may include the lack ot availability of standardized therapeutic regimen, or poor
implementation compounded by frequent or prolonged shortages of drug supply in areas
with inadequate resources or political instability. Use of Anti-TB drugs of unproven
quality is an additional concern. as is the sale of such medication over the counter and on
the black market. Moreover incorrect management of individual cases, difficulties in
selecting the appropriate chemotherapeutic regimen with the right dosage, and patients’
non-adherence to prescribed treatment contribute to the development of drug resistance.
[n summary, anti-TB drug resistance results from the absence of a properly organized
system to ensure prompt diagnosis and effective treatment within a well-implemented
TB control strategy. HIV infection per se is not a predisposing factor for the
development of multidrug resistance and such an association does not occur in many

other parts of the world (100, 101).



1.9  Methods of drug susceptibility testing

Investigation of the magnitude and trend of drug resistance among new and retreatment
cases provides useful information tor individual treatment and drug resistance
surveillance which are essential components of any TB control programme.

Drug susceptibility testing can be done by a variety of techniques that measure the
ability of mycobacteria to multiply in the presence of a drug. This can be done either
directly using an acid fast positive clinical sample or indirectly using mycobacteria
isolated in culture media. Some of the commonly used anti-TB drug susceptibility

testing methods are discussed in the subsections below.

1.9.1 Direct Method

Drug susceptibility testing can be performed based on mycobacterial cultivation on solid
media, either egg or agar based. In the direct test a set of drug containing and drug free
media is inoculated directly with a concentrated sample. The advantage of the direct
method over indirect method is that the results are available sooner (within 3 weeks on

agar plates), and better represent the patient’s original bacterial population.

1.9.2 Indirect method

In the indirect test the pure culture is inoculated in drug containing and drug free slopes
either in egg based Lowenstein- Jensen medium or agar based 7H11 medium. These
follow either of the three different varieties of susceptibility testing; the absolute

concentration method. the proportion method. or the resistance ratio method (46, 47).
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These methods could be phenotyvpic or genotypic (molecular) and are discussed in the

subsections below.

1.9.2.1 Phenotypic methods

The absolute concentration method uses a standardized innoculum grown on drug free
media and media containing graded concentrations of the drug(s) to be tested. Several
concentrations of each drug are tested. and resistance is expressed in terms of the lowest
concentration of the drug that inhibits growth: i.e. minimal inhibitory concentration
(MIC). This method is greatly aftected by the viability of organisms.

In the resistance ratio method the growth ot unknown strain of tubercle bacilli is
compared with that of standard laboratory strain (H37Rv). Parallel sets of media
containing two fold dilutions of the drug are inoculated with standard strains of tubercle
bacilli. Resistance is expresscd as the ratio of the MIC of the test strain to the MIC of the
standard strain in the same set.

This test 1s also greatly affected by the innoculum size as well as the viability of the
strains. In addition, any variation in the susceptibility of the standard strain also affects
the resistance ratio of the test strain.

The proportion Method enables a precise estimation of the proportion of mutants
resistant to a given drug. Several 10-fold dilutions of innoculum are planted on both
control (drug free) and drug containing media: at least one dilution should yield isolated
colonies (50-100) colonies. When these numbers are adjusted by multiplying by the

dilution of the innoculum used. the total number of viable colonies on the control
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medium, and the number of mutant colonies resistant to the drug concentrations tested
may be estimated. The proportion of bacilli resistant to a given drug is then determined
by expressing the resistant proportion as @ percentage of the total population used.

The proportion method is currently the method of choice for estimating drug resistance.
This principle is being applied to the following rapid testing methods i.e. BACTEC,
MGIT, ESPMyco and MB/BacT. which are already developed for commercial use (47).
In all these systems a modified 7HY broth 1s used. An indirect susceptibility test has a
turn around time of 18-22 days for BACTEC 460. 10-12 days for MGIT. about 24 days
for ESP and also for MB/BacT systems (47).

The BACTEC 460 radiometric system uses the proportion method and has been used as
one of the standard methods of drug susceptibility testing. The growth of mycobacteria
in the drug free controls and in the drug containing bottles is quantified based on the
amount of *CO; produced. The BACTEC 460 machine converts the amount of "o,
into growth index (GI) values ranging from 0 - 999. The results are interpreted by
calculating the difference in Gl values from one day to the next when the Gl of'a | in
100 control is greater or equal to 30.

A strain is defined as susceptible if the difference in the GI of the control is greater than
that of the drug-containing bottle.

In the MGIT system. growth is measured by detecting fluorescence from silicon
embedded compound in the tubes under UV light .The fluorescence is quenched by
Oxygen. Growth of Mycobacteria reduces the oxygen and therefore increases the

fluorescence.
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Inthe ESP Myco system. growth detection is basced on the consumption of Oxygen,
which creates a negative pressure in the liquid media. The negative pressure is recorded
by a computer system.

In the MB BacT system, growth is detected using i calorimetric sensor. The release of
CO; by growing mycobacteria changes the colour of the sensor from green to vellow,
which is then measured by a computerized system.

The E-test (AB BIODISK) is based on determination of drug susceptibility using strips
containing gradients of impregnated antibiotics. There are reports about high rates of
false resistance by this method when compared with BACTEC or conventional LJ
proportion methods (102).

The Micro well alamar blue assay and micro plate tetrazolium reduction assay. are
calorimetric based tests based on oxidation-reduction of the dye Alamar blue or MTT 3-
(4. S-dimethythiazol-2-y1)-2, 5-diphenyl tetrazolium bromide). Drug resistance is
detected by the reduction of the dye from blue to pink due to oxidation-reduction
metabolism of viable organisms (103, 104).

The Mycolic acid index susceptibility testing is a modification of the original Mycolic
acid analysis by HPLC where a coumarin compound is used as a fluorescent derivatizing
agent of Mycolic acid instead of p-bromophenacyl bromide. The drug sensitivity is
assessed by measuring the total area under Mycolic acid (TAMA) chromatographic
peaks of culture of M.tuberculosis, and this arca has a very good correlation with log
CFU per mulliliter. Depending on the signal and quantification of this procedure, drug

susceptibility pattern can be carried out as a rapid method (105).
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The Microscopic observation ot broth cultures — drug susceptibility assay is a novel
method of microscopic obscrvation of broth cultures with drugs and is used for drug
sensitivity testing. It is relatively inexpensive and fairly rapid drug susceptibility testing
method with a high sensitivity and specificity and is suited for disease endemic countries
(59).

Micro colony detection employs observation of micro-colonies of M.tuberculosis with
the help of a microscope. on a thin layer of 7H11 agar plate and is used for drug
sensitivity testing. It is less expensive than the conventional proportion method. and may
be a good low —cost alternative for resource poor countries (106).

The Pha B assay is a new phenotypic culture drug susceptibility testing method named
as phage amplified biologicaly (Pha B), and is based on the ability of viable
M.tuberculosis to support the replication of an infecting mycobacteriophage; non-
infecting exogenous phages are inactivated by chemical treatment (107-109). The
number of endogenous phages, which is an indication of the original number of viable
M.tuberculosis, is determined after cycles of infection. replication and release in rapidly
growing mycobacteria. In the case of drug resistant M.tuberculosis, bacilli will remain
viable and will protect the mycobacteriophage. Any mycobacteriophages protected
within viable bacilli replicate and ultimately lvse their host.

For rapid detection, the released mycobacteriophages are mixed with rapidly growing
M.smegmatis host in which they undergo rapid cycle of infection, replication and lysis
(107-109). Lysis is easily seen as clear areas or plaques in a lawn culture of

M.smegmatis. The number of plaques generated from a given sample are directly
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proportional to the number of tubercle bacilli that remain viable after drug treatment (i.e.
drug resistant). Gingeras et al (75) reported successful application of this assay.

In the luciferase reporter phage assay, viable mvcobacteria are infected with reporter
phages expressing firefly luciferase gene. Easily detectable signals are seen a few
minutes after the infection of M.tuberculosis with reporter phages. Light production
requires metabolically active M.tuberculosis cells, in which reporter phages replicate
and luciferase gene is expressed. When drug susceptible M.tuberculosis strains are
incubated with specific anti-tuberculous drugs. they fail to produce light after infection
with luciferase reporter genes. In contrast, drug resistant strains are unaffected by the
drugs and produce light at levels equivalent to those documented for untreated controls
after infection with reporter phages (110). The other reporter molecule described is the
green fluorescent protein (GPF) of the jellyfish Aequorea victoria. This reporter system
does not require cofactors or substances due to intrinsic fluorescence nature of the GPF
(111). These tests have generally good sensitivity and reproducibility but are yet to be

used in routine clinical laboratories.

1.9.2.2 Genotypic (molecular) methods

Molecular methods that rely on the detection of mutation(s) in the region of the gene(s)
associated with drug action could also be useful for a rapid diagnosis of drug resistance.
Virtually all (96%) rifampicin resistant isolates have point mutations in an 81-bp region
of rpoB gene, and these mutations are absent in susceptible isolates, making it an ideal

target for development of molecular drug susceptibility testing methods (112).



In contrast to rifampicin. the genetic basis of resistance to other TB drugs is more
complex. Isoniazid (INH) is a synthetic, bactericidal agent that is used only for treatment
of TB because basically all other bacteria are inherently resistant to INH. Alterationsin a
relatively large number of genes have been associated with INH resistance. but
mutations in two genes. kat(; and inhA, are found in 75-85% of INH-resistant M.
tuberculosis isolates. Approximately 65-75% of streptomycin-resistant M. tuberculosis
isolates have mutations in the 16S rRNA gene or the rpsL gene, which codes for the
ribosomal protein S12. More than 70% of'the pyrazinamide-resistant M. tuberculosis
isolates have mutations in the pncA gene. which encodes for pyrazinamidase. an enzyme
that converts pyrazinamide to its active form. Mutations in the embB gene are associated

with ethambutol resistance in about 70% of resistant isolates (112)

The accuracy of the genotypic methods varies for the different drugs. This is because of
failure to understand the complete mechanism of action of most anti-TB drugs and the
presence of multiple genes associated with resistance to key drugs (113-116).
Mutation(s) in these genes associated with resistance to an anti-TB drug could ideally be
detected by sequencing of specifically amplified products. However sequence based
detection is difficult and expensive for wide clinical use, therefore simple post-
amplification methods of detection of mutations have been developed allowing a better
clinical applicability. These include single strand confirmation polymorphism (SSCP)
analysis (117-118), heteroduplex formation (119), Dideoxy finger printing (ddF) (120),

RFLP analysis of amplicon digested with restriction enzymes (121, 122), a reverse
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hybdrisation-based line probe assay (LiPA) (123), RNA'RNA mismatch assay (124) and

@ molecular beacons-based assay (1235).

2.0 STATEMENT OF THE PROBLEM

Tanzania is among the 22 countries with the highest TB burden in the world despite
having a well-functioning TB control programme based on WHO-DOTS strategy for the
last 25 years (16). Between 1977. when the TB control programme was launched and
1982, the notification rate of smear positive TB increased from 20/100,000 to

38 100.000, mainly because of increasing national coverage (126).

The notification rate continued to increase and reached about 70/100,000 in the period
1993-1997. By the year 2000. the notification rate had increased to 81/100,000, which
was only 52% of the WHO-estimated incidence of 153/100.000 for smear positive TB
cases (127).

There is enough evidence that that the HIV pandemic in the country has contributed
significantly to the increase in TB notification in Tanzania (128).

Studies conducted in Tanzania by the national TB and Leprosy Programme (NTLP) in
collaboration with the WHO from 1991 to 1998 in two phases; phase I (1991-1993) and
phase II (1994-1998), showed TB and HIV co-infection of 32% and 44%, respectively.
In between the two surveys, the notification rates of new smear positive TB increased
from 54 to 74/100,000 and it is estimated that approximately 60% of this increase was
directly attributable to HIV. It is logical to expect the magnitude of TB in Tanzania to

continue to rise, in parallel with the increase in the magnitude of HIV infection (128).
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The difficulty is that the diagnosis of TB in HIV-infected persons is more difficult due to
a number of reasons such as; more non-TB respiratory disease, more smear-negative and
extra-pulmonary TB and X-rays are even less specific. This is likely to result in lower
detection and cure rates leading to increased spread of TB (129). Thus, the diagnosis of
TB in HIV infected individuals need to be re-evaluated to avoid misdiagnosis and failure
to give appropriate treatment and monitor progress accurately. The emphasis of the
national tuberculosis and leprosy programme in Tanzania, as in many other resource
poor countries, has been to detect the infectious cases - those whose sputum contains
enough bacilli to be detected by microscopy. This approach is likely to miss a large
number of smear negative TB cases, a frequent phenomenon in HIV-associated
tuberculosis (130). The use of cultures in the NTLP programme is limited to cases that
have failed to respond to first line anti-TB chemotherapy and who require drug
susceptibility results for re-treatment.

Comparison of smear and culture results was used to provide a measure of missed TB
cases among HIV infected (131) and also provide an important internal quality control
measure (132). Although drug resistance to TB drugs has been found to be low, this has
not been evaluated for HIV infected individuals per se, who comprise a distinct and
growing sub-population of TB patients (133). In addition, due to limited culture studies
done in the National TB Reference Laboratory of the NTLP programme there is very
limited information regarding the prevailing mycobacterial species. Of special interest
was the isolation of non-tuberculous mycobacteria (NTM) which some studies seem to

indicate occurrence at high frequency among the HIV-infected patients (134). Finally,



there is a need for information on the drug susceptibility patterns of mycobacteria
isolated from HIV-infected individuals. which is the current global concern in the
treatment of tuberculosis and is also an cpidemiological indicator to assess the success of’

the TB control programme (135).

3.0 RATIONALE

Even among HIV-infected patients. TB can be cured. More than 90% of surviving HIV-
infected TB patients can be cured of TB. reducing transmission. morbidity and mortality
and at the same time increase the length and quality of life (136). The laboratory has a
crucial role in diagnosis of TB cases, monitoring of treatment and conducting
surveillance of drug resistance (49,137-139). This study has provided useful
information. which can be used by the National TB Reference laboratory in fulfilling its
expected roles in national TB control and possibly beyond Tanzania. In temperate
countries NTM are frequent causes of tuberculosis in HIV infected individuals and it

will be useful to know the current situation in Tanzania.

4.0 OBJECTIVES OF THE STUDY

4.1 Broad Objective
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To determine, among ambulant HIV infected individuals in Dar e¢s Salaam, the
prevalence of tuberculosis, aetiological mvcobacterial species and their susceptibility to

first-line anti-TB drugs.

4.2 Specific objectives

4.2.1 To determine the prevalence of tuberculosis in ambulant HIV positive patients
Dar es Salaam by microscopy and culture.

4.2.2 To determine sensitivity, specificity, positive and negative predictive values of

smear microscopy in ambulant HIV —infected patients by correlating smear and culture

results.

4.2.3 To speciate mycobacteria isolated from ambulant HIV patients by growth

characteristics and biochemical tests.

4.2.4 To determine the drug susceptibility pattern of mycobacteria isolated from

ambulant HIV seropositive patients to the first line anti-TB drugs by the proportion

method.

4.2.5 To study the correlation between occurrence of tuberculosis with CD4 counts

among ambulant HIV patients in Dar es Salaam.

5.0 HYPOTHESES

5.1 Tuberculosis occurs in about one-third of ambulant HIV-infected patients in



Dar es Salaam.
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The majority of TB cases are not due to MTB.

N
W

Multi-drug resistant (MDR) TB occurs in about five percent of
HIV infected patients with TB.

5.4 There 1s no correlation between CD4 counts and occurrence of TB.

6.0  MATERIALS AND METHODS

6.1 Study design and Study population

This was a laboratory-based study conducted from January to July 2004 at the National
tuberculosis reference laboratory in Dar es Salaam. The study included 5064 sputum
specimens that were collected from 1688 (473 males and 1215 females) ambulant HIV
sero-positive patients who were taking part in the Mycobacterium vaccae vaccine study
and brought to the National Tuberculosis Reference Laboratory at Muhimbili National

Hospital for sputum laboratory investigations.

6.2 Study site

This study was conducted in Dar es Salaam which is the business capital of Tanzania
with a population of about 4 million and has the highest number of Tuberculosis cases in
Tanzania (126). The central tuberculosis reference laboratory, where this study was
conducted, is the apex of TB microbiology in Tanzania and does perform sputum culture

and drug susceptibility testing for the whole country.
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6.3 Sample size

Sample size was calculated from the following formula
n=27"P(-P) d’

Where:

= 15 the sample size

=S
|

N
|

= standard normal deviate corresponding to a two sided specified significance level.
P = (expected) prevalence of tuberculosis

d = margin of error or boundary of error on p

Setting a significance level of 0.05, gives Z = 1.96

Putting P = 25 % (0.25) and d = 5% (0.05) yielded a minimum sample size of 288

patients

6.4 TB case definition
A patient with a verified case of pulmonary TB was defined as one with relevant
clinical symptoms and 2 out of 3 smears positive for AFB’s or one positive smear and

one positive culture (140) or a negative smear but with a positive culture.

6.5 Sputum collection
This took place in open air or in a well-ventilated room. Whenever possible, three

specimens (spot-morning-spot) were collected from each patient in a plastic, wide
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mouth, and leak proof container with a screw top lid. Specimens were examined for
quality and adequacy and their appearance was reported as purulent, muco-purulent, or

blood stained and processed within 2 days of collection.

6.6 Sputum smear microscopy

In a Class II biosafety cabinet, a portion of sputum that appeared abnormal, e.g. thick,
blood stained or containing pus was picked using a sterile, disposable lul loop and
spread in the middle of the slide 2 x 1 cm and allowed to dry and then fixed by passing
over a flame 3 times.

Smears were stained by auramine (see Appendix II) for screening and positive samples
were confirmed by over staining with ZN stain without removing the auramine stain. ZN

(see appendix III) staining was performed according to standard procedures. (141-142)

6.7 Reporting of Microscopy results

Results are reported as recommended by the International Union Against Tuberculosis
and Lung Disease.

If any definite bacilli were seen the smear was be reported as Acid fast Bacilli and an

indication of the number of bacilli present was given as shown in table III.

Table III: Reporting of microscopy results

Finding Result Grading




No AFB in 100 microscopic fields
1-9 AFB in 100 microscopic fields
10-99 AFB in 100 Microscopic fields
1-10 AFB per field

>10 AFB per ficld

Negative
Positive
Positive
Positive

Positive

0
Report exact number

l 18

3+

6.8 Sputum cultures

Sputum samples were decontaminated using the moditied Petroff’s method (143) (See

appendix III). Each sample was then cultured in both pyruvate and glycerol containing

Lowenstein Jensen media incubated at 37°C for up to 10 weeks. Plates were examined

weekly for growth. When colonies appeared, they were identified according to criteria

based on the speed of growth, macroscopic features (e.g. roughness and pigment

production) and by their response to biochemical tests; a thermolabile catalase activity

(positive at 22°C, destroyed by heat at 68°C), a nitrate reductase activity, accumulation

of niacin (niacin test), growth in LJ media containing 500ug/ml of 4(p)-nitro benzoic

acid (PNB) and sensitivity to thiophen-2-carboxylic acid hydrazine (TCH).

Table IV Preliminary identification of M. tuberculosis complex

Growthin Pigiment  Growth on Niacin

Nitrate TCH Growth at
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3-6d PNB room temp
Rapid NTM ¥ +or- + -or+ +or- X +
M. tub - 5 = + + + :
classical
M. africanum - A = o +or- 5 "
M. bovis - - -(rare+) + = E z
Slow NTM - -or+ + -or+ -or+ X +or-

Rapid growers include M. fortiutum, M. chelonae, and tens of other possible species. At
least M. chelonae may be positive for niacin. M. fortuitum is always positive for nitrate
and may also be positive for niacin. Niacin positive isolates may be found among M.
avium, M. kansasii, and M. simiae.
The preliminary diagnostic criteria for M. tuberculosis are:

1. Typical ZN result: stains deeply red and forms clumps and occasional cords.

2. Growth after 7 days.

3. Nonpigmented typical colonies.

4. Niacin positive.

5. Does not grow on PNB or at room temperature

6. Growth in the TCH tube.

6.9 Recording of culture results
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The number of colonies present in the culture tubes was counted and the results were
expressed as the number of colonies per tube, except if their number was so high that

they were confluent. The recording was done as follows:

Table V: Recording of culture results

Number of colonies Rcading code
0 Negative
1-10 "
10-100 At

> 100 4+

6.10  Drug susceptibility testing by proportion method

Drug susceptibility testing was performed using the proportion method. In this method,
the number of colonies growing on drug-free medium was compared with the number on
drug-containing medium. If the proportion of organisms growing on the drug containing
medium was < 1%, the organism was considered to be susceptible, while growth >1%

was associated with resistance. The steps involved in this method are outlined below.

6.10.1 Preparation of innoculum

1. Add 0.5ml of sterile 0.01% polysorbate Tween 80 solution/0.85%Nacl into a

bijou bottle containing 5-8glass beads
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. Using a 22 SWG Nickel chrome wire loop, 3mm external diameter or a plastic

inoculating wire loop, scrape growth culture from a wide area of LJ slant and

transfer into the bijou bottle.

. Homogenize by vortex for 30 seconds to 1 minute and allow larger particles to

settle.
With a sterile Pasteur pipette, withdraw supernatant suspension and transfer into

a new sterile test tube with a thin wall of 16x 125 mm.

. Add some more of the diluting fluid into the test tube so as to adjust density to

that of McFarland Nol.

Dilution of the innoculum

Adjust Ependorff pipette to 500ul volume

From the adjusted suspension in step I above take 0.5mls and transfer to a 10 ml
plastic tube containing 4.5ml of diluent (this is 1/10 or 10™" dilution) and mix
well.

From the above dilution transfer 0.5ml into another 10ml plastic test tube
containing the same amount of diluent, mix well (this is 1/100 or 10 dilution).
Transfer 0.5ml from the previous test tube into the last 10ml plastic test tube
containing the same amount of diluent, mix and transfer and discard 0.5ml (this

is 1/1000 or 107).



39

6.10.3 Inoculation of the drug-containing medium

1. Arrange the LI slopes in the media rack in the following sequence: two drug

free LJ slopes. followed by thiophene-2-carboxylic acid hydrazide (TCH)
containing LJ slopes, followed by para-nitro benzoic acid (PNB) containing LJ
slopes then 0.2ug/ml and lug/ml of isoniazid LJ slopes, 40ug/ml rifampicin LJ
slopes, Sug/ml streptomycin LJ slopes and 2 ug/ml ethambutol LJ slopes.

Label all tubes on the sides.

. Using a plastic loop inoculate a loopful of 10~ suspension into the first drug free

LJ slope

. Inoculate 10™' bacterial suspension to the remaining slopes.
. Make a smear from the 10 bacterial suspension for ZN stain
. Incubate slopes at 37°C for 3- 4 weeks.

. Record the characteristics of colonies from the control medium (DF slopes) and

from both dilutions and then calculate the percentage of resistance

6.11 CD 4 enumeration

L.

Vortex reagent pair upside down for 5 seconds (set vortex at mid-range speed).
Vortex reagent pairs upright for 5 seconds.

Open tubes with the coring station.

Mix patient blood by inverting the tube 5 times.

Pipette 50 ul of whole blood into each of the 2 reagent tubes. Change tips

between tubes.



40

6. Cap the tubes and vortex upright for 5 seconds.

7. Incubate for 60-120 minutes at room temperature. Place reagent pairs in
the work station and close the cover to protect the reagents from light.

8. Uncap tubes and pipette 50 ul of fixative solution into each reagent tube. Change
tips between tubes.

9. Recap the reagent tubes with new caps and vortex upright for 5 seconds.

10. Run the tubes on the FACScount within 48 hours of preparation. Store samples
at room temperature in the workstation until they are run on the instrument.

Vortex upright for 5 seconds before running !

6.12. Quality assurance

Quality assurance ensures that the information generated from the laboratory is accurate,
credible and reproducible. This was achieved by assessing the quality of specimens,
monitoring the performance of decontamination, digestion and culture procedures,
reagents, media and equipment, reviewing culture results and documenting the validity

of culture methods.

For smear microscopy, every batch of slides that was stained, the reference strain
H37RV and a known negative sample were included in a blind manner by a senior
technical staff. The known negative and positive slides were read before the study slides

could be read.
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For media quality control, the medium pH was tested using pH strips both prior to
inspissation and after inspissation. The condensed liquid at the bottom of the culture
tube was used for testing after inspissation. The pH was adjusted as necessary to 6.6-6.8
using HCI or NaOH. Inspissation increases pH by 0.1 — 0.2. For quality control of the
media every fresh batch was left at room temperature for up to 48 hours and then
inoculated. Ten uninoculated LJ slopes were incubated together with the inoculated
slopes to further check for contamination. Performance of each batch of media was
carried out using a light suspension of MTB (H37RV) and the ability to support growth
followed.

Quality measures in cultures included calculating the percentage of contaminated
cultures, comparison of smear and culture results and determining the proportion of non
tuberculous mycobacteria (NTM) among the mycobacterial isolates

Susceptibility testing was performed on the standard H37RV strain with each new batch
of LJ medium and for each drug (144).

In addition, , the laboratory participated in the UK National External Quality Assurance
Scheme for TB smear microscopy and culture, and has cumulative scores of 100% and

98% for microscopy and culture, respectively.



6.13  Ethical consideration

Ethical clearance for carrying out this research was obtained from the Muhimbili
University College of Health Sciences ethics committee. There were no major ethical
issues since the examined specimens were obtained from known HIV positive patients
submitted to the central TB reference laboratory and there was no direct contact with
patients. Patients found to have tuberculosis were treated according to the existing

national guidelines.
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7.0 RESULTS

During the study period January to June 2004 a total of 1688 known HIV sero-positive
patients, 473 (28%) males and 1215 (72%) females, aged between 18 and 70 years
(mean 44 years) submitted 5064 sputum samples for smear microscopy and culture. Of
these 34 (2%) were AFB positive and1654 (98 %) were AFB negative. As for the culture
results, 81(4.8%) were culture positive. 1607 (95.2%) were culture negative, while 43
(2.4%) were contaminated. Compared with culture results, smear microscopy had
sensitivity, specificity, positive and negative predictive value of 34.6%, 99.6%, 82.4%,
96.8%, respectively. The difference in the recovery of mycobacteria by smears and
culture was highly significant (p >0.001). Out of these 1688 HIV sero-positive patients,
a total of 87 (5.2%) patients were shown to have mycobacterial disease based on a
positive sputum smear and/ or positive bacterial culture.

Table VII shows growth on pyruvate and glycerol containing LJ media. Of the 132
culture positives, 31(23.5%) grew on glycerol alone, 41 (31%) grew on Pyruvate alone
and 60 (45.5%) grew on both. Table VIII shows the correlation between CD4 counts and
tuberculosis. Apparently there was no correlation between the level of CD 4 counts and
the occurrence of tuberculosis among the study subjects.

Fifty-two isolates were available for biochemical speciation and drug susceptibility
testing. Using our classification scheme. combining growth characteristics and
biochemical tests, 28 (53.8%) of the isolates were classified as Mycobacterium
tuberculosis complex, 9 as non-tuberculous mycobacteria (NTM), 10 were M.fortuitum

and 5 were untypable using conventional methods. Table X summarizes the drug
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susceptibility test results. Overall. majority (59.6%) of isolates were fully sensitive to all
the four drugs tested. Resistance to any drug was found among 21 (40.4%) of the
isolates and resistance to all the four drugs was found among 14 (26.9%0) ot the isolates.
Table XI shows the drug suscepubility pattern of the different groups of isolates.
Majority (89.3%) of the MTB isolates were fully sensitive, while mono resistance to
INH and SM was 3.6% for each of the two drugs.

Of the NTM, 2 (22"6) of the isolates were fully sensitive to all the tested drugs, while
mono resistance to RMP was 11.1% and resistance to INH, RMP and Ethambutol and
INH, RMP, and SM was 11.1% for cach. Of the M.fortuitum 1 (10%) of the isolates
were fully sensitive while the majority (90%) were resistant to all the four drugs tested.
Of the untypable isolates 60% were fully sensitive. Mono resistance to SM was 20%
while resistance to all drugs was 20%. Multidrug resistance (MDR) was 3.6 %. 66.7%.

90%, and 20% for MTB. NTM. M. fortuitum and untypable isolates respectively.
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Table VI: Correlation between culture and smear results

Culture
Smear Positive Negative Total
Positive 28 6 34
Negative 33 1601 1654
Total 81 1607 1688

Sensitivity =34.6% (24.5-46.0)
Specificity = 99.6% (99.1-99.8)
PPV = 82.4% (64.8-92.6)
NPV = 96.8% (95.8-97.6)

X’ =456.8 p<0.001

Table VII: Growth of mycobacteria on LJ media supplemented with either

pyruvate or glycerol

Media Number Percentage
Growth on glycerol alone 31 23.5
Growth on Pyruvate alone 41 3:1.0
Growth on Both 60 45.5

Total 132 100
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Table VIII: Correlation of CD4 counts with tuberculosis

CD4 counts No. of patients with No. of patients
B without TB Total
<200 9 122 131
201-500 31 201 232
>500 13 135 146
Total 53 456 509

X*=4342 df=3p>0.05

Table IX: Speciation of mycobacterial isolates

Strain Number Percentage (%)
TBC 28 53.8
NTM 9 173
M. fortuitum 10 19.2
Untypable 5 9.7

Total 52 100




Table X Drug susceptibility pattern of all the isolates

Tested Strains

“Total no of isolates
Fully Sensitive
Any drug
Resist. RMP
Resist. SM
Resist INH & SM
Resist. INH & RMP
Resist. INH, RMP & EMB
Resist. INH, RMP & SM

Resist all drugs

Number Percentage (%)
52 100 -
31 59.6
21 40.4

1 1.9
2 3.8
1 1.9
1 1.9
| 1.9
1 1.9
14 2419
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Table XI: Drug susceptibility pattern of the different categories of isolates

TBC NTM M fortuitum Untypable
Total no of isolates 28 9 10 5
Fully sensitive 23 2 1 3
Resist. To any drug 3 7 9 2
Resist RMP 0 1 0 0
Resist SM 1 0 0 1
Resist. INH & RMP 1 0 0 0
Resist INH & SM | 0 0 0
Resist. INH, RMP & EM 0 1 0 0
Resist. INH, RMP & SM 0 1 0 0

Resist all 4 drugs 0 4 9 1
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Table XII: summaury of internal quality control measures

B R Proper labclliné.‘c}wcking expiry dates,
Reagents fresh preparation ot reagents where
possible
Smears Known positive and ncgative samples
included in a blind manner and read first
Media pH regulation using pH strips
leave uninoculated media at room
temperature for 48 hours
Incubate 10 uninoculated media together
with inoculated media
Inoculate a light suspension of H37Rv
Culture ~ Proportionof NTM
Percentage of contamination
Proportion of smear positive culture
negative samples
Speciation  H37Rv




Table XIII: Summary results of UK national External Quality control Assessment

results

"Total No of spccimc-n.{ " Tests performed Cumulative score
received
16 a AFB Microscopy 64/68 (947

16 Mycobacteria culture 64/70 (91.4%0)




Table I'V: Smear positive culture negative results

No Smear grade Clinical notes
| I+ Clinical notes were not
available
2 1+ Clinical notes were not
available

Diagnosed with abdominal
tuberculosis (sputum smear
and culture negative) and

+ embarked on antiTB
treatment. These were
samples after 2 months of
treatment,

(%)

that made TB diagnosis;
4 3+ other 2 samples had growth
on culture.

Diagnosed with TB

(sputum and culture

w
w
D
>
s |
o
7

positive) in October 2003

and embarked on antiTB

treatment. These were

samples after 2 months on

treatment

T The only sputum sample
6 1+ that was positive; the other

2 were AFB negative

X= these patients had received antituberculous therapy before submitting the

sputum samples



8.0 DISCUSSION

TB remains the leading cause of death among HIV infected patients (145). Thus, special
efforts must be made to thoroughly screen HIV patients for TB, so that prompt treatment
could be instituted (146). In addition, adequate monitoring of TB patients, which may
involve serial examination of sputum and for some cases, drug susceptibility testing is
essential (49,137-139).

The objectives of this study were to study the prevalence of tuberculosis, the etiological
mycobacterial species and their drug susceptibility patterns and to correlate CD4 levels
with tuberculosis among ambulant HIV patients attending a TB vaccine trial clinic in
Dar es Salaam.

To achieve the above objectives, a number of quality assurance measures were
undertaken and are summarized in Table XIII. Briefly these included; fresh preparation
of reagents and their labelling, pH regulation of the media, incubation of un-inoculated
LJ slopes, examination of sputum for adequacy and quality, staining and reading of
known positive and negative slides, inclusion of a standard H37Rv strain, calculation of
the proportion of NTM and participation in external quality assurance programmes.
The results of this study indicate that the prevalence of tuberculosis among ambulatory
HIV infected patients was 5.2%, a magnitude which is much lower than the 40-50%
national estimate for Tanzania among HIV infected patients in different stages of HIV
infection (16). The prevalence of TB found in the present survey is similar to that
reported in Haiti (5.8%) (147) and South Africa (3% ) (148) among ambulatory HIV

patients. The fact the that majority (83%) of our patients had high CD4 counts (> 200)
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may explain, at least in part, the lack of association between CD4+ counts and
occurrence of TB seen in this study. This observation lends support to the findings of a
cohort study of HIV-infected Ethiopians that showed that low CD4 counts (<200 cells)
and high viral load (median 4.97 log copies/ml, range 3.70-5.58), preceeded the
diagnosis of TB (149).

Of the 5.8% of the pulmonary tuberculosis patients, 2% were picked by smear, 4.8%
were identified by culture and 1.7% were both smear and culture positive. The higher
sensitivity of culture is due to the lower detection limits (5-10 bacilli/ml) (150) as
compared to the 5000-10000 bacilli /ml of smears (150).

In this study, the smears were screened first by auramine staining and those that were
positive were counter-stained by the Ziehl-Neelsen staining technique. The reason is that
the fluorescent staining method offers the advantage of screening the smear under low
power where a wider field can be viewed and a large number of smears can be screened
in a short time compared to the Ziehl-Neelsen technique, which was used for
confirmation (151). The sensitivity of sputum smear microscopy in this study was 34.6%
and is comparable to the 33 % found in Kenya (152). This low sensitivity indicates the
limited usefulness of direct sputum microscopy, especially in HIV patients, a
phenomenon that has been reported in other studies (153). Smear negative pulmonary
TB has several implications that include; infectious risk to others (154) lowered
notification rates (152, 155, 156), severe immunosuppression and poor prognosis (154,
157, 158,) and poses a challenge to the concept of isoniazid (INH) prophylaxis (159-

160). In order to increase the diagnostic value of sputum microscopy in the light of the



growing HIV pandemic, concentration of decontaminated sputum specimens, which has
been shown to increase sensitivity of microscopy for up to 30%, has been recommended
(38,39 161-165). In diagnostic facilities where the intended end point is smear
microscopy. decontamination can be done by using 5% sodium hypochlorite (44, 166).
However, if the specimen is to be cultured. decontamination and concentration should be

done either using either 4% NaOH or NALC -2% NaOH for 30 minutes.

On comparison of smears and cultures there were a number of smear positive but culture
negative samples (Table XIV). Of these. cases 3 and S could be explained by the fact
that these patients were on anti-TB treatment at the time of submitting their specimens.
It is known that M.tuberculosis looses viability after a few weeks of treatment but could
still be seen in sputum smears for up to 2 months following initiation of treatment (167).
Cases 1, 2, and 6 for which only one smear was positive and all cultures were negative,
are most likely to be false positive cases (168-174). False-positive smears may result
from; contamination the water or solutions used in staining, transfer of acid-fast
organisms from positive to negative smears during the staining process or via
microscope immersion oil or objective lenses, improperly filtered and irregular
replacement of reagents, staining of artifacts present in the smear, insufficient de-
staining of non-acid-fast organisms and from retention of acid-fast stain by non-
mycobacterial organisms (175-178). Auramine staining procedures may produce a
higher false-positive rate than carbol fuchsin methods, presumably because auramine
may stain inanimate objects. Studies conducted in laboratories in Africa showed that

about 1% of false positive smears could be attributed to transfer of organisms and
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another 1% to various administrative errors. Careful quality control of microscopy
procedures and review of positive smears can therefore markedly decrease the incidence

of false-positive smears.

An additional factor could be the low incubation temperature (33"C) that was frequently
encountered due to improper calibration of the incubators and frequent power cuts,
which affects growth of mesophilic mycobacteria (42).

In this study each sputum specimen was grown on both pyruvate and glycerol
containing LJ medium. The former is known to favour the growth of M.bovis (42),
which was not isolated from our patient population. Though most isolates (45.5%) in
this study grew on both pyruvate and glycerol LJ slopes a significant proportion (54.5%)
grew on one medium alone. The reason for the latter observation seems to be associated
with the low gravitational force of 2000g used in this study for the concentration of
sputum that led to insufficient dispersion and therefore unequal distribution of
mycobacteria in the sample.

The culture contamination rate of 2.4% found in this study was within the acceptable
range of 2-5% recommended by the World Health Organization (179). However, it is
important to note that the modified Petroff’s method used for decontamination has been

found to be toxic, both for contaminants and for tubercle bacilli and may kill up to 60%
of tubercle bacilli in clinical specimens and therefore, strict adherence to the indicated
timing is required (42,). In order to avoid over exposure to sodium hydroxide, there is a
need to process a small number of specimens, not more ten at a time (42). Other milder

decontamination methods such as the N-acetyl-L- cysteine-sodium hydroxide (NALC-



NaOH) method (66) as well as the use of 2% NaOH) and cytocentrifugation, Zephiran-
trisodium phosphate (Z-TSP) method (66) and oxalic acid method (66) should be
considered that are able to support growth of mycobacteria while maintaining a low
contamination rate (66).

In this study, speciation done by a combination of growth characteristics and
biochemical tests indicate that majority (33.8%¢) of the isolates were M tuberculosis.
However, the high proportion of NTM found in this study warrants further
investigations. Although studies have indicated the etiological role of NTM in TB
causation in HIV infected patients (180). this could also result from laboratory
contamination of cultures with, for example, water containing saprophytic mycobacteria
(175-177). In this study it was not possible to ascertain whether the isolated NTM were
isolated from the patients or were mere contaminants since this would require genetic
fingerprinting (168). The clues for cross-contamination normally include acid-fast
smear negativity, growth only in broth or solid medium, and growth in solid medium
with 5 or fewer colonies (181). Laboratory cross contamination can be minimised by
instituting measures such as reducing the number of specimens processed at time, having
one specimen container uncapped at a time in the safety cabinet, using aliquots of buffer
and other reagents and not larger multi-use volumes and waiting after the specimen
centrifugation step to allow time for aerosol settling in the test tube (182).

The fact that 5 (9.6%) of the isolates were untypable could be due to the speciation
scheme used in this study. Mycobacterial identification based on their reactions in a

series of phenotypic and biochemical tests, has been shown to vary from each other and



from time to time, and in many cases no definitive identification is obtained (76).
Because biochemical testing is slow, cumbersome, and may yield ambiguous results,
laboratories are increasingly using simple rapid molecular methods like AccuProbe and
Line immunoprobe assay (LiPA) mycobacteria for species identification (183-188).
These simple rapid speciation methods are quite sensitive, involve a few steps and are
potentially cost-effective even in resource deprived settings (188).

In this study there were significant species differences with regard to anti-TB drugs
susceptibility. A high proportion (89.3%) of the M tuberculosis isolates were fully
susceptible to the first line drugs. The low level of MDR (3.6%) among the isolates from
these HIV positive patients is similar to that of HIV negative TB patients in Tanzania
(126). This finding does indicate the effectives of the national tuberculosis control
programme in controlling the issue of emergence and spread of drug resistance through
strict enforcement of the DOTS programme. Furthermore, the low magnitude of MDR in
these patients indicates that HIV infection per se may not be a risk factor for multi-drug
resistant tuberculosis, which is in keeping with previous observations (189). The high
magnitude of resistance to first line anti-TB drugs among the NTM, including

M fortitum is not surprising because these mycobacteria do not respond to the first line
drugs used for TB treatment (190). The drugs normally used for these species include
amikacin, capreomycin, ciprofloxacin, clarithromycin, cycloserine, ethionamide and
rifabutin (190). The significant difference in the drug susceptibility patterns of MTB,
NTM and M.fortitum indicates that speciation is an important adjunct to TB treatment

(60-62) and further emphasises the need to evaluate the etiological role of the NTM
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species in our setting. A diagnosis of tuberculosis (TB) is rarely disputed if
Mycobacterium tuberculosis is isolated from a clinical specimen; however, specimen
contamination may occur (191-193). Identification of TB strain patterns through
molecular typing or DNA fingerprinting is a recent advancement in TB laboratory
techniques that could be used to determine the frequency of clustering among M.
tuberculosis strains and possibility of laboratory cross-contamination (191). This could
also be used to investigate the etiological role of the NTM isolates and therefore avoid
erroneous diagnoses and unnecessary therapy and public health investigations. Of
particular priority are specimens whose smears are negative and only one culture is
positive. An inconsistent clinical course and a DNA fingerprint that matches those of
other culture-positive specimens processed concurrently, coupled with the lack of an

epidemiological connection would suggest cross-contamination.

9.0 CONCLUSION

In this population of ambulant HIV patients, majority of whom with CD 4 counts above
200 cells/ml, the prevalence of tuberculosis was 5.2% and was not correlated with CD4
counts. Majority (53.8%) of the isolates were M. tuberculosis and the others were NTM
(17.3%), M. fortitum (19.2%) and a few were untypable. Majority (89.3%) of the M.
tuberculosis isolates were fully sensitive to the first line drugs and only one isolate
(3.6%) was multi drug resistant. NTM isolates including M. fortitum isolates were highly
resistant to the first line drugs and had high levels of MDR (78.9%). The high isolation

rate of NTM is worthy investigating further.



10.0 RECOMMENDATIONS

Based on the experience gained during this study the following recommendations are
suggested:

1. To ensure and improve the quality of results obtained in this laboratory, the transition
time between specimen collection and processing needs to be documented, media pH
needs to be properly adjusted, the quality of water used in the preparation of stains
should be checked, carbol fuchsin should be filtered regularly, and incubator
temperatures should be regularly monitored. As a matter of internal quality control, it is
important that smear results are compared with corresponding culture results.
Furthermore, participation in external quality assuarance programmes for smear
microscopy, cultures, speciation and drug susceptibility testing needs to be sustained,
and improvement should be made on the basis of the scores obtained.

2. To avoid erroneous diagnoses and unnecessary therapy and public health
investigations, specimens from patients with tuberculosis whose smears are negative and
only one culture is positive should be investigated for cross-contamination. Laboratory
cross contamination can be minimised by instituting measures such as; i) reducing the
number of specimens processed at time, ii) having one specimen container uncapped at a
time in the safety cabinet, iii) using aliquots of buffer and other reagents and not larger
multi-use volumes iv) waiting after the specimen centrifugation step to allow time for
aerosol settling in the test tube.

3 There is a need of substituting the rather cumbersome, slow and often-inconclusive

biochemical scheme of speciation, with simple and rapid methods like gene probe and
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LiPA mycobacteria. The introduction of fingerprinting technology will provide
conclusive identification of isolates and evaluate the etiological role of the numerous
NTM isolated in this study.

4 To improve drug susceptibility testing. there is a need to; 1) ensure standardization of
innoculum preparation, ii) the quality control strains, need to be replaced regularly to
avoid loss of phenotypic characteristics with successive subcultures, iii) continue
participating in external quality assuarance programme and strive to attain the required
scores, and 1v) improve turn around time of DST results by exploring rapid and simple
methods such as phage replication assays that give results within 48hours of culture

results.
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