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Abstract

This thesis aimed to validate the use of bleach digested sputum with ZN for the
diagnosis of PTB against culture, describe the sensitivity and specificity of sputum
smears with scanty results, describe the prevalence of HIV among patients with smear
positive and smear negative TB, develop algorithms to select individuals with high
risk of having PTB with and without HIV infection and assess the efficacy of
micronutrients as adjunct for treatment of patients with PTB. Patients with clinical
suspicion of TB were screened with microscopy and culture at 8 district hospitals in
Abuja, Nigeria from September 2003 to April 2005. 1321 patients were screened and
had their blood samples taken for biochemical and HIV serology. 774 (59%)
participants were male and 547 (41%) female. The mean (SD) age for males was 35
(11) and females, 33 (12) years. 399 (30%) participants were positive for TB
according to the WHO definition of smear-positive TB and 731 (62%) of 1286
cultured sputa were positive for TB. Of 1045 patients screened for HIV, 566 (54%)
were positive and 317 (56%) of positive patients were male.

756 patients were enrolled to evaluate the use of bleach for the preparation of ZN.
One sputum sample was digested, bleached and stained by the ZN method. 2251
(99%) of 2268 direct smears, 736 (97%) bleached smears and 756 BACTEC cultures
were prepared. Of 756 patients cultured, 455 (60%) were positive for TB. Standard
ZN identified 51% of the cases using the WHO case definition for TB. In comparison,
a single digested smear identified 229 (50%) of the cases. In effect, a single digested
smear identified the same number of patients with PTB as the 3-sputum strategy with
similar specificity and predictive values. In HIV positive patients, 3 direct smears
identified 235 (51%) of the 458 patients PTB and a single digested smear identified
229 (50%) of these patients. Independent of the prevalence of HIV, a single digested
smear would improve the efficacy of diagnosis of TB providing a one-stop diagnosis.

The clinical presentation and risk factors for patients with TB were compared with
those without TB and smear-positive TB patients were compared with smear-negative
patients. Only a BMI <18.5%, weight loss, anaemia, conjugated bilirubin > 0.2 mg/dl
and granulocyte count > 65% were independently predictive. Being female, having
anorexia, BMI < 18.5, anaemia, hypoalbunaemia, raised ESR and SGPT were
independent predictors of TB and HIV co-infection. Contact with PTB, chest pains,
rhonchi, lymhocytopaenia, hypoalbuminaemia and a raised alkaline phosphatase were
positive predictive factors for smear-positive TB. In HIV positive patients,
haemoptysis and anaemia were positively predictive for smear positivity, while,
weight loss, anorexia, BMI < 18.5 anaemia, lymphopaenia, raised ESR and SGOT
and hypoalbuminaemia were independently predictive for smear-negative patients.

A total of 350 patients were enrolled in a clinical trial to assess the efficacy of zinc or
zinc plus vitamin A as adjunct for the treatment of TB. A greater number of patients
receiving zinc or zinc plus vitamin A had earlier resolution of their clinical symptoms
and improvement in the laboratory tests, though these were mostly not statistically
significant. A higher proportion of patients receiving these supplements cleared the
bacilli from their sputa than patients receiving placebo by both microscopic
examination and culture. Only a mean difference of 1 week sputum time clearance
was observed between patients. No significant differences were observed between the
mean sputum time clearance in patients receiving zinc or zinc plus vitamin A.

XXi



Improving the Diagnosis of Pulmonary Tuberculosis in Resource
Constrained setting and the Role of Micronutrients in the Treatment

of Pulmonary Tuberculosis in Abuja, Nigeria

CHAPTER ONE

General Introduction

Tuberculosis (TB) is one of the most common causes of death in adults in the world.
The World Health Organisation (WHO) estimates that more than two billion people, a
third of the world’s population, are infected with the tubercle bacilli (WHO 2002). Of
these, eight million develop TB each year and each person with active TB infects 10
to 15 persons yearly. TB kills about 3 million people each year, 95% of these
occurring in the developing world with the majority in sub-Saharan Africa

(Raviglione et al., 1995; Grzybowski 1991; Kochi 1991; Sudre et al., 1992).

The comerstone of global TB strategies is rapid and accurate diagnosis of
symptomatic patients. The identification of the tubercle bacilli on examination of a
direct smear of sputum is still the most important and cheapest method of making a
diagnosis of Pulmonary TB (PTB). The standard practice requires staining at least
three sputum smears with the Ziehl-Neelsen (ZN) method. The WHO case definition
of smear positive TB require a minimum of two positive sputum smears, as culture of
the bacilli is expensive and slow (WHO 2000a). The development of cheap, reliable

and simple tests for detecting Mycobacterium tuberculosis will improve the case



detection rate and help the early identification of infected persons. The digestion of
sputum with home bleach has been used to improve the sensitivity of ZN staining, by
permitting easier identification of bacilli than ZN alone (Yassin et al., 2003; Gebre et
al., 1995; Habeenzu et al,, 1998). A single smear using this technique has been
reported to be as effective as 3 standard smears (Yassin et al., 2003). Its increased
sensitivity could prove of great benefit to resource poor areas. There is however,
concern of reduced specificity for the test, which has not been validated against a gold

standard of culture (Van Deun et al., 2000) and this validation is addressed in chapter

5.

Patients with TB and HIV co-infection expectorate low numbers of acid-fast-bacilli
(AFB) and direct smear microscopy has a lower sensitivity in these patients compared
to patients without HIV probably through modifying the TB disease process, increases
the proportion of patients with culture positive, smear negative TB (Elliott et al.,
1993d). Techniques that could improve the detection of scanty bacilli are therefore
needed to improve the performance of smear microscopy in patients with HIV. This
will be critical in HIV positive individuals who often present with lower bacilli loads.
The increased sensitivity of the bleach digestion method could prove of great benefit

to improving the performance of smear microscopy in patients with HIV,

The WHO and the International Union Against TB and Lung Disease (IUATLD)
recommended that a single smear with scanty AFB should not be accepted as
diagnostic unless confirmed by further smears (Enarson et al., 2000). However it not
uncommon to report sputum smears and classify them as scanty as their presence have

been observed to constitute a high proportion of smear results (Van Deun et al.,



2004). In sub-Saharan Africa, the number of patients presenting with scanty bacilli
has increased due to high number of patients co-infected with TB and HIV in the
region (Elliott et al.,, 1993d) (Elliott et al., 1993; Karstaedt et al., 1998). Very few
recent studies have validated scanty smear results against culture, which is considered
the gold standard. Studies that compare the value of a single smear with scanty AFB
against culture in areas of high HIV prevalence would be critical for the proper

management of patients.

Tuberculosis has re-emerged as an important public health problem in the world since
the 1980s. This has been associated, with the advent of the HIV epidemic. Both
infections create a lethal combination, speeding each other’s progress. TB is a leading
cause of death among people who are HIV-positive, accounting for 11% of AIDS
deaths worldwide (Stanford et al., 1991; Davies et al., 1996; WHO 2002; WHO
2000b). In Africa, HIV is the most important factor responsible for the increased
incidence of TB in the past 10 years (Cantwell et al.,, 1996; Davies et al., 1996; De
Cock 1996). Despite the magnitude of the problem, there are only few documented
reports on the prevalence, clinical presentation and risk factors associated with HIV
infection among culture-positive TB patients probably due to the inaccessibility and
high cost of culture facilities in the settings where these diseases are most prevalent.
This thesis compares the prevalence, clinical presentation and risk factors of patients
with culture-positive and culture-negative TB with and without HIV infection to

determine the differences between the groups.

With the resurgence of TB in the mid 1980s, attention has been focused on its early

identification and treatment (Fairchild et al., 1998) Early identification of patients



with TB, whether they are smear-positive or smear-negative is necessary, both to
enable appropriate isolation procedures and to provide a basis for early institution of
therapy. Several studies have described the clinical presentation and risk factors of
persons with AFB smear-positive sputum, who are the most infectious group of TB
patients. Sputum smear examination for AFB of these patients can only diagnose 30
to 60% of true cases in well-equipped laboratories (Aber et al., 1980). In countries
with high prevalence of TB and HIV, the detection rate is even lower owing to the
paucibacillary nature of PTB in patients with HIV (Hargreaves et al., 2001a; Elliott et
al,, 1990; Hargreaves et al, 2001b; Long et al, 1991). In countries with low
prevalence of PTB, smear-negative TB is said to pose less of a threat to public health
compared to smear-positive PTB, based on its low infectivity potential, lesser extent
of disease, and good prognosis even without treatment (Long 2001). However, smear-
negative patients who are diagnosed with TB by culture, radiology or other means are
also capable of transmitting the infection (Dutt et al., 1994). Most publications on the
clinical features of PTB have not differentiated between smear-positive and smear-
negative disease as these patients may have different clinical presentation and
radiological findings. The directly observed therapy short-course (DOTS) programme
in most developing countries are run at the level of health centres (Enarson 1995), it is

important to assist the health care workers identify potential smear-positive or smear-

negative TB patients.

The association between malnutrition and infection is well established (Scrimshaw
1991; Scrimshaw et al., 1997). For centuries, TB has been a disease closely associated
with poverty (Grange et al., 2001a). Epidemiological, clinical and experimental

studies suggest a strong relationship between micronutrient deficiencies and infection.



Micronutrient deficiencies alter the innate and acquired immune responses to
pathogens and influence pathogen mutations directly, affecting virulence and clinical
outcome. Zinc supplements improve outcomes in diarrhoeal diseases (Roy et al.,
1997, Bhutta et al., 1999; Roy et al., 1999) and acute respiratory infections. (Bhutta et
al., 1999). They also promote growth in childhood (Thu et al., 1999). Similarly,
Vitamin A supplements reduce overall childhood mortality by 20 to 30% (Fawzi et
al.,, 1993), reduce death from measles complications and acute lower respiratory
infections in hospitalised children (Hussey et al., 1990). Furthermore, micronutrient
deficiencies of zinc and vitamin A have been associated with increased susceptibility
to TB (Karyadi et al., 2000). More recently, zinc replenishment has been shown to
improve the PPD responses of children exposed to adults with tuberculosis (Cuevas et
al.,, 2002). A small trial in Indonesia demonstrated that adults with pulmonary
tuberculosis who received a combination of daily zinc and vitamin A supplements
cleared the bacilli at a faster rate than those who did not receive supplements (Karyadi
et al., 2002). Evidently, by including micronutrients in the current TB treatment, it may
be possible to reduce the dosage of anti-tuberculosis drugs or introduce shorter
regimens. Shorter regimens will lead to better drug compliance, fewer adverse effects
and reduced cost to the patient. Faster sputum conversion will also reduce the risk of
tuberculosis transmission, which is a major benefit to the community. To this end
therefore, we also compare the effects of the outcome of including zinc with zinc +

Vitamin A into a standard TB treatment regimen.



CHAPTER TWO

Tuberculosis: Literature review

2.1 Historical Perspective

Great hopes were built by the end of the 20™ century that with the advent of
antibiotics and generally improved living standards, nutrition and social conditions,
the threat of an early death from TB and other infectious diseases would be outdated
(D'Arcy Hart et al., 1939). Other factors that should have reduced tuberculosis rates
include selective genetic pressure (Davies et al,, 1996), immunisation and political
measures (Grange et al., 2001b). In contrast, by early 21% century, this expectation has
turned out to be a big fallacy, as these diseases have not only re-established

themselves but also became deadlier.

In the course of history, tuberculosis has been called various names including
Phthisis, Scrofula, Tabes, Hectic fever, Lupus, and Consumption. The name
“Tuberculosis” was coined during the second half of the 19" century when in 1882 a
German bacteriologist named Robert Koch isolated the infectious agent of the disease,
which he named Tuberculosis bacteria or tubercle bacilli using his own Koch’s

postulates (Koch 1932).

Various attempts at treatment, some bordering on folk remedies and others on diet and
warm fresh air, failed. Hermann Brehmer, a German botanical student, who was

himself a sufferer, opened the first sanatorium in 1854. Other sanatoriums developed



in the UK, USA and many other parts of the world, from the second half of the 19th
century, becoming a major part of the management of the disease into the middle of

the 20™ century.

The post war discovery of antibiotics, between 1945 and 1960, revolutionised the
treatment of TB and for the first time a therapeutic regime was available, offering the
real prospect of a cure for TB in the vast majority of patients. Streptomycin was
discovered in 1948. There was a rapid decline in the incidence of TB in the middle of
the 20™ century, which led to the assumption that the scourge of TB would then be
over. This led to complacency and neglect by the wealthier nations with decline in
research and political interest in the control of the disease. The WHO monitoring and
control operation was reduced to its barest minimum and by 1986, Medical Research

Council (MRC) units were disbanded.

By 1986, the decline witnessed during the previous three decades had halted in many
countries and the world experienced a resurgence of TB in both developed and
developing countries, reoccurring in countries where it had ceased to be a problem.
Between 1987 and 1993, prevalence rates in England and Wales rose by 35% and
15% respectively (HMSO 1988-2001). This resurgence was associated with the
spread of HIV and further aggravated by the emergence of multiple drug resistant TB
(MDR-TB), with immigration as a major factor. By compromising the immune
system, HIV was the most important single factor for the progression of dormant TB
into clinical disease (Antonucci et al, 1995; Raviglione 2003; Raviglione et al,,

1995). This resurgence was most severely felt in the resource poor countries of sub-

Saharan Africa.



With the increasing TB burden, several organizations decided to act. For instance
WHO declared TB a global emergency in 1993 (WHO 1994), the first such
designation ever made by that organization. The G8 group in 2000 committed itself to

achieving the WHO target of reducing deaths from this disease by 50% by 2010.

Peru has achieved a 50% reduction in incidence rate in the last decade and China has
seen a fall in the prevalence rate, both attributable, in part, to the introduction of
effective case detection and short course chemotherapy (WHO 2001). While most
developed countries have witnessed reduction in incidence rates, TB notification rates
have risen up to fourfold in many of the countries of the developing world particularly
in Sub- Saharan Africa (Maher et al., 2004) and few countries are likely to succeed in

achieving this target utilising existing strategy and technology.

2.2 Epidemiology

The leading disease agent in Tuberculosis infection is M. tuberculosis and humans are
the principal host. An estimated §-9 million new cases of TB occurred in 2000. Of
these 2-4 million cases were pulmonary sputum smear positive (Corbett et al., 2003)
and each of these cases is capable of infecting 10-15 other individuals each year. Sub-
Saharan Africa has by far the highest incidence of TB with a rate of 290/100000, but
the largest number of infected people is in Southeast Asia accounting for over half of
the global burden. The total number of new TB cases probably increased by
1.7%/year from 1997 to 2000 with the incidence rate per capita at 0.4%/year. At this

rate, it is expected that 9-10 million new patients will be infected by 2010. This



increase will be most evident in sub-Saharan Africa (Dye et al., 2005). Eighty percent

of new cases occur in 22 high burden countries as shown in figure 2.1.

It is estimated that 3 million people die from TB each year with over 95% in
developing countries, primarily in sub-Saharan Africa (Grzybowski 1991; Dye et al.,
2005; Corbett et al., 2003; Raviglione 2003; Antonucci et al., 1995; Raviglione et al.,
1995). Among infectious agents, TB is the world’s second greatest killer of modemn
times behind HIV/AIDS (WHO, 2001). TB accounts for 14% of adult deaths in
patients suffering from HIV and 11% of adult AIDS death (Stanford et al., 1991;
Davies et al., 1996; De Cock 1996), with the vast majority in Africa (Cantwell et al,,
1996; Davies et al., 1996; De Cock 1996). The prevalence rates of TB by continents

are shown in table 2.1.

TB is predominantly an adult disease with a peak incidence in young adults. Based on
previous studies, it is believed that more men than women suffer from TB (Liberato et
al,, 2004; Kimerling et al., 2002). Compared with other infectious diseases, TB
infection progresses very slowly, through low transmission rates, weak immunity and
long generation time (Anderson et al., 1991). The importance of TB is attributable to
the high case-fatality rate among untreated or poorly treated cases. Approximately
two-thirds of untreated smear positive cases will die within 5-8 years, the majority
within the first 2 years (Raviglione et al., 1994; Styblo 1991). The case fatality rate
for untreated smear-negative patients is lower but still between 10-15% (Rieder
1995). Even among smear-positive patients having treatment, the case-fatality rate can

exceed 10%, especially in cases of poor drug compliance, HIV infection and drug

resistance (WHO 2000b).
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Table: 2.1 Prevalence and annual number of deaths by continent (Davies 2003a)

Region Prevalence Annual Deaths
Africa 3,586,000 770,000
Americas 980,000 160,000
Eastern Mediterranean 1,035,000 173,000
Europe 710,000 118,000
South-East Asia 6,553,000 1,095,000
Western Pacific - 3,429,000 591,000
Total 16,301,000 2,907,000

Nigeria has a population of over 120 million people and ranks 4™ among the world’s
22 countries with a high TB burden. Among African countries, Nigeria has the highest
estimated number of new TB cases with nearly 368,000 new cases in 2002 (WHO
2005). Of the above, 159,000 (43%) were pulmonary sputum smear-positive cases.

The HIV infection rate among TB patients as of 2002 was estimated at 27% (WHO

2005).

2.3 Pathophysiology

Tuberculosis is spread by airbormme droplets, containing M. tuberculosis. These
droplets are moist small particles between 1-5um in diameter that remain airborne for
hours after expectoration, by patients with pulmonary tuberculosis (PTB). Individuals
in close proximity to patients may inhale the infectious droplet nuclei from the
atmosphere. The inhaled bacilli reach the alveoli and after being ingested by

macrophages establish a local focus of disease called the Ghon focus. Bacilli are

11



transported to the hilar lymph nodes where additional foci of infection develop. Hilar
lymphadenopathy together with the Ghon focus forms the primary complex. There

may be containment of the infection at this stage or progression to active disease.

In most infected individuals, cell mediated immunity (CMI) develops 6 to 8 weeks
after infection. T-lymphocytes are activated and together with macrophages form
granulomas enclosing the bacilli and limiting its further replication and spread. Unless
a subsequent defect arises in CMI, the infection typically remains contained and
active disease may never occur. This stage is usually associated with the development

of a positive tuberculin skin test.

At the cellular level, alveolar macrophages infected with M. tuberculosis interact with
T-lymphocytes through various important cytokines. The macrophages release
interleukins 12 and 18 that stimulate T-lymphocytes, especially the CD4+ T-
lymphocytes, to release interferon y (INF-y) (Sodhi et al., 1997; Ellner 1997). The
cytokines then stimulate the phagocytes of the bacilli in the macrophages by
stimulating the release of tumour necrosis factor o (TNFa), which is important in the
formation of granulomas and limiting the extent of the infection (Flynn et al., 1993;

Flynn et al., 1995; Mackaness 1968).

When the host immune response cannot contain the replication of M. tuberculosis,
such as in HIV infection, active disease occurs. HIV infection is the most important
single factor in the reactivation and progression of infection in adults. Other medical
conditions can also compromise the immune system and lead to reactivation of

infection. These include malnutrition, diabetes, malignant diseases, renal failure,.

12
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steroid therapy, zinc deficiency (Pant et al.,, 1987) and vitamin A or D deficiency

(Karyadi et al., 2002; Wilkinson et al., 2000)

2.4  Clinical Diagnosis of TB

The M. tuberculosis complex includes three closely related species, M. tuberculosis,
Mycobacterium bovis and Mycobacterium Africanum. The term “Latent tuberculosis
infection” refers to to the situation when an individual is infected but has no
symptomatic, radiologic or pathologic evidence of disease. The evidence for this
infection is mainly a positive skin test. “Tuberculosis disease” refers to infection with
evidence of disease such as positive acid-fast smear, positive culture, and radiographic

or clinical symptoms of TB.

The diagnosis of TB involves a proper history of clinical presentation, physical
examination and laboratory and radiographic investigations. Because of the way the
human host defends against the tubercle bacilli, there are two distinct form of the
disease in humans: primary and post-primary disease. The primary form is caused by
infection of a non-immune host and this is usually prevalent in childhood in countries
with high TB prevalence and in adulthood in countries with low prevalence. It is often
relatively mild and may not come to medical attention. Post-primary TB is by far the

most common and most serious form of the disease accounting for 90% of all TB

cases presenting to the medical reviewer.

14



2.5 Clinical Presentations

Presenting symptoms

An important diagnostic clue for diagnosis is a history of previous exposure to an
individual with expectorating TB. The patient might be asymptomatic, but often there
is a history of cough of more than three weeks duration, usually productive of mucoid,
purulent and/or blood stained sputum. Patients may complain of fever and night
sweats. Chest pain with unresolved pneumonia is a frequent symptom. As the disease
progresses, patients may complain of breathlessness, localized wheeze, frequent colds,
weight loss, lassitude, anorexia, dyspepsia and in some women, amenorrhoea. Any or

all of these symptoms might be present in a TB patient (Brandli 1998; Davies et al,,

1996)

Clinical signs

Signs of TB vary according to the severity of the disease. Most patients are pyretic
and anaemic. There is moderate to severe loss of weight and in very severe cases,
patient’s gait is affected. In some cases, there are signs of pneumonia or pleural
effusion or both. Signs of extra-pulmonary TB, such as cervical lymphadenopathy,

finger clubbing and phlyctenular conjunctivitis may be associated with PTB disease.
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Tuberculin Skin Testing

The natural history of TB is characterized by the distinction between latent infection
and active disease. The preferred and standard skin test for detecting persons with
latent TB, is the tuberculin skin test (TST) of which the Mantoux test is the most
frequently used. It involves injecting 5 TU (0.1ml) of purified protein derivative
(PPD) intradermally and assessing the induration within 48 to 72 hrs. The importance
of the TST is its ability to predict active disease in latently infected individuals.
Studies have shown that treatment of latent TB infection based on positive TST
reduced the risk of active disease by approximately 60% (Pai et al., 2004). The test is
more useful in areas of low TB prevalence and low cross-reactions (Huebner et al.,
1993). Almost 20% of patients with TB have negative skin test and immunosupressed
patients such as those co-infected with HIV, false negative results can reach 50%
(Huebner et al., 1992). False positive results may occur in patients infected by other
non-TB mycobacteria, e.g. M. avium complex (Nash et al., 1980). This test cannot

differentiate between infection and disease.

Figure: 2.3 A patient with TB presenting at one of the hospitals in Abuja

16



2.6  Laboratory Diagnosis

Microscopy

After much speculation about the cause of TB, Robert Koch in 1882 isolated the
tubercle bacilli in the laboratory. Koch used an alkaline-based staining technique,
which took 20-24 hours at room temperature to perform (Koch 1882). He was
awarded the Nobel Prize for medicine and physiology for his work on TB in 1905.
Paul Erlich, a medical assistant, soon developed a more rapid staining procedure
exploiting the acid-fast property of the mycobacteria (Erlich 1882) and further
improvement on the technique was made in the following years by Franz Ziehl and

Friedrich Neelsen (Ziehl 1982), and it is their modifications that are still in use today.

The acid-fast smear technique remained until recently the only rapid laboratory
technique for the diagnosis of TB. The principle is based on an arylmethane stain,
such as carbol-fuchsin or auramine, followed by an acid or acid-alcohol de-colouring
solution, which fails to penetrate the acid-fast mycobacteria and therefore leaves them

stained. A counter stain such as methylene blue or malachite green allows the red

bacilli to be seen more easily under the microscope.

Zichl-Neelsen staining

The identification of the tubercle bacilli on examination of a direct smear of sputum is

the most frequently used method of making a diagnosis worldwide. The standard

17



practice requires staining at least three smears. An example of a smear with the ZN

stain is shown in figure 2.4.

Figure: 2.4  Sputum specimen stained with ZN stain

Tubercule
bacilli

&

Fluorescence staining

This technique is also based on the acid-fast principle. The auramine-phenol
fluorochrome staining technique can be used to detect M. ruberculosis in sputum and
other specimens when facilities for fluorescence microscopy are available. This
technique is used by many laboratories because it permits a more rapid reading of
smears as bacilli can be detected at the 40-x objective. The auramine-phenol staining
technique is likely to detect tubercle bacilli even where they are few. This method
requires a flouorescent microscope and staining and is only recommended for

laboratories with large workload.
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Figure: 2.5  Auramine-phenol staining under fluorescence microscopy

Tubercule
bacilli

2.6.2 Culture

Isolation of mycobacteria from clinical samples by culture represents the cornerstone
or the gold standard on which a definitive diagnosis of TB can be made. Traditionally
mycobacteria culture has been performed on conventional egg based solid medium

such as Lowenstein Jensen (LJ), agar based media such as Middlebrook formulations

(7H10 and 7H11) and liquid media such as Kirshner’s or Middlebrook 7H9 broth.

The problem with conventional culture methods is the slow growth of the bacilli in

the media with a mean growth period of four to six weeks and an additional two

weeks if drug sensitivity is required (Kent et al., 1985).
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The time to detection of growth of mycobacteria can be shortened greatly by the use
of the automated or semi-automated liquid culture systems that can detect growth
earlier than the naked eye. These include the BACTEC 460 radiometric system,
BACTEC MGIT 960 system (Becton Dickinson), MB/BacT system (Organon
Teknika), the mycobacteria growth indicator tube (MGIT) and the ESP II culture
system (Heifets 2000; Cambau et al., 1999; Katila et al., 2000; Somoskovi et al.,
2000; Liu et al, 1999). A major drawback for these systems is their cost, as for
example, processing samples with MGIT can cost £50.00 per sample. These tests

therefore are rarely available or affordable in developing countries.

2.7  Molecular techniques

Tests based in molecular techniques can be very rapid and are becoming more widely
available in developed countries. Depending on the setting of the TB system, these

tests can be performed within one day (Pai et al., 2004). Various methods have been

developed.

Polymerase Chain Reaction (PCR)

This technique allows the amplification of sequences of M. tuberculosis DNA in vitro,
such that the amount of amplified DNA can be detected and identified. PCR is rapid
and the results can be available within one day of DNA extraction from the sample.
The test can be automated and can rapidly detect as few as a single organism from
sputum, blood, gastric lavage, cerebrospinal fluid, pleural fluids and tissue samples

with sensitivity and specificity of almost 90% in pulmonary tuberculosis (Montenegro
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et al., 2003). PCR tests however require of a relatively complex equipment and good
isolation facilities to avoid cross-contamination. In addition, PCR tests for TB are not

very sensitive for the diagnosis of TB in children (Khan et al., 1995; Neu et al., 1999).

Gene probes

These tests target mycobacteria ribosomal RNA by transcription-mediated
amplification. DNA probes that are highly specific for M. tuberculosis species are
used in patients in whom AFB smears are positive and culture is in progress.
Specificity is usually less than 100% even in positive smear patients with occasional

false positive in non-TB mycobacterium infections (Suffys et al., 2001).

2.8  Serodiagnosis

Various attempts at developing a sensitive and specific serological assay, for the
diagnosis of MTB, have been elusive. There are now newer promising procedures
using enzyme immunoassay, which may make serological testing possible in the
nearest future. These tests will be useful in detecting mycobacteria particularly in
children and in patients with extra-pulmonary infections, although their ability to

differentiate between disease and infection is still unclear.
In the past decade, a major scientific advancement made was to identify antigen that

are expressed by M. tuberculosis, but not by BCG or by most environmental

mycobacteria. The most studied of these antigens is the early secreted antigenic target
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6-kD protein (ESAT-6) (2-4) which has multiple epitopes that are recognised by

persons of many different HLA types (Ulrichs et al., 1998).

Y-Interferon Blood Test (Quantiferon-TB)

Quantiferon TB is an in-vitro blood test developed to detect latent TB infection
considering the shortcomings of the TST. The assay evaluates patients’ TB infection
status by measuring interferon gamma (IFN-y) secreted from T-lymphocyte cells in
whole blood incubated overnight with M. tuberculosis specific antigens such as the
proteins ESAT-6, CFP-10 and TB 7.7 (Mazurek et al., 2003). The quantiferon-TB

test is said to identify only those individuals truly infected with TB (Pai 2005; Pai et

al., 2004).

ELISPOT

The enzyme-linked immunospot (ELISPOT) is a new blood test to diagnose latent TB
infection (Shams et al., 2005; Liebeschuetz et al., 2004; Ewer et al., 2003). ELISPOT
is able to detect IFN-y-producing cells in persons with latent TB infection (Lalvani et
al., 1998). Compared to TST, the ELISPOT test appears to be as sensitive for
diagnosis of latent TB infection in contacts with TB (Shams et al., 2005; Liebeschuetz
et al., 2004). ELISPOT is not yet suitable for widespread use due to cost and the

requirement to isolate mononuclear cells, a procedure that is not routinely performed

in clinical laboratories.
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2.9 Routine Blood Examination

The routine blood examination is usually not diagnostic for TB. However these tests
are useful for objective monitoring of response to treatment. Due to the chronic nature
of the disease, patients with TB have a high erythrocyte sedimentation rate (ESR) and
lymphocytosis. The packed cell volume (PCV) may be low in severe TB or in
malnourished patients. White blood cells (WBC) are usually within normal limits,
except where there are other acute inflammatory conditions and a relative increase in
monocytes can occur. Mild abnormalities of the liver function tests (LFT) have been
observed in some patients (Prasad et al., 2004; Guryleva et al., 1993; El'kin et al.,
1992) and this are further monitored because of the potential for clinical hepatitis

during chemotherapy (Gordin et al., 2004; Jasmer et al., 2003).

2.10 Radiographic diagnosis

Quoted vastly from a comprehensive review of TB radiographic appearance, by
Woodring et al., (Woodring et al., 1986), and reproduced in Clinical Tuberculosis
(Davies 2003a) it was stated that PTB could produce a wide range of abnormalities on
chest radiography from normal to very bizarre. During the primary phase,
consolidation usually presents in the middle or lower lobes or the anterior segment of
the upper lobe, the latter being most common. Other radiological features include
cavitations, TB bronchopneumonia, segmental or lobar atelectasis, pleural effusion,

hilar and mediastinal lymphadenopathy and disseminated miliary disease.
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Common chest abnormalities during the second phase include exudative and/or fibro-
productive densities mainly in the apical and posterior segments of the upper lobe,
cavities, marked fibrotic response in the lungs, pleural effusion, empyema and

fibrosis. Occasionally, pneumothorax and intra-thoracic lymphadenopathy are seen.

Imaging techniques

Computed tomography (CT) is a more sensitive method of detecting chest pathology
such as cavities, lymphadenopathy, miliary diseases and pleural effusion, than chest
radiography, but these techniques are still expensive and require equipment not

available at peripheral settings of developing countries.

2.11 Treatment

Early diagnosis of TB infection and prompt initiation of optimal treatment would not
only enable a cure of the patient but will also stop transmission of infection and
disease to others in the community. The WHO recommended DOTS programme,
which includes short- course chemotherapy is currently the most effective treatment
for most patients. Direct observation of the patients helps most of them to complete
the 6-8 month treatment regimen (Bayer et al., 1995; Iseman et al., 1993). The Joint
Tuberculosis Committee (JTC) of the British Thoracic Society (BTS) in 1998
published revised guidelines for the chemotherapy and management of TB in the
United Kingdom (BTS 1998). The recommendations include among others: (1)
Patients with TB should be notified to the local authorities. (2) Bacteriological

confirmation and drug susceptibility testing should be sought wherever possible. (3) A
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six-month short course regimen with four drugs in the intensive phase should be used

for all forms of TB except TB meningitis. (4) Treatment of all patients should be

supervised by trained personnel. (5) Advise is given on follow up after treatment. (6)

The role of directly observed therapy is discussed. (7) The management of multi-drug

resistance TB is explained in outline and (8) Infection control and segregation for

such patients and for patients with dual infection with HIV and TB are covered under

special conditions.

The aims of drug treatment of TB are:

1.

cure the patient of TB by the shortest duration of drug administration with
minimum interference with their living;

prevent death from TB or late effects of disease;

prevent relapse of disease;

prevent emergence of drug resistance;

reduce transmission of TB to people within or outside the community. (Yew et

al.,, 1999);

In 1993, the WHO officially adopted the DOTS strategy as the global strategy for

the control of TB (Walley et al,, 2001). The five key components of DOTS

include:

A.

o 0 w

t

Political commitment
Microscopy services
Drug supplies

Good record keeping

Direct obsérvation of treatment
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The recommended six or 8 month drug treatment for PTB is divided into a two month
intensive phase and four to six-month continuation phase. The DOTS programme in
Nigeria uses the 8-month therapy. Drugs recommended for use in the intensive phase
consist of: Isoniazid (INH), Ethambutol (E), Rifampicin (R) and Pyrazinamide (RZ).

The drugs recommended for the continuation phase comprise Rifampicin and
Isoniazid for four months treatment or Isoniazid and Ethambutol for four or six

months. In Nigeria, the recommended continuation phase is 6 months with INH and

Ethambutol.

In cases, where a positive smear or culture for M. tuberculosis is still obtained after
two months of treatment, drugs for the intensive phase are continued for another
month (NTBLCP 2004). A summary of the treatment scheme for Nigeria is shown in

table 2.2.

Table: 2.2 Chemotherapy for newly diagnosed patients

Daily dose
Drug Preparation Adults children
Isoniazid Tablet SOmg 300mg 10mg/kg*
(INH) 100mg 10mg/kg in military
Rifampicin Capsule 150mg, <50kg: 450mg 10mg/kg
(R) 300mg >50kg: 600mg (max. 600mg
Pyrazinamide Tablet 500mg <50kg: 1.5g 35mg/kg
(RZ) © 50-74kg: 2.0g
Ethambutol Tablet 100mg: 15mg/kg  If over 12years
(E) 400mg of age, for adults
Streptomycin Vial 1g <50kg: 0.75g 20mg/kg
>50kg: 1.0g

* WHO recommendation
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Table 2.3 shows the treatment scheme recommended for patients with multidrug
resistance (MDR) TB. There is however, no study on the prevalence of MDR-TB in
Nigeria and patients who fail the first treatment are put on the retreatment scheme,
which consist of 3 months of intensive phase, with steptomycin given for 2 months

and 5 months of continuation phase using the 4 fixed drugs combination.

Table: 2.3 Drugs and Doses used in the Treatment of MDR-TB

Drug Dose Frequecy

Pyrazinamide 20-30mg/kg of body Daily
weight

Ethambutol 15-25mg/kg daily

Amikacin, Kanamycin, Strepto- 15/kg (max. dose, 1g) Five days a week

mycin, or Capreomycin

Aminosalicylic acid 12g Daily
Clofazimine 300mg Daily
Amoxicillin-clavulanate 2-4g Daily
Clarithromycin 1000mg Daily
Protionamide 750-1000mg Daily
Cycloserine 750-1000mg Daily
Ofloxacin, ciprofloxacin 400-800mg Daily
Rifabutin 300mg Daily
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CHAPTER THREE

Study design and methods

3.1 Introduction

This chapter describes the objectives of the thesis, the overall study design and
methods common to all components of the project. Subsequent chapters will address

study issues of each objective individually.

3.2 Objectives

The specific objectives of the thesis are:

1. To validate the use of bleach digested sputum with ZN stain for the diagnosis of

PTB against culture

2. To describe the sensitivity and specificity of sputum smears with scanty results

3. To describe the prevalence of HIV among patients with smear positive PTB

4. To develop algorithms for the selection of individuals with high risk of having
PTB with and without HIV infection

5. To assess the efficacy of weekly zinc and weekly zinc plus weekly vitamin A as

an adjunct for the treatment of patients with PTB

28



3.3 Materials and Methods

Logistical arrangements

Preparation for the project started in May 2003 with the formation and the equipping
of a TB research laboratory in Zankli Medical Centre in Abuja, Nigeria. Zankli
Medical Centre is a forty-bed private hospital with approximately 150 staff, including
8 consultants in different disciplines. The hospital was founded in Jos, Nigeria in 1990
and relocated to Abuja in 1997, where it has since grown to be one of the largest
private hospitals in the city. This is a fee-for-service hospital that provides services to
mostly middle and upper class citizens, diplomats, company executives and staff. The
study was based in Zankli Medical Centre, as the Principal Investigator (PI) is the

medical director of the centre. He has promoted research and teaching activities

within Abuja.

Given the characteristics of the patients attending the centre, an agreement was sought
with the Ministry of the Federal Capital Territory (FCT), through the Directorate of
Health of that ministry, whereby patients with suspicion of TB attending selected
district government hospitals would be allowed to participate in the study. In return,
the project was to support the incipient DOTS programme of the government by
providing free diagnostic tests for the patients (sputum smears, cultures, X-rays, HIV
testing and counselling and blood tests such as ESR and liver function tests). The
laboratory was equipped with a new BACTEC 960, a hood, two microscopes,
incubators and centrifuges. New materials, reagents and consumables were purchased
in readiness for the project. In addition, eight community health research nurses, were

attached to the participating government hospitals and three laboratory
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technologists/microbiologists, one laboratory technician, a data clerk and a driver
were employed. An experienced clinician with an interest in TB was identified in each
of the participating hospitals, and paid an honorarium for his/her assistance in helping

to supervise the nurses in the hospitals.

Each staff was given a job description. The nurses explained the aim of the study and
completed the consent form, recruited patients with symptoms suggestive of TB and
assisted the patients in answering the questionnaires. The nurses were responsible for
obtaining the sputum specimens (1%-on-the-spot, morning and 2™-on-the-spot) in two
consecutive days and blood samples from the patients. PPD-tuberculin (0.1ml) was
administered intradermally to the patients, using the Monotest (MT). This was
examined after 48 to 72hours. The driver collected these sputa and blood samples on a
daily basis, Monday to Friday, and took them to the Zankli research laboratory. The
driver also took the nurses to houses of patients who failed to tumn up for their
appointments to facilitate follow up. The laboratory staff prepared all the smears and
cultured the sputum samples. Blood analyses were done with semi-automated
machines in the hospital chemistry laboratory. Serum samples were frozen in safe-
lock tubes and stored at -20°C until transported to Liverpool for micronutrient
analysis. Blood was also collected for HIV testing afier counselling of the patients.

Patients not willing to participate in the study were also offered diagnostic tests.

Pregnant women, lactating mothers, patients on corticosteroids or supplements
containing vitamins A or D during the previous month, diabetic and renal failure
patients, patients with extra-pulmonary TB, those residing outside Abuja’s

metropolitan area and those who could not attend follow-ups were excluded from the
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study. Nurses at the participating hospitals were notified of all positive sputum results

for AFB in order to enroll patients willing to participate in the micronutrient study.
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3.3.1 Project site

All field and most laboratory work was carried out in Abuja, Nigeria. Abuja is the
capital of Nigeria. It is located within the Federal Capital city. It is the fastest growing
city in Africa and the first planned city in Nigeria. The city was created in the 1980s
after the decision to move the Nigerian capital from Lagos to its present location in
the centre of the country. The capital was finally moved in 1991 and there is still
construction going on in the city. It occupies an area of 3000-sq mi (7,770-sq km) and
it is located at 9° 10" north and 7° 10° East. The climate is pleasant with the two main
weather variations, typical for sub-Saharan tropical climate, the dry season (October-
March) and the rainy season (March- October). It has an annual rainfall of 1632mm
and between November and February the dry Harmattan winds are prevalent with

occasional haze with cold nights and momings (Abujacity.com et al., 2004).

The population of Abuja has increased from 1.5 million a few years ago to an
estimated 4-5 million in 2005 with a large number of people living in satellite
settlements around the city. There is a large influx of male unskilled workers, who

come in for the construction jobs and a large civil service community.
There are 13 general district hospitals, several mission, many private and two

reference hospitals, the National Hospital and the Gwagwalada Specialist Hospital. In

addition, there are 156 primary health centres (PHC) in the FCT.
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Figure 3.2 Map of Nigeria with the location of Abuja
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3.3.2 The participating hospitals

Eight hospitals in Abuja were selected because of their size, number of beds, number
of out patient visits and the convenience of being able to recruit patients for the study.
The FCT runs six of these hospitals, as government owned district hospitals, one is
owned by the Federal government and run as a specialist hospital and the eighth is
owned and run as a general hospital by the Roman Catholic mission. The following

sections describe each of these hospitals:

34



Wuse District Hospital (115 beds)

This is one of the largest hospitals in Abuja with 115 beds. It is located at a highly
populated area in the Wuse district catering for mainly middle and lower class
population. It was commissioned in the mid 1980s and has a very busy out-patient-
department (OPD) with an average attendance of 230 to 250 patients daily (i.e. 6,500
to 7,000 patients/month). Apart from the OPD, there are other departments such as,
obstetrics and gynaecology, surgery, medical and pharmaceutical. It has a laboratory
that conducts most of the tests required in the hospital. Attached to the OPD is a

DOTS treatment centre where upward of 20 patients are seen daily.

Asokoro District Hospital (80 beds)

Asoko District Hospital is one of the large Federal Capital City general hospitals. It
was commissioned in December 2000 and serves the middle and lower class
population of Asokoro,b which is a low-density area. It has 80 beds for medical,
surgical, paediatrics, obstetrics and gynaecological admission. It has a large outpatient
department, which caters for approximately 6,400 patients a month. It has a
complementary number of medical and non-medical staff, and a DOTS clinic which
has in attendance 10 to 20 patients daily. The hospital is being used as a HIV vaccine

research centre with funding from CDC and NIH from the USA.

Maitama General Hospital (80 beds)

This is also a large district general hospital, located at the centre of Abuja, the
Maitama District. It is a well attended hospital by all class of patients with an average
attendance of 6,000 patients per month. It was also commissioned in December 2001

and it is situated in a medium density area. This 80 bedded hospital has a well
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equipped diagnostic laboratory and pharmacy. It has an outpatient and in-patient
departments which include, surgical, medical, paediatrics, obstetrics and gynaecology

and pharmacy. It runs DOTS and HIV/VCT clinics with average attendance of over

20 patients for counselling daily.

Kubwa General Hospital (30 beds)

Kubwa general Hospital is relatively a small hospital located in a fast growing Kubwa
satellite town at the outskirt of Abuja. It a well attended hospital by the inhabitant and
patients from the neiboughoring villages. It has an average attendance of 3000
patients per month and a DOTS programme, which caters for 5 to10 patients a day. It
has 30 in-patients’ beds and has an OPD department. Major medical or surgical cases

are referred to the bigger hospitals or the National Hospital.

Gwarinpa General Hospital (30 beds)

Gwarinpa General Hospital is a 30-bedded general hospital located at an area formally
used by construction workers who built up Abuja, called the Life Camp. It caters for
people in this area and the nearby high density settlements of Du and Karimu. It has a

DOTS programme that caters for 5 to 10 patients daily and an OPD that treats about

2000 patients monthly.
Nyanya General Hospital (20 beds)
Nyanya general Hospital is a small hospital with 20 beds and located in a densely

populated satellite town at the southern outskirt of Abuja. Ten of the beds are

allocated to male and 10 to the female patients and children. It has an average OPD
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attendance of 3,500, a DOTS and NPI units, although patients in this area tend to

attend the larger district hospitals in Abuja.

Gwagwalada Specialist Hospital (500 beds)

This is one of the oldest hospitals built in the FCT (1991). It is a 500 bedded specialist
hospital, built with the intention of converting it into a teaching hospital when the
University of Abuja starts a medical school. It was a very well equipped hospital but
with time has deteriorated and most of the equipment is no longer functioning. It is
well staffed with 29 consultants, 50 senior medical officers, 48 house officers and
over 350 nurses. Its DOTS programme attends to over 300 patients daily and over

20,000 patients go through the OPD monthly.

St Mary’s Hospital (30 beds)

St Mary’s Hospital is a private hospital run by the Catholic mission in Abuja. It is
located in the satellite town of Gwagwalada. It has 30 beds and sees an average of 650

patients at the OPD monthly. It has a DOTS programme, which was started at the

initiation of this study.
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Figure: 3.3 Map of the Federal Capital Territory, Abuja, Nigeria
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Figure: 3.4 Abuja, First phase of the Federal Capital City
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Zankli Research laboratory

Zankli research laboratory was set up within the Zankli Medical Centre in May 2003,
primarily to handle this project, as it was difficult to obtain support from any other
laboratory in the bigger institutions in Abuja that was capable of or willing to handle a
project of this magnitude.

The laboratory was staffed by three microbiologists, a haematologist and a laboratory
technician. The laboratory was equipped with a computer dedicated to data entry and
managed by a data manager. The air-conditioned laboratory was equipped with a
BACTEC 960 system for culture of sputum samples, two moderate sized incubators,
microscopes, a safety cabinet, water bath, water distiller and facilities for ZN
microscopy including reagents. The blood samples were handled in the haematology
laboratory within the medical centre. The laboratory and the equipment were cleaned
every day. Samples brought from the hospitals were received by the laboratory and
registered. The data manager entered information on each patient into the database
including results from the laboratory. The sputum samples collected from each patient
were stained using the ZN technique. One randomly chosen sample from these was
bleach-digested and stained by the ZN method and one further randomly selected
sample was decontaminated and cultured in the BACTEC 960. All ZN slides
including the bleach-digested smears were read and graded according to International

Union Against Tuberculosis and Lung Disease (IUATLD) scale as shown in table:

3.1
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3.3.3 Data processing

Data were collected through face to face interviews and using a standard
questionnaire. Clinical, laboratory and radiological information were all entered daily
into a database created in Epi-Info version 3.2 (Centre for Disease Control and
Prevention, 1600 Clifton Road, Atlanta, GA, 30333) by a data manager. A second
database was created to enter information collected on side effects of treatment in the
patients. All data entered into the database were regularly backed up in a USB

portable flash-disk and a personal laptop belonging to the principal investigator.

Data were regularly checked for typing errors and corrected where mistakes were
detected. Data out of range were rechecked from the original data and correction
made when necessary. Double entry of records and other inconsistencies were

regularised. Epi-Info does not include missing data in the analysis.

3.3.4 Followup

Patients were followed up at the clinics on weekly bases in the first two months; when
they received the anti-TB drugs for the intensive phase, and were asked to swallow
the weekly micronutrient pills on the spot (See chapter 10 for a full description of the
micronutrient clinical trial design). After the intensive phase, patients were seen
monthly for the continuation phase of the TB treatment and were given a monthly
supply of micronutrients at each visit. Patients were given a bottle of Lucozade at
each visit to encourage their return for the follow-up visits but were not given

financial incentives. All patients in the micronutrient study had a chest X-ray taken at
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the time of enrolment, at the end of the second month and at the end of six months of

therapy.
3.4  Treatment

At each of the participating hospitals, there was an established DOTS programme
where all smear positive patients were given free drugs and managed according to the
DOTS programme. All patients received the standard TB treatment approved by the
Federal Ministry of Health of Nigeria and used in the participating hospitals. This
treatment is divided into an intensive phase of 2 months and a continuation phase of 6
months. For the Intensive phase patients were given Rifampicin, 450-600mg daily;
Isoniazid, 300mg daily; Ethambutol 1gm daily (15mg/Kg); and Pyrazinzmide, 1.5- 2g
daily and for the continuation phase, they were given Isoniazid and Ethambutol.

In addition to the standard treatment, patients participating in the clinical trial
(described in chapter 10) were randomly assigned to receive micronutrient

supplements. The randomisation process is described in chapter 10. The three

supplement groups were:
a. one group received 90mg elemental Zn weekly (as zinc sulphate), in a lactose

matrix, in form of a tablet plus weekly 1500 retinol, which is equivalent to

5000IU of vitamin A (as retinyl acetate) in a capsular form.

b. a second group received 90mg of elemental Zn weekly plus a placebo that

looked similar to vitamin A
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c. a third group received weekly placebos similar to the zinc tablet and weekly

placebo capsules similar to vitamin A

All capsules and tablets were prepared in Liverpool, packed, coded and sent from
LSTM. The capsules were indistinguishable to both researchers and patients. Because
some patients were lost to follow up very early in the study, a further 50 patients were

recruited the trial and allocated into the groups by a coded arrangement from LSTM.

The DOTS programme was strengthened by employment of the 8 community health

nurses who were responsible for the follow up and supervision of the patients being

treated for TB.

A two-month pilot study (July to September 2003) was set up to identify and address

the problems involving the project. These were discussed weekly with all TB staff.

These meetings continued to the end of the follow up.

A trial monitoring committee was set up to receive fortnightly data sets to monitor
side effects of the interventions. This committee was also to supervise an interim

analysis of the data. However, as the sample size of the study was cut down to 50% of

the original plan, this interim analysis did not take place.

External quality control and technical advice was provided by Dr A Ramsay, research

fellow at the LSTM who visited the premises and advised on standardisation of

procedures.
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3.5 WHO case definition for TB

The intemnationally accepted case definitions for TB by WHO is based solely on the

principles of three direct smears and culture. The definitions as stated by WHO are;

1. Definite: > 2 positive direct smears or one positive direct smear plus positive
culture

2. Very likely: three negative direct smears but positive culture

3. Less likely: one positive direct smear and negative culture

4. Unlikely: three negative direct smears and negative culture

3.6  Laboratory Methods

This was a cross sectional survey of patients attending 8 district hospitals in Abuja,
Nigeria, from September 2003 to July 2004 with a clinical suspicion of PTB. After
signed informed consent, patients 15 years old or older were asked to submit 3 sputum
samples (on-the-spot, early-morning and second-on-the-spot), as recommended by the
International Union Against Tuberculosis and Lung Diseases (IUATLD) (Enarson
1995) and the National TB and Leprosy Control Programme of Nigeria. (NTBLCP,

2003) revised as a workers’ manual 4™ edition in 2004 (NTBLCP 2004).

Standard direct smears were prepared from the sputum samples using the ZN staining
method. In addition, one of these three sputum samples was selected at random and an
equal amount of a locally produced household bleach (Jik, 3.5% NaOCL, Reckitt

Benkiser Nig LTD, Industrial Estate Agbara, Ogun State, Nigeria) was added and left
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to digest for 30-45 min at a slant of 45° angle as described by Yassin et al (2000). A
drop was taken from the bottom of the container of the digested specimen, smeared on
a slide, and stained using the ZN technique. All four slides were read by two
technicians unaware of the results from each other and graded according to the
IUATLD scale. A third dedicated technician read the slides with discrepant results
and the readings were discussed to reach an agreement. All sputum samples were
processed in the Zankli Medical Centre laboratory. Sputum samples were collected
on the day of submission and processed within 4 hours. One of the sputum samples

was randomly selected from each patient and cultured on a BACTEC 960 system.

All patients were screened for HIV using a ImmunoComb HIV1 & 2 BiSpot kit
(ORGENICS, P.O. Box 360 Yavne 70650, Israel) after written informed consent and
pre- and post-test counselling. HIV positive patients who completed their anti-TB

treatment were referred to the Gede foundation (http:/www.cedefoundation.org), a

non-governmental organisation providing anti-HIV treatment at subsidized price in
Abuja. The results of all HIV tests were kept in a separate anonymous database that

was linked with the main database.

3.6.1 ZN staining procedure

A drop of sputum was smeared (1cm x 2cm) on a new, clean and grease-free slide and
left to air-dry. The slide was placed on a hot plate for about Smin to fix after which it
was flooded with carbol fuchsin. The slide was left to stand for 15min at room
temperature and was then steamed gently with flame from underside for 1min. The

stain was allowed to stand on the slide for a further 5 min, washed with distilled water
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and tilted to drain. The preparation was decolorized with 3% acid alcohol, rinsed with
distilled water and tilted to drain. The slide was then flooded with malachite green for

1 min, rinsed with distilled water and placed on draining rack to air-dry.

3.6.2 Bleach/ZN staining procedure

An equal amount of locally produced household bleach (Jik, 3.5% NaOCL, Reckitt
Benkiser Nig LTD, Industrial Estate Agbara, Ogun State, Nigeria) was added to a
randomly selected sputum sample from each patient. The mixture was left to digest
for 30-45 min at a slant of 45° angle as described by Yassin et al (2003) (Yassin et al.,
2003) with the difference that the bleach concentration used was 3.5% as opposed to
the 5% in Yassin’s study. A drop was taken from the bottom of the digested
specimen, smeared on a slide, and stained using the ZN technique. The slide was dried

using a wall drier and then read together with the three standard ZN slides by the two-

trained microscopists.

Table 3.1 IUATLD sputum smears grading system (Enarson et al., 2000)

IUATLD sputum smears grading system

AFB Count Score/Reading

No AFB seen (in at least 100 fields Negative

1-9 AFB in 100 fields Actual AFB count (Scanty)
10-99 AFB in 100 fields +

1-10 AFB in at least 50 fields ++

>10 AFB per field in at least 20 fields +++
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3.6.3 Culture on BACTEC 960

One of the three sputum samples was randomly selected from each patient,
decontaminated and cultured on the BACTEC 960 system. The procedures for

decontamination were carried out in a safety cabinet.

Modified Petroff decontamination method

To an Xml of sputum (depending on the quantity available), twice that volume of
NaOH (4%) was added and shaken properly to digest the sputum. The mixture was
allowed to settle for 15min at room temperature with occasional shaking and then
centrifuged at 3000g for 15min. The supernatant was poured off and 15mls of sterile
saline was added and the sediment re-suspended. The mixture was again centrifuged

for 15mins, the supernatant decanted and inoculated on to the culture medium MGIT

tube) immediately.

BACTEC procedure

A lyophilized vial of BBL MGIT PANTA antibiotic mixture was reconstituted with
15mls of BACTEC MGIT growth supplement (All from Becton Dickinson
International, Distribution Centre, Laagstraat 57, 9140, Temse, Belgium). 0.8m1l of the
mixture was aseptically added to a labelled MGIT tube (Contains 7mls of modified
Middlebrook 7H9 Brith base). 0.5ml of the decontaminated sputum specimen was
also added to the MGIT tube. The tube was recapped properly, mixed thoroughly and

placed into the BACTEC 960 at an incubation temperature of 37°C. The bottle was
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automatically monitored every 60min by the instrument for increasing fluorescence.
Culture bottles that remained negative after 42 days were removed from the
instrument and classified as a negative culture. A fluorescent compound is embedded
in silicon, which is placed at the bottom of the 16x100mm round bottom MGIT tube.
The fluorescent compound is sensitive to the level of oxygen in the broth. The broth is
well enriched with oxygen and this suppresses emission of the florescent compound.
As the microorganism respires, it consumes the oxygen in the tube and allows the
florescence to be detected and read by the BACTEC as positive. An instrument
positive tube contains approximately 10°-10° CFU per ml. The MGIT tube can not
differentiate species of mycobacteria, as such, positive test result can not be said to be
M. tuberculosis. Samples positive in the BACTEC system were sub-cultured onto LJ

slopes to confirm a growth rate and morphology consistent with M.tuberculosis

complex..

3.6.4 Follow up laboratory tests

Patients who were positive for TB by the WHO definition (> 2 smear positives) were
enrolled for the micronutrient clinical trial. First on-the-spot and moming sputum
samples were collected from the patients during their weekly visit to the hospitals and
were examined at the Zankli Research Laboratory. The weekly sputum examination

of the patients continued until such a time that three consecutive samples were

negative.

Apart from those taken at enrolment, blood samples were collected at the first,

second, third and sixth month for chemistry and micronutrient studies. Samples for
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micronutrient study were frozen in safe-lock tubes and stored at -20°C until

transported to Liverpool.

Materials and methods for each specific objective will be further expanded in the

appropriate chapters.

Monotest (MT) (PPD-tuberculin)

The Monotest was supplied as Monovac (Institute Merieux, 17, rue Bourgelat 69002,
Lyon, France). It is a PPD-tuberculin test and 0.1ml is administered intradermally,
preferably at the flexor surface of the forearm and examined after 48 to 72 hours.
Induration greater than or equal to 2mm are considered positive (Son, 1977). The
Monotest shows significantly more positive readings after 72 hours and is better
tolerated than the routine Mantoux test or the Tine test. As regard to application and
skin reaction, Herzog and Birkhauser (Herzog et al.,, 1980) recommended that the
Monovac test be substituted for the Mantoux test and used as a screening test for
general practice. Despite planning to apply the test to all participants, only few

patients were inoculated due to sudden unavailability and increased cost of the

Monotest during the study.

3.7  Sample size calculations for each objective

3.7.1 Sample size for objectives 1, 2 and 3
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We expected that the prevalence with TB was about 85%. To compare the agreement
between standard and bleached smears, we then set to find the Kappa statistics with
types 1 and 2 errors of 90% and 95% respectively. A sample size of 250 ZN positive
patients, were recruited based on its expected level of agreement between case

definition and bleach (Kappa).

3.7.2 Sample size for objective 5

Sample size for the clinical trial was calculated to replicate the proportion of patients
who were positive by ZN, two, four and eight weeks after treatment observed in an

initial trial in Indonesia (Karyadi, 2002). This is fully discussed in chapter 10.

3.8 Quality Control

All reagents used during this project were purchased from local reputable companies
and all solutions were prepared in the Zankli laboratory using standard procedures.
The reagents were checked for expiry dates. At regular intervals and everytime when
new reagents were purchased, sputum smears were prepared with known positive and
negative samples to determine the quality of the reagents. Records were kept for the
date, quality and type of reagents. One external assessor from LSTM visited the
laboratory and conducted an external quality assessment. The PI supervisors visited

the study site on several occassion.

39 Ethical considerations
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Ethical approval for the study was obtained from the ethics committees of the
Liverpool School of Tropical Medicine, UK; Gwagwalada Specialist Hospital, St
Mary’s Hospital and the Department of Health Services of the Federal Capital
Development Authority (FCDA), which is responsibie for the management of all the

participating district hospitals.
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CHAPTER FOUR

General characteristics of the study population

4.1 Background

During the study period from September 2003 to April 2005, 1,321 patients who
attended the eight participating district hospitals with a history of cough of more than
three weeks or symptoms suspicious of PTB, were screened. The procedures consisted
of screening for compliance with inclusion and exclusion criteria for enrolment into
the project, discussion and completion of the consent form and referral to the
attending physician of the hospital if excluded. The inclusion and exclusion criteria
are listed in appendix 1. This section describes the characteristics of the 1321 patients

for background information.

General characteristics

The mean (SD) age of the1321 patients was 34 (12) years and was 35 (11) years for
males and 33 (12) years for females. Seven hundred and seventy-four (59%) were
male and 547 (41%) were female (table 4.1). Five hundred and sixty (42%) of the
patients were between 25 to 34 years old, which is the age group most often
associated with TB and HIV (Raviglione 2003; Aerts et al., 2004; Prasad et al., 2000;
Anteyi et al., 1996). The age distribution by sex is shown in figure 4.1. The peak age
group among both male and female patients was 25 to 34 years with 39% being male

and 47% being female. The presence of more male patients in the study is

55



understandable as Abuja is a new city with many job opportunities for men. Few

patients above the age of 65 years attended the hospital with symptoms suspicious of

TB.

Table: 4.1 Characteristics of the population screened for TB

N= 1321

Age in years All  34(12)[15-92]
Male 35(11)[15-92]

Female 33(12)[15-90]

Male: Female (% male) 774: 547 (59%)
Activities at the time of consultation =~ Working 912 (69%)
Not working 95 (7%)

Studying 176 (13%)

Housewife 138 (10%)

Education None 150 (11%)
Primary 256 (19%)

Secondary 643 (49%)

Tertiary 272 21%)

Number of people per room : 3(2)[1-26]
Number of smokers 291 (22%)

Duration of smoking in years 10 (9) [1-54)]
Number of cigarettes per day 7(7) [1-66]

Contact with person with cough of > 3wks 222 (17%)

Mean length of contact in weeks 6 (8) [1-52]
Contact with person with fever of > 3 wks 100 (8%)
Contact with person with PTB within 2 years 205 (16%)

Mean length of contact in years 5(5) [1-28]
BCG in the past 920 (69%)

N (%) [range] unless stated
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4.2 Socioeconomic characteristics of the patients

Nine hundred and twelve (69%) patients were employed, 95 (7%) were unemployed,
177 (13%) were students and 138 (10%) were housewives. Three hundred and sixty-
one (40%) of those working were civil servants and 237 (26%) businessmen (table
4.2). Most of the patients working in the civil service were mainly low-level civil
servants and most of those in business were small traders. Of note is the small number

of long distant drivers, as this group in other studies has been associated with high

incidence of TB and HIV.

Table: 4.2 Occupation of the participants who were working

Activity N %
Civil servants 361 40%
Business 236 26%
Trader 60 7%
Farmer 56 6%
Driver 28 3%
Teacher 20 2%
Others 151 17%

One hundred and fifty-one (11%) had no education, 257 (19%) had primary
education, 641 (49%) attended or were attending secondary school at the time and 273
(21%) had tertiary education. This is typical of the educational pattern in Nigeria and
more so of Abuja where there had been an influx of people with secondary education
in search of clerical and civil service work. Most of these individuals live in
overcrowded slums at the outskirts of the city. The 151 (11%) patients without

education consisted of mostly manual workers in the construction business.
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4.3 History of contact

The mean (SD) number of people who shared a bedroom with the patients was 3 (2),
with one of the patients sharing his bedroom with 26 persons. The majority shared

bedrooms with between one and four persons (82%) and seven patients (0.5%) lived

alone.

Only 291 (22%) of the 1321 patients smoked cigarettes. This was consistent with the
smoking pattern of the low-income population in Nigeria, as most of them could not
afford to buy cigarettes. It is estimated that 20 to 40% of the general population of
Nigeria smoke cigarettes (Bandele et al., 1987). The patients who smoked had done so
for a mean (SD) of 10 (9) years, with one patient having smoked for 54 years. These

patients consumed a mean (SD) of 7 (7) cigarettes per day (range 1-54).

Two hundred and twenty-two of the patients (17%) indicated they had been in contact
with other adults with cough of over three weeks. The mean (SD) time of contact with
such patients was 6 (8) weeks. Only 100 patients (8%) indicated they had been in
contact with other persons with fever. Two hundred and five patients (16%) had been
in contact with persons that had been previously diagnosed with PTB with a mean

(SD) time of contact of 5 (5) years.

Nine hundred and twenty (69%) of the patients had had BCG vaccination.
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4.4 Prevalence of TB among the participants

Three hundred and ninety-nine (30%) of the 1321 patients screened fulfilled the WHO
definition for positive TB (> 2 positive direct smears) as shown in table 4.3. Of the
smear positive patients, 262 (66%) were males and 137 (34%) females, among smear

negative patients, 512 (56%) were males and 410 (44%) females (P= 0.001).

Table: 4.3 Smear results of the patients screened according to the WHO case

definition of smear positive TB

ZNSmear

Sex Positive Negative

Male 262 (66%) 512 (56%)
Female 137 (34%) 410 (44%)
Total 399 (30.2% 922 (69.8)

Table: 4.4 Smear results of the patients screened according to WHO case definition by

hospitals
Hospitals screened Smear positive (%)
Asokoro 239 (18%) 68 (28%)
Gwagwalada 113 (9%) 44 (39%)
Gwarimpa 85 (6%) 38 (45%)
Kubwa 133 (10%) 42 (32%)
Kuje 17 (1%) 1 (6%)
Maitama 195 (15%) 72 (37%)
Nyanyan 58 (4%) 23 (40%)
St Mary’s 114 (9%) 26 (23%)
Wuse 367 (28%) 86 (23%)
P=0.001
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The number of patients screened in each hospital depended on its size and location.
The larger hospitals located in well-populated areas, such as Wuse, Maitama and
Asokoro screened larger numbers of patients and had higher numbers of patients
fulfilling the WHO case definition. Kuje Hospital which is only mentioned here, is
located in Kuje near the Kuje Prison. This prison one of the largest prisons in Nigeria.
For logistic reasons, recruitment of patients from this hospital was discontinued after
one month. The catholic mission in Abuja runs St. Mary’s Hospital and members of
the church attached to the hospital who had chronic cough were asked to attend the
hospital for diagnosis and treatment through announcements made during church
services. Gwagwalada Specialist Hospital already had a TB control programme in

place before this study and recruitment of patients was easier from the beginning of

the study.

One sputum sample was cultured for each patient on enrolment and 1286 (97%)
sputum samples were cultured on the BACTEC 960. Seven hundred and thirty-one
(62%) of the specimens cultured were culture positive (table 4.5). Therefore about

50% of the patients who had TB were missed by the direct sputum smear microscopy.

Table: 4.5 BACTEC culture results of patients with symptoms of TB

BACTEC 960 Frequency Percent

Positive 731 62%
Negative 455 38%
Total 1186 100%
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4.5 Prevalence of HIV among the participants

A total of 1045 (79%) of the 1321 patients were screened for HIV. Five hundred and
sixty-six (54%) were positive for HIV and 479 (46%) were negative. Of those positive

for HIV, 317 (56%) were male and 249 (44%) female (P= 0.003) (table 4.6)

Table 4.6 HIV prevalence by sex among participants

HIV

Sex Positive Negative

Male 317 (56%) 309 (64%)
Female 249 (44%) 170 (36%)
Total 566 (54%) 479 (46%)
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CHAPTER FIVE

To validate the use of bleach digested sputum with Zeihl-Neclsen for

the diagnosis of Pulmonary Tuberculosis against culture

5.1 Introduction

The comerstone for TB control in resource-constrained settings is the rapid diagnosis
and treatment of infectious patients. The standard practice requires the examination of
3 sputum smears, submitted over the course of 2 days, using ZN or other staining
methods under the light microscope. The WHO case definition requires at least 2
positive smears or, where facilities are available, one positive smear together with one
culture positive for M. tuberculosis (Enarson et al., 2000). This method however is
insensitive for samples with few bacilli and seems to perform poorly in HIV co-

infected individuals (Aber et al., 1980; Kemp et al., 1996).

Previous studies have reported that the digestion of sputum with household bleach
improves the sensitivity of the smears as it breaks the sputum debris allowing for the
enhanced identification of the bacilli (Habeenzu et al.,, 1998; Yassin et al., 2003;
Gebre et al., 1995). A single smear using this technique has been reported to be as
effective as 3 standard smears (Yassin et al., 2003). However, none of these studies
have compared bleach smears against a gold standard (Van Deun et al., 2000; Yassin
et al., 2003) raising the possibility that the increased yield could be due to decrease in
specificity. This will be critical in HIV positive individuals who often present with

lower bacilli loads.
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This chapter describes a prospective survey of patients with PTB attending 8 district

hospitals in Abuja, Nigeria, aiming to validate the bleach technique against culture.

5.2 Literature review

Although significant improvement have been made in improving mycobacteriological
services in the developed world, little has been done in providing diagnostic tools
utilizable in the resource poor settings. This is even more so in the development of

diagnostic tools for TB, despite knowing about the aetiological agent for over a

century.

The diagnosis of TB is the cornerstone of WHO global strategy for the
implementation of the DOTS programme for the management of TB. The most widely
used tool, the ZN method, though relatively inexpensive, rapid and able to detect
those cases that are most infectious in areas of high TB prevalence, it is relatively
insensitive (Perkins 2000; Aber et al., 1980; Kemp et al., 1996), detecting only about
20% to 40% of the world’s eight million positive cases. The sensitivity of the
technique is further undermined in areas with high HIV prevalence, probably through
modifying the TB disease process, increases the proportion of patients with culture
positive, smear negative TB (Elliott et al., 1993d). Problems associated with the 3
sputum specimens requirement include high drop out rates, since patients need to
make repeated visits to the health facilities to submit specimens, obtain results and
take treatment (Kemp et al, 1996). Consequently, some infectious cases will be

missed, placing others at risk. In addition, the process of examination of 3 specimens
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creates heavy workloads for the usually understaffed laboratories and this can impact

upon the quality of the service (Mundy et al., 2003).

In the developed countries, new techniques are in the process of development or are
fully developed and in use. These include nucleic acid amplification, phage
replication, antibody detection, liquid culture, cellular immune recognition, antigen
capture, chemical and physical detection, but none of these is available for use or has

proved applicable in resource poor settings (Perkins 2000).

The global targets for TB control under DOTS include detecting 70% of new smear
positive cases by 2005 (case detection). Current estimates suggest the current global
detection rate is about (37%) and that this target will not be achieved (Dye et al,,
2005). Health system weaknesses present challenges to improving case detection.
Health staffing is in crisis in many countries and there is general lack of access to TB

diagnostic services in resource-poor countries.

Various attempts to improve the sensitivity of the smear microscopy for the diagnosis
of TB date as far back as 1908. Concentration of sputum in preparation for
microscopy or culture was used in various forms (Hanks et al., 1938);(Petran et al.,
1939). This was temporarily suspended because of the emergence of fluorescence
microscopy and culture. It was revived in the nineties in the context of the developing
countries when many studies showed impressive results in improving the sensitivity
of smear microscopy using a variety of techniques (Gebre et al., 1995; Miomer et al,,

1994; Habeenzu et al., 1998; Van Deun et al., 2000).
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These methods generally involve an agent to digest or liquefy the sputum followed by
sedimentation or centrifugation, prior to acid-fast staining. Agents used for sputum
digestion include sodium hydroxide (Corper et al., 1949), N-acetylcysteine (Gilks et
al., 1997), Chitin (Farnia et al., 2002) and sodium hypochlorite (household bleach 1%-
5%) (Gebre et al.,, 1995; Van Deun et al.,, 2000; Habeenzu et al., 1998). Sodium
hypochlorite (NaOCI) has the advantage of being readily available. It is an effective
disinfectant, which kills off M. tuberculosis (Best et al., 1990) and HIV (Flynn et al.,

1994), improving safety in laboratories that lack adequate bio-safety facilities.

Digestion of sputum with bleach, followed by centrifugation has been reported to
show increased sensitivity over the direct smear (Miorner et al., 1996). Angeby et al.,
(Angeby et al., 2004), in their review of six studies where a gold standard was used,
found a statistically significant (P<0.05) improvement in sensitivity with the bleach
method compared to the direct smear method. Studies carried out in Ethiopia have
Tabone et al., 1992reported that a single digested smear can equal the sensitivity of 3
direct smears (Yassin et al., 2003). However, Angeby et al., (Angeby et al., 2004) in
their comparison of bleach microscopy with direct smear, found greater but not
statistically significant increase in sensitivity using centrifugation (Gebre-Selassie
2003; Miomer et al,, 1994). Most of the resource-poor countries however cannot
afford the centrifugation technique due to the cost of purchasing centrifuges for their
laboratories. Furthermore there is lack of or inconsistent electrical supply for the
centrifuges to perform optimally and allow for wider use of the technique where it
could be most useful.

Yassin et al., (Yassin et al., 2003) compared the diagnostic performance of the bleach

sedimentation method to the standard WHO three-smear strategy and reported
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increased sensitivity using this method over the direct smear and that a single digested
smear can equal the sensitivity of three direct smears (Yassin et al., 2003). In this

study however, the results were not validated against a culture, which is regarded as

the gold standard.

Mycobacterial culture is a more sensitive method than direct smear microscopy for
diagnosing PTB. We therefore compared bleach digested smear using the short-term
method with the direct smear microscopy and culture in patients presenting with
symptoms suggestive of PTB. If a single digested smear could replace the
examination of 3 direct smears, and provide a one-stop diagnosis, it could make a

significant contribution to improving case detection rates while reducing costs and

workload.

5.3 Materials and Methods

5.3.1 Aims and objectives

The aim of this study was to validate the bleach technique against culture in a sub-
Saharan African setting by comparing bleach digested sputum stained with ZN with

smears prepared by the standard method and culture.

5.3.2 Study design

This was a cross sectional, prospective study of patients (aged > 15 years) attending 8

district hospital in Abuja, Nigeria from September 2003 to June 2004 with clinical
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suspicion of PTB and no previous history of TB treatment. The 8 community health
nurses described in the general methods section (chapter 3) enrolled patients. Patients
were asked to submit 3 sputum samples over 2 days (on-the-spot, early morning and
second-on-the-spot) in sputum bottles. Samples were collected on a daily basis and

submitted to the research laboratory at Zankli Medical Centre where they were

processed within 24 hours.

5.3.3 Preparation of slides

Three standard direct smears were prepared from the sputum samples of each patient
using the hot ZN staining method (Enarson et al.,, 2000). In addition, one sputum
sample containing an adequate quantity of sputum (at least SmLs) was selected from
the three submitted and used to prepare a bleached-digested smear. A picture of a
bottle of household bleach is shown in figure 5.1. A second randomly selected
specimen was used for mycobacterial culture on the BACTEC 960. Preparation of the

digested smear was already described in chapter 3.

The sputum smears (both digested and direct within each set) were examined under
oil immersion lens (x 100) by two microscopists who were unaware of each others
results and graded according to the [IUATLD scale. A third dedicated technician read
the slide with discrepant results and the readings were discussed to reach a consensus.
Examples of digested and direct smears are shown in figure 5.2. For the purpose of
this study, smears with less than 10 acid-fast bacilli (AFB) per 100 fields were
grouped together under the description “scanty” and considered as positive (see

chapter 7 for the validation of this procedure). Where results of digested smear were
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unavailable for analysis (due to non-submission of specimen, insufficient specimen,
or mishap during laboratory processing) the results were recorded as missing and

excluded from the comparison of the complete data sets. A flow diagram of the study

is shown in figure 5.5.

5.3.4 BACTEC culture

The BACTEC 960 system was used for mycobacterial culture after specimens had
been decontaminated using the Petroff’s method as described in chapter 3. Facilities
were not available at the time for definite confirmation of isolates as members of the

M. tuberculosis complex, therefore the term “positive culture” here refers to the

growth of AFB in culture.
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5.3.5 Categorisation of patients

The categorisation of patients for this analysis was guided by the WHO case
definitions for smear positive TB and based solely on the 3 direct smears and culture.
The digested smear was not part of establishing cases to avoid incorporation bias The
case definition was fully described in chapter 3. Briefly, the WHO considers any
patient culture positive as a definite case. For the purpose of this study a “definite”
sputum smear positive (SS+) PTB case was defined as patients with > 2 initial sputum
smear examinations positive for AFB; or one sputum smear examination positive for
AFB plus sputum culture positive. Patients with negative smear microscopy but
positive culture were considered “very likely” PTB cases but will be considered
sputum smear negative (SS-). Patients with only one positive direct smear but
negative culture were considered “less likely” to have PTB and those with negative

direct microscopy and negative culture were considered as “unlikely” to have PTB.

5.3.6 Statistical methods

The results of single digested smears were compared to the WHO case definition.
Sensitivity, specificity, positive and negative predictive values (PPV and NPV) were
calculated. Comparison of the proportion of cases identified by direct smear
microscopy and a single digested smear were tested using Chi-squares. The

agreements of the digested smears with the direct ZN were compared using Kappa

statistics.
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5.4 Results and Analysis

The sample size for the study presented here is smaller than the sample size in
subsequent chapters because the analysis was conducted before the project had
finished recruiting patients. For this objective, 756 suspected TB patients were
enrolled from & district hospitals. Of these, a total of 2251 (99% of the potential
2268)) direct smears, 736 (97%) bleached smears and 756 BACTEC cultures were
prepared between September 2003 and June 2004. The results of 17 direct sputum
smears and 20 digested smears were not available due to non-submission, insufficient
volume of sputum specimen or mishap during laboratory processing. Four hundred

and fifty-five (60%) of the 756 cultures were positive for TB and 301 were negative.

Of the 455 culture-positive patients, 222 (49%) of 1%-on-the-spot, 232 (51%) of
morning and 224 (50%) of 2™-on-the-pot specimens were positive by direct smear
microscopy as shown in table 5.1. It should be noted that more smears prepared from
early morning sputum samples were graded as “+++” than those prepared from 1¥-on-
spot (P< 0.01) and 2"-on-spot (P< 0.02). Two hundred and twenty-six (51%) of the
455 culture positive patients had positive digested smears. Digested smears had more
sputum samples graded “scanty” or *“+” than the direct smears, consistent with the
dilution effect of the digestion process. Both digested smears and all the three direct

smears however had similar number of samples labelled negative.
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Table: 5. 1 Microscopy results of standard direct smears and bleach digested smears

by culture
Unavailable Negative Scanty  + ++ +++

Positive culture

1* on the spot 3 (1%) 230(51%) 36(8%) 83(18%)  58(13%) 45(10%)
Morning 3(1%) 220 (49%) 28(6%) 72(16%)  59(13%) 73 (16%)
2" on the spot 9(1%) 222 (49%)  34(8%) T72(16%) 69 (15%) 49(11%)
Bleach 16 (4%) 213 (47%)  30(7%) 98 (22%)  55(12%) 43 (10%)
Negative culture

1¥ on the spot 1(0.3%) 297 (99%) 0(0%) 2(0.7%) 1(03%) 0(0%)
Morning 1 (0.3%) 296 (99%) 1(03%) 1(0.3%) 1(03%) 1(0.3%)
2" on the spot 1(0.3%) 296 (99%)  2(0.7%) 0(0%) 1(0.3%) 1(0.3%)
Bleach 4 (1%) 290 (96%) 4 (1%) 1(0.3%) 1(0.3%) 1(0.3%)

Of the 301 patients who were culture-negative, 3 (1%) of 1*-on-the-spot and 4 (1%)
of morning and 2"d-on-the-spot direct smears were positive. In comparison, 7 (2%) of
the digested smears of these patients were positive. Most of these positive digested

smears were graded as scanty.

As per the study definition described above, a total of 235 (31%) patients were
considered “definite” SS+ PTB cases (table 5.3). All these were diagnosed based on
> 2 direct positive smears (there were no cases of one positive direct smear plus
positive culture). A further 223 (29%) were “very likely” to have SS- PTB, as they
had positive culture but negative smear microscopy. Two patients had one positive
direct smear but negative culture (considered “less likely” to have PTB) and 296
patients had 3 negative direct smears and negative culture (considered “unlikely
PTB). Thus the WHO case definitions identified 51% of the cases with PTB (i.e.

“definite” and “very likely” PTB). In comparison, a single digested smear identified
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219 (93%) of the 235 patients with “definite” SS+ PTB and a further 10 who were
“very likely” to have SS- PTB cases. A single digested smear therefore identified 229
(50%) of the cases with PTB. We can then justifiably say that the number of patients
with PTB 1dentified by a single digested smear is essentially the same as that
identified by the 3-sputum smear strategy with confirmatory culture of singleton
positives with similar specificity (294/298; 99%; 95%CI 97-100%)). The positive and
negative predictive values (PPV, NPV) for the combined WHO case definitions for
PTB were 100% (99%-100%) and 57% (53%-61%) respectively. In comparison, a

single digested smear had a PPV and NPV of 98% (95%-99%) and 56% (52%-60%)

respectively (p>0.5).
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5.5 Discussion

Direct sputum smear microscopy is considered the comerstone of TB case finding in
resource-poor countries. It is relatively cheap, simple to perform and identifies the
most infectious cases amongst those presenting to health care facilities (i.e. those
whose sputum contains the most TB bacilli). However, the requirement for repeated
visits to submit specimens and receive a diagnosis is associated with considerable
dropout rate from the diagnostic process, particularly of poorer patients. Furthermore,
health service resources (including human resources) for TB control are increasingly
constrained in many parts of the world, particularly those areas with high rates of
HIV/TB dual infection. Sputum smear microscopy is considered one of the critical
services provided by district health laboratories in Africa. Work in Malawi has shown
that sputum smear microscopy using the 3-smear strategy can consume more than
40% of total staff time and, with the exception of blood transfusion services,
consumes more of the annual laboratory budget than any other investigation (Mundy
et al., 2003). The large numbers of sputum smears being examined in high prevalence
settings also makes it difficult to adequately assess the quality of the service. Large
samples of smears need to be rechecked (blind) by quality assessors if an assurance of
minimum quality standards is to be statistically valid. Consequently, few national

external quality assessment schemes function adequately in high prevalence countries.

The results presented here confirm the relatively low sensitivity of direct sputum
smear microscopy: it identified 51% of the patients who were culture positive.
Moreover, the sensitivity of the direct smear in this study is likely to be higher than

that seen in most settings since all smears were examined twice in a research
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laboratory, and all slides with 1-9 AFB per 100 fields were considered positive. The
TUATLD/WHO grading system recommends a threshold of 10 AFB per 100 fields
before a slide is regarded as a positive (i.e. only grades 1+ and above are considered
positive). Recent work investigating the impact of lowering the positivity threshold in
order to increase sensitivity of direct smear microscopy recommended a threshold of 4
or even 1 AFB per 100 fields as most of these smears are likely to be true positives in
areas of high TB prevalence (Van Deun et al., 2004; Enarson et al., 2000) (see chapter
7). Most programmes require the collection of sputum specimens over 2 days to
ensure the examination of an early moming specimen (the specimen considered most
likely to be positive). Our findings indicate that, although morning samples from TB
suspects are more likely to have higher smear grades, the proportion of slides
classified as negative is independent of whether the sample was collected as an on the
spot or as a morning sputum. Although this may be setting specific and be associated
with later presentation and more advanced disease in our study population, such
observations have prompted studies to examine the number of sputum specimens that
are required to diagnose a patient as smear-positive in other locations (Van Deun et

al., 2004; Yassin et al., 2003; Van Deun et al., 2002).

This study confirms earlier work in Ethiopia showing that a single digested smear is
as sensitive as 3 direct sputum smears for the diagnosis of new cases of PTB (Yassin
et al.,, 2003). The inclusion of mycobacterial culture in this study provides the
validation of smear results, absent in previous work, and strengthens the evidence. It
is likely that the method works, not so much through concentration of the TB bacilli
in the specimen, but through the digestion of the material that forms the background

of the microscopic field. The methylene blue-stained background of the microscopic
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field appears paler and less distracting, and AFB are seen more clearly against it. See

Figures 5.2 to 5.4 for examples of the smears. Thus, it may be more suitable for less-

experienced microscopists.

The digestion method may benefit from some further development. During this study
a number of digested smears were unavailable due to laboratory mishap. In every
case, this mishap was the observed loss of the entire (heat-fixed) smear during the
staining process. This is probably not an all-or-nothing phenomenon and it may be
expected that all the digested smears are prone to some loss of material. It is possible
that the bleach digests the proteinaceous material required for adherence of the
clinical material to the glass slide. Bovine serum albumin has been used to promote
adherence of sodium hydroxide treated sputum to microscope slides, but is likely to
be a prohibitively expensive option for resource-poor settings (Ipuge et al., 1996).
The use of alternatives such as sterile skimmed milk may be worth investigating. The

effects of age and storage conditions of bleach on the performance of the method also

need to be explored.

Advantages of using a single digested smear in place of the conventional 3 direct
smears on specimens collected over 2 days include the potential of a same-day
diagnosis and reduction of the drop-out rate during the diagnostic process (due to an
anticipated reduction in patient costs and time involved). It allows for easier and safer
preparation of smears, since digested sputum is easier to manipulate and is sterilised
by the bleach treatment. This approach also reduces the laboratory load and costs as
fewer specimens need to be processed resulting in a reduction in time spent on

clerking specimens and writing reports, reduction in smears being fixed, stained and
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examined and the clearer background to the microscopic field may be expected to
make the screening of negative smears faster. Angeby et al (Angeby et al., 2004)
recently reviewed studies of all methods wusing bleach for sputum
digestion/concentration. They concluded that there is enough evidence and local
concern to promote the introduction of a bleach method as a part of the DOTS
strategy in countries where culture is not performed routinely, but they did not

advocate any particular method of those reviewed.

5.6 Conclusion

This study provides evidence to support implementation, in an operational research
setting, of a digested smear method for diagnosing new cases of TB in resource-poor
countries. Household bleach is an almost universally available product even in rural
areas of developing countries. A single digested smear equals the sensitivity and
specificity of the 3 direct smear strategy. It can be expected to improve case-finding
and lead to considerable savings in time and expenditure for health services and
patients. Given the relatively low sensitivity of smear microscopy however, future
work should focus on establishing how many additional patients would be detected if

two or three smears are examined using the digested method.
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CHAPTER SIX

Short-term bleach digestion of sputum for the diagnosis of PTB in

patients co-infected with HIV/AIDS

6.1 Introduction

Globally, HIV infection is the single most important risk factor for the development
of TB (Raviglione et al., 1997). Areas with high rates of dual TB and HIV infections,
such as sub-Saharan Africa, are particularly hardest hit. Smear microscopy is the
main diagnostic technique used in peripheral health centres in developing countries.
These centres are where majority of the patients seek medical care (Enarson et al.,
2000). Patients with TB and HIV co-infection however expectorate low numbers of
AFB and direct smear microscopy has a lower sensitivity in these patients compared
to patients without HIV (Elliott et al.,, 1993d). Techniques that could improve the

detection of scanty bacilli are therefore needed to improve the performance of smear

microscopy in patients with HIV.

The digestion of the sputum with household bleach prior to staining with ZN
facilitates the preparation of clearer smears (Habeenzu et al., 1998; Gebre et al., 1995;
Van Deun et al., 2000; Yassin et al., 2003). A single digested smear has been shown
to result in the same yield as three direct undigested smears in patients suspected of
having PTB (Yassin et al., 2003). Previous reports however have not validated its

performance by culture in patients with HIV.
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This chapter compares the performance of single a bleach digested ZN smear against

standard direct microscopy and culture in patients with and without HIV co-infection.

6.2 Literature review

TB is a major cause of morbidity and mortality especially in the developing world and
co-infection with HIV is a single risk factor for developing overt TB (Stanford et al.,
1991; De Cock 1996); WHO 2000b). In Africa, especially in eastern and southern
regions, HIV is one of the most important factors responsible for the increased

incidence of TB in the past 10 years (Cantwell et al., 1996; De Cock 1996).

Even though microscopy performs well in cases of open PTB, this is not so in patients
with low bacillary loads (Aber et al, 1980; Kemp et al, 1996) and in those co-
infected with HIV (Perkins 2000), who have fewer cavities and produce fewer bacilli
(Harries et al., 1998; Alarcon et al., 2003). This means that in HIV-positive patients
co-infected with TB, the possibility of detecting AFB in sputum is reduced and the
frequent occurrence of atypical and extra-pulmonary disease adds to the increasing

problems of TB diagnosis and treatment in overburdened control programmes

(Harries et al., 1998; Havlir et al., 1999).

Though sputum microscopy is specific and rapid, it has the flaw of being relatively
insensitive, even before the advent of HIV, with sensitivity in the range of 30%-40%
with a single sputum specimen and 65%-75% with repeated smear examinations
(Daniel 1989). The digestion of sputum with household bleach (NaOCL) and

sedimentation prior to ZN staining improves the sensitivity of smear microscopy in
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several developing countries (Gebre et al., 1995; Wilkinson et al., 1997; Habeenzu et
al., 1998; Angeby et al., 2004) but these reports did not relate the HIV status to the
outcome of the smear test and not much was known of how the technique would

perform in HIV patients co-infected with TB.

In 1996 in Addis Ababa, Ethiopia, Bruchfeld et al., evaluated the sensitivity of the
concentration method in a large cohort of consecutive patients with suspected PTB
and found that the overall sensitivity increased from 54.2% using the conventional
direct microscopy to 63.1% after concentration (Bruchfeld et al., 2000) (P<0.0015). In
HIV-positive patients, the sensitivity increased from 38.5% before to 50% after
concentration (P<0.0034). They suggested that with the significant increase in yield
of AFB in HIV-positive patients, the bleach/ZN method should have a place in routine
diagnosis of PTB in countries with high prevalence of HIV. Douthwaite et al.,
(Douthwaite et al., 2006) suggested that the bleach technique could be useful in HIV-
positive suspects with low bacillary counts in sputum, which will be especially
important for TB control programmes with increasing numbers of HIV associated TB.

Chapter 6 re-analyses the data in chapter 5 stratified by the HIV status of the patients.

6.3 Materials and Methods

6.3.1 Aim and Objective

The aim of this chapter is to compare the performance of a single bleach digested ZN
smear against standard direct microscopy and culture in patients with and without

HIV co-infection
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6.3.2 Study Design

This was a cross sectional survey of patients with a clinical suspicion of PTB
attending 8 district hospitals of Abuja, Nigeria as described in chapter 3. In addition to
the laboratory work for the diagnosis of TB, patients were screened for HIV using an
ImmunoComb HIV1 & 2 BiSpot kit (ORGENICS, P.O. Box 360 Yavne 70650,
Israel) after written informed consent and pre- and post-test counselling. As culture
results were unavailable on enrolment, all patients with positive smear microscopy
were tested prospectively for HIV. All available blood samples which had been
collected at enrolment from patients with negative smears but positive culture and
those with negative smear and culture were tested retrospectively for HIV. Patients in
whom a blood sample was unavailable (sample not taken or sample lost) were not
tested for HIV but were included in the results as a separate group for completeness of
the data. The smear microscopy results were reported in the previous chapter, which

validated the bleach technique against culture.

6.3.3 Statistical Analysis

Digested smear results were compared to direct smears stratified by HIV status and
the agreement of the smear readings were tested using kappa statistics. Patients were
then classified into definite, very likely less likely and unlikely, using the WHO
definition for TB, following the case definition described in chapter 3. Sensitivity,
specificity, positive and negative predictive values (95% confidence intervals) and the
yield of a single digested smear were calculated by defining cases with PTB as those

with “definite” and “very likely” PTB.
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6.4 Results

Seven hundred and fifty-six patients attending the eight participating hospitals
between September 2003 and June 2004 with clinical symptoms of PTB had their
sputum examined and cultured. Of these patients, 455 (60%) were culture positive.
Four hundred and thirteen (91% of culture-positive patients) were screened for HIV.
Of those screened 230 (56%) were HIV positive and 183 (44%) were HIV negative.
The results of single sputum smears are shown in table 6.1. Among HIV positive
individuals, 111 (48%), 116 (50%) and 113 (49%) out of 230 first-on-spot, early
moming and second-on-spot direct smears had AFB (2 scanty). Early moming
samples were more often graded as “+++” (14%) than samples collected on the spot
(8% and 9%; P=0.04). In comparison, 111 (48%) of their digested smears had AFB (>
scanty). There was no difference in the proportion of slides graded as positive across
the four smears. Among HIV-negative patients, 108 (59%), 113 (62%) and 108 (59%)
of the 183 first-on-spot, early morning and second-on-spot direct smears had AFB.
Early momning samples of HIV-negative patients also had more bacilli than on the
spot specimens with 22% of the moming smears graded “+++” compared to 14% and
17% of the first and second on-the-spot specimens (P=0.05). In comparison 108
(59%) of the digested smears had AFB. Similarly the results of HIV-positive patients,
showed no difference in the proportion of slides graded as positive across the four

smears.
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The Kappa Index of agreement between the direct and digested smears for complete
pairs is shown in table 6.2. This showed a high level of agreement between the
digested and the direct smears (Kappa ranged from 0.894 to 0.952 for all
comparisons, p>0.5). Digested smears however identified more positive smears, with
50% of patients being HIV positive and 61% HIV negative and a number of
specimens graded as AFB positive by the digested smears but negative by the direct
smears. However, the difference between bleach and single direct smears was not
statistically significant for any of the subgroups as shown in table 6.2. Both direct and
digested smears were less sensitive in HIV positive than in HIV negative patients with

a reduction in positivity of about 10%.

The yield of a single digested smear according to the PTB case definitions and HIV
status is shown in table 6.3. Most patients with known HIV status had “definite” or
“very likely” PTB reflecting the selection process, with HIV testing done in patients
with smear-positive PTB or positive culture. HIV positive patients with PTB were
more likely to be smear negative than HIV negative patients with PTB. Of the HIV
positive patients, 116 (52%) had AFB and 109 (48%) were identified only by culture.
In comparison, 113 (62%) of the 183 HIV negative patients with PTB had AFB in
their smears and 68 (38%) had smear negative, culture positive PTB (P=0.03). A
single digested smear identified 111 (49%) out of the 225 HIV positive and 108
(60%) out of the 181 HIV negative patients with “definite” or “very likely” PTB
(P=0.04). In total, three direct smears identified 235 (51%) out of the 458 patients

with “definite” or “very likely” PTB and a single digested smear identified 229 (50%)

of these patients (p>0.5).

89



06

aanedou = Sau ‘aanisod = sod

%43 0 X4 0 1443 0] (%96)vTe 3N
8 (%20 9 8 (%0 9 8 (%) 9 (%) 1 sod | umowun ATH
L9 [/ L9 (4 L9 z (%6€) 69 3N
7| (%09) 901 T | (%09) 901 L] (%Ls) 101 | (%19) 801 sod 8au ATH
801 z 801 (4 601 1| (%09) 011 SoN
9 | (%8%) SO1 v | (%8v) LO1 L] Ly) vor | (%09 111 sod sod ATH
ozumwoz 0>ﬁmmom ®>ﬁmwoz ®>Emwom o>5.mwwz o>ﬁ«mom N JeaUuls ﬁ&mowdﬁ
jods puooag SunIoO jods 1511

STIEIS ATH AQ SIEOWS PaISa3Ip PUE 1021IP UISmI] JUSWIAISY T 9 dIqeL




16

-24n1[Nd SANESIU PuB SIEALWS J02IIP dAneou a1y} AU IMnd aaneSau pue teawis Jo2u1p aansod suo Ajuo K[axy §597T

‘armyno sanisod Jnq siealus 10311p 3anESIU 2314 :Apoxqi] A1ap ta1mynd aansod snid sesws 10011p aamisod auo Jo (a1myind aanedau/aanisod) sieaws 10a.1p aanisod Z< :anuya( suotiuyap e,

(%D ¥ 2%0) 0 %0) 0 %e0 1 (%DE (%L6) €87 (%D V¥ (%58) 16T Q1d A1PY1] s89T
CANRZ 2%0) 0 %0) 0 (CZ 2 KA O3 ) K4 (%68) 1 (%D 1 (%g1) 9¥ gLd K11 A19A
(%0 9 BLD1 @LDT (%) T (%€ T %00 20) 0 (%09 g1d anugag
(€rg=N) umouyun ATH
(%0) 0 (%0) 0 (%0) 0 (%000 (%00 (%001) T (%0) 0 CANNS €Ld A1 SS9
(DT (260) 0 (%0) 0 (%7 (%00 (%96)s9  (%D1 (%L€) 89 aLd A AIoA
(%8$) 901 (%D sT (%t st (%8e) ey (%D el (%D T (%S) § (%279) €11 g1.d danuysQ
(€81=N) 3anedau ATH
(%0) 0 (%60) 0 (%0) 0 (%00 (%00 (2001)s (%00 (%) S a1d AP s
(%D v (%0) 0 (%0) 0 (%) € (%11 (2s6) €01 (%D T (%LY) 601 a1d A A19A
(%Ly) LO1 (%91 81 (%90 0¢ (%0 9y (%I €l (%0 T (CANA (%09) 911 914 g
(0£7=N) 2anisod ATH
“Aueds <
papeid 1esws +++ ++ + Ajueog A1RZIN J|qe[ieaeu] N

1R9WS PASadIg Juoniuyap 3sed g1d

STE)S ATH PUe suoniuyap aseo g1d Aq synsa1 seaws pesadig €9 2[qel



6.5 Discussion

Direct smear microscopy of three sputum samples over the course of two days is the
most frequently used test for the diagnosis of PTB. This process is however time
consuming and costly to the patient. Avenues to reduce the amount of time and
examinations required for diagnosis are urgently needed. Previous reports have
suggested that the digestion of the sputum with household bleach — a cheap chemical
available all over the world could improve the clarity of the smears, resulting in a
higher yield of microscopy, even in the absence of concentration techniques. This
approach would facilitate the development of a one-stop diagnosis of PTB in
resource-poor settings, which is crucially important to increase the case detection rate
in high prevalence countries. Although one digested smear resulted in the same yield
as three direct smears in PTB suspects in Southern Ethiopia (Yassin et al., 2003),
where 20% of patients are co-infected with HIV (Yassin et al., 2004), the performance

of the technique still needed to be assessed in areas with higher HIV prevalence.

There are only scanty reports of the prevalence of HIV in Nigeria. It is estimated that
about 5% of the population in Nigeria is infected with HIV, and according to a
national sentinel survey for 2001, the prevalence of HIV among TB patients was
19.1% (NTBLCP 2004) and had gone up to 27% in 2004 (WHO 2005). The higher
TB-HIV co-infection prevalence observed in our patients might reflect their origin, as
a higher HIV prevalence is often observed in urban as opposed to rural areas (Yassin
et al., 2004; Migliori et al., 1992; Palmieri et al., 2002). The recent implementation of
the DOTS strategy in our area might have also prompted more seriously ill patients,

who could be HIV co-infected to seek medical treatment. In addition, we cannot
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exclude that the systematic testing of our patients at the time of their enrolment into a
clinical trial may have resulted in a higher detection rate and further studies to

confirm the prevalence of HIV-TB co-infection in our setting are urgently needed.

The results reported here confirm that direct smear microscopy has a relatively low
sensitivity compared to culture, that HIV-TB co-infections decrease even further its
sensitivity (Palmieri et al., 2002; Karstaedt et al., 1998), and that in our setting,
microscopy was able to identify only 52% of the HIV positive compared to 62% of
the HIV negative patients with PTB. The bleach digestion of sputum however
followed the same pattern as the direct microscopy and the yield of bleach digested
smears changes with the HIV status of the patients. One bleach digested smear
identified 49% of the patient with TB who were HIV positive and 60% of those who
were HIV negative. The overall yield of this approach however is the same as three
direct standard ZN smears. These results confirm that patients who have TB and are
co-infected with HIV are less likely to have positive sputum microscopy than patients
without HIV, Although smear microscopy is less sensitive in patients with HIV co-
infection, the bleach digestion of a single smear performs as well as three direct
smears, even in patients with HIV infection. A single bleach digested smear
therefore, would improve the efficiency of the diagnostic process of PTB, requiring
only one visit for the submission of specimens. This improved efficiency could be
obtained independently of the prevalence of HIV in the area. If these findings are
corroborated by further studies, this technique could improve the number of sputum

positive PTB cases identified.
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CHAPTER SEVEN

Comparison of scanty AFB smears against culture in an area with
high HIV prevalence

7.1 Introduction

Patients with symptoms suggestive of pulmonary PTB often have direct sputum
smears graded as “scanty” (<10 acid-fast bacilli [AFB]/100 high power fields [HPF)).
The WHO and the IUATLD international recommendations indicate that a single
smear with scanty AFB should not be accepted as diagnostic unless confirmed by
further smears (Enarson et al., 2000). This is however not uncommon as for example,
Van Deun et al. (Van Deun et al., 2004) reported that sputum smears classified as
“scanty” were observed in about 10% of their Bangladeshi patients. Although Van
Deun et al., (Van Deun et al., 2004) documented that only 1.5% of these smears were
false positive, very few recent studies have validated scanty smear results against
culture, which is considered the gold standard. In sub-Saharan Africa, the number of
patients presenting with scanty bacilli has increased due to the high incidence of HIV
in the region (Elliott et al.,, 1993d; 1993; Karstaedt et al., 1998). Studies that compare
the value of a single smear with scanty AFB against culture in areas of high HIV

prevalence would be critical for the proper management of patients.

7.2 Study population and methods

We investigated all consecutive patients with symptoms suggestive of PTB attending
8 hospitals of Abuja, Nigeria from September 2003 to September 2004 as described in

chapter 3. In the previous chapters we have shown that 31% of the patients in our
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setting are considered ‘definite’ sputum smear positive cases based on 2 or more
positive direct smears and a further 29% are smear negative, culture positive. A
summary list of all scanty results is shown in table 7.1. Smear results were then
tabulated according to the number of AFB seen in the scanty smears (< or > 3 AFB
per HPF) and whether they had single scanty smears or one scanty smear with further
scanty, positive or negative smear permutations. These permutations are presented in
the same order for all smears, independently of the timing of the sputum sample that

was graded as scanty (spot or early morning specimens) to facilitate interpretation.
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7.3 Results

A total of 1068 consecutive patients were screened during the study period and a total
of 3204 direct smears results were available. Of these, 824 (25.7%) were graded as
positive (+, ++ or +++), 137 (4.3%) as scanty and 2243 (70%) as negative. Forty
eight (1.5%) first on-the-spot, 38 (1.2%) moming and 51 (1.6%) second on-the-spot
specimens were graded as scanty. Six hundred and eighty (64%) of the 1068

BACTEC cultures were positive.

One hundred and thirty (95%), of the 137 scanty, and 809 (98%) of the 824 positive
smears belonged to patients with positive cultures. Eighteen patients had only one
scanty smear plus two negative smears as shown in the table. Of these, 10 had < 3 and
8 > 3 AFB counts per 100 HPF. Six out of the 10 smears with <3 AFB were culture-
positive, compared to 6 out of the § with > 3 AFB per 100 HPF (p>0.1).

Fourteen patients had two scanty plus one negative smears and only one of them had
negative culture. A further 38 patients had three scanty or one scanty plus other

positive smears. All of these patients were confirmed by culture.

Table: 7.1 Smear results of patients with scanty AFB grades by culture

Smear result combinations

Culture N Scanty Scanty Scanty Scanty Scanty  Scanty
Negative  Scanty Scanty Positive Positive  Scanty
Negative  Negative  Scanty Negative  Positive  Positive

<3 AFB in all scanty smears

Positive 15(79) 6(60) 5(100) O 3(100) O 1 (100)
Negative 4(21) 4(@40) O 0 0 0 0

One or more scanty smears with > 3 AFB
Positive 48(94) 6(75) 8(89) 9(100) 3(100) O 22 (100)
Negative 3 (6) 2 (25) 1(11) 0 0 0 0
(*)%
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7.4 Discussion

Our findings confirm that in TB control programmes with adequate quality control,
smears reported as “scanty” are more likely to be true than false positives. Our results
are in agreement with previous studies that have demonstrated that the majority of
scanty smears belong to patients with active PTB (Levy et al., 1989). Although about
50% of our patients with PTB are co-infected with HIV (chapter 8), accepting scanty
smears as positive would result in less than 1% of the patients being wrongly
classified as having PTB (7/1068) and a further 34 patients could have been identified
for treatment. This would be particularly useful in African countries with high TB
prevalence (where the test would have a high positive predictive value), which often
care for populations with low accessibility to services and overburdened diagnostic
facilities. Our results also have implications for the WHO case definition of smear-
positive TB, which requires at least 2 positive smears. If a single smear has a high
specificity, as shown in this study, the WHO case definition could be re-defined to ‘at

least” one positive smear. Further prospective studies should be conducted in high

incidence countries to confirm these findings
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CHAPTER EIGHT

Clinical Presentation and Risk Factors for Patients with and without

TB by their HIV status

8.1 Introduction

The clinical presentation of TB has changed in countries with high HIV prevalence. It
is gstimated that worldwide over 40 million people are dually infected with HIV and
TB, and of these, 95% live in resource-constrained countries (WHO 2000b). Nigeria
has the highest estimated number of new TB cases annually and it is estimated that
27% of the 124 million people in the country are co-infected with TB and HIV (WHO
2005). HIV infection accelerates the natural progression of TB by diminishing CMI
while the immune response to TB can enhance HIV replication and disease
progression (Fauci et al,, 1996). TB accounts for 11% of AIDS related deaths
worldwide (WHO, 2000) and the combination of these two diseases has grave
implications for already stretched public health services. Despite the magnitude of the
problem, there are only a few documented reports on the prevalence, clinical
presentation and risk factors associated with HIV infection among culture-positive TB
patients due to the inaccessibility and high cost of culture facilities in the settings

where these diseases are most prevalent.

We describe here the prevalence and clinical presentation of HIV in patients with

culture-positive PTB and compare their presentation with patients who had cultures
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negative for PTB. The analysis is based on the patients attending the district hospitals

in Abuja, Nigeria as explained in chapter 3.

8.2 Literature Review

TB is the most common HIV-related complication in the world (Narain et al., 2004;
Narain et al., 1992; Raviglione et al., 1992). The combined infection of TB and HIV
has been christened “The cursed duet” (Chretien 1990). HIV has developed a
complicated relationship with TB since its emergence in the 1980’s, with both
diseases creating a lethal combination, accelerating each other’s progress. HIV has
been identified as a predisposing factor to developing active TB in individuals
harbouring the mycobacterium bacilli by impairing the CMI of the patient. An HIV
patient harbouring M. tuberculosis has a 40 times greater risk of developing active TB
than an HIV negative individual (Antonucci et al., 1995; WHO 2001). HIV infection
rates in TB cases are correspondingly high, exceeding 60% in countries such as South
Africa, Zambia and Zimbabwe (McLeod et al.,, 1988; Hira et al., 1990). In Africa,
HIV is the most important factor responsible for the increased incidence of TB in the
past 10 years (Cantwell et al.,, 1996; De Cock 1996). As HIV has fuelled the TB
epidemic, so has TB affected significantly people living with HIV/AIDS. TB is a
leading cause of death among people with HIV infection, accounting for 11% of
AIDS-related deaths worldwide (Stanford et al., 1991; De Cock 1996); WHO 2000).
It is estimated that 11% of new adult TB cases were infected with HIV in 2000 (Sudre
et al,, 1992; Raviglione et al., 1992; WHO 2000b). There are however marked
variations within regions in the world, from 38% of HIV infection in TB patients in

sub-Saharan Africa, 14% in industrialised countries to 1% in the WHO Western
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Pacific Region such as Bangladesh, China and Indonesia (Dye et al., 1999; Dye et al,,
2005). For example, 60% of newly diagnosed TB patients in Kampala, Uganda were
HIV- seropositive in 1991 (Eriki et al., 1991). In contrast, Onorato et al., reported a
mean of 3.4% of 3,077 TB patients in 14 USA cities as co-infected with HIV
(Onorato et al., 1992) and in a sentinel surveillance study in New Delhi in 1999, Jain
et al., reported a prevalence of 0.7% of HIV infection in 400 TB patients (Jain et al.,
2000) (table 8.2.1). Variations in HIV seroprevalence among TB patients are also seen
within the same region. For example in published reports from India, Solomon et al.,
found an HIV prevalence of 0.35% among TB patients (Solomon et al., 1995) and
Banavaliker et al., reported that 0.5% of hospitalised TB patients were HIV positive
(Banavaliker et al., 1997). Jayaswal et al., however reported a seropositivity of 4%
among patients in a military hospital in India (Jayaswal et al., 1995). Similarly, in
Africa 83 (67%) of 131 newly admitted patients into a TB ward in Ndola, Zambia,
were HIV positive (Simooya et al., 1991). Elliot et al., in an out-patient TB clinic in
the Teaching Hospital in Lusaka, Zambia, reported an overall HIV prevalence of 49%
among TB patients (Elliott et al., 1990). A cohort study of 249 TB patients to
investigate the interaction between TB and HIV, found that 76% of the cases were

infected with HIV 1 (Elliott et al., 1993d) (table 8.2.2).

Table: 8.2.1 Variations in the prevalence of HIV among patients with TB in the world

Author and date Country Study Population  Prevalence of HIV in TB patients

(Eriki et al., 1991) Uganda Hospital 66%
(Onorato et al., 1992)  USA Cities 3.4%
(Jain et al., 2000) India Hospital 0.7%
(Kritski et al., 1995) Brazil region 20%
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Table: 8.2.2 Examples of intra-regional variation in the prevalence of HIV in patients

with TB in India and Zambia

Author State Study Pop HIV prevalence in TB patients
(Solomon et al., 1995) India Hospital 0.35%
(Jayaswal et al., 1995) India Hospital 4%
(Banavaliker et al., 1997) India Hospital 0.5%
(Elliott et al., 1990) Zambia  Hospital 49%
(Simooya et al., 1991) Zambia  Hospital 58%
(Elliott et al., 1993d) Zambia  Hospital 73%

The prevalence of TB and HIV co-infection in Africa is heterogeneous. In Nairobi
18% of HIV-seropositive patients as opposed to 6% of HIV-seronegative patients
were diagnosed with TB from 500 consecutive admissions to a hospital in Nairobi,
(Gilks et al., 1990) while 60% of patients with HIV admitted to a respiratory unit in
Abidjan, Cote d’Ivoire had TB (Grant et al., 1998). Also in Cote d’Ivoire, 40% of
HIV patients were found to have TB (Abouya et al., 1992) and the prevalence of
active TB, among HIV-seropositive adult patients in the University College Hospital,

Ibadan, Nigeria was 32.8% in 2000 (Awoyemi et al., 2002).

The prevalence of HIV among TB patients is relatively high in sub Saharan Africa as
shown in table 8.2.3. This is more predominant in the central and southern regions of
the continent. While Malawi, Kenya and Botswana have prevalences of over 50%,
most studies in Nigeria found a prevalence of less than 20% (table 8.2.5), reflecting
differences in the prevalence of HIV and TB in the general population, the stage of
the HIV epidermic and the study population selected. In general, patients in countries
who have high prevalence of HIV and whose epidermic have been established for

longer periods are more likely to be co-infected than patients with TB than in
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countries with low prevalence of HIV or where the virus has only recently been

introduced.

Table: 8.2.3 HIV prevalence in TB patients in sub-Saharan Africa

Author Country Study Pop  HIV prevalence in TB patients

(Kool et al., 1990) Malawi Hospital 26%
(Kelly et al., 1990) Malawi Hospital 52%
(Harries et al., 1995) Malawi Hospital 75%
(Harries et al., 1995) Malawi Hospital 77%
(Colebunders et al., 1989)  Zaire Hospital 36%
(Mukadi et al., 1993) Zaire Hospital 22%
(Ouattara et al., 1988) Cote d’Ivoire Hospital 51%
(De Cock et al., 1991) Cote d’Ivoire Hospital 40%
(Abouya et al., 1992) Cote d’Ivoire Hospital 40%
(Gnaore et al., 1993) Cote d’Ivoire Hospital 44%
(Ackah et al., 1995) Cote d’Ivoire Hospital 44%
(Grant et al., 1998) Cote d’Ivoire Hospital 60%
(Gilks et al., 1990) Kenya Hospital 18%
(Nunn et al., 1992) Kenya Hospital 38%
(Houston et al., 1994) Zimbabwe Hospital 45%
(Kenyon et al., 1999) Bostwana Hospital 51%
(Awoyemi et al., 2002) Nigeria Hospital 33%

Similarly, the setting of the study will confound these factors, as for example, patients
in rural areas are less likely to have HIV than residents of metropolitan areas and to

have less accessibility of services.

Only few data on TB and HIV co-infection are available from Nigeria and the West
African region. In Nigeria, most of the published articles have described populations

located in the south of the country. Nwobu et al., reported an 11% HIV-seropositivity
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in 102 TB patients examined in Irua and 9% in 303 patients in Benin in the
Midwestern part of Nigeria (Nwobu et al., 2004). Idigbe, reported an HIV-PTB co-
infection rate of 5% from Lagos (Idigbe et al., 1994), while Onipede reported a
prevalence of 13% from Ile-Ife in Ogun State (Onipede et al., 1999). Okogun et al.,
reported a prevalence rate of 5% from Abeokuta and environs in Ogun State (Okogun
et al., 2002). The diagnosis of TB in most of these studies however was done by using
direct sputum smear microscopy, which is less sensitive than culture. Their studies
therefore selected individuals with high bacillary loads. This is important, as patients
with HIV and TB often have low bacillary loads in sputum and their detection process
would under-represent the incidence of HIV in TB. Accordingly Nwobu et al., noted
that the low rate of HIV-PTB co-infection in these studies, could be due to the
sampling method used (Nwobu et al., 2004). A summary of the studies from Nigeria
is shown in table 8.2.5. Although these studies are hardly comparable to each other,

hospital studies seem to be reporting a higher incidence of HIV among TB patients

over time.

Table: 8.2.4 Prevalence of HIV in patients with TB in Nigeria

Author State Study Pop.  HIV prevalence in TB patients
(Idigbe et al., 1994)  Lagos Community 5%
(Okogun et al., 2002) Abeokuta Community 5%
(Anteyi et al., 1996)  Jos Hospital 6.1%
(Onipede et al., 1999) Ile-Ife Hospital 13%
(Moses et al., 2003)  Maiduguri Hospital 19%
(Nwobu. et al., 2004) Benin Hospital 9%
(Nwobu. et al., 2004) Irua Hospital 11%
(Daniel et al., 2004)  Shagamu  Hospital 15%
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8.2.1 Natural history of TB after HIV infection

The natural history of M. tuberculosis infection indicates that the emergence of the
delayed-type hypersensitivity reaction to the mycobacterium and acquired resistance
are associated with the control of the initial infection in 95% of cases while 5%
develop progressive primary TB. Five to 10% of the infected individuals will
reactivate latent pulmonary or extra-pulmonary infections years after (Narain et al.,
1992; Raviglione et al., 1995). The clinical presentation of TB in a patient co-infected
with HIV is strongly associated with low CD4 counts, which in turn depend on the
severity of the HIV infection. The immune system has two main responses to the
introduction of foreign antigens into the body, a CMI and a humoral response. TB and
HIV primarily affect the CMI response. HIV/AIDS patients have a remarkable
susceptibility to TB, thus increasing the risk of reactivation of TB manifolds
(Villarind et al,, 1992). Monocytes and macrophages are important target cells for
both TB and HIV and play crucial roles in their pathogenesis (Meduri et al., 1992;
Meltzer et al, 1990). Infection of the macrophages with TB and HIV results in
decreased cell wviability, increased bacilli multiplication and altered cytokine
production in vitro (Newman et al., 1993). The released cytokines stimulate HIV
replication (Fauci et al.,, 1996). The immunological resistance and susceptibility to
intracellular infections also depends on T-lymphocytes and the macrophage regulatory
cytokines. Susceptibility to TB is related to the type of cytokines produced by the T
lymphocytes. Thl lymphocytes produce interferon-y (IFN-y), and are central to
antimycobacterial immune defences. The reduced Thl response in HIV-infected
patients contributes to the increased susceptibility to TB. TB decreases the number of

CD4 T-lymphocytes, the best indicator of AIDS survivability (Katz et al., 1979). The
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importance of this reductions in CD4 counts is that the infected CD4 T-lymphocytes
are unable to control the immune response against TB and HIV.

The majority of TB infection occurs in the sexually active age group of 15 to 49 years
and this is the age group when the majority of HIV infections also occur (Raviglione

et al.,, 1992; Aerts et al., 2004; Prasad et al., 2004; Anteyi et al., 1996).

8.2.2 Other factors associated with increased risk of TB and HIV co-infection

Liberato et al.,, and Aerts in Brazil found that patients co-infected with TB and HIV
were mostly male (Liberato et al., 2004; Aerts et al., 2004). Jain et al., in India also
observed a significantly higher risk of co-infection among male TB patients (Jain et
al., 2000). In contrast, Nwobu et al., in Nigeria (Nwobu et al., 2004) and Simooya in

Zambia (Simooya et al., 1991) found a higher HIV seroprevalence in female TB

patients.

Health workers are at greater risk than most other professions of being co-infected
with TB and HIV (Beck-Sague et al., 1992). Ani et al., in Nigeria reported high rates
of HIV infections among commercial sex workers (71% in one region), long haul
truck drivers, police officers and professional blood donors (Ani et al.,, 1998) and
Ahmed et al,, in India, observed a high prevalence of co-infection in truck drivers and
cleaners (Ahmed et al., 2003). Early onset of sexual activities, and high mobility are

therefore major risk factors for TB and HIV co-infection (Alarcon et al., 2003; Anteyi

et al., 1996).
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In India, a highly significant association was observed between literacy level and HIV
among TB patients (Dey et al., 2003; Jain et al., 2000). Individuals with less than 8
years of schooling were more co-infected with TB and HIV than those with higher

education in southern Brazil (Aerts et al., 2004).

Blood transfusion is also an important source of HIV infection in developing
countries (Alvarez-Suarez et al., 1989; Anteyi et al., 1996). Haemophiliacs, sickle cell
and cancer patients are more prone to HIV because of their regular requirements for
blood. Drug users are prone to co-infection with TB and HIV as a result of their

communal living and sharing of infected syringes (Ahmed et al., 2003; al-Haddad et

al., 1997; Alseda Graells Pere et al., 2004; Barnes et al., 1993).

8.3 Materials and Methods

8.3.1 Aims and Objectives

This chapter aims to describe the clinical presentation and risk factors for TB in

patients with and without HIV

8.3.2 Study design
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Patients, aged 15 years and above, attending the 8 participating district hospitals in
Abuja, Nigeria, from September 2003 to June 2004, with a clinical suspicion of PTB
were invited to participate in this study as described in chapter 3. Briefly, patients
underwent a physical examination on enrolment and their Kamnofsky performance
scores were calculated (Karyadi et al., 2002). Blood samples were taken for
biochemical studies and HIV serology and information on their medical history and
socio-economic background was collected using structured questionnaires. Sputum
samples were collected from the patients and processed for the diagnosis of TB as
described in chapter 3. Both BACTEC culture-positive and BACTEC culture-negative

patients were included in this chapter.

8.3.3 Karnofsky Score

The Kamofsky score was devised for the measurement of the quality of life of
patients with cancer but it now has a wider use in clinical research in monitoring and
grading the level of function of patients with other diseases. This scoring method
classifies patients as to their functional impairment, allowing the comparison of the
effectiveness of different therapies and the assessment of prognosis in individual
patients. It is scored from 100 to zero (Schag et al., 1984) and the criteria used for the
score is listed in table 8.3.1. A score of 100 is allocated to individuals who are able to
carry on normal activities, requiring no special care with their routine daily lifestyle,
have no complains and no evidence of disease. A score of zero is allocated to patients
who die. In between these scores in a multiple of ten, are categories and criteria
graded according to the state of health of the patient. The lower the Kamofsky score,

the worst is the prognosis for survival. Its use in TB research has been limited. It was
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first used in a double-blind, placebo-controlled study of vitamin A and zinc
supplementation in patients with TB in Indonesia to review the progress of the
patients (Karyadi et al., 2002) and for this reason, it was also included in the current
study to allow for the comparison of the response to therapy. The Kanofsky score is

shown in table 8.3.1.
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Table: 8.3.1 The Karnofsky Score

General category Index

Specific criteria

Able to carry on normal 100
activity; no special care

needed.
90

80

Unable to work, able to 70
live at home and care for

most personal needs,

varying amount of

assistance needed.

60
50
Unable to care for self, 40
requires institutional or
hospital care or equivalent,
disease may be rapidly
progressing.
30
20
10
0

Normal, no complaints, no evidence of

disease.

Able to carry on normal activity, minor signs
or symptoms disease.

Normal activity with effort, some signs or
symptoms of disease.

Cares for self, unable to carry on normal

activity or to do work.

Requires occasional assistance from others
but able to care for most needs.

Requires considerable assistance from others
and frequent medical care.

Disabled, requires special care and

assistance.

Severely disabled, hospitalisation indicated,
death not imminent.

Very sick, hospitalisation necessary, active
supportive treatment necessary.

Moribund.

Dead.

109



8.3.4 HIV screening

Patients were screened for HIV1 and HIV2 after pre and post-test counselling using
an ImmunoComb HIV1& 2 BiSpot kit (ORGENICS, Yavne, Israel). The sensitivity
and specificity of this ELISA kit in a multi-centre study in Europe was reported to be
100% and 99.4%, respectively (Beelaert et al., 2002). In African studies, these were
also reported as 100% and 98.4%, respectivel (Ndjoyi-Mbiguino et al.,, 2005) and
Aghokeng repoted 98.9% and 99.3% respectively (Aghokeng et al., 2004). For
quality control, samples were re-tested with the ImmunoComb II HIV 1 & 2
Combfirm (ORGENICS, Yavne, Israel). This is reported to have a sensitivity and
specificity in a multi-centre study in Europe and Australia of 99.7% and 100%
respectively (Groopman et al., 1986; Dax et al., 1993) and sensitivity and specificity
of 100% and 100% in Africa (Dax et al., 1993). Only smear-positive patients were
screened prospectively for HIV, while culture-positive and culture negative patients

were screened retrospectively.

8.3.5 Statistical Analysis

The characteristics of the patients with culture-positive TB were compared to the
characteristics of culture negative patients. This was followed by a stratified analysis
by HIV status. Unadjusted odds ratios (OR) were calculated using univariate analysis.
Factors with p values < 0.20 in the univariate analysis were entered into a logistic

regression analysis to obtain Adjusted Odds Ratios (AOR).
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8.4 Results

8.4.1 Characteristics of patients with positive and negative BACTEC culture

For the purpose of this analysis, patients with positive BACTEC culture (for AFB)
were assumed to have TB and patients with negative culture will be classified as not
having TB. The characteristics of patient with and without TB are presented here.
Section 8.6 presents a similar analysis stratified by HIV status. One thousand, three
hundred and twenty-one patients suspected of having PTB infection were screened
and 1186 had their sputum cultured on BACTEC 960. Of these 731 (62%) were
culture-positive and 455 (38%) culture-negative. Of the 731 culture-positive patients,
353 (48%) were smear-positive and 378 (52%) smear-negative. Among culture-

negative patients 8 (2%) were smear-positive and 477 (98%) were smear-negative

(table 8.4.1).

The ages of the patients with positive culture ranged from 15 to 92 years with a mean
(SD) of 33 (11) years. This was lower than the mean (SD) age of patients with
negative culture, (35 (13) years, P=0.02). The mean (SD) age for male patients with
positive-culture was 34 (11) years and 31 (12) years for females, compared to 36 (12)
and 34 (13) years for male and female culture-negative patients respectively (P=0.21
for males and 0.008 for females). The peak age of infection for both male and female

patients was 25 to 34 years as shown in figure 8.4.1.
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Table: 8.4.1  Sputum smear and culture among patients with symptoms of PTB

Culture

ZN smear Positive  Negative Total
Positive* 353 (48%) 8 (2%) 361 (30%)
Negative 378 (52%) 447 (98%) 825 (70%)

Total 731 (62%) 455 (38%) 1186 (100%)

* At least 2 positive smears

Age and sex characteristics of patients with and without TB by BACTEC culture

Four hundred and thirty-seven (60%) of the 731 culture-positive patients, were male
and 294 (40%) female. Of the 455 culture-negative patients, 255 (56%) were male and
201 (44%) female (P= 0.09) (table 8.4.2). Among culture positive patients, males
were older than females whereas such age difference was not observed in culture

negative- patients (table 8.4.2 and figure 8.4.1).
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Table: 8.4.2 Characteristics of patients with symptoms suggestive of PTB by

BACTEC culture
BACTEC culture
positive negative OR P value
N 731 (62) 455 (38)
Age (years) Mean (SD)
All 33 (11)[15-92] 35(13)[15-30] 0.02
Male 34 (11)[15-92] 36 (12)[15-80] 0.2
Female 31 (12)[15-90] 34 (13)[15-80] 0.008
Male: Female (% male) 437:294 (60%) 224:201 (56%) 1.18(0.9-1.5) 0.09
Activities
Working 488 (67%) 326 (72%)
Not working 59 (8%) 29 (6%)
Student 101 (14%) 60 (13%)
Housewife 82 (11%) 41 (9%) 0.65
Education
None 84 (12%) 50 (11%)
Primary 146 (20%) 81 (18%)
Secondary 363 (50%) 220 (49%)
Tertiary 138 (19%) 103 (23%) 0.4
Persons per room* 3.1(2)[1-19] 3(2.2) [1-26] 0.2
Number of smokers 159 (22%) 96 (21%) 1.04(0.8-1.4) 0.4
Length of time smoked (years)* 10 (9.1) [1-46] 10 (8.8) [1-54] 0.8
Cigarrettes per day* 7 (6.8) [1-40] 7 (7.8) [1-66] 0.6
Contact with cough > 3 weeks 120 (17%) 80 (18%) 0.7
Length of contact (weeks)* 6 (7) [1-44] 6 (9)[1-52] 0.6
Contact with fever > 3 weeks 53 (8%) 39 (9%) 0.09
Contact with TB within 2 years 117 (16%) 64 (14% 0.4
Length of contact (years)* 5(5) [1-25] 5(5)[1-20 0.5

*Mean (SD) [range]
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Figure 8.1 Age and sex characteristics of patients with positive and negative

BACTEC culture
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Socioeconomic characteristics
Four hundred and eighty eight (67%) of the culture-positive patients were employed,

59 (8%) unemployed, 101 (14%) were students and 82 (11%) housewives. A higher
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percentage of the culture-negative than the culture-positive patients were employed,

(326 (72%) out of 455 vs. 488 (67%) out of 731, as shown in table 8.4.2.

Illiteracy levels were low with only 84 (12%) of the culture-positive and 50 (11%) of
the culture-negative patients not having attended school. One hundred and forty-six
(20%) of the culture-positive and 81 (18%) of the culture-ncgative patients had
attended or were attending primary school. Three hundred and sixty three (50%) of
the culture-positive and 220 (49%) of the culture-negative patients were students in
secondary school or had had secondary school education, and 138 (19%) of the
culture-positive patients and 103 (23%) culture-negative patients attended or were

attending university or tertiary institutions.

History of contact

A mean (SD) of 3 people shared the same room with both culture-positive and
culture-negative patients. Most patients (82%) shared a room with between one and

four other persons. Three patients lived alone while one shared a room with 19 other

persons.

Only 159 (22%) out of 731 culture-positive and 96 (21%) of 455 culture-negative
patients smoked cigarettes, with a mean (SD) length of time for smoking for both
groups of 10 (9) years. The patients had smoked between one and forty-six years,
smoking one to forty sticks of cigarettes a day, with a mean (SD) of 7 (7) cigarettes

per day for culture-positive and 7 (8) for culture-negative patients.
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One hundred and twenty (17%) of the culture-positive patients and 80 (18%) of the
culture-negative patients had been in contact with persons with cough of over 3
weeks. The mean (SD) contact time reported by culture positive-patients was 6 (8)
years and by culture negative-patients was 6 (9) years. Only 53 (7%) of the culture-
positive patients and 39 (9%) of the culture-negative patients were in contact with

persons with fever of over 3 weeks.

One hundred and seventeen (16%) culture-positive patients and 64 (14%) the culture-

negative patients were in contact with other adults with PTB. The mean (SD) contact

time with these individuals was 5 (5) years for both groups.

8.5 Clinical presentation

8.5.1 Clinical symptoms

Three hundred and twenty-nine (72%) of the 455 culture-negative patients and 496
(68%) of the 731 culture-positive patients had BCG (P= 0.02) as shown in table 8.5.1.
The mean (SD) number of years since given BCG was 33 (11) years for culture-
positive and 35 (12) years for culture-negative patients, (P= 0.06). Most of the

patients had been vaccinated at birth.

Seven hundred and twenty-eight (99.6%) culture-positive and 451 (99%) culture-
negative patients had cough of more than 3 weeks duration. The mean (SD) duration

of the cough was 14 (15) weeks for culture-positive and 12 (14) weeks for culture-

negative patients (P = 0.02).
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Four hundred and seventy (64%) culture-positive and 281 (62%) culture-negative
patients had fever. The mean (SD) duration of the fever was 11 (16) weeks for
culture-positive and 10 (15) weeks for culture-negative-patients. These differences
were not statistically significant. A minority of patients had haemoptysis in both
groups, 188 (26%) for culture-positive compared to 135 (30%) for culture-negative

patients (P=0.07).

Four hundred and eighty-one (66%) culture-positivé and 289 (64%) culture-negative
patients complained of breathlessness and the mean (SD) duration of the
breathlessness was 11 (16) weeks for the former and 9 (15) weeks for the later (P=
0.14). A larger proportion of culture-positive patients, (607, 83%) had chest pains
than in culture negative patients (354, 78%, P = 0.01), but the mean (SD) duration of

the chest pains was not significantly different.

A larger proportion of culture-positive patients (592 (81%) versus 319 (70%) for
culture-negative patients) complained of weight loss (P= 0.001). The mean (SD)
duration of their weight loss however was not statistically different in the two groups.
Five hundred and thirteen (70%) culture-positive patients indicated they sweated at
night compared to 298 (66%) culture-negative patients (P = 0.05). More culture-
positive patients (465, 64%) complained of loss of appetite compared to culture
negative-patients (246, 54%), (P= 0.001) and 23 (3.1%) culture positive and 8 (1.8%)

culture-negative patients had enlarged cervical lymph nodes (P= 0.07).
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In order to identify the factors associated with positive BACTEC culture, all personal
characteristics and clinical symptoms of p value <0.20 were entered into a logistic
regression. Table 8.5.2 shows the results of these analysis. Only one factor was
positively associated with a positive TB culture after excluding the confounding

effects, namely weight loss (AOR 1.9, 95%CI = 1.4-2.4, P=0.001).

8.5.2 Clinical signs

It is often difficult to differentiate patients with PTB from those with other chronic
pulmonary problems by clinical examination. This is because patients with TB show a
myriad of symptoms and signs. Findings on clinical examination of the patients were

not significantly different in both groups. A summary of the clinical findings of
patients with and without TB is shown in table 8.5.3. The mean temperature for both

culture-positive and negative patients was similar. Differences in PPD sizes for both

groups were not significant.

Culture-positive patients had a mean (SD) BMI of 21 (4) which was statistically lower
than that for culture-negative (22 (5), P= 0.001). Two hundred and seven (28%)
culture-positive patients had a BMI <18.5% compared to 90 (20%) culture-negative
patients (P= 0.001). The mean (SD) Karnofsky score for culture-positive patients was
59 (12) compared to 60 (11) for culture-negative patients (P= 0.15). Four hundred and
sixty-one (63%) culture positive patients had a Kamnofsky score < 60 compared to 264

(58%) culture negative patients (P=0.04).
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To identify the clinical signs associated with a patient having a positive BACTEC

culture for TB, all clinical findings with p values < 0.20 were analysed using logistic

regression. Table 8.5.4 shows that only BMI was positively associated with a positive

culture (AOR 1.6, 95%CI = 1.2-2.1, P= 0.001) with TB positive patients having a

lower BMI. Though not statistically significant, patients with TB were also more

likely to have a lower Karnofsky score (AOR 1.3. 95%CI = 1.0-1.6, P= 0.07).

Table: 8.5.3 Clinical findings of culture-positive and culture-negative patients
BACTEC Culture
Clinical Signs positive negative OR (95%CI) P
Fever <37°C 385 (53%) 245 (54%)
>37°C 346 (47%) 210 (46%) 1.0(0.8-1.2) 0.35
PPD <2mm 44 (57.1%) 19 (52.8%)
> 2mm 33 (42.9%) 17 (47.2%) 1.2(0.5-2.6) 0.33
BMI* 21(4)[11-38] 22 (5)[12-47] 0.001
<18.5 207 (28%) 90 (20%)
>18.5 523 (72%) 364 (80%) 1.6(1.2-2.1) 0.001
Kamofsky score* 59(12) 60 (11) 0.15
<60 461 (63%) 264 (58%)
> 60 270 (37%) 191 (42%) 1.2(97-1.6) 0.04
Wheeze 173 (24%) 103 (23%) 1.1(0.8-14) 0.35
Bronchial breath 325 (45%) 188 (42%) 1.1(09-14) 0.17
sounds
Rhonchi 255 (35%) 143 (32%) 1.2(0.9-1.5) 0.12
Crepitations 380 (53%) 217 (50%) 1.2(0.9-1.5) 0.12
* Mean (SD)
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Table: 8.5.4 Logistic regression analysis for clinical variables with p values < 0.20

Clinical signs P OR P1 P2 P3 P4 PS AOR
BMI* 0.001 1.6(1.2-1.6) 0.001 0.001 0.002 0.001 0.001 1.6(1.2-
Karnofsky score* 0.04 12(1.0-1.6) 0.05 0.05 0.005 0.07 NS

Bronchial sounds 0.17 1.1(0.9-14) 0.72 NS

Rhonchi 012  1.2(1-1.5) 0.33 0.28 0.23 NS
Crepitations 0.12 1.2(0.9-1.5) 0.42 0.41 NS

OR = Odds ratip, AOR =Adjusted odds ratio, NS = Not significant, P1 to P5=p
values after runningthe backward logistic regression. * BMI < 18.5 and Kanofsky
score < 60

8.5.3 Laboratory results of culture-positive and culture-negative patients

The laboratory results of the patients are summarised in table 8.5.3. Patients with
positive culture had lower mean (SD) haemoglobin (P= 0.001) and a higher

proportion had anaemia (Hb <11gm/dl) than culture negative-patients (P= 0.001).

Culture-positive and negative patients had similar WBC counts (P= 0.3). The mean
(SD) granulocytes for culture-positive patients (61 (13)) was significantlly higher than
that for culture-negative patients (59 (13), P=0.03), while the mean (SD) lymphocyte
count for culture-positive patients (39% (13%)) was significantly lower than that for
culture-negative patients (41% (14%), P= 0.05). A larger proportion of culture-
negative patients were within the normal granulocyte range compared to culture-

positive patients (P=0.005).

The mean (SD) ESR for culture positive patients was 78 (44) mm/hr and for culture
negative patients 70 (46) mm/hr (P= 0.005). The mean (SD) total bilirubin was

significantly higher for culture-negative patients compared to that for culture-positive
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patients (P= 0.03). A larger proportion of culture-positive patients had normal levels
of total and conjugated bilirubins, and this was statistically significant for conjugated

bilirubin (P= 0.01) but not for total bilirubin (P= 0.28).

The mean (SD) serum albumin and the proportion of patients with normal albumin
were significantly greater in culture-negative patients than in culture-positive patients
(P= 0.002 and 0.04 respectively) (table 8.5.3) and a larger proportion of culture-
positive patients had hypo-albuminaemia. The mean (SD) SGOT and SGPT were 7
(6) U/L and 12 (10) U/L respectively for culture positive patients and 7 (8) U/L and
13 (13) U/L for culture negative patients respective (P> 0.5 for both). The mean (SD)
alkaline phosphatase was higher in culture-positive patients (221 (128)) versus to 193
(106) for culture-negative patients, P= 0.001). The proportion of patients with normal

alkaline phospatase was higher in culture-negative patients (P= 0.04).

All laboratory results with p values < 0.20 were entered into a logistic regression in
order to identify the factors that might be associated with positive TB after controlling
for confounding factors. Table 8.5.6 shows that two factors were positively and one
negatively associated with TB. TB patients were more likely to be anaemic than non-
TB patients (AOR = 1.6, 95%CI = 1.2-2.1, P= 0.001), to have normal conjugated
bilirubin (AOR = 1.3, 95%CI = 1.0-1.7, P= 0.03) and less likely to have high

granulocyte counts (AOR= 0.7, 95%CI = 0.6-1.0, P=0.04).

In summary, the factors significantly associated with an increased risk of culture-

positive TB were weight loss, a BMI < 18.5, the presence of anaemia and conjugated
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bilirubin > 0.2 mg/dl and granulocyte count < 65%. Those marginally associated were

the presence haemoptysis and a Kanorfsky score < 60.

Tab: 8.5.5 Laboratory results for BACTEC culture-positive-and culture-negative patients

BACTEC Culture

Laboratory test* positive negative OR P

Haemoglobin level 11 (2) [5-16] 12 (2) [5-18] 0.001
<l1lg/dl 264 (41%) 108 (29%)

>11g/dl 388 (60%) 267 (71%) 1.7(1.3-2.2) 0.001

White blood count 8 (4) [3-38] 8 (4) [2-34] 0.3
<10x 10°L 491 (76%) 302 (81%)

>10x 10°L 158 (24%) 72 (19%) 0.7(0.5-1.0) 0.03

Granulocytes 61 (13) [6-92] 59 (13) [18-96] 0.03
<65% 401 (62%) 261 (70%)

>65% 251 39%) 114 (30%) 0.7 (0.5-0.9) 0.004

Lymphocytes (%) 39 (13) [8-94] 41 (14) [4-96] 0.05
<45% 436 (67%) 233 (62%)

>45% 216 (33%) 142 (38%) 1.2(0.9-1.6) 0.06

ESR mm/hr 78 (44) [1-167] 70 (46) [1-165] 0.005
< 7Tmm/hr 31 (5%) 20 (5%)

> 7mm/hr 614 (95%) 353(95%) 0.9(0.5-1.6) 0.4

Total bilirubin 0.49(0.4) [0.1-6] 0.54 (0.4) [0.1-4.8] 0.03
<1.0mg/dl 631 (94%) 350 (90%)

> 1.0mg/dl 43 (6%) 37 (10%) 1.6(1.0-2.5) 0.03

Conjugated bilirubin 0.2 (0.28) [0.01-4.5] 0.2 (0.3) [0.01-3.8] 0.1
< 0.2mg/dl 427 (63%) 218 (56%)

> 0.2mg/dl 249 (37%) 170 (44%) 1.3(1.0-1.7) 0.01

Serum albumin 3(0.9)[1.2-6.9] 4 (0.9)[1.4-6.4] 0.002
<3.8g/dl 461 (68%) 236 (60%)

>3.8g/dl 216 (32%) 154 (40%) 1.4 (1.1-1.8) 0.006

SGOT U/L 7 (6) [1-70] 7(8) [1-96] 0.8
<12U/L 587 (87%) 337 (86%)

> 12U/L 90 (13%) 54 (14%) 1.0(0.7-1.5) 04

SGPT U/L 12 (10) [2-150] 12 (13) [2-176] 0.7
<12U/L 354 (52%) 207 (53%)

> 12U/L 323 (48%) 184 (47%) 1.0(0.8-1.3) 042

Alk phosphatase 221 (138) [4-940] 193 (106) [18-846] 0.001
<27%w/1 535 (79%) 327 (84%)

> 27%w/1 141 (21%) 60 (16%) 0.7 (0.5-1.0) 0.02

Values are mean (SD)[range], followed by frequencies (%) for values above/below

selected cut off point
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8.6  Clinical presentation and risk factors for IIIV infection in patients with

positive and negative BACTEC culture

Of 1186 patients who had sputum BACTEC culture, 1002 also had blood tests results
for HIV I and HIV II. Of these, 546 (54%) were positive for HIV I and 9 (1%) for
HIV II. Six hundred and twenty-five of the patients (62%) had positive culture, and of
these, 329 (53%) were positive for HIV I and 6 (1%) for HIV II. In comparison 217
(58%) out of the 377 culture-negative patients were positive for HIV I and 3 (1%) for

HIV II as shown in table 8.6.1.

There were no age differences among culture-positive patients with and without HIV
(mean age 33 (10) and 33 (12) years respectively) or among culture-negative patients
who were HIV positive or negative (mean (SD) age of 35 (11) and 36 (15) years,
respecﬁvely) as shown in table 8.6.1. Male patients with a positive cultures had a
mean age of 35 (10) years if they were HIV positive and 33 (12) years if HIV negative
(P= 0.001) while males that were culture-negative had a mean (SD) age of 36 years
independently of their HIV status (P= 0.52). Female patients with positive culture had
a mean (SD) age of 29 (8) years among patients with HIV and a mean (SD) age of 32
(13) years in patients without HIV (P= 0.1) while female culture-negative patients had
a mean (SD) age of 33 (10) years among patients co-infected with HIV and 37 (17) in
patients without HIV (table 8.6.1). Males who were HIV positive in both culture-
positive and culture-negative patients were significantly older than HIV positive
females (P= 0.001). There were no significant differences in the ages of male and
female patients, who were HIV negative in both culture-positive and negative groups.

Patients in the age group 24 to 35 years old had the highest infection rates for HIV in
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both sexes in both culture-positive and culture-negative groups (table 8.6.2 and
figures 8.2 and 8.3). Male patients were infected with HIV at older ages (P= 0.01)
than female patients (P= 0.03) (figures 8.4 and 8.5). More females (58%) than males
(50%) were infected with HIV in BACTEC culture-positive patients (P= 0.05), also
more females (63%) than males (54%) were infected among culture-negative patients

(P=0.001) (table 8.6.2).

Table: 8.6.1 Age distribution of patients with positive and negative BACTEC
culture by HIV status

Culture positive Culture negative
Age Sex HIV+ HIV- HIV+ HIV-
1524 M 16 (9%) 43 (22%) 9 (8%) 24(25%)
F 40 (29%) 27 (27%) 18 (17%) 12 (19%)
M 81 (43%) 82(43%) 45(40%) 30(31%)
F 72 (51%) 43 (42%) 49 (47%) 26 (42%)
M 57 (30%) 39(20%) 37(33%) 18(18%)
F 21 (15%) 15(15%) 23 (22%) 6 (10%)
45-54 M 26 (14%) 17(9%) 14(12%) 13 (13%)
F
M
F
M
F
M
F

25-34

35-44

6(4%)  9(9%)  9(9%) 7(11%)
6(3%)  8(4%)  5(4%) 10(10%)
0(0%)  5(5%)  4(4%)  5(8%)
32%) 4Q%) 3(3%)  3(3%)
1(1%)  30G%)  1(1%)  6(10%)
189 (50%) 193 (50%) 113 (54%) 98 (46%)
140 (58%) 102 (42%) 104 (63%) 62 (37%)

55-64

> 65

Total
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8.6.1 Socio-economic characteristics

There was no significant difference in the occupation of the patients with positive
cultures irrespective of their HIV status (table 8.6.1). In comparison a higher
proportion of culture-negative patients infected with HIV were employed, (163, 75%)
while a lower proportion were students (15, 7% versus 33, 21%, P= 0.01) (table
8.6.1). The educational level of the participants is shown in table 8.6.1. There were no
statistical differences in the educational pattern between culture-positive and culture-

negative patients or between HIV co-infected and HIV negative patients.

8.6.2 History of contact

Most patients with both positive and negative culture with and without HIV shared
their bedrooms with between 1 and 4 other individuals and there was no difference in
the mean (SD) number of people sharing the bedroom with the patients (table 8.6.1).

Similarly, there was no difference in the proportion of smokers or the number of

cigarettes smoked between the groups.

The history of contact with other individuals with cough for more than 3 weeks was
not significantly different across the groups. Similarly, between 6% and 11% of the
patients said they had been in contact with other individuals with fever > 3 weeks and
between 13% and 20% had been in contact with other persons with TB, but the

proportions were similar across the groups and not associated with HIV.
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8.6.3 Clinical symptoms of patients with PTB with and without HIV co-

infection

The clinical symptoms of patients with positive and negative BACTEC cultures at the
time of their first presentation to hospital by HIV status are summarized in table 8.6.3.
Among culture positive-patients, those co-infected with HIV were more likely to have
unexplained fever (OR= 1.35, 95%CI = 0.97-1.89), breathlessness (OR= 1.33, 95%CI
= (.96-1.86), weight loss (OR= 1.87, 95%CI = 1.21-2.90), night sweats (OR= 1.42,
95%CI = 1.0-2.01) and anorexia (OR= 2.2, 95%CI = 1.58-3.12) than patients without
HIV. The duration of the fever and breathlessness was shorter in patients co-infected
with HIV (mean (SD) of 10 (16) and 10 (16) weeks for fever and breathlessness
respectively) than in patients without HIV (mean (SD) of 12 (16) and 11 (16) weeks
respectively). The presence of cervical lymph nodes was also more frequent in HIV

positive patients (OR= 2.31, 95%CI = 0.9-6.0, P= 0.04).

Among culture-negative patients, those co-infected with HIV were more likely to
report breathlessness (OR= 1.45, 95%CI = 0.95-2.23) and weight loss (OR= 2.16,
95%CI = 1.37-3.39) than patients without HIV. The duration of these symptoms

however was similar in both groups (P> 0.1 for both).

There was no statistically significant association between the presence or duration of
cough, unexplained fever, night sweats or anorexia among culture-positive or culture-
negative patients, irrespective of their HIV status (P>0.1 for all). Two hundred and
twenty-three (68%) HIV positive and 197 (67%) HIV negative patients who were

culture-positive had received BCG vaccination (P= 0.62), while among culture-
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negative patients, 160 (74%) of the patients with HIV and 115 (72%) of those without

HIV had received BCG (P= 0.92).

In order to identify the factors associated with a positive HIV status among patients
with and without TB, all personal characteristics and clinical symptoms with a P value
<0.20 were analysed using logistic regression. Table 8.6.4 shows these factors. Only
one factor was positively associated with positive HIV among culture-positive
patients and two factors among culture-negative patients. Culture-positive patients co-
infected with HIV were more likely to suffer from anorexia (AOR= 2.2, 95%CI=1.6-
3.1, P= 0.004), than culture-positive patients without HIV. Culture-negative patients
infected with HIV were less likely to present with chest pains (AOR= 0.5, 95%CI =
0.3-0.8, P= 0.05), but more likely to have increased weight loss (OR= 2.6 95%CI=
1.6-4.2, P= 0.006) than culture-negative patients without HIV. Though not
statistically significant, HIV patients in both culture-positive and culture-negative
groups were less likely to be male (AOR= 0.72, 95%CI = 0.52-1.0, P= 0.056 for

culture-positive patients and AOR= 0.66, 95%CI =0.43-1.0, P= 0.053 for culture-

negative patients).
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8.6.4 Clinical Signs

The clinical signs of the patients at the time of presentation are described in table
8.6.5. Patients with positive cultures co-infected with HIV had similar clinical signs
than patients without HIV with the exception of their BMI (OR=1.51, 95%C]I = 1.06-
2.14) and the presence of bronchial breath sounds (OR = 1.32, 95%CI = 0.96-1.82).
Patients co-infected with HIV had a mean (SD) BMI of 20 (6) compared to a BMI of

21 (4) for HIV negative patients (P< 0.001).

Regarding patients with negative cultures, only the BMI was different between HIV
co-infected and HIV negative patients. The mean (SD) BMI of patients co-infected
with HIV was 22 (4) compared to 24 (5) for the HIV negative patients. Patients with
TB and HIV had the lowest BMI, followed by patients with TB but no HIV and those

with HIV but no TB. Patients without TB or HIV had the highest BMI (F statistics=

31.99, P=0.001).

The mean (SD) Kamofsky score for patients with TB co-infected with HIV was 59
(12) which was similar to the score observed for patients without HIV (60 (11), P=
0.3). Similarly, among culture-negative patients, HIV infected patients had a mean

(SD) Karnofsky score of 59 (12) and patients without HIV had a mean score of 61

(10), (P=0.1).
Clinical variables with P values < 0.20 for HIV-positive and negative patients were

entered into logistic regressions to identify the clinical signs of culture-positive and

culture-negative patients that were associated with HIV infection after allowing for
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confounding effects between variables. The factors selected are shown in tables 8.6.6
and 8.6.7. In both culture-positive and culture-negative patients, a highcr BMI was
associated with a lower likelihood of HIV infection (OR= 1.5, 95%CI = 1.0-2.1, P=

0.03 for culture positive and OR = 2.7, 95%CI = 1.5-4.8, P= 0.001 for culture

negative patients).
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Table 8.6.6  Logistic regression analysis for clinical variables with p values <0.20
to identify patients with HIV among culture-positive patients

Culture positive | OR P1I P2 P3 AOR

BMI <185 001 1.5(1.1-2.1) 0.03 0.03 0.03 1.5(1.0-2.1)
Bronchial sounds 0.04 13(1.0-1.4) 0.14 0.15 NS

OR = Odds ratio, AOR =Adjusted odds ratio, NS = Not significant, P1 to P3 =p

values after running the backward logistic regression

Table 8.6.7  Logistic regression analysis for clinical variables with p values <0.20
to identify patients with HIV among culture-negative patients

Culture negative P OR P1 P2 P3 AOR
BMI <185 0.001 2.7(1.5-4.9) 0.001 0.001 0.001 2.7(1.5-4.8)
Karnofsky <60 0.11 15(1.0-23) 037 037 NS ‘
Rhonchi 0.18 12(08-1.9) 0.70 NS

OR = Odds ratio, AOR =Adjusted odds ratio, NS = Not significant, P1 to P3 =p

values after running the backward logistic regression

8.7  Laboratory results of patients with positive and negative cultures by HIV

status.

The results of the routine laboratory exams by culture and HIV status are summarised
in table 8.7.1. The mean (SD) haemoglobin concentration in culture-positive patients
was 11 (2) g/d! for those co-infected with HIV and 12 (2) gm/dl for those negative for
HIV (P= 0.001). Similarly in culture-negative patients, the mean (SD) haemoglobin
for those infected with HIV was 11 (3) gm/dl and for those not infected was 13 (2)
gm/dl (P= 0.001). A larger proportion of patients with culture-positive TB were

anaemic if they were HIV positive (174, 56%) than if they were HIV negative (67,
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24%, P=0.001). Similarly, in patients without TB, a larger proportion of patients with

HIV (83 (42%) were anaemic compared to those without HIV (P= 0.001).

The WBC count and differentials (granulocytes and lymphocytes) were similar across
the four groups. All groups had mean granulocyte counts ranging from 61% in
culture-positive patients to 59% in culture-negative patients and lymphocyte counts
ranging from 39% in culture-positive to 41% in culture-negative patients. The
differences between HIV-positive and HIV-negative patients were not satistically

significant.

The mean (SD) ESR was significantly higher in culture-positive patients who were
HIV-positive (91 (42) mm/hr) compared to HIV negative patients (66 (42) mm/hr, P=
0.001). This pattern was also observed in culture-negative patients with a mean (SD)
ESR of 85 (46) mm/hr for HIV positive and 50 (39) mm/hr for HIV negative patients

(P=0.001).

The mean (SD) total and conjugated bilirubins and the proportion of patients with

normal values were similar across the 4 groups.

In both culture-positive and culture-negative patients, HIV positive patients had
significantly lower mean serum albumin than HIV negative patients (P= 0.001 for
both) (table 8.7.1) and a larger proportion of HIV positive patients in both culture-

positive and culture-negative patients had low serum albumin levels than in HIV

‘negative patients (P=0.001 for both culture groups).
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Among culture-positive patients the mean (SD) SGOT was 8 (6) for HIV positive and
7 (7) for HIV negative patients (P= 0.06) and for culture-negative patients the means
were 7 (5) for HIV positive and 8 (10) for HIV negative patients respectively (P=
0.62). The proportion of patients with high SGOT was significantly larger for HIV

positive compared to HIV negative patients in the culture-positive group (P=0.02).

HIV positive patients in both culture-positive and culture-negative groups had higher
mean (SD) alkaline phosphatase (240 (161) and 197 (112) respectively) than HIV
negative patients (204 (114) and 176 (78) respectively) (P= 0.002 and 0.05). The
proportion of patients with high alkaline phosphatase was only significantly higher

among the culture-positive patients who were HIV positive (P= 0.005).
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In order to identify the laboratory tests that were significantly associated with HIV
among culture-positive and negative-patients, all laboratory variables with P value <
0.20 were entered into backward logistic regressions. Tables 8.7.2 and 8.7.3 show
these analyses. Four factors were independently associated with HIV infection in
culture-positive patients and two variables in culture-negative patients. HIV positive
patients with TB were more likely to have anaemia (AOR= 3.04, 95%CI = 2.08-4.44,
P= 0.001) and hypoalbuminaemia (AOR= 2.34, 95%CI = 1.56-3.50, P= 0.001) but
more likely to have a high ESR (AOR= 9.5, 95%CI = 2.8-32.4, P=0.01) and SGOT
(AOR= 2.0, 95%CI = 1.2-3.3, P= 0.009). Patients with negative cultures who had HIV
infection (i.e. negative BACTEC culture) were more likely to have anaemia (AOR=
4.06, 95%CI = 2.29-7.20, P= 0.001), and hypoalbuminaemia (AOR= 1.89, 95%CI =

1.18-3.01, P= 0.008) than patients without HIV.
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8.8 Discussion

This chapter discribes the prevalence, clinical presentation, risk factors and
bacteriological features of patients with and without TB attending district hospitals in
Abuja, Nigeria. Despite the importance of TB and HIV, few reports have been
published on this topic in West Africa. The prevalence of TB is increasing in many
countries and it is estimated to be the leading cause of death worldwide among
communicable diseases, killing nearly 3 million people each year (Narain et al., 2004;
Raviglione et al., 1995; Raviglione et al., 1996; WHO 2002). The association of TB
with HIV presents a public health catastrophe and a socioeconomic threat, with
ominous medical implications particularly in the developing world. One of the most
commonly cited explanations for the increased rate of infection is the delayed
recognition and isolation of patients with active PTB (Mathur et al., 1994; Kramer et
al., 1990; Ellner et al, 1993). And the prompt recognition of PTB patients and
treatment should be a high priority in TB control policies (Ellner et al., 1993;

Blumberg 1997; McGowan 1995).

A major finding of our study was the nearly double prevalence of PTB identified by
culture compared to smear microscopy and the significant number of patients who are
co-infected with HIV among those attending the hospitals. Of the 1185 patients
cultured, 62% were culture-positive as against 30% who were positive by smear
microscopy. This showed that over 50% of cases would have been missed if only
sputum smears were performed. Of the 624 patients that were culture positive, 53%
were also HIV positive. Our results are similar to other prevalence studies of TB and
TB and HIV co-infection in other developing countries (Harries 1997; 1998; Grant et

al., 1998; Kelly et al., 1990). Culture however, is usually not a diagnostic tool for PTB
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in most resource poor countries and not many reports of the prevalence of TB by
culture are available. The estimated prevalence of sputum smear-positive TB
worldwide in 2001 was 426/100,000 and for all cases, 963/100,000 population (Dye et
al., 2005). The Nigerian TB incidence (all cases/100,000 pop) for TB was estimated to
be 548/100,000 population in 2002 and 27% of the patients with TB were co-infected
with HIV (WHO 2005). Several factors can explain these differences. These estimated
Nigerian figures are lower than the results presented here. The government estimates
are based on extrapolated data from WHO and our results are research-based and
reported on a more sensitive test (culture). Secondly, our results were based on
patients from an urban area with high mobility who were already suspected of having
TB on the basis of symptoms, whereas the government data came from sentinel
studies with a mixture of rural and urban centres. Abuja is the new capital of Nigeria
and has an uncontrolled influx of population from all over the country. Most new
arrivals live in squalor in the shanty settlements in the outskirts of the city. In
addition, the DOTS programme was only recently introduced into Abuja. As
previously observed in Ethiopia, when a TB control programme is first introduced, the

number of cases of TB increases because of the introduction of the programme.

Like most studies, we found that patients with PTB were younger than those without
TB. In Brazil for example (Liberato et al., 2004), Turkey (Aktogu et al., 1996), India
(Prasad et al., 2004) and Benin (Nwobu et al., 2004) the greatest number of patients
with TB occur in patients between 25 and 44 years of age. A study in Jos, Nigena,
found that TB predominantly affected individuals below 40 years of age with a peak
frequency between 21 and 30 years (Anteyi et al., 1996). This was also observed in a

prospective, descriptive French multicentre study which found a mean age of 40.8
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years for culture proven TB patients as against 47.4 years for non-TB patients
(Tattevin et al., 1999). Also, patients with PTB who were co-infected with HIV were
younger than those without HIV. This is not unexpected as this is the age group when
people are more socially and sexually active. In a prevalence study of TB among
HIV-infected persons in Phnom Penh, Cambodia, patients had a mean (SD) age of 34
(8) years for co-infected patients, with most of the infection occuring in the age group
25-34 years (Kimerling et al., 2002). Similarly, in Taiwan, the mean age of patients
co-infected with TB and HIV was 37 years (Hsieh et al,, 1996), which was younger
than the age of patients who had TB but no HIV. This pattern has also been observed

in many other countries including Brazil (Liberato et al., 2004), India (Prasad et al,,

2004) and Benin (Nwobu et al., 2004).

Female patients in our study were younger than their male counterparts. Among
patients infected with HIV, female patients were also younger than male patients.
These findings agree with observations in Africa and other developing countries
(Aerts et al., 2004; Liberato et al., 2004; Antey1 et al., 1996; Kimerling et al., 2002).
Younger women are more often co-infected with TB and HIV because of cultural,
societal and socioeconomic conditions in most developing countries, which expose

women at an earlier age to various detrimental risk factors.

More culture-positive and culture-negative male patients visited the participating
hospitals and more male than female patients had TB. However, more females than
males were co-infected with TB and HIV. Other authors have reported similar
findings in their studies. Kimerling et al., (Kimerling et al., 2002) found that males

were slightly at higher risk of having TB and Prasad et al., in a demographic study of
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PTB cases found that male patients were more frequently infected than their female
counterparts (Prasad et al, 2004). In Pernambuco, Northcast Brazil, there was a
higher frequency of male individuals among PTB patients and among those co-
infected with HIV (Liberato et al.,, 2004) and in Paris and Guyana, Tattevin et al,,
observed a male prevalence of 72% in a multicentre study (Tattevin et al., 1999). In
Turkey, Aktogu et al., reported that TB was more common among males (81%) living
in large urban centres (Aktogu et al., 1996) and a study in Benin and Irua, Nigeria
found that more males than females had PTB but that females were more frequently
co-infected with TB and HIV (Nwobu et al., 2004). Although most of these
observations agree with the findings in our study, Nwachokor et al., in Nigeria
however found that more females were infected with TB which reached twice the rate

of males in some regions (Nwachokor et al., 2000).

Most of the patients in employment were civil servants and are likely to attend the
participating hospitals, which are government official hospitals for civil servants.
Most of these patients are low-level civil servants and construction site labourers.
There was no association between the positivity of the sputum and the activities of the
patients. A high proportion were attending secondary schools. Like civil servants,
these are hospitals frequently visited by secondary school students for medical

treatment. All groups were equally affected with TB irrespective of their literacy

level.

Our study observed that patients with and without TB had similar history of exposure
to TB and did not identify any association between cigarette smoking and PTB nor

contact with persons with chronic cough, fever or treated for PTB. These results are in

149



agreement with Kimerling et al., who did not find any association between household
crowding and smoking with TB (Kimerling et al., 2002). Smoking and history of
overcrowding of are very frequent in Nigeria and may explain why these factors are

not reliable to identify adults with TB in our environment.

In Nigeria, as in most developing countries, BCG is the first vaccine used in the
routine vaccination schedule of the National Expanded Programme on Immunizations
and most children receive BCG at birth. This accounts for the high proportion of
patients who had received BCG. A significantly higher proportion of culture-negative
patients however had been vaccinated with BCG than culture-positive patients. This
was however not independently predictive after controlling for confounding factors.
Tattevin et al., also described in a series of 211 cases that BCG status was associated
with the presence of culture proven TB but that this factor was not significant after
multivariate analysis (Tattevin et al., 1999). Though given routinely, the significance
of BCG has recently been questioned as an efficient method of prevention of TB. It
has a low efficacy in preventing infectious TB in some countries with high disease

burden (Colebunders et al., 1989; Collins et al., 2001; Paterson 2001) and is a subject

of continuos debate.

Most patients with TB are diagnosed on the basis of their clinical presentation,
sputum microséopy and chest X-ray findings where available. Given the local scarcity
of culture facilities for the diagnosis of TB, culture for the identification of M.
tuberculosis is rarely used in most resource-poor countries. This chapter thus aimed to
evaluate if the clinical presentation of the patients could be used as predictors of TB in

places where diagnostic facilities are limited (Cohen et al., 1996; Scott et al., 1994;
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Blumberg 1995). In a similar approach, the European guidelines for identification of
TB define ‘other than definite’ cases of TB as those mecting two conditions: (1) a
clinician’s judgement that the patient’s clinical, and/or radiological signs and/or
symptoms are compatible with TB and (2) a clinician’s decision to treat a patient with
a full course of chemotherapy. Due to the protean clinical and radiological
manifestations of TB, the American Thoracic Society and CDC also recommended
that pulmonary diagnosis should always be included in the differential diagnosis of
persons with pulmonary signs or symptoms and appropriate diagnostic measures
should be instituted (American Thoracic chiety, (ATS 1992)). A diagnosis that is
only based on clinical information however may have different positive and negative
predictive values in areas with high and low TB incidence and these diagnostic
approaches need to be evaluated in high TB incidence areas. In addition, it is
important to identify predictors for TB in patients co-infected with HIV, to be able to
identify patients who should be referred for HIV testing and treatment.There is very

limited information in this field.

Patients with chronic cough of more than 3 weeks duration are suspected to have TB.
Almost all the patients presenting to the TB clinic had cough, and was one of the
criteria for inclusion into the study. Patients with culture-positive TB however had
cough for a longer duration than those without TB and this was independent on
whether the patient had HIV. Kimerling et al., also found that cough of more than 3
weeks duration was moderately sensitive to identify TB but that this was not
independently predictive (Kimerling et al., 2002). In contrast, Cohen et al., found that

symptoms of cough, sputum production and lost of weight were independent risk

factors for TB (Cohen et al., 1996).
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Fever in TB patients is normally low grade, rarely rising above 40°C,
characteristically being low in the morning, and peaking towards evening (Davies
2003 978). Our study observed relatively low-grade fever in most patients rarely
rising to 40°C. A large proportion of culture-positive patients had a history of recent
fever but this was not statistically different to culture-negative patients. Similarly,
culture-positive patients with HIV were more likely to have fever than HIV-negative
patients but this was not independently predictive after multivariate analysis. This was

expected, as patients with pulmonary infections other than TB often have fever of

recent or long duration.

Haemoptysis is a major diagnostic symptom in the classical TB patients. Other
pulmonary diseases such as acute bacterial pneumonia, cancer and mitral stenosis
however can also present as acute or chronic cough with haemoptysis. Our study did
not show any association between haemoptysis and TB or TB plus HIV co-infection.
This may be due to the presence of a large proportion of patients with HIV as HIV
patients have fewer chest cavities and less haemoptysis (Raviglione et al., 1992).
Other respiratory symptoms such as dyspnoea and chest pains had limited predictive

values and were not significant in the multivariate analysis.

Among the factors that were significant, a history of weight loss was a significant
predictor for TB, this has been reported in other studies (Aktogu et al., 1996) and
patients co-infected with TB and HIV were more likely to have more significant
weight losses than those with TB alone. As expected, we observed a significantly
lower BMI in patients with TB compared to those without TB, and patients with TB

co-infected with HIV had lower BMI than patients with TB alone. El-Sony et al.,
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reported that, in Sudan, symptoms with the greatest predicted significance were
weight loss, tiredness and night sweats (El-Sony et al., 2003). We obscrved a
significant proportion of culture positive patients with night sweats and anorexia, but
these factors were not independently predictive after multivariate analysis. Cohen et
al,, in the state of Illinois, USA, reported that fever, night sweats dyspnoea, anorexia

and haemoptysis were not different between TB and non TB patients (Cohen et al.,

1996).

Our study did not find significant differences in the clinical signs between patients

with and without TB.

Clinical features of HIV-associated PTB are frequently atypical, resembling those of
primary TB (Raviglione et al., 1992), with symptoms and signs of extrapulmonary TB
especially in the immunocompromised. More typical post-primary TB is seen during
the early stages of infection (Harries 1990; Barmnes et al., 1991). In our study, TB
patients co-infected with HIV had significantly more fever, haemoptysis, dyspnoea,
weight loss, night sweats, anorexia and enlarged cervical lymph nodes than patients
with TB but no HIV infection. However, on multivariate analysis, only haemoptysis,
weight loss and anorexia remained independently predictive for patients co-infected
with HIV. Several reports on TB and HIV co-infection have described the clinical
features of these patients. These studies showed that most HIV seropositive patients
from Africa would have experienced significant weight loss (Erki et al., 1991,
Colebunders et al., 1989; Kelly et al., 1990), had fever of shorter duration
(Colebunders et al., 1989), dyspnoea (Colebunders et al., 1989; Elliott et al., 1990)

and lymhadenopathy (Colebunders et al., 1989; Elliott et al., 1990). Haemoptysis
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results from caseous necrosis of the bronchial arteries inside chest cavities. The
observation made in our study which showed hacmoptysis less common in HIV-
seropositive patients compared to seronegative patients had also been reported in
other studies (Eriki et al., 1991) indicating that cavities are less likely to form in HIV-

infected patients with TB.

Our laboratory results show that compared with culture-negative patients, culture
positive-patients were more likely to be anaemic and to have increased conjugated
bilirubin but less likely to have leukocytosis. TB patients co-infected with HIV were
more likely than patients without HIV to have anaemia and hypoalbuminaemia but
less likely to have lower ESR and SGOT. These results though can not discriminate

those who have HIV or TB from those who do not (Brandli 1998).

In conclusion, clinical sign of a BMI < 18.5 plus symptom of weight loss and the
presence of anaemia and conjugated bilirubin > 0.2 mg/dl and granulocyte count <
65% are independent prediction of TB. In addition, being a female, having anorexia
plus a BMI < 18.5, in the presence of anaemia, hypoalbuminaemia, raised ESR, and
SGPT are independent predictors of TB and HIV. These factors could be used to

develop algorithm for the identification of patients with TB or TB and HIV.
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CHAPTER NINE

Clinical presentation of patients with smear-positive and smear-

negative TB with or without HIV

9.1 Introduction

With the resurgence of TB in the mid 1980s, attention has focused on its early
identification and treatment (Fairchild et al., 1998). Early identification of patients
with TB, whether they are smear-positive or smear-negative is necessary, both to
enable appropriate control procedures and to provide a basis for early therapy. The
comerstone of a WHO-led control programme depends on the detection of a large
proportion of smear-positive pulmonary TB cases as these are the most infectious
individuals in the community with capacity to spread infection (Shaw et al., 1954;
Rose et al,, 1979). Sputum smear examination for AFB can only diagnose between
30% to 60% of cases of TB in well-equipped laboratories (Aber et al., 1980). In
countries with high prevalence of TB and HIV, the detection rate is even lower owing
to the paucibacillary nature of PTB in patients with HIV (Hargreaves et al., 2001a;
Elliott et al., 1990; Hargreaves et al., 2001b; Long et al., 1991). In countries with low
prevalence of PTB, smear-negative TB is said to pose less of a threat to public health
compared to smear-positive PTB, based on its low infectivity potential, lesser extent
of disease, and good prognosis even without treatment (Long 2001). However, smear-
negative patients who are diagnosed with TB by culture, radiology or other means are
also capable of transmitting the infection (Dutt et al., 1994). Most publications on the

clinical features of PTB have not differentiated between smear-positive and smear-
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negative disease as these patients may have different clinical and radiological findings
(Kanaya et al., 2001). Pulmonary TB with a positive smear significs larger bacterial
population in a diseased lung lesion whereas several negative smears suggest a
smaller bacterial load (Dutt et al,, 1994; Hargreaves et al, 2001a). PTB patients
whose smears are negative for AFB represent a diagnostic dilemma and pose
challenges to clinical services and public health programmes in countries where
culture facilities are not available (El-Sony et al, 2003). Many of these smear-
negative patients yield positive cultures for M. tuberculosis (Dutt et al., 1994). Based
on studies performed prior to the advent of the HIV pandemic, smear-negative PTB
patients had generally been thought to have mild disease with good prognosis (Narain
et al., 1968), however, this is not so anymore. The contribution of HIV infection to the
apparent increasing incidence of TB especially in the developing world is immense
and their epidemic in sub-Saharan Africa has been associated with an increase in the
proportion of smear-negative PTB cases, where such cases are not confirmed by
culture (Harries 1997; Hargreaves et al., 2001b; Elliott et al., 1993¢). Even though
patients with sputum smear-negative TB are less infectious than smear-positive
patients, both theoretical and empirical evidence suggest they can still transmit the

infection (Behr et al., 1999; Elwood et al., 2005; Grzybowski et al., 1975).

Previous studies have suggested that patients with smear-negative PTB usually have
less clinical symptoms and signs compared to smear-positive patients (Kobashi et al.,
1995). Tsao et al., observed that smear-negative patients were significantly older and
had less clinical symptoms e.g., cough, fever, and body weight loss (Tsao et al,

2004). Smear-negative patients however had significantly more underlying disease,
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which may account for the high mortality rate seen in this group. Other authors had

made similar observations (Kobashi et al., 1995 77; Hargreaves et al., 2001a).

Considering that DOTS programmes in most developing countries are run at the level
of health centres (Enarson 1995), it is important to aid the health care workers identify
patients most likely to be suffering from TB but are smear-negative with little or no

manifestation of the disease.

9.2 Materials and methods

The methods for this chapter are as described in chapter eight. Patients were identified
by smear microscopy and the clinical presentation and risk factors for patients with

smear-positive and smear-negative, culture-positive TB were compared, stratified by

HIV.

9.2.1 Radiological examination

Patients who had positive smear microscopy had their chest X-rays routinely taken.
The same radiologist (Dr. Olatunji in Nigeria) and a chest specialist (Professor
Davies, in Liverpool), reviewed the X-rays. The two met several times to agree on the
scoring method. The X-rays were scored as 0 to 6, depending on the radiological
extent of disease according to the number of abnormalities in the six lung zones. Each
lung zone was classified as a 0 (normal) or 1 (affected). Cavities were also scored
from 0 to 3 depending on the total diameter of the cavities in the lung fields. No

cavity present was graded zero, cavities with a total diameter of less than 2 cm were
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graded as 1, cavities with diameter between 2 and 4 cm were graded as 2 and those
greater than 4 cm were graded as 3. The results of each X-ray reviewer were entered
independently into a database. X-rays with disagreement between the two readers
were re-read by the readers to standardise the scores. It was agreed that the lower
value should be taken when there was a difference in scoring of > 2 for extent of
disease and of <1 for cavities. The two readers met to review the remaining X-rays
where there were discrepancies and came to an agreement. A third set of results were

entered into the database based on their agreement.
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9.3 Results

9.3.1 Characteristics of patients with smear-positive and smear-negative TB

On thousand, three hundred and twenty-one patients with suspicion of TB were
screened. Of these, 731 were culture-positive. Three hundred and fifty-three (48%) of
the 731 culture-positive patients were smear-positive and 378 (52%) smear-negative.
Two hundred and twenty-eight (65%) of the patients with smear-positive and 208
(55%) of those with smear-negative TB were male. Patients with smear-negative TB
were older (mean (SD) of 35 (12) years) than those with smear-positive TB (mean

(SD) 31 (10) years) (P=0.001) in both sexes.

This analysis compares the characteristics of patients with smear-positive TB (n=353

and patients with smear-negative TB (n=378).

The occupational status and education of the patients were not significantly different
between smear-positive and smear-negative TB. Similarly there was no significant
difference in the number of patients who shared their rooms or the number of patients
who smoked cigarrettes (table 9.3.1). Smear-positive and smear-negative patients had
similar frequency of contact with other patients with cough or fever. Contact with
patients with PTB however was more frequently reported in patients with smear-
positive TB (table 9.3.1) and this was predictive for TB when entered into
multivariate analysis (AOR = 1.4, 95%CI = 1.1-1.7, P= 0.01) (9.3.2). However, such
contact was reported in only a minority of patients (18% and 14% of smear-positive

and smear-negative patients, respectively P=0.003).
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Table: 9.3.1 Characteristics of patients with smear-positive and smear-negative TB
Culture positive
ZN positive ZN negative P
N=731 353 (48%) 378 (52%)
Age (years) Means  All 31(10)[15-92] 35(12)[15-90] 0.001
Male 33(10)[19-92] 36(11)[15-70] 0.001
Female 29 (9)[15-70] 34 (13)[15-90] 0.001
Sex: M:F (%omale)  229:124 (65%)  208:170 (55%)
% among groups Males 52% 48%
Females 42% 58%  0.003
Activities Working 231 (65%) 257 (68%)
Not working 28 (8%) 31 (8%)
Student 56 (16%) 46 (12%)
Housewife 38 (11%) 44 (12%) 0.4
Education None 36 (10%) 48 (13%)
Primary 79 (22%) 67 (18%)
Secondary 166 (47%) 196 (52%)
Tertiary 71 (20%) 67 (18%) 0.2
Persons per room* 3(2)[1-19] 3(2)[1-12] 0.9
Number of smokers 82 (23%) 77 (20%) 0.2
Time smoked (years)* 10 (10) [1-46] 10 (8) [1-35] 0.7
Cigarettes per day* 8 (7) [1-40] 6 (6) [1-40] 0.08
Contact with cough (3 wks) 52 (15%) 68 (18%) 0.5
Duration* 5(8) [1-44] 6(7)[1-33] 0.4
Contact with fever (3wks) 26 (7%) 27 (7%) 0.9
Contact with PTB (2 yrs) 64 (18%) 53 (14%) 0.003
Duration* 5(5) [1-25] 5(5)[1-20] 0.8

*Mean (SD) [Range]
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Table 9.3.2 Logistic regression analysis for characteristic variables with p values <
0.20

Characteristics of patients P OR Pt P2 P3 AOR

Sex 0.003 1.5(1.0-2.0) 0.55 NS

Number of smokers 0.20 0.12 0.60 NS

Contact with PTB 0.003 0.01 0.01 0.01 14(1.1-1.7)

OR = Odds ratio, AOR =Adjusted odds ratio, NS = Not significant, P1-P3 = p value

after running the backward logistic regression

9.3.2 Clinical symptoms of patients with smear-positive and smear-negative TB

A lower proportion of smear-positive patients (227, 64%) had received BCG
vaccinations in the past than patients with smear-negative TB (269, 71%, P= 0.04).
The mean (SD) number of years since BCG vaccination was longer in smear-negative

patients (P= 0.002) as shown in table 9.3.2.

As expected nearly all patients with smear-positive and smear-negative TB had
cough. However, the duration of the cough was significantly longer in smear-positive
patients (P= 0.001) (table 9.3.2). Patients with smear-positive TB also complained
more frequently of fever, dyspnoea, chest pains, weight loss, night sweats and
anorexia than patients with smear-negative TB (P= 0.001 for all). Smear-positive
patients also had longer duration of cough, fever, breathlessness, loss of weight and
night sweats. Enlarged cervical lymph nodes, normally associated with extra-
pulmonary TB, were more frequent in smear-negative patients (14, 4%), than in those
with smear-positive TB (9, 3%), but this was not statistically significant. Similarly,
more smear-positive patients had finger clubbing (6, 2% and 2, 0.5% respectively) but

this was not statistically significant.
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Table: 9.3.3  Clinical symptoms of patients with smear-positive and smcar-
negative TB
ZN Smear
Clinical Symptoms Positive Negative OR (95%CI) P value
N 353 (48%) 378 (52%)
BCG at birth 227 (64%) 269 (71%) 0.04
Weeks since BCG* 32 (10)[2-82] 35 (12) [14-90] 0.002
Cough 352 (99.7%) 376 (99.5%) 1.9(0.2-20.7) 0.5
Mean duration* 15 (15) [1-80] 12 (13)[1-52] 0.001
Unexplained fever 241 (69%) 228 (60%) 1.4 (1.1-1.9) 0.01
Mean duration* 13 (17) [1-52] 10 (15) [1-52] 0.001
Cough with bloody sputum 84 (24%) 104 (28%)  0.8(0.6-1.1) 0.1
Mean duration* 10 (16) [1-52] 10 (16) [1-52] 0.9
Breathlessness 246 (70%) 235 (62%) 1.4 (1-1.9) 0.01
Mean duration* 12 (17) [1-52] 9(15)[1-52] 0.04
Chest pains 314 (89%) 293 (78%)  2.3(1.5-3.5) 0.001
Mean duration* 12 (15) [1-52] 10 (15) [1-96] 0.1
Loss of weight 315 (89%) 277 (73%) 3(2-4.5) 0.001
Mean duration* 12 (16) [1-52] 9(14)[1-52] 0.02
Night sweats 261 (74%) 251 (66%) 1.5(1-2) 0.01
Mean duration* 13 (18) [1-88] 9(15)[1-52] 0.001
Loss of appetite 244 (69%) 221 (64%) 1,6 (1.2-2) 0.002
Mean duration* 12 (17)[1.52] 9(15)[1-52] 0.06
cervical lymph nodes 9(3%) 14 (4%) 0.7 (0.3-1.6) 0.2
Finger clubbing 6 (2%) 2 (.5%) 3.3 (0.7-16) 0.1

Mean (SD) [Range] * duration in weeks for all symptoms

All the clinical symptoms with p value < 0.20 were entered into a logistic analysis

(table 9.3.4). Only chest pains was positively associated with smear-positive TB

(AOR= 1.7, 95%CI, = 1.2-2.4, P=0.002).
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9.3.3 Clinical signs of patients with smear-positive and smear-negative TB

Patients with smear-positive and smear-negative TB had fever and BCG scar with the
same frequencies as shown in table 9.3.3, and the mean (SD) BCG scar size was not
different in the two groups. Patients with smear-positive TB had significantly lower
BMI (P= 0.001) and the proportion of smear-positive patients with BMI < 18.5 was
higher (P= 0.001). The mean (SD) Kamofsky score was also lower in smear-positive
patients, but this was was not statistically significant (table 9.3.3). However a higher

proportion of smear-positive patients had Kanofsky scores < 60 (P=0.009).

Most of the clinical signs (wheeze, bronchial breath sounds and crepitations) were

more frequent in smear-positive-patients (P< 0.01 for all) as shown in table 9.3.5.

Table: 9.3.5 Clinical signs of patients with smear-positive and smear-negative TB

ZN Smear
Clinical Signs ZN positive ZN negative OR P value
Mean Temperature 36.9 (1) [34-40] 36.8 (1) [35-39.5] 0.2
Mean BCG size 1.1(1.3) [0-16] 1.0 (1.1) [0-5] 0.8
Mean BMI 20 (4) [11-36] 22 (5) [12-38] 0.001
<18.5 120 (34%) 87 (23%)
>18.5 232 (66%) 291 (77%) 1.7(1.2-2.4) 0.001
Kamofsky score 59 (11) [20-100] 60 (13) [20-100] 0.4
<60 238 (67%) 223 (59%)
> 60 115 (33%) 155(41%) 1.4(1.1-1.9) 0.009
Wheeze 87 (25%) 86 (23%) 1.1(0.8-1.6) 0.3
Bronchial sounds 184 (53%) 142 (38%) 1.8(1.4-2.5) 0.001
Rhonchi 140 (40%) 115(31%) 1.5(1.1-2.1) 0.004
Crepitations 208 (60%) 172 (46%) 1.8(1.3-2.4) 0.001

Mean (SD) [Range]
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All clinical signs among smear-positive TB with p values < 0.20 were entered into
logistic regression to find factors positively associated with smear-positive TB. Only

rhonchi was found to be positively associated (AOR= 1.3, 95%CI = 1.0-1.7, P= 0.03).

Table 9.3.6 Logistic regression analysis for clinical signs variables with p < 0.20

Clinical signs P OR Pr1 P2 P3 P4 DP5 AOR
BMI 0.001 1.7(1.2-24) 0.21 021 0.21 NS
Karnofsky score 0.009 1.4 (1.1-1.9) 0.52 0.51 NS
Bronchial sounds 0.001 1.8(1.4-2.5) 0.77 NS
Crepitations 0.001 1.8(1.3-24) 0.17 0.16 0.19 020 NS
Rhonchi 0.004 15(1.1-2.1) 0.10 0.08 0.09 0.06 0.03 1.3(1.0-1.7)

OR = Odds ratio, AOR =Adjusted odds ratio, NS = Not significant, P1 to P5 = p

values after running the backward logistic regression

9.3.4 Laboratory results of patients with smear-positive and smear-negative TB

Smear-positive patients had significantly lower mean (SD) haemoglobin (11 (2.2)
gm/dl) compared with smear-negative patients (11.7 (2.4) gm/dl, P= 0.001). The
proportion of patients with anaemia defined as an Hb < 11 gm/dl was significantly
higher in smear-positive patients (148, 46% and 116, 35% respectively, P= 0.003) as
shown in table 9.3.4. The mean (SD) WBC of smear-positive patients was 8.7 (3.4) x
10°L compared to 7.5 (4.1) x 10%/L for smear-negative patients (P= 0.001), while the
mean (SD) granulocyte percentage was 63% (13%) and 58% (13%) for smear-positive
and smear-negative patients respectively (P= 0.001). In both instances, the proportion
of patients with values above normal was significantly higher among smear-positive

patients (P= 0.001 for both). The mean (SD) lymphocytes for smear-positive patients

(37% (13%) was significantly lower than that of smear-negative patients (42% (13%),
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P=0.001). On the other hand, a higher proportion of smear-negative patients (129,
39%)) had levels of lymphocytes above normal (>45%) than smear-positive paticnts

(75, 23%, P= 0.001).

The mean (SD) ESR was significantly higher in smear-positive than in smear-negative
patients, (87 (40) mm/hr compared to 70 (47) mm/hr, P= 0.001) respectivcly.
Similarly a higher proportion of smear-positive patients (311, 98%) had values above-

normal (> 7 mm/hr) than smear-negative patients (297, 91%, P= 0.005) (table 9.3.4).

Regarding liver function parameters, the mean (SD) and the proportion of patients
with abnormal alkaline phosphatase levels was significantly higher for smear-positive
than for smear-negative patients, (P= 0.001). In addition, the mean serum albumin
was significantly lower in smear-positive patients (3.2 (0.8) g/dl versus 3.6 (0.9) g/d],
P=0.001), with more smear-positive patients having albumin levels below normal (P=
0.001). The differences in the mean (SD) and proportion of liver transaminases
(SGOT and SGPT) above normal between the groups were not statistically
significant. Finally, smear-negative patients (177, 60%) were significantly more likely

to be HIV seropositive than smear-positive patients, (158, 47%, P= 0.001).

All laboratory results with p values < 0.20 were entered into a logistic regression.
Patients with smear-positive TB were more likely to have lymphocytosis (AOR = 1.3,
95%CI = 1.0-1.7, P= 0.05) and hypoalbuminuria (AOR = 1.6, 95%CI = 1.2-2.1, P=
0.001) and less likely to have raised alkaline phosphatase (AOR = 0.7, 95%CI = 0.5-

1.0, P= 0.04) as shown in table 9.3.8.
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Table: 9.3.7 Laboratory results in smear-positive and smear-negative TB patients

ZN Smear

Laboratory test positive negative P value

Haemoglobin level 11(2.2)[4.8-16.8] 11.7(2.4)5.7-16.6] 0.001
<11 gm/dl 148 (46%) 116 (35%)

> 11 gm/dl 173 (54%) 215 (65%) 0.002

White blood count 87(3.4)[3.4-19.1] 7.5(4.1)[3.3-17.2] 0.001
<10x 10° 220 (69%) 271 (82%)

>10x 10° 100 (31%) 58 (18%)  0.001

Granulocytes 63 (13) [9-92] 58 (13) [6-92] 0.001
<65% 167 (52%) 234 (71%)

>65% 154 (48%) 97 (29%) 0.001

Lymphocytes 37 (13) [8-91] 42 (13) [8-94] 0.001
<45% 224 (76%) 192 (58%)
>45% 77 (24%) 139 (42%)

ESR 87 (40) [2-160] 70 (47) [1-167] 0.001
<7 mm/hr 6 (2%) 25 (8%)

> 7 mm/hr 312 (98%) 302 (92%) 0.001

Total bilirubin 0.4 (0.4) [0-3] 0.5 (0.5) [0.1-6.3] 0.008
< 1.0 mg/dl 319 (95%) 312 (92%)

>1.0 mg/dl 16 (5%) 27 (8%) 0.05

Conjugated bilirubin 0.17 (0.20) [0.01-2] 0.21 (0.3)[0.01-4.5] 0.02
< 0.2 mg/dl 228 (68%) 199 (58%)

> 0.2 mg/dl 108 (32%) 141 (42%) 0.006

Serum albumin 3.2(0.8) [1.5-6.9] 3.6 (0.9)[1.2-5.9] 0.001
< 3.8 g/dl 270 (80%) 191 (56%)

> 3.8 g/dl 67 (20%) 149 (44%) 0.001

SGOT 7 (6) [1-70] 7(6) [1-58] 0.5
<12U/L 303 (90%) 302 (89%)

>12U/L 33 (10%) 39 (11%) 0.3

SGPT 12 (9) [2-90] 13 (12) [2-150] 0.8
0-12 U/L 218 (65%) 226 (67%)

>12U/L 118 (35%) 113 (33%) 0.3

Alkaline phosphatase 240 (153) [4-940] 202 (118) [20-937] 0.001
<279 U/L 252 (75%) 283 (83%)

>279 U/L 84 (25%) 57 (17%) 0.005

HIV positive 158 (47%) 171 (60%) 0.001

Mean (SD) [Range]
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9.3.5 Radiological status of smear-positive patients

For logistic reasons, only the X-rays of smear-positive patients were systematically
reviewed. A large proportion of smear-negative patients underwent X-ray
examinations but their X-ray films were not available to the principal investigator.
The X-ray findings of patients with smear-positive TB are described here for

completion.

Two hundred and seventy-six (78%) of the 353 smear positive patients enrolled had
their chest X-rays reviewed for the presence of cavities. Of these 276 patients, 48
(17%) had no cavities (grade 0), 59 (21%) had cavities graded 1 (total cavity diameter
<2 cm), 114 (41%) were graded as 2 (total cavity diameter 2-4 cm) and 55 (20%)

were graded as 3 (total cavity diameter > 4 cm) as shown in table 9.4.5.

Two hundred and seventy-eight smear positive patients had their X-rays reviewed for
the extent of diseased lungs. Of these 4 (1%) had no diseased lungs and were graded
as 0. Twenty-seven (10%) were graded as 1 (1 lung zone involved), 65 (23%) were
graded as 2 (2 lung zones involved), 72 (26%) were graded as 3 (3 lung zones
involved), 64 (23%) were graded 4 (4 lung zones involved), 32 (12%) were graded 5

(5 lung zones involved) and 14 (5%) were graded 6 (all lung zones involved) (table

9.4.6).
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Table: 9.3.9  Radiological results of smear-positive patients showing gradings for

extent of disease lungs and cavities

Smear Positive

grades Extent of disease Cavities
0 4 (1%) 48(17%)
1 27 (10%) 59 (21%)
2 65 (23%) 114 (41%)
3 72 (26%) 55 (20%)
4 64 (23%)
5 32 (12%)
6 14 (5%)
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9.4.1 Clinical symptoms of patients with smear-positive and smear-negative TB

by HIV status

Six hundred and twenty-five (85.5%) out of the 731 patients with positive culture TB
were tested for HIV 1. Of these, 340 (96%) out of the 353 smear-positive patients and
285 (75%) out of the 378 smear-negative patients were tested. Smear-negative
patients were more likely to be infected with HIV as 158 (47%) of the 340 smear-

positive patients and 171 (60%) of the 285 smear-negative patients were HIV positive

(P=0.001).

No statistical differences were observed between the proportion of patients who were
HIV positive among those who had BCG, in both smear-positive and smear-negative

patients. Neither were there differences in the mean (SD) duration since having taken

BCG (table 9.4.1).

The clinical symptoms on enrolment of smear-positive patients co-infected with HIV
were similar to the clinical symptoms of smear-positive patients without HIV with the
exception of haemoptysis and dyspnoea as shown in table 9.4.1. Among smear-
positive patients, HIV-negative individuals were more likely to report haemoptysis
(54, 30% versus 20, 18% for HIV-positive patients, P= 0.005) but HIV-positive
patients were more likely to present with dyspnoea (118, 75% versus 117, 64% for
HIV-negative patients, P= 0.02). HIV-positive individuals were also more likely to
complain of anorexia (P< 0.01). The clinical presentation of patient with smear-
negative TB co-infected with HIV was also similar to the presentation of patients

without HIV infection with the exception of the presence of unexplained fever, a

171



history of weight loss, chest pains, having night sweats and anorexia. These five
symptoms were more frequent in patients co-infected with HIV (P< 0.05) for all) as
shown in table 9.4.1. A small proportion of patients had enlarged lymph nodes, and

this symptom was also more frequent in patients with HIV co-infection.

Only haemoptysis was negatively associated with HIV in patients with smear-positive
TB when all symptoms with p values < 0.20 were entered into a logistic regression
(AOR =0.6, 95%CI = 0.4-1.0, P= 0.04). While two factors were positively associated
with HIV in smear-negative TB, namely weight loss (AOR = 1.6, 95%CI = 1.1-2.5,

P= 0.02) and anorexia (AOR = 1.9, 95%CI = 1.3-2.6, P= 0.001) (table 9.4.3.
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9.4.2 Clinical signs of patients with smear-positive and smear-negative TB by

HIV status

Similar to the patterns observed for the clinical symptoms on admission, the clinical
signs of patients with smear-positive TB co-infected with HIV were similar to patients
not co-infected with HIV with the exception of the BMI, which was lower in co-
infected individuals (P= 0.08). A higher proportion of co-infected patients had a BMI
< 18.5 (62, 40% versus 53, 29% for patients without HIV, P=0.02). In addition smear-
positive individuals co-infected with HIV were less likely to have wheezing than
patients without HIV (32, 20% versus 51, 28% respectively, P= 0.04). Similar to the
pattern observed in smear-positive patients, patients with smear-negative TB co-
infected with HIV were more likely to have lower BMI and a higher proportion of
them had BMI <18.5 (45, 26% for those co-infected with HIV versus 19, 17% for
patients without HIV). Co-infected patients however were more likely to have wheeze
than smear-negative patients without HIV and to have more bronchial breath sounds

(P=0.05 for both) as shown in table 9.4.2.

Of all the clinical signs of patients with smear-positive TB, none was positively
associated with HIV infection when all clinical symptoms with p value < 0.20 were
entered into a logistic regression (table 9.4.5), while BMI was positively associated
with a lower likelihood of HIV infection in smear-negative TB patients (AOR = 2.1,

95%CI=1.5-3.1, P=0.001).
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Table 9.4.5 Logistic regression analysis for clinical signs with p values £ 0.20 by HIV

status in smear-positive patients

Clinical signs P OR P1I P2 P3 P4
BMI 0.02 1.6(1.0-2.5) 040 NS
Bronchial sounds 0.10 1.3(0.9-2.1) 0.09 0.08 0.10 NS
Rhonchi 0.10 1.3(0.8-2.0) NS
Wheeze 0.04 0.6(0.4-1.1) 0.14 0.14 NS

OR = Odds ratio, AOR =Adjusted odds ratio, NS = Not significant, P1 to P4 = p

values after running the backward logistic regression

Table 9.4.6 Logistic regression analysis for clinical signs with p values < 0.20 by HIV

status in smear-negative patients

Clinical signs P OR P1 P2 P3 P4 AOR
BMI 0.03 1.8(1.0-2.5) 0.001 0.001 0.001 0.001 2.1(1.5-3.1)
Karnofsky score 0.20 1.0(0.6-1.6) 0.08 0.12 NS
Bronchial sounds 0.03 1.6 (1.0-2.6) 0.33 NS
Wheeze 0.04 1.7(0.9-3.0) 0.11 0.11 016 NS

OR = Odds ratio, AOR =Adjusted odds ratio, NS = Not significant, P1to P4 =p

values after running the backward logistic regression

9.4.3 Laboratory results of smear-positive and smear-negative TB by HIV status

The laboratory results of patients with smear-positive and smear-negative TB are
analysed by HIV status in table 9.4.3. Among smear-positive patients, patients co-
infected with HIV had lower haemoglobin concentrations and were more likely to be
anaemic than individuals without HIV. In addition the mean ESR was higher in HIV
patients (mean (SD) of 95 (41) mm/hr) than in patients not co-infected with HIV (78
(37) mm/hr, P= 0.001). In contrast, the laboratory results of patients with smear-

negative TB varied more frequently if they were or not co-infected with HIV as

shown in table 9.4.3.
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Haemoglobin and the prevalence of anaemia had a similar pattern to smcar-positive
patients, with 90 (56%) smear-negative patients co-infected with HIV being anacmic
(Hb < 11 g/1) compared to 19 (17%) of those not co-infected with HIV. Similarly, the
ESR was much higher in patients co-infected with HIV (mcan of 87 mm/hr) than in

those not co-infected (P= 0.001).

There were no significant differences in the mean (SD) total bilirubin for both HIV-
positive and HIV-negative patients in both smear-positive and smear-negative patients
but the proportion of patients with normal total bilirubin was higher in smear-
negative, HIV-negative patients (P=0.002). No significant differences were observed
in both the mean (SD) and the proportion of patients with normal conjugated bilirubin

in both HIV groups with smear-positive and smear-negative TB (table 9.4.3).

In both smear-positive and smear-negative patients, HIV negative patients had
significantly higher mean (SD) albumin than HIV positive patients (P= 0.001), and
the proportion of patients with hypo-albuminaemia was higher in HIV positive

patients with HIV in both smear-positive and smear-negative patients (P= 0.006 and

0.001 respectively).

The mean (SD) SGOT and SGPT were higher in HIV positive patients in both smear-
positive and smear-negative groups (table 9.4.9). Similarly, both patients with smear-
positive and patients with smear-negative TB had higher SGOT and SGPT if they
were co-infected with HIV. The mean (SD) alkaline phosphatase was higher in smear-

negative patients co-infected with HIV (P=0.001).
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All laboratory variables with p values < 0.20 were entcred into a logistic regression.
Tables 9.4.7 and 9.4.8 show these analyses. One factor in patients with smear-positive
TB and five factors in patients with smear-negative TB were independently associated
with HIV. HIV positive patients with smear-positive TB were more likely to have
anaemia (AOR = 4.6, 95%CI = 2.8-7.4, P= 0.001). HIV positive paticnts with smear-
ncgative TB were more likely to have anaemia (AOR = 2.6, 95%CI = 1.8-3.9, P=
0.001) and hypoalbuminaemia (AOR = 3.1, 95%CI = 2.2-4.4, P= 0.001), were lcss
likely to have lymphocytosis (AOR = 0.7, 95%CI = 0.3-0.9, P= 0.03) and to have
lower ESR (AOR = 0.7, 95%CI = 0.1-0.6, P= 0.005) and SGOT (AOR = 0.5, 95%CI
=0.3-0.9, P=0.02).

Table 9.4.8 Logistic regression analysis for HIV infection of laboratory variables with

p values <0.20 in smear-positive patients

Laboratory results P OR P1 P2 P3 P4 P5 AOR
Haemoglobin 0.001 0.001 0.001 0.001 0.001 4.6(2.8-7.4)
Conjugated bilirubin 0.87 NS
Albumin 062 061 0.61 NS
SGOT 020 020 0.18 026 NS
SGPT 0.84 0.85 NS

OR = Odds ratio, AOR =Adjusted odds ratio, NS = Not significant, P1 to P5 =p

values after running the backward logistic regression
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Table 9.4.9 Logistic regression analysis for laboratory variables with p values <0.20
by HIV status in smear-negative patients

Laboratory results P OR P1 P2 r3 r4 AOR
Haemoglobin 0.001 0.001 0.001 0.001 2.6(1.8-3.9)
Lymphocytes 0.03 003 0.03 0.03 0.7(0.3-0.9)
ESR 0.007 0.007 0.005 0.005 0.2(0.1-0.6)
Total bilirubin 0.04 0.04 0.06 NS
Albumin 0.001 0.001 0.001 0.001 3.1(2.1-44)
SGOT 0.02 0.01 0.009 0.02 0.5(0.3-0.9)
SGPT 0.52 NS
Alkaline phosphatase 0.11  0.10 NS

OR = Odds ratio, AOR =Adjusted odds ratio, NS = Not significant, P1 to P4 =p
values after running the backward logistic regression
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9.4.4 Radiological results of smear-positive paticnts by their HIV status

Only smear positive patients had chest X-rays read as previously described. Patients
without HIV had higher cavity grades than HIV positive patients whereas more HIV
positive patients had chest X-rays without abnormalities. There was no trend in the

extent of disease grades for HIV positive and negative patients as shown in table 9.5.

Table 9.5 Radiology results for smear positive HIV positive and HIV negative

patients scored 1-6 for extent of diseased lungs and 1-3 for cavities

Smear positive

Diseased lungs Cavities

Scores HIV+ HIV- HIV+ HIV-
0 3(2%) 000) 27(122%) 19(13%)
1 14 (11%) 13(9%) 27(22%) 30(20%)
2 29 (23%) 33 (22%) 48(39%) 66 (45%)
3 26 (21%) 46 (31% 22 (18%) 33(22%)
4 30(24%) 34 (23%)

5 18 (14%) 14 (9)

6 5 (4%) 9 (6%)

Total 125 (46%) 149 (54%) 124 (46%) 148 (54%)
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9.5 Discussion

Clinicians are often faced with the delima of empirically treating patients with
sputum-smear negative TB and these patients are often missed in the absence of
culture facilities. Thus, they are more likely to rely on the same criteria used for the
diagnosis of smear-positive TB, such as weight loss and chronic cough, to predict the
risk of patients with negative-smear microscopy having TB. However, smear-negative
patients, due to their low bacilli load, may have different clinical and radiological
findings. This chapter therefore attempts to demonstrate the clinical differences

between patients with smear-positive and smear-negative TB and considers the effect

that HIV infection has on their clinical presentation.

Our study observed that among culture positive patients, less patients had smear-
positive than smear-negative TB. This observation is comparable to other studies in
high HIV prevalence areas (Alausa et al., 1977; Levy et al., 1989; Narain et al., 1971;
Kim et al., 1984). Patients with smear-positive TB were more likely to be younger
than patients with smear-negative TB and more likely to be male, although gender
was not independently predictive after multivariate analysis. Samb et al., reported a
similar age difference in smear-positive patients and that more men were diagnosed
with smear-positive TB in Dakar, Senegal (Samb et al., 1999). Similar to our study,
gender was not statistically significant. Tsao et al., also reported that smear-negative

patients were older in a University Hospital study in Taiwan (Tsao et al., 2004).

Smear-positive patients with TB are more likely to have been in contact with patients

with PTB compared to smear-negative patients. It is well established that increased
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closeness of contact to a PTB patient is associated with increased risk of infection. A
retrospective study of case records in Canada demonstrated that houschold contacts of
smear-positive PTB had the highest proportion of positive TST in all age groups
(Grzybowski et al., 1975). A tuberculin survey of over 3000 patients of all ages in
Edinburgh, showed the level of infection was higher in known contacts of TB than in
non-contacts and in particularly the household contacts (Loudon et al., 1958). There is
however limited information on whether contacts of patients with smear-positive TB

are also more likely to be smear-positive.

As expected, our clinical findings demonstrate that patients who are smear-negative
but culture-positive are more likely to have milder symptoms and signs than patients
who are smear-positive. Several studies have described the clinical presentation and
risk factors of persons with AFB smear-positive sputum, who are the most infectious
group of TB patients. Our findings support the results from other studies (Kobashi et
al., 1995; Tsao et al., 2004) where smear-negative patients were significantly more
likely to have milder symptoms of fever, dyspnoea, chest pains, loss of weight, night
sweats and anorexia with shorter duration of symptoms. Our study however has
shown that most of these factors are associated with each other and only one factor
(chest pains) was independently associated with PTB after confounding. Clinical
differences between HIV-positive and HIV-negative in patients with smear-positive
and smear-negative TB were ninimal as clinical features of HIV-associated PTB are
frequently atypical, resembling those of primary TB (Raviglione et al., 1992). As
expected, we observed patients with dual infection of TB and HIV more likely to
complain of fever than patients with TB alone but this was not predictive when

entered into multivariate analysis. Smear-positive patients without HIV were observed
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to have a greater proportion of patients with hacmoptysis than those co-infected with
HIV. This might be because smear-positive paticnts without HIV infection are more
likely to have extensive chest pathology with cavitation compared to smear-positive
patients with HIV. Weight loss in smear-positive paticnts with and without HIV was
not signifcantlly different, unlike in smear-negative TB patients where paticnts with
HIV had significantly greater weight loss than those without HIV. As expected,
anorexia was more prominent in patients dually infected with TB and HIV in the two
smear groups. One of the criteria for admission into this study was cough of 3 weeks
or more. This might be responsible for the absence of significant diffcrences between
smear-positive and smear-negative patients as reported in other studies (Samb et al.,
1999; El-Sony et al., 2003) where the proportion of patients with cough was lower in

smear-negative patients.

Our study showed an increase association between BCG and smear microscopy, as
smear-negative patients were significantly more frequently vaccinated than smear-
positive patients. The protective value of BCG has been questioned in areas with large
burden of TB and HIV. Our study here suggest that milder clinical manifestations of
smear-negative patients might be due to the protective effect of BCG. However, this
association could have other explanations given the cross-sectional design of the

study. To confirm this explanation, there will be need for prospective studies.

In our study, clinical signs such as bronchial breath sound, rhonchi, and crepitations
occurred with greater frequency in smear-positive patients than in smear-negative-
patients, though only rhonchi was independently associated with TB. Samb et al., and

El-Sony et al,, however did not observe any significant differences in the lung
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findings (Samb et al., 1999; El-Sony et al, 2003). An intcresting finding is the
significant difference observed in the Karnofsky score which showed greater
proportion of smear-negative patients with higher Kanofsky score of > 60 in
univariate analysis compared to smear-positive patients. Even though this was
expected, since smear-negative patients have milder disease, Kanofsky score had not
in the past been used in many TB studies. Similarly, given the greater clinical severity
of smear-positive patients, they were more malnourished compared to smecar-negative

TB patients. This was equally observed in other studies (Samb et al., 1999).

Not many reports have analysed biochemical differences between smear-positive and
smear-negative TB. This may be because the information collected on biochemical
markers gives limited value added to the diagnostic process and because routine
laboratory tests are expensive. We observed that smear-positive patients were more
anaemic, had lower levels of granulocytosis and higher frequencies of raised
lymphocytocis and ESR. Smear-positive patients had lower levels of albumin
compared to smear-negative patients, showing severity of infection in the smear-
positive patients. Smear-positive patients were more likely to have higher values for

total and conjugated bilirubin but lower alkaline phosphatase.

Our results support the hypothesis that smear-negative patients are more likely than
smear-positive-patients to have a larger proportion of HIV seropositive cases. Our
findings in Abuja associating smear-negative PTB patients with HIV more often than
in smear-positive patients has been observed in previous studies in Malawi

(Hargreaves et al., 2001a), Darkar, Senegal (Samb et al,, 1999), Nairobi, Kenya
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(Aktogu et al, 1996), Lusaka, Zambia (Elliott et al., 1993a) and South Africa

(Karstaedt et al., 1998).

Our radiological findings were similar to those seen in many other studies in TB
patients with and without HIV (Raviglione et al, 1992; Colcbunders et al., 1989;
Elliott et al., 1993d; Hira et al, 1998). HIV-positive patients compared to HIV-
negative patients were observed to have fewer or no cavities on chest X-rays in TB

patients, whereas there were no differences secn 1in the extent of diseased lungs.

Our study should provide useful information to help guide clinicians in differentiating
patients with smear-positive TB from those with smear-negative TB. Our findings to
some extent can guide clinical practice in centres where diagnostic facilities are

inadiquate.
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CHAPTER TEN

Zinc and Vitamin A as co-adjuvant for the treatment of PTB

10.1 Introduction

Malnutntion has a well-established relationship with infection (Scrimshaw 1995) and
the association between infectious diseases and the host’s nutritional status has
generally shown increased severity and susceptibility to the infecting agent with poor
host nutrition (Beck et al., 2000). Nutritional deficiencies are commonly associated
with impaired immune responses, particularly cell-mediated immunity (CMI),
phagocyte function, cytokine production, secretory antibody response and affinity,
and the complement system (Chandra et al., 1994b; 1994a). In addition to protein and
energy malnutrition, field and laboratory studies have provided evidence that
micronutrient deficiencies also contribute to the morbidity and mortality of infectious
diseases. Several studies examining the effect of infectious diseases on nutrition at the
time of diagnosis have found micronutrient levels to be lower in infected than in non-
infected patients (Karyadi et al., 2000; Guerrant et al., 2000; Onwubalili et al., 1988).
Recognition of micronutrient deficiencies in infectious and non-infectious illnesses
has led to large-scale supplementation, epidemiological and clinical intervention

studies (Christian et al., 2003).

The link between malnutrition and TB had long been recognised. The Greeks gave the
name “Phthisis”, meaning literally to waste away, to TB and in the 18™ and 19"

centuries, it became known as “consumption”. Epidemiological, clinical and
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experimental studies have established a strong rclationship between micronutrient
deficiencies and TB (Onwubalili et al, 1988; Saha et al., 1989). Cross-scctional
studies have shown patients with TB to suffer from micronutrient deficiencies such as
vitamins A (van Lettow et al,, 2004a; Evans et al, 1971; Smurova et al., 1969), B,
(Miasnikov 1969), thiamine (Arkhipova 1975) and folate (Markkanen et al., 1967)
among others. In Indonesia, patients with TB had significantly lower plasma zinc
concentrations than patients without TB (Karyadi et al., 2000). In a further case
control study in Miami, patients with TB were more likely to have lower plasma
selenium concentrations than healthy controls (van Lettow et al., 2004a; Shor-Posner

et al., 2002; Van Lettow et al., 2004).

Zinc is now recognised as an important element in a variety of metallo-enzyme
systems and biochemical pathways essential for protein synthesis, the metabolism of
carbohydrate, fats and proteins and many physiological pathways (Prasad et al.,
1971b; Pories et al.,, 1967). Low plasma levels of zinc lead to impaired immune
function, as such affect host defences and predispose to increases in infection and
morbidity rates (Wellinghausen et al., 1997; Lesourd 1997). As zinc becomes
suboptimal, its impact on the immune system is rapid and extensive, being far greater
than its impact on other tissues and organs. Conversely, short periods of zinc
supplementation substantially improve immune defence in individuals with infectious
diseases by preventing the dismantling of the immune system (Fraker et al., 2000).
Zinc pivotally influences the actions of hundreds of enzymes, stabilizes cell
membranes, modulates humoral and CMI and is increasingly recognized to be
responsible for the control of apoptosis and oxidative capacity (Thurnham et al.,

2000). Zinc deficiency decreases the functions of T-helper 1 (Th1) cells resulting in
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low production of interferon-y (IFN-,), interleukin (IL-2) and tumour nccrosis factor-a
(TNF-a), (Beck et al., 1997; Prasad et al., 2000) The Th2 cell products, 1L-4, IL-6 and
IL-10 are unaffected (Prasad et al., 2000). This imbalance between Thl and Th2 cell
cytokines and the decreased proportion of cytotoxic T-lymphocyte cells may account
for the decreased CMI, and increased susceptibility to infection. Zinc supplementation
directly induce cytokine production, predominantly IL-1, IL-6, and TNF-q, by
monocular cells in vitro (Driessen et al., 1994) and addition of zinc in vitro to natural

killer (NK) cells appeared to enhance their activities (Ventura et al., 1986).

Zinc is one of the most closely studied micronutrients. Its deficiency was first linked
to a syndrome in the Middle East in 1963, associated with severe anaemia, low iron,
growth retardation and lack of secondary sexual characteristics in patients suffering
from pneumonia and parasitic diseases (Prasad et al,, 1963). Several studies have
since shown that zinc deficiency is common in most infections, in the elderly and in
children. It has been extensively studied conceming its role in wound healing, acute
respiratory infections and diarthoea in children, its effect in the immune system,
cardiovascular diseases and many other medical conditions. Recent studies have
demonstrated that zinc supplementation can reduce morbidity and mortality and can
shorten recovery from common infectious diseases. Patients with diarrhoea, especially
children, have low zinc concentrations at the time of diagnosis (Bitarakwate et al.,
2003; Chaudhary et al., 1996). Low zinc concentrations in asymptomatic children are
associated with a higher incidence and severity of diarrhoea (Bahl et al., 1998).
Clinical trials in Asia, Africa and Latin America have consistently demonstrated that
supplementation of patients with zinc reduces the incidence and severity of diarthoea

(Bhutta et al., 2000; Dutta et al., 2000; Bhandari et al., 2002a; Strand et al., 2002,
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Penny et al.,, 1999; Alarcon et al., 2004). Albert et al., (Albert et al., 2003) reported
that supplementation with zinc, improved vibrocidal antibody concentration in

children given an oral cholera vaccine.

Zinc is essential for human growth and development (Walker 2004). Low zinc
concentrations have been associated with dwarfism and stunted growth in growing
children (Miki et al., 2002; Prasad 2001), and daily or weckly supplementation with
zinc improved growth in these children and adolescents (Thu et al.,, 1999; Michaclsen
et al., 1994; Shor-Posner et al., 2002; Castillo-Duran et al., 1994). However, dietary
zinc deficiency was found unlikely to be of major overall importance for rural
Gambian children’s ability to thrive, and blanket zinc supplementation was found not
to be justified (Bates et al., 1993). In India, children with low zinc concentrations at
the time of enrolment to a prospective study had a higher incidence of acute
respiratory infections (ARI) during follow up than children with normal zinc (Bahl et
al.,, 1998). Studies to assess the effect of supplementation with zinc on ARI have
shown that supplements reduced the incidence of severe ARI (Bhandari et al., 2002b;
Sempertegui et al., 1996; Albert et al, 2003). Low zinc concentrations are also
associated with acute malaria (Duggan et al., 2005). A randomised placebo-controlled
trial in Papua New Guinea reported that zinc supplementation reduced the incidence
of Plasmodium falciparum episodes and protected children against severe
parasitaemia (Bhutta et al., 2000). A second study in Zambia reported reduced visits
to the clinics with symptoms related to malaria in zinc-supplemented patients (Bates
et al., 1993). Muller et al, (Muller et al., 2001) however reported that zinc

supplementation had no effect on morbidity from falciparum malaria in children in

rural West Africa.
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As far back as 1970, Halstead and Smith (Halsted et al., 1970) obscrved a fall in
plasma zinc concentration in patients with active PTB and this was confirmed by
subsequent studies (Bogden et al.,, 1977, Ahmad et al,, 1985). Investigators in India
noted that children with TB had significantly lower plasma zinc levels than thosc
without TB, irrespective of their nutritional status (Ray et al., 1998). Karyadi et al.,
(Karyadi et al, 2000) reported that zinc and retinol in plasma were lower in
malnourished patients with TB than in well-nourished healthy controls. Regarding
latent TB infection in children, Cuevas et al., (Cuevas et al., 2002) demonstrated that
zinc supplementations increase the PPD induration size in children irrespective of
their nutritional state. Investigators also observed improvement in plasma zinc status
of TB patients during follow-up of anti-TB treatment (Ray et al., 1998; Pant et al,,
1987; Ciftci et al, 2003). However, Taneja (Taneja 1990) did not observe any
alteration in the levels of zinc with treatment with anti-TB drugs. A small
supplementation of TB patients with anti-TB therapy and zinc in India resulted in
more rapid improvement of the general conditions of the patients, significantly greater
weight gain and more rapid sputum conversion when compared to those receiving
anti-TB therapies alone (Pant et al,, 1987). In addition, zinc supplementation of
patients with PTB and pneumonia was shown to increase immune function (Abul et
al., 1995). There is also limited information on the relationship between HIV and zinc
in patients with TB. Van Lettow et al., (van Lettow et al., 2004a) did not find
differences in the proportion of TB patients with zinc deficiency across categories of
plasma HIV load. Co-infection with HIV and TB introduces another dimension to the
pathophysiology of nutrition with increased energy expenditure, nutrient
malabsorption, micronutrient malnutrition, and increased production of inflammatory

cytokines with lipolytic and proteolytic activity (Niyongabo et al., 1994).
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Vitamin A plays an important role in lymphocyte proliferation and maintaining the
integrity and function of epithelial tissues (Chandra 1991; Thurnham et al., 2000). It
also plays a major role in the immune status of patients, including expression of
mucins and keratins, lymphopoiesis, apoptosis, cytokine expression, production of
antibody, and the function of neutrophils, NK cells, macrophages and T and B-
lymphocytes (Semba 1999). Vitamin A is a fat-soluble vitamin required for normal
functioning of the visual system, growth and development, maintenance of epithelial
cell integrity, immune function and reproduction (Chandra 1991). Vitamin A as
retinol is chiefly found in dairy products, liver, eggs, butter and some fatty fish. In the
form of carotene, it is found in yellow and red fruits and in green leafy vegetables. It
is also present in palm oil and fortified margarines. Deficiency of vitamin A is
associated with xerophthalmia, night blindness, Bitot’s spot, corneal ulceration and
blindness. Deficiency of vitamin A has also been linked with the severity of several
infectious diseases especially in children. Patients with measles were observed to have
low levels of vitamin A (Perry et al., 2004; van Lettow et al., 2004a; Gilbert et al.,
2003) and supplementation with vitamin A reduces their morbidity and mortality
(Carcillo 2005; Ray et al., 2004; Hussey 1997; Klein et al., 1990; Hussey et al., 1990).
Vitamin A administered in large doses to Indonesian preschool children resulted in
34% reduction in mortality (Sommer et al., 1986). Other studies on vitamin A
supplementation have shown similar results (West et al., 1991; Muhilal et al., 1988).
In Tanzania, a 50% reduction in mortality was observed in HIV positive and negative
patients who received vitamin A (Fawzi et al., 1999) although studies in India
(Vijayaraghavan et al,, 1990) and Sudan (Herrera et al., 1992) reported only modest or
no cffect on mortality. Also in a review of vitamin A supplementation and child

mortality, vitamin A supplementation was associated with significant reduction in
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mortality when given periodically to children at the community level (Fawzi et al.,

1999).

Positive associations between vitamin A deficiency and the risk of respiratory and
diarrhoea disease have been reported (Sommer et al., 1984). In most of the trials of
vitamin A supplementation in children with measles, vitamin A supplementation
resulted in a significant reduction in the occurrence and severity of respiratory and
diarrhoeal complications, but no effect on non-measles respiratory infections (Brown
et al., 2004; Kjolhede et al.,, 1995; Fawzi et al., 1998). Supplementation with vitamin
A however was associated with substantial reductions in the rates of diarrhoea and
pneumonia in developing countries (Bhutta et al., 1999). Several studies have
suggested that vitamin A could play a role in potentiating resistance to malaria.
Studies in animals and humans showed that vitamin A deficiency increased
susceptibility to malaria and worsen its symptoms, which were easily reversed by
vitamin A supplementation (Krishnan et al., 1976; Galan et al., 1990; Tabone et al.,
1992). Also in a review of vitamin A supplementation and child mortality,
supplementation was associated with significant reduction in mortality when given
periodically to children at the community level (Fawzi et al., 1993). However, a trial
in Ghana in preschool children did not find statistically significant effects of vitamin

A supplementation on P. falciparum morbidity and mortality (Binka et al., 1995).

Several cross-sectional studies have suggested that patients with TB suffer from
vitamin A deficiency (Evans et al.,, 1971; Smurova et al., 1969; Karyadi et al., 2000;
Koyanagi et al., 2004) and these deficiencies are more severe in patients co-infected

with HIV (Rwangabwoba et al., 1998; van Lettow et al., 2003; Mugusi et al., 2003).
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Cod - liver oil, which is rich in vitamins A and D, was used as treatment of TB prior
to the era of antibiotics. The low vitamin A levels observed in patients with TB
however also returned to normal at the end of anti-TB treatment without the use of
supplementation (Ramachandran et al., 2004). Not many studies are available on the
efficacy of supplementation with vitamin A in patients with TB. Supplementation
with vitamin A appears to enhance both T-lymphocyte and antibody responses to M.
tuberculosis and in animal studies, reported an increase in survival among chicks
infected with M. fuberculosis who received vitamin A supplements (Sklan et al.,
1994). However, in South Africa, supplementation with vitamin A had no significant

response on children’s recovery from TB (Hanekom et al., 1997).

Zinc deficiency limits the bioavailability of vitamin A. Because zinc and vitamin A
deficiencies often co-exist in malnourish and diseased patients, supplementation with
the two elements may improve the vitamin A deficiencies in these patients as such
their clinical status (Smith 1980). Data on the interaction between zinc and vitamin A
in humans however are limited and some results of such studies are inconclusive. Zinc
was observed to potentiate the effect of vitamin A in restoring night vision among
night-blind pregnant Nepalese women with low initial zinc concentrations (Christian
et al., 2001). Zinc supplementation was shown to improve dark adaptation among
cirrhotic patients with abnormal dark adaptations that were not responsive to vitamin
A and had low serum zinc concentrations (Morrison et al., 1978). In a randomised
double-blind placebo-controlled intervention study, combining zinc and vitamin A
supplementation, improved the bio-chemical indices of vitamin A nutriture in vitamin
A-deficient children (Rahman et al., 2002). Supplementation with zinc and B-carotene

of pregnant women was observed to be superior to B-carotene supplementation alone
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in improving the vitamin A status of mothers and infants (Dijkhuizen et al., 2004). A
double-blind, placebo-controlled study of vitamin A and zinc supplementation in
persons with TB in Indonesia observed improvement in the effect of TB medication
after 2 months of anti-TB therapy, resulted in the earlier sputum smear conversion and
earlier resolution of X-ray lesion area, associated with significantly improved plasma
retinol concentration (Karyadi et al., 2002). The study presented here duplicates the
work of Karyadi et al., with some modifications, and investigates the role of weekly
zinc supplementation with and without concomitant weekly zinc plus vitamin A

supplementation on the efficacy of anti-TB treatment.

10.2 Materials and Methods

10.2.1 Aims and Objectives

To compare the efficacy of weekly zinc and weekly zinc plus weekly vitamin A

supplementation as adjunct for the treatment of PTB.

10.2.2 Study design

The study was a double-blinded, placebo-controlled supplementation clinical trial
where patients were allotted by block randomization into three treatment groups. The
study was carried out in the 8 district government hospitals described in chapter 3
from September 2003 to June 2005. All patients >15 years with AFB in their smear
microscopy were recruited into the study after written informed consent. The

inclusion criteria for the study were: i) The patients had to be willing to take part in
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the study; ii) They should have been newly diagnosed as having active pulmonary TB
as per the WHO definition of smear positive TB; iii) The patients had to be >15 years
old and iv) should not have a history of anti-TB treatment. Potential patients were
excluded if they had moderate to severe surgery during the previous month; had a
history of diabetes mellitus or severe cardiovascular, liver or renal diseas or previous
treatment for TB. If they were taking corticosteroids or zinc supplements during the
previous month or were pregnant, lactating, or taking oral contraceptives. Patients
were also excluded if they could not attend follow ups regularly. The patients enrolled

were asked not to take any other vitamins during the study.

A two-month pilot study (July to September) was set up to identify and address the
problems involving the project. No micronutrients were used. The problems, which
surfaced during this period were discussed during weekly meetings with all the

research staff. These meetings continued up to the end of the follow up of all the

patients.

10.2.3 Anti TB treatment

The DOTS programme of the hospitals provided anti-TB treatment free of charge to
all smear positive-patients according to the Nigerian DOTS programme (NTBLCP
2004). All patients received the standard TB treatment approved by the Federal
Ministry of Health of Nigeria. This treatment is divided into an initial intensive phase
of ambulatory supervised daily admistration of drugs for 2 months for all new TB
cases and 3 months for patients who require retreatment and a continuation phase of

treatment of 6 months for new cases. Patients were seen on a monthly basis for drug
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collection. The continuation phase for patients being re-treated is 5 months and should
be supervised at least thrice weekly. For the Intensive phase patients were given
Rifampicin, 450-600 mg daily; Isoniazid, 300 mg daily; Ethambutol 400 mg daily (15
mg/Kg); and Pyrazinamide, 1.5- 2 g daily. For the continuation phase, patients were
given Isoniazid 600 mg daily and Ethambutol 750 mg daily. These treatments were

pre-packed in blisters and were provided by international donors to the national

control programme.

The DOTS coverage in Nigeria by the end of 2003 was estimated to be 60%. Its case
detection rate for new sputum smear positive cases for the same year was 18% and the

treatment success was 79% for new sputum smear positive patients (WHO 2005).

10.2.4 Micronutrient supplementation

In addition to the standard anti-TB drugs, patients were provided with micronutrient
supplementations or placebo. Micronutrient supplements included zinc or zinc plus
vitamin A. Patients were randomised in blocks to receive: a) anti-TB treatment alone
(Group A); b) anti-TB treatment plus zinc (Group B); and c) anti-TB treatment plus
zinc and vitamin A (Group C). Group A therefore received weekly placebos that were
similar to the zinc tablet and vitamin A capsule. Group B received 90 mg elemental
zinc weekly (as zinc sulphate, in a lactose matrix, in form of a tablet) plus a placebo
that looked identical to vitamin A. Group C received 90 mg of elemental zinc weekly
plus weekly 1500 retinol (this is equivalent to 5000IU of vitamin A, as retinyl acetate,
in a capsular form). All capsules and tablets were prepared, coded and supplied from

LSTM by Dr L. E. Cuevas. The capsules were indistinguishable to both researchers
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and the patients. Because some patients that were lost to follow up very early in the
study, a further 50 patients were added to the trial and divided into the groups using

the pre-coded arrangements from LSTM.

10.2.5 Sample size

Sample size was calculated using as the main outcomes the proportion of patients
who were positive by ZN smear microscopy at two, four and eight weeks after
initiation of treatment as observed in the trial in Indonesia (Karyadi et al., 2002).
Table 10.2.1 describes the proportion of adults reported to be sputum negative in this

trial and the required sample size to replicate this difference.

Table: 10.2.1 Proportion of adults expected to be sputum negative

At week Vit A + Zinc Placebo Sample size Power attained

supplemented to attain 80% if > 200/group
2 23 13% 200 80%
4 55 40% 69 >90%
8 100 80% 50 >99%

These results indicate that a sample size of 200 per study group would demonstrate
differences > 13% at week 2 with 80% power and 95% Confidence Interval and a
power >90% by week 4. A sample size of 200 per study arm was attempted at the start
of the study. However, for logistic reasons the sample size was reviewed downwards
because of the difficulties involved in recruiting 600 smear positive patients for the
trial within a decentralised DOTS programme. After consultation with my

supervisors, it was decided that a sample size of 300, with 100 patients allocated to
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each group was feasible. This sample size would still have a power > 90% to
demonstrate differences of > 20% expected at 8 weeks. A further 50 patients were
included to compensate for patients lost to follow up. Of the 350 enrolled, 116
patients were allocated into group A, 117 into group B, and 117 into group C. Using
the same outcome measure used in Karyardi et al., (Karyadi et al., 2002) between
placebo and zinc groups at 2 weeks (Risk difference = 10%), 4 weeks (Risk difference
=15%) and 8 weeks (Risk difference = 20%), the power attained by the study would

be 44% at 2 weeks, 60% at 4 weeks and > 90% at 8 weeks.

10.2.6 Logistic considerations

The DOTS programme of the 8 participating hospitals was strengthened by the
addition of 8 community health nurses. These nurses were responsible for the
identification, follow up and supervision of the patients enrolled. Patients’ compliance
was assessed by examination of the empty drug foil or number of capsules remaining
from the previous treatment, which the patients were asked to produce at each visit.
Patients were given drugs on weekly bases for the first 2 months and drugs were
distributed during clinic visits. After the initial 2 months, the patients were given the
drugs on monthly bases for the remaining 6 months. At least one family member was
asked to help in monitoring the patient’s compliance. Patients were asked to swallow
the micronutrients or placebo in the presence of the nurse during the first 2 months of
follow up and were given the supplements together with their anti-TB drugs in
subsequent months. Patients who did not come to the clinic at the time of their
appointment were visited and treated at home by the nurses and requested sputum and

blood samples. Patients who defaulted from taking their drugs for more than a week
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were dropped from the per protocol analysis but were included in the intention to treat

analysis.

10.2.7 Procedures

Patients who fulfilled the enrolment criteria were interviewed with a structured
questionnaire to obtain information on their social and medical background, contact
and clinical data. On each follow up, patients were asked structured questions related
to the state of their health and symptoms of TB. The senior medical officer in charge
of the DOTS programme, in each participating hospital, conducted clinical
examinations at each visit. The initial screening consisted of 3 sputum smear
examinations, collected in two days. The smears were graded according to the
[UATLD, as described in chapter 3. During the follow up, sputum examinations were
done on weekly bases for the first 2 months and then at 6 months. Patients’ sputum
samples were cultured at enrolment, 2" and at 6™ month on the BACTEC 960 as
described in chapter 3. Ten millilitres of blood were collected from each patient at
enrolment and at 1%, 2™, 3" and 6™ month. Blood samples were examined in the
Zankli Medical Centre laboratory. Blood tests included haemoglobin, white blood
count, granulocytes, lymphocytes, erythrocyte sedimentation rate, total and
conjugated bilirubin, serum albumin, alkaline phosphatase and liver enzymes at
enrolment, 2™ and 6™ month. Patients were given pre- and post-test counselling
before blood was taken for HIV testing at enrolment and before the results of the test
were explained. Part of each blood sample was centrifuged and the plasma was stored
at -20°C in safelock tubes for future transportation to Liverpool for micronutrient

assays. Blood for the measurement of micronutrient concentrations were taken at

203



enrolment, 1%, 2", 3" and 6" month. Thirteen patients were randomly chosen from

each group and their blood samples at enrolment, 2™ and 6" month were tested for C-

reactive protein.

10.2.8 Chest X-rays

. Chest X-rays were taken at enrolment and at the 2™ and 6™ month. A consultant
radiologist (Dr. Olatunji) from the National Hospital, in Abuja, Nigeria and a
consultant chest physician (Prof. Davies) from the Cardio-thoracic Centre, of the
University of Liverpool, read each film independently. The two readers met at the

start of the trial and agreed on the criteria for grading the X-rays as described in

chapter 9.

Patients were followed in the trial period for the first six months of therapy.
Treatments with anti-TB drugs without the supplements were continued for the
remaining 2 months, to complete the 8 months of the standard anti-TB drugs. After 6
months, patients were declared as being “cured”, if the sputa collected at the 6™ month
were negative for tubercle bacilli by microscopy and treatment failure if one or more
sputum samples were positive. This is the TB outcome classification used by the
National TB Control Programme of Nigeria. Patients declared as treatment failure
were referred to the DOTS programme for the initiation of re-treatment chemotherapy
for relapses or failures (RAD) which involves the addition of 1-gram of streptomycin
daily for 2 months to the initial intensive phase, which is extended to 3 months. The
continuation phase involves patients being given a four drug in fixed dose

combination (Rifampicin, Isoniazid, Pyrazinamide and Ethanbuthol) for 5 months.
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Patients co-infected with HIV did not receive ART during the first 6 months of anti-
TB treatment following the National recommendations of the HIV Control
Programme, as the anti-TB treatment is based on Rifampicin. At the end of treatment,

HIV positive patients were referred to the GEDE foundation where they were able to

received subsidised antiretroviral drugs (http://www.gedefoundation.org). Doctors in
the participating hospitals were notified of patients who at 6 months of therapy were

still positive for AFB in sputum.

10.2.9 Statistical analysis

Primary outcome measures included the time to sputum clearance (proportion of
bacilli cleared at 1%, 2™, 4™, 6™ weeks, 2™ and 6™ months) and resolution of the lesion

areas in the chest X-ray. Secondary outcome included, clinical and laboratory

differences between the 3 groups.

Data on the patients’ age and sex distributions, educational and occupational status,
nutritional status, blood chemistry, clinical signs and symptoms and results of
radiological signs at enrolment and at subsequent visits were summarised and used to
assess the comparability of the patients randomly assigned to the three treatment

groups. Missing values were considered as negative for the purpose of the analysis

and were not replaced.

The data on efficacy was analysed as Intention-to-treat analysis. Pearson’s chi-square
test was used to compare categorical variables between the groups, examining each

characteristic using univariate analysis. Descriptive statistics included analysis of
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variance (ANOVA) to compare the means of continuous variables, where Barlett’s
chi-square was small (> 0.05). For continuous variables with not normally distributed,

non-parametric tests were used instead. A P-value of > 0.05 was considered

statistically significant.

10.3.1 Characteristics of participants in the three study groups

Three hundred and fifty patients were enrolled into the trial. One hundred and sixteen
patients were allocated into the placebo group (group A), 117 into the group receiving

zinc (group B) and 117 into the group receiving zinc and vitamin A (group C).

The mean (SD) age was 29 (8), 31 (9) and C, 34 (12) years for patients in groups A, B
and C respectively (> 0.1). There were 73 (63%) male patients in group A, 76 (65%)
in group B and 83 (71%) in group C (table 10.3.1). The employment characteristics of

the patients are discribed in table 10.3.1. Similarly, there were no differences in the

educational characteristics across the groups.

The mean (SD) number of people who shared a room with each patient was three in
all the groups and almost a third (32% to 34%) of the participants from each group
smoked cigarettes. The mean (SD) number of cigarettes smoked per day was similar

in the three groups but patients in group C had smoked for a longer period (table

10.3.1).

Nineteen (36%) patients in group A, 16 (30%) in group B and 18 (34%) in group C

had been in contact with patients with cough in the previous 3 weeks. The duration of
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such contact was longest in group C but this was not statistically significant (table
10.3.1). Ten (35%) patients in group A, 5 (17%) in group B and 14 (48%) in group C
had been in contact with patients with fever while 30 (43%) patients from group A, 20

(29%) from group B and 20 (29%) from group C had been in contact with PTB

patients in the past 2 years.

Table 10.3.1 General characteristics of participants of the study groups

Group A Group B Group C P value
N=350 116 117 117
Age (years) Mean (SD)
All 29 (8) [15-58] 31 (9)[15-70] 34 (12)[18-92] 0.006
Male 30 (8) [20-58] 32(9)[19-65 35(13)[19-92] 0.02
Female 27 (8) [15-50] 29(11)[15-70]  30(9)[18-16] 0.5
Sex: M: F (%male) 73:43 (63%) 76:41 (65%) 83:34 (71%) 0.4
Activitie Working 66 (29%) 78 (34%) 83 (37%)
Not working 10 (32%) 11 (36%) 10 (32%)
Student 31(51%) 15 (25%) 15 (25%)
Housewife 9 (29%) 13 (42%) 9 (29%) 0.4
Education None 10 (29%) 9 (26%) 16 (46%)
Primary 24 (32 %) 29 (38%) 23 (30%)
Secondary 54 (32 %) 57 (34%) 58 (34%)
Tertiary 28 (40%) 22 (31%) 20 (29%) 0.6
Person/ room* 3(2)[1-10] 3(2)[1-19] 3(2)[1-10] 0.8
Number of smokers 30(33%) 31 (34%) 29 (32 %) 0.9
Time smoked (years)* 9(11)[1-46] 10 (7) [1-27] 12 (12) [1-43] 0.3
Cigarettes per day* 8 (6) [2-30] 8 (8) [1-40] 8 (8) [1-30] 0.9
Contact with cough 19 (36%) 16 (30%) 18 (34%) 0.8
Duration (weeks)* 5(5) [1-20] 3 (5)[1-20] 7 (11) [1-44] 0.6
Contact with fever 10 (35%) 5(17%) 14 (48%) 0.1
Contact with PTB 30 (43%) 20 (29%) 20 (29%) 0.4
Duration (years)* 6 (6) [1-25] 4 (3)[1-16] 4 (3) [1-12] 04

*Mean (SD) [range]
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10.3.2 Number of patients at enrolment and follow-up by treatment group

Table 10.3.2 and figure 10.3.1 show the number of patients at enrolment and the
number followed up in the three treatment groups, the number of patients who were
lost or died. Figure 10.3.1 describes their HIV status at 6 months. Patients lost to
follow up include those who stopped without any obvious reason, those who relocated

from Abuja and those who became pregnant or had major surgery and withdrew from

the trial.

Of the 116 patients enrolled in group A, 117 in group B and 117 in group C, 110
(95%) in group A, 94 (80%) in group B and 91 (78%) in group C were followed at the
2" month. Fourteen (12%) and 1 (1%) of the patients in group A, 15 (13%) and 8
(7%) in group B and 21 (18%) and 5 (4%) in group C respectively were lost to follow

up or had died by the 2™ month.

At 6 months, 91 (78%) patients in group A, 89 (76%) in group B and 81 (69%) in
group C were left at the end of the trial. Twenty-four (21%) patients in group A, 19
(16%) in group B and 27 (23%) in group C were lost to follow up. One (1%) patient

in group A, 9 (8%) in each of groups B and C had died by the 6™ month of follow up

period (P=0.01).

The HIV status of patients left in the study, those lost to follow up and those who had

died at 2™ and 6" months in the three groups are shown in figure 10.3.1.
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Two hundred and fourteen (61%) of the 350 patients enrolled attended the required 8

follow up visits, 53 (15%) attended 7, 25 (7%) attended 6, 16 (5%) attended 5, 9 (3%)

attended 4 and 33 (9%) attended less than 4 visits.

Table 10.3.2 Number of patients at enrolment and follow-ups

Follow up Micronutrient Number per Number Number Total
visits groups follow up lost dead
Enrolment A 116 (100%) 116
B 117 (100%) 117
C 117 (100%) 117
1* week A 110095%) 6 (5%) 0(0) 116
B 111 (95%) 1(1%) 5@%) 117
C 114(97%) 2% 1(1%) 117
2" week A 109(94%) 7 (6%) 0(0) 116
B 106(91%) 5(4%) 6(5%) 117
C 110(94%) 6(5%) 1(1%) 117
4" week A 98 (84%) 17 (15%) 1(1%) 116
B 101(86%) 8(7%) 8(7%) 117
C  105(90%) 10(8%) 2(2%) 117
6" week A 94 (81%) 21(18%) 1(1%) 116
B 93(79%) 16 (14%) 8(7%) 117
C 97 (83%) 17(26%) 3(3%) 117
2" month A 101 (87%) 14(12%) 1(1%) 116
B 94 (80%) 15(13%) 8(7%) 117
C 91 (78%) 21 (18%) 5(4%) 117
6™ month A 91 (78%) 24 (21%) 1(1%) 116
B 89 (76%) 19(16%) 9(8%) 117
C 81(69%) 27(23%) 9(8%) 117
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10.4 Clinical presentation of patients in the three arms by treatment duration

The changes in the clinical symptoms by duration of treatment of the three treatment
groups are shown in table 10.4.1. Selected clinical symptoms are illustrated in figures
10.4.1. A general improvement was noticed for all the symptoms in all the three
groups of patients as treatment progressed and by the 6™ month, the majority of the
patients no longer complained of any symptoms. Even though the proportion of
patients with cough decreased with treatment in all the groups, improvement of cough

was best noticed in groups C and B from the 2" to the 6™ month compared to patients

in group A.

There was no difference noticed in the pattern of improvement of fever with treatment
within the groups, neither was there in the symptoms of night sweats and
haemoptysis, though patients in group C had slightly better improvement of night
sweats in the last few months of treatment compared to the other two groups. No
difference was noticed in the pattern of improvement of patients regarding the
presence of headache in the three groups even though patients in group C seem to

have done better in the first few weeks of treatment.

Symptoms of dyspnoea and chest pains improved better in the group C compared to
groups A and B from the first few weeks of treatment while no difference was

observed with loss of appetite within the three groups. None of these improvements in

clinical symptoms however, reached statistical significance.
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Changes in the clinical signs of patients in the three treatment groups are shown in
table 10.4.2 and figures 10.4.9 to 10.4.11. A general improvement of all clinical signs

was observed in all the three groups of patients with treatment.

A better improvement in chest abnormalities was observed in group C than in groups
A and B. In general, patients in groups B and C were observed to have better

Karnofsky scores at 2 months of treatment compared to patients in group A.

Weight increases, as shown in figure 10.4.12 were significantly higher in group B
than in groups A and C. There were improvements in the BMI in the three groups
with duration of treatment, though patients in group B had significantly better BMI
especially in the first few weeks than patients in groups A and C. The difference in the
BMI and weight were statistically significant between 2 weeks and 3 months.

Differences in the proportion of patients with chest anomalies were significant after 8

weeks and at 5 months.
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10.5 Laboratory results during treatment by study group

There was a general improvement in the laboratory results as the treatment progressed
in the three participating groups as shown in table 10.5.1. The mean (SD) Hb
concentrations and the proportion of patients with an increase in Hb level were higher
in group B than in groups A and C. There were no differences with the WBC counts,
granulocyte or lymphocyte percentages by study groups, although slightly more

patients had values within the normal ranges in patients in groups B and C (not

significant).

The mean (SD) ESR at 2 months was lower for patients in group C (51 (34))
compared to groups A (59 (38) and B (59 (36) and at 6 months, patients in group B

had lower ESR values (31 (29)), followed by patients in group C (38 (35)) and group
A (49 (42)). Likewise, the proportion of patients whose ESR was within the normal

range at 6 months was higher in patients in group B (14, 19%) than in patients in

groups A (14%) and C (11%) (figure 10.5.2)

At six months of treatment, a higher number of patients in group A had total and
conjugated bilirubin within the normal range (69, 95% and 68, 92%) than patients in
groups B (67, 94% and 54, 76%) and C (69, 93% and 64, 89% respectively). The

difference for conjugated bilirubin was statistically significant at 6 months (p< 0.02).
The mean (SD) albumin concentrations at six months were higher for patients in

groups B (4.1 (1)g/dl) and C (4.3 (3)g/dl) compared to patients in group A (3.1

(Dg/dl). Likewise, the proportion of patients within the normal range of albumin
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levels was higher in groups B (51 (73%)) and C (53 (74%)) compared to group A (46
(65%)). The change in albumin concentration between enrolment and 6 months of
treatment was larger in patients in group C compared to groups B and C (figure

10.5.4) but this was not statistically significant.

At six months, a higher proportion of patients in group B had SGOT and SGPT within
the normal range (67, 94% and 58, 82% respectively) than for patients in group A (69,
93% and 58, 78%) and group C (68, 90% and 61, 80% respectively). The proportion
of patients whose alkaline phosphatase level fell within normal range at six months
was higher in patients in group C (66, 94%) compared to 62 (86%) for patients in

group A and 59 (88%) for patients in group B (figure 10.5.5).
The mean CRP was lower for patients in group A compared to patients in groups B

and C. The mean CRP for patients in group C was lower at the end of treatment than

patients in group B (figure 10.5.6). This was not statistically significant.

219



Table 10.5.1 Laboratory results of patients in groups A, B, and C at the time of

enrolment, 2™, and 6™ months

Treatment duration

0 month 2" month 6™ month
Hb *A 11.1 (2) [6-17] 12.5 (2) [8-17] 12.8 (2) [7-16]
<11gm/dl 53 (46%) 15 (13%) 15 (13%)
>11gm/dl 58 (50%) 71 (61%) 61 (53%)
Missing 5 (4%) 30 (26%) 40 (34%)
*B 11.3 (2) [6-16] 12.8(2) [8-16] 13.2 (2) [9-18]
<11gm/dl 50 (43%) 12 (10%) 9 (12%)
>11gm/dl 62 (53%) 72 (62%) 64 (88%)
Missing 5 (4%) 33 (28%) 44 (38%)
*C 11 (2) [5-16] 12.6 (2) [7-16] 12.5 (2) [5-17]
<11lgm/dl 42 (41%) 14 (12%) 14 (19%)
>11gm/dl 61 (59%) 73 (62%) 61 (81%)
Missing 14 (12%) 30 (26%) 42 (36%)
WBC *A 8.9 (4) [4-19] 6.7 (2) [4-14] 5.7 (2) [4-17]
Low 4 (3%) 2 (2%) 6 (5%)
Normal 66 (57%) 78 (67%) 67 (58%)
High 40 (34%) 6 (5%) 3 (3%)
Missing 6 (5% 30 (26%) 40 (34%)
*B 8.7 (3) [4-17] 6.8 (3) [3-15] 5.6 (2) [3-11]
Low 0(0) 4 (3%) 9 (8%)
Normal 78 (67%) 68 (58%) 62 (53%)
High 34 (29%) 12 (10%) 2 (2%)
Missing 5 (4% 33 (28%) 44 (38%)
*C 8.3 (3) 3-18) 6.7 (3) [4-16] 5.9 (2) [3-18]
Low 4 (3%) 3 (3%) 4 (3%)
Normal 73 (62%) 76 (65%) 68 (58%)
High 26 (22%) 8 (7%) 3 (3%)
Missing 14 (12%) 30 (26%) 42 (36%)
Granulocytes *A 63 (13) {20-92] 59 (11) [26-94] 53 (10) [26-74]
Low 8 (5%) 6 (5%) 15 (13%)
Normal 50 (43%) 56 (48%) 55 (47%)
High 53 (45%) 24 (21%) 6 (5%)

Missing 5 (4%) 30 (26%) 40 (34%
*B 62 (13) [9-90] 58 (9) [35-78] 55(9) [28-70]

Low 6 (5%) 6 (5%) 8 (1%
Normal 58 (50%) 58 (50%) 54 (46%)

High 48 (41%) 20 (21%) 11 (9%
Missing 5 (4%) 33 (28%) 44 (38%)
*C 63 (12) [18-86] 58 (9) [40-79] 55 (9) [26-74]
Low 7 (6%) 5 (4%) 7 (9%)
Normal 48 (41%) 64 (55%) 55 (13%)
High 48 (41%) 18 (15%) 13 (17%)
Missing 14 (12%) 30 (26%) 42 (36%)

*Mean (SD)[Range]; Underlined P <0.20; Bolded P <0.05; Normal values for

laboratory test are defined in table 8.5.5, page 125
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Table 10.5.1 Laboratory results of patients in groups A, B, and C at the time of
enrolment, 2", and 6™ months (cont)

Treatment duration

0 month 2" month 6™ month
ESR *A 86 (39) [7-160] 59 (38) [4-160] 49 (42) [1-153]
Low 0(0) 0 (0) 2 (2%)
Normal 1 (1%) 5 (4%) 10 (9%)
High 107 (92%) 78 (67%) 61 (53%)
Missing 8 (7%) 33 (28%) 43 (37%)
*B 82 (41) [2-150] 59 (36) [2-140] 31(29) [1-123]
Low 1 (1%) 1 (1%) 5 (4%)
Normal 3 (3%) 3 (3%) 14 (12%)
High 107 (91%) 80 (68%) 53 (45%)
Missing 6 (5%) 33 (28%) 45 (38%)
*C 88 (37) [5-152] 51(34) [2-141] 38 (35) [2-124]
Low 0(0) 1 (1%) 3 (3%)
Normal 1(1%) 9 (8%) 8 (7%)
High 100 (85%) 77 (66%) 63 (54%)
Missing 16 (14%) 31 (26%) 43 (38%)
Bilirubin T* A A5 (4) [0-3] .38 (.3) [0-1.6] 47 (.5) [0.1-3]
Low 2 (2%) 1 (1%) 2 (2%)
Normal 105 (90%) 85 (73%) 69 (59%)
High 5 (4%) 2 (2%) 2 (2%)
Missing 4 (3%) 28 (24%) 43 (38%)
*B 49 (.5)[.1-3.8] .43 (.5) [0-4.9] .55 (.6) [.05-4]
Low 3 (3%) 0(0) 1(1%)
Normal 105 (90%) 85 (73%) 67 (94%)
High 5 (4%) 1(1%) 3 (4%)
Missing 4 (3%) 31 (26%) 46 (39%)
*C A47(4) [L1-3] 41 (7)) [0.1-6] 47 (.6) [0.1-3.9]
Low 4 (4%) 1 (1%) 1 (1%)
Normal 104 (93%) 85 (73%) 69 (59%)
High 4 (4%) 2 (2%) 4 (3%)
Missing 5 (4%) 29 (25%) 43 (36%)
Bilirubin C *A A8 ((.3) [.01-2] .14 (:2) [.01-.8] 2 (4)[.01-3]
Normal 88 (76%) 74 (64%) 68 (58%)
High 26 (22%) 15 (13%) 6 (5%)
Missing 2(2%) 27 (23%) 43 (37%)
*B 17 (2)[.01-1.3] 17(2)[.01-2] .19(.2).01-1]
Normal 73 (62%) 73 (62%) 54 (46%)
High 41 (35%) 13 (11%) 17 (15%)
Missing 3 (3%) 31 (26%) 46 (39%)
*C 2(.3)[.01-2] 14 (1) [.01-.8] A5 (1) [.01-1]
Normal 73 (62%) 80 (68%) 64 (55%)
High 39 (33%) 8 (7%) 8 (7%)
Missing 5 (4%) 29 (25%) 45 (38%)
values for

*Mean (SD)[Range]; Underlined P <0.20; Bolded P <0.05; Normal
laboratory test are defined in table 8.5.5, page 125
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Table 10.5.1 Laboratory results of patients in groups A, B, and C at the time of
enrolment, 2™, and 6™ months (cont)

Treatment duration

0 month 2" month 6™ month

SGOT A 7.6 (8) [1-70 5.6 (5) [2-35] 6.3 (4)[1-23]
Normal 101 (86%) 86 (74%) 69 (93%)
High 13 (11%) 4 (3%) 5 (7%)
Missing 2 (2%) 27 (23%) 43 (37%)
*B 6.3 (5)[1-26 5.6 (4) [1-22] 6.4 (5) [2-29]
Normal 106 (92%) 84 (72%) 67 (57%)
High 8 (8%) 4 (3%) 4 (3%)
Missing 3 (%) 29 (25%) 46 (39%)
*C 6.6 (5) [1-49 5.6 (3) [1-24] 7.4 (7) [2-47)
Normal 103 (88%) 85 (73%) 68 (58%)
High 8 (7%) 2 (2%) 8 (7%)
Missing 6 (5%) 30 (27%) 41 (35%)
SGPT *A 12.7 (9) [2-60] 12.1 (13) [2-90] 11.6 (9) [2-53]
Normal 75 (65%) 71 (61%) 53 (78%)
High 37 (32%) 18 (15%) 16 (22%)
Missing 4 (3%) 28 (24%) 43 (37%)
+B 11.6 (8) [2-52] 11(11)[2:90]  11.9(13) [2-90]
Normal 76 (65%) 71 (61%) 58 (50%)
High 38 (32%) 17 (15%) 13 (11%)
Missing 3 (2%) 29 (25%) 46 (39%)
*C 12.2 (10) [2-90] 11.4 (8) [2-52) 11.2 (11) [2-76]
Normal 70 (60%) 67 (57%) 61 (80%)
High 40 (34%) 20 (17%) 15 (20%)
Missing 7 (6%) 30 (26%) 41 (35%)
Alk phosphatase *A 247 (173) [74-911] 202 (125) [68-958] 175 (78) [76-433]
Low 3 (3%) 2 (2%) 4 (3%)
Normal 82 (70%) 72 (62%) 62 (53%)
High 29 (25%) 8 (7%) 6 (5%)
Missing 2 (2%) 34 (29%) 44 (38%)
*B 238(123)[92-675] 189 (71)[111-438] 171 (88) [88-541]
Low 1 (1%) 0(0) 5 (8%)
Normal 82 (70%) 73 (90%) 59 (88%)
High 31 (26%) 8 (10%) 3 (5%)
Missing 3 (2%) 36 (31%) 50 (43%)
sC 261 (168) [44-940] 183 (78)[75-512] 172 (51) [119-326]
Low 1 (1%) 5 (4%) 2 (3%)
Normal 75 (64%) 72 (62%) 66 (94%)
High 32 (27%) 7 (6%) 2 (3%)
Missing 9 (8%) 33 (28%) 47 (40%)
C-reactive protein *A 82.25 27.60 17.8
*B 59.08 42.02 32.28
*C 72.47 21.08 17.68

*Mean (SD)[Range]; Underlined P <0.20; Bolded P <0.05; Normal values for

b

laboratory test are defined in table 8.5.5, page 125
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10.6 Radiological presentation of patients by study group

Radiological results by treatment groups are shown in table 10.6.1 and illustrated in
figure 10.6.1. There was general improvement in the radiological status of patients in
the three groups with treatment. At enrolment only 20 (17%) patients in group A
(placebo), 17 (15%) in group B (Zinc) and 18 (15%) in group C (Zinc plus vitamin A)
did not have chest cavities. By the 2" month, 30 (26%) of the patients in group A, 26
(21%) of those in group B and 25 (21%) patients in group C did not have chest
cavities. At 6 months, the number of patients without chest cavities had increased,
with the largest proportion of patients without cavities in group A (32, 28%), followed
by 29 (24%) in group B and 29 (24%) in group C. The differences however, were not

statistically significant (p > 0.5).

Table 10.6.1 Radiological results of the three treatment groups and clearance of

cavities

Treatment Patients Cavity grading

Duration  groups 0 1 2 3 Missing  Total

0 month A 20(17%) 23(20%) 45(3%9%) 17 (15%) 11(9%) 116
B 17(15%) 20(17%) 42(35%) 19(16%) 19 (16%) 117
C 18(15%) 24(20%) 38(32%) 24(Q0%) 13 (11%) 117

2" month A 30(26%) 24(21%) 13(11%) 4 (3%) 45(39%) 116
B 26(22%) 17(15%) 13(11%) 4(3%) 58(50%) 117
C 25Q21%) 16(14%) 16(14%) 3(3%) 57(49%) 117

6™ month A 32(28%) 9(8%) 5 (4%) 0(0%) 70 (60%) 116
B 29 (25%) 6 (5%) 0 (0%) 1(1%) 81 (69%) 117
C 29(25%) 9(8%) 3(3%) 0(0%) 76 (65%) 117
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Figure 10.6.1 Proportion of patients without lung cavities on X-rays by study group
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The number of patients without diseased lungs at enrolment was 1 (1%) in group A, 2
(2%) in group B and 4 (3%) in group C. By the 2" month, the number of patients who
were declared to have no lung involvement in their lungs (a score of 0 for extent of
disease) were 7 (6%) in group A, 4 (3%) in group B and 6 (5%) in group C as shown
in table 10.6.2 and illustrated in figure 10.6.2. By 6 months, 12 (10%) patients in
group A, 11 (9%) in group B and 12 (10%) in group C had no signs of significant
disease in their lungs X-rays. These differences however, were not statistically

significant.
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Figure 10.6.2 Proportion of patients who had a score of ‘0’ (no lung lobes affected) on
X-rays by study group
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10.7 Clinical presentation of patients by HIV status and treatment group

10.7.1 Clinical symptoms of patients by HIV status and treatment group

The clinical symptoms of patients in the three treatment groups by HIV status are
shown in table 10.7.1. The proportion of patients with improved symptoms as

treatment progressed was higher among HIV negative patients compared to HIV

positive patients irrespective of the treatment group.

By the 2" 4™ and 6th month of treatment, the proportion of HIV-positive and HIV-
negative patients with cough had reduced in groups B and C compared to group A

(figures 10.7.1 and 10.7.2).

No difference in the improvement of fever was observed in the three treatment groups
irrespective of their HIV status. At 6 weeks, patients in group C were less likely to
have symptoms of night sweats, haemoptysis, headache, dyspnoea, chest pains or
anorexia compared to patients in groups B and A in both HIV groups and by the 2"

month of treatment most of the clinical symptoms had abated as shown in figure

10.7.1.
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10.7.2 Clinical signs of patients by HIV status and treatment group

The clinical signs of the patients by treatment group and HIV status are described in
table 10.7.2. Similarly to the pattern observed for the clinical symptoms, the clinical
signs in the three groups improved with treatment. There was no difference observed
in the temperature pattern between the treatment groups in patients with and without
HIV. The chest pathology in patients in groups C improved better than the other
groups in both HIV positive and HIV negative patients. At 6 months, patients in group

B had improved more than patients in A. The differences however were not

statistically significant.

The mean Kamofsky score in patients in group C and B improved at a faster rate than
those in group A especially in HIV-positive patients and these differences were
statistically significant at the 6™ week follow up (figure 10.7.2). The Kanofsky scores
of HIV-negative patients also improved with time, but the three groups had a similar
pattern independently of the supplements received. Improvement in the mean (SD)
BMI changes was more prominent in patients in group B than in groups A and C
irrespective of their HIV status. However, these differences were only statistically
significant in HIV-negative patients during the 6™ week follow up. Increase in weight
was more pronounced in HIV positive patients in group B during the 6 months of
treatment and patients in this had gained an average of 7 kg by the 6™ month,
compared to an average of 6 kg for group A and 4 kg for group C (figure 10.7.3). On
the other hand, patients in groups A and B had more pronounced weight increases
compared to patients in group C among HIV negative patients (figure 10.7.3). Weight

gain increases however were not statistically significant across the groups
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10.8 Laboratory results of patients by HIV status and treatment group

The laboratory results of patients with and without HIV by treatment group by HIV
status are shown in table 10.8.1. There was general improvement in the laboratory

results in patients with and without HIV in the three groups as treatment progressed.

In HIV positive patients, the mean (SD) Hb and the proportion of patients who had
normal Hb (> 11 g/L was higher in patients in group B (mean of 12.9 (2) g/L and 34,
87%) respectively) at the end of 6 months treatment than in patients in groups A
(mean of 12 (2) g/L and 25, 74%) respectively) and C (mean of 12 (2) g/L and 19,
70%) respectively). In HIV negative patients, there was no difference in the
proportion of patients with normal Hb at six months by treatment group nor

differences in the mean (SD) Hb of patients.

There was no difference in the mean (SD) WBC counts or the proportion of patients
with normal WBC counts by treatment group in both patients with or without HIV.
Among patients with HIV, the mean (SD) granulocyte counts and the proportion of
patients with granulocyte counts within normal range were higher in groups A and B.
Patients in groups B and C however, had higher mean (SD) granulocytes and a higher

proportion of patients had normal granulocyte counts at six months.

ESR levels were higher in patients co-infected with HIV than in patients without HIV.
These were statistically significant. Among HIV patients the difference in the mean

(SD) ESR was statistically significant in patients in group C at 2 months (58.5 (36)

mm/hr and in patients in groups B and C at 6 months (39.5 (33) mm/hr and 54.1 (42)
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mm/hr, respectively (P= 0.03 at 2 months and 0.02 at 6 months). Among HIV
negative patients, the ESR were lower at 6 months in patients in groups B and C, but

these differences were not statistically significant.

The proportion of patients with normal serum concentration of conjugated bilirubin,
was statistically significant in group A at 6 months of treatment in HIV positive
patients, compared to patients in groups B and C (P= 0.02). The mean (SD) total
bilirubin and the proportion of patient with bilirubin concentrations within normal

range had improved at two months but this was no longer obvious by the 6" month in

the three groups irrespective of HIV status.

A similar trend was observed for SGOT and to some extent, for SGPT in the three
groups. The mean (SD) alkaline phosphatase improved more with treatment in
patients in group B a.t 2 and 6 months in HIV positive patients but in HIV negative
patients the mean (SD) and the proportion of patients with normal alkaline

phosphatase was higher in patients in group C. These differences however were not

statistically significant.
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Table 10.8.1 Laboratory results by HIV status and treatment group

Duration of treatment

Laboratory
Test HIV positive HIV negative
0week 2" mth 6™ mth Oweek 2""mth 6" mth
Hb *A 10.1 (2) 11.7 (2) 12 (2) 11.9(2) 13(2) 13.3(2)
<llgm/dl  35(67%) 11(21%) 9(17%) 18(28%) 4 (13%) 6 (9%)
>1lgnvdl 16 (31%) 23 (44%)  25(48%) 42(66%) 48 (75%) 36 (56%)
Missing 1(2%) 18(35%) 18(35%) 4(6%) 12(19%) 22 (34%)
*B 10.6 (2) 12.6 (2) 12.9(2) 12 (2) 13 (2) 13.3(2)
<l1gm/dl 34 (60%) 7 (13%) 4(7%) 14 (24%) 58%) S(13%)
>11gm/dl 21 (38%) 34(61%) 32(57%) 41 (69%) 38(64%) 32 (87%)
Missing 1(2%) 15Q27%) 20(36%) 4(8%) 16(27%) 22(37%)
*C 10.4 (2) 12 (2) 12(2) 11.6 (2) 13(2) 12.7 (2)
<llgm/dl  23(58%) 10(21%) 8(17%) 17 (26%) 4 (6%) 6 (9%)
>1lgm/dl  17(42%) 23 (49%) 19(40%) 44 (67%) 50(76%) 42 (64%)
Missing 7(15%) 14 (30%)  20(43%) 5(8%) 12(18%) 18(27%)
WBC *A 8.7 (3) 6.9 (2) 5.4(2) 9.14) 6.6 (2) 5.8(2)
Low 2 (4%) 1 (2%) 3 (6%) 2 (3%) 1 (2%) 3 (7%)
Normal 29 (56%) 30(58%) 30(58%) 37(58%) 48(75%) 37 (88%)
High 19 (37%) 3 (6%) 1(2%) 21(33%) 3 (5%) 2 (5%)
Missing 2(4%) 18(35%) 18 (35%) 6(9%) 12(19%) 22 (34%)
*B 9.2(3) 7.3 (3) 5.7(2) 8.2(3) 6.4 (2) 5.7(2)
Low 0 (0) 0(0) 5 (9%) 0(0) 4 (7%) 4 (7%)
Normal 34 (62%) 33(59%) 30(54%) 42(71%) 35(59%) 32(54%)
High 21 (38%) 8 (14%) 1(2%) 13(22%) 4 (7%) 1 (2%)
Missing 1(2%) 15@27%) 20(36%) 4(7%) 16 (27%) 22 (37%)
*C 8.1 (3) 6.9 (3) 5.8(2) 8.5(2) 6.6 (2) 5.9(3)
Low 2 (4%) 1 (2%) 2 (4%) 2 (3%) 2 (3%) 2 (3%)
Normal 28 (60%) 28 (60%)  25(53%) 43 (65%) 48(73%) 43 (65%)
High 10(21%) 4 (9%) 0(0) 16(24%) 4 (6%) 3 (5%)
Missing 7(15%) 14 (30%) 20 (42%) 5(8%) 12(18%) 18(27%)
Granulocytes *A 633 (14) 594 (10)  515(10) 62.7(13) 59.5(11) 53.8(10)
Low 5 (10%) 3 (6%) 7(13% 3 (5%) 3(5%) 8(13%)
Normal 20 (38%) 21 (40%) 25(48%) 30 (47%)  35(55%) 30(47%)
High 26 (50%) 10 (19%) 2(4%) 27(42%) 14 (22%) 4 (6%)
Missing 12%) 18(35%) 18(35%) 4(6%) 12(19%) 22(34%)
*B  61.4(15) 58(9) 546(10 63.7 (10) 57.7(10) 55.1(8)
Low 5 (9%) 2 (4%) 4 (7% 1 (2%) 4 (7%) 4 (6%)
Normal 26 (46%) 30(54%) 25(45%) 30(51%) 28(47%) 29 (49%)
High 24 (43%) 9 (16%) 7(13%) 24(41%) 11 (19%) 4 (6%)
Missing 12%) 15Q7%) 20(36% 4(6%) 16 (27%) 22(37%)
*C  64.9(10) 57.3(9) 57.1(10 61.7 (13) 58.1(9) 54 (9)
Low 1 (3%) 2 (4%) 2 (4%) 6 (19%) 3 (5%) 5 (8%)
Normal  20(50%) 23(49%) 17(36%) 28(42%) 41 (62%) 38 (58%)
High 19 (47%) 8(17%) . 8(17%) 27(41%) 10(15%) 5 (8%)
Missing 7(15%) 14 (30%)  20(43%) 5(8%) 12(18%) 18(27%)
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Table 10.8.1 Laboratory results by HIV status and treatment group (cont)

Duration of treatment

Laboratory
Test HIV positive HIV negative
0 week 2" mth 6™ mth 0 week 2" mth 6" mth
ESR *A 959 (41) 80.6 (39) 66.7 (42) 78 (35) 44.7(30) 30.6(35)
Low 0 (0) 0(0) (VX ()] 0(0) 0(0) 2 (3%)
Normal 1(2%) 0(0) 2 (6%) 0(0) 5 (8%) 8 (13%)
High 48(98%) 33(63%) 30(94%) 59(92%) 45(70%) 31 (48%)
Missing 3(6%) 19(37%) 20(38%) 5(8%) 14(22%) 23 (36%)
*B 92 (42) 61 (35) 395(33) 70.8@37) 56537 23.7(21)
Low 0 (0) 0(0) 2 (4%) 1 (2%) 1 (2%) 3 (5%)
Normal 1 (2%) 1 (2%) 6 (11%) 2 (4%) 2 (4%) 8 (14%)
High 54 (98%) 40(71%)  27(48%) 52(88%) 40(68%) 26 (44%)
Missing 1(2%) 15(27%) 21(38%) 4(7%) 16(27%) 22 37%)
*C  949(38) 58.5(36) 54.1(42) 81.6(36) 47.2(33) 257(23)
Low 0(0) 1 (2%) 1 (2%) 0(0) 0(0) 2 (3%)
Normal 0 (0) 1 (2%) 0(0) 1 (2%) 8 (12%) 8 (12%)
High 40(100%) 31(66%) 26(55%) 59(89%) 46(70%) 37 (56%)
Missing 7(15%) 14((30%) 20(43%) 6 (9%) 12(18%) 19 (29%)
Bilirubin T *A 44 (.38) 32 (.16) 45 (.49) 46 (.41) 43(30)  .45(44)
Low 1(2%) 0(0) 0 (0) 1 (2%) 1 (2%) 2 (3%)
Normal 47 (90%) 36(69%) 30(58%) 58 (91%) 49(77%) 39 (61%)
High 2 (4%) 0 (0) 1 (2%) 3(5%) 2 (3%) 1 (2%)
Missing 2(4%) 16(31%)  21(40%) 2(3%) 12(19%) 22 (34%)
*B 52 (.63) 36 (L16 48 (.49) 45 (.23) 49 (.69) .58(.63
Low 2 (4%) 0 (0) 0 (0) 1(2%) 0 (0) 1(2%)
Normal 50 (89%) 42(75%) 34(61%) 54 (92%) 43 (73%) 33 (56%)
High 4 (7%) 0 (0) 2 (4%) 1(2%) 1(2%) 1 (2%)
Missing 0(0) 14(25%) 20(36%) 3(5%) 15(25%) 24(41%)
*C 43 (.25) .29 (.08) 48 (.69) .49 (.45) 49 (.82) .51(.65
Low 2 (4%) 0(0) 0(0) 2 (3%) 1 (2%) 1 (2%)
Normal 43 (91%) 33(70%) 26(55%) 59(89%) 52(95%) 43 (65%)
High 1 (2%) 0(0) 1 (2%) 3 (5%) 2 (4%) 3 (5%)
Missing 12%) 14(30%) 20 (42%) 233%) 11(17%) 19 (29%)
Bilirubin C *A 14 (.15) 11 (.08) 13 (.08) 21(.31) A7(18) .23 (47)
Normal 44 (85%) 33(63%) 31(60%) 44(69%) 41 (64%) 37 (58%)
High 7(13%) 4 (8%) 1(2%) 19@30%) 11 (17%) 5(8%)
Missing 1(2%) 15Q29%) 20(38%) 1(2%) 12(19%) 22 (34%)
*B 18 (.23) 14 (L11) .18 (.19) .16 (.10) 20(.30)  .18(.17)
Normal 39 (70%) 37(66%) 27 (48%) 34(58%) 36(61%) 27(46%)
High 17 (30%) 5(9%) 9(16%) 23(39%) 8(14%) 8(14%)
Missing 0(0) 14(25%) 20(36%) 2(3%) 15(25%) 24 (41%)
*C 19 (31) .11 (.06) .12 (.09) 21 (.30) 16 (.15) .16 (.04)
Normal 30(64%) 32(68%) 24 (51%) 42(64%) 48(73%) 40(87%)
High 16 (34%) 1 (2%) 24%) 22(33%) 7(11%) 6 (13%)
Missing 12%) 14(30%) 21 (45%) 2(3%) 11(17%) 20 (30%)
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Table 10.8.1 Laboratory results by HIV status and treatment group (cont)

Duration of treatment

Laboratory
Test HIV positive HIV negative
0week 2" mth 6" mth 0 week 2" mth 6" mth
SGOT *A 7.6 (6) 6.6 (5) 6.5 (5) 7.6 (9) 4.8 (5) 59(4)
Normal 43 (83%) 34(65%) 28(54%) 58(91%) 52(81%) 41 (64%)
High 8 (15%) 3 (6%) 3 (6%) 5 (8%) 1 (2%) 2 (3%)
Missing 1(2% 15(29%) 21 (40%) 1(2%) 11 (17%) 21(33%)
*B 7.1 (6) 5.003) 6.6 (6) 5.6 (4) 6.2 (4) 54(4)
Normal 49(88%) 41(73%) 33(59%) 55(93%) 43(73%) 34 (58%)
High 7 (12%) 1 2%) 3 (5%) 2 (3%) 3 (5%) 1 (2%)
Missing 0(0) 14125%) 20(36%) 2(3%) 13(22%) 24(41%)
*C 6.4 (3) 5.6 (3) 9.5 (10) 6.6 (7) 5.74) 6.3 (4)
Normal 43 (94%) 32(68%)  22(82%) 59(89%) 53(80%) 46 (94%)
High 3 (6%) 1 (2%) 5(18%) 4 (6%) 1 (2%) 3 (6%)
Missing 1(2%) 14(30%) 20(43%) 3(5%) 12(18%) 17 (26%)
SGPT *A 149 (12) 14.1(17) 13.5(11) 10.6 (5) 10.8 (9) 9.4 (6)
Normal 28(57%) 27(52%) 21 (40%) 47 (73%) 44(69%) 37 (58%)
High 21 (43%) 9 (17%) 10(19%) 16 (25%) 9 (14%) 6 (9%)
Missing 3(6%) 16(31%) 21 (40%) 12%) 11(17%) 21(33%)
*B 12.3 (9) 10.3(7) 13.8 (15) 10.9(8) 11.6(14) 9.3(5)
Normal 37 (66%) 33(59%) 26(46%) 37(63%) 38(64%) 32(91%)
High 19(34%) 9(16%) 10(18%) 19 (32%) 8 (14%) 3 (9%)
Missing 0(0) 14(25%) 20(36%) 3(5%) 13(22%) 24 (41%)
*C 12.3(7) 12.3 (8) 15.0(16) 11.6(11) 10.9 (8) 10.4 (7)
Normal 29(62%) 23(49%) 20(43%) 41(62%) 44(67%) 41 (62%)
High 1736%) 10(21%) 7(15%) 21(32%) 10(15%) 8 (12%)
Missing 1(2%) 14(30%) 20 (42%) 4(6%) 12(18%) 17 (26%)
Alk phosph. *A 283 (203) 214 (165) 178 (88) 214 (134) 185 (80) 161 (47)
Low 1 (2%) 2 (4%) 4 (8%) 2 (3%) 0(0) 0 (0)
Normal 33(63%) 26(50%) 24 (46%) 49(76%) 46(72%) 38(59%)
High 17 (33%) 5 (10%) 3(6%) 12 (19%) 3 (5%) 3 (5%)
Missing 12%) 19(37%) 21 (40%) 1(2%) 15(23%) 23 (36%)
*B 237 (134) 187 (76) 160 (86) 238 (114) 190 (60) 169 (64)
Low 1 (2%) 0(0) 4 (7%) 0 (0) 0(0) 1 (2%)
Normal 40(71%) 35(62%) 28(50%) 41(69%) 38(64%) 31(53%)
High 14 (25%) 5(9%) 2(4%) 16 (27%) 3 (5%) 1 (2%)
Missing 2(4%) 16(29%) 22 (39%) 2(3%) 18(31%) 26(44%)
*C  270(203) 217(170) 197 (101) 250 (142) 167 (64) 153 (46)
Low 0(0) 1 (3%) 0 (0) 1(2%) 4 (6%) 2 (3%)
Normal 32(68%) 26(55%) 23(92%) 43(69%) 46(70%) 43 (65%)
High 12 (26%) 4 (9%) 2(8%) 18 (29%) 3 (5%) 0(0)
Missing 3(6%) 16(34%) 22 (47%) 4(6%) 13(20%) 21(32%)

* Mean (SD); Underlined P <0.20; Bolded P <0.05;
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10.9.1 Radiological results by their HIV status and treatment groups

All patients had their X-rays taken at the time of enrolment. These included 48
patients in group A, 45 in group B and 43 in group C who were HIV positive patients
and 57 patients in group A, 53 in group B and 57 who were HIV negative. Among
HIV positive patients, 11 (21%) in group A, 9 (16%) in group B and 9 (19%)) in group
C did not have cavities at enrolment. Among HIV negative patients, 9 (14%) in group

A, 8 (14%) in group B and 7 (11%) in group C did not have cavities on enrolment.

By the 2" month, 11 (21%) patients in group A, 10 (19%) in group B and 10 (21%) in
group C among HIV positive patients and 19 (30%) in group A, 15 (25%) in group B

and 15 (23%) among HIV negative patients did not have cavities in their chest X-rays.

At the end of the 6 months, the number of patients who did not have cavities had risen
to 12 (23%) in group A, 13 (23%) in B and 14 (29%) in group C among HIV positive
patients and 20 (31%) in group A, 16 (27%) in group B and 15 (23%) in group C

among HIV negative patients.
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10.9.2 Radiological results by HIV status, showing clearance of the disease lungs

in the three treatment groups

The same X-rays were used to assess the extent of disease as earlier described in this
chapter. Among HIV positive patients, only 1 (2%) patient in group A, 2 (4%) in
group B and 1 (2%) in group C had all lung lobes clear (a score= 0). Among HIV
negative patients, only 2 (4%) patients in group C had extent of disease lungs graded
zero among HIV negative patients and most patients had 1 or 2 lobes affected (47% of

cases) in groups A and C as shown in table 10.9.3.

By 2" month of treatment, 5 (10%) patients in group A, 2 (4%) in group B and 3
(6%) in group C among HIV positive patients and 2 (3%) patients in group A, 2 (3%)
in groups B and 3 (5%) in group C who were HIV negative had all their lung lobes
read as normal (graded 0). The mean (SD) number of abnormal lobes among HIV
positive was 3.1 (1.6) for group A, 2.4 (1.3) for group B and 2.5 (1.3) for group C
(table 10.9.2). As for HIV negative patients, the mean (SD) number of abnormat lobes
were 2.3 (1.2), 2.5 (1.4) and 2.2 (1.4) for groups A, B and C respectively (table
10.9.3). At the end of the 6™ month, 4 (8%) patients in group A, 6 (11%) in group B
and 7 (15%) in group C who were co-infected with HIV were graded 0 and 68 (13%)
patients in group A, 6 (10%) in group B and 5 (8%) in group C who were HIV
negative were graded as 0. The meam (SD) number of abnormal lobes among HIV
positive patients was 1.6 (1.1) for group A, 1.0 (1.0) for group B and 1.1 (1.0) for
group C (P= 0.1). As for HIV negative patients, the mean (SD) number of abnormal

lobes were 1.2 (1.1), 1.1 (1.0) and 1.4 (1.3) for groups A, B and C respectively (P=

0.5).
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10.10.1 Clearance of bacilli by treatment group

All 116 patients in group A, 117 in group B and 117 in group C had 3 sputum
specimens examined on enrolment. Patients were re-examined weekly for the first 8
weeks of treatment and then at monthly intervals for the next 4 months of treatment.
There was general improvement in the clearance of bacilli in the three groups with
treatment irrespective of the supplementation given (table 10.10.1). Sputum
examinations on follow up were done in 2 sputum specimens, collected as morning
and on-the-spot specimens. Patients were declared to be sputum negative for a given

follow up if both smears were available and were read as negative.

By the end of the first week of treatment, 12 (10%) patients from group A, 13 (11%)
from group B and 9 (8%) from group C had cleared bacilli from their sputa. Eleven
(9%) patients in group A, 12 (10%) from group B and 9 (8%) from group C did not
complete or submit sputum samples. By the 4" week a higher proportion of patients in
group B (41, 35%) and group C (37, 32%) had cleared bacilli from their sputa
compared to patients in group A (27, 23%) (P= 0.05). Thirty-three (28%) patients in
group A (27, 23%) in group B and 26 (22%) in group C did not complete or submit
sputum samples. At 6 weeks, patients in group C (47, 40%) had the highest proportion
of patients who had cleared the bacilli from their sputum specimens, followed by

patients in group B (45, 38%) and patients in group A (41, 35%) but these differences

were not ststistically significant.

At the 2™ month follow up, the proportion of patients in groups A and B who had

cleared the bacilli from their sputum had increased to 71 (61%) and 70 (60%)
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respectively, while the proportion of patients in group C was 64 (55%) (P> 0.4).
Twenty-five (21%) patients in group A, 25 (21%) in group B and 30 (26%) in group C

did not complete or submit sputum samples.

At the end of the 6 month, 78 (67%) patients in group B, 73 (63%) in group A and
66 (56%) in group C had no bacilli seen in their sputa. Thirty-six (31%) patients in

group A, 37 (32%) in group B and 42 (36%) of patients did not complete or submit

sputum samples.

The time required for sputum clearance, (in weeks) by smear examination and the
cumulative number of patients who had cleared the bacilli from their sputa for the
three groups of patients are shown in table 10.10.2 and figure 10.10.1. The mean (SD)
time required to clear the bacilli for the groups are shown in table 10.10.3. The mean
(SD) time required for sputum clearance by smear examination for patients was 4.1
(3.1) weeks in group A, 3.3 (2.4) weeks in group B and 3.5 (2.6) weeks in group C.
The mean (SD) sputum time clearance for patients in group A was significantly longer
than the time for sputum clearance for patients in groups B and C (P= 0.03). The
mean (SD) sputum clearance time for patients in group B and C however were not
significantly different (P= 0.47). In other words, zinc supplement, wether single or in
combination with vitamin A resulted in a mean one-week reduction in the time

required for sputum clearance. The addition of vitamin A to zinc did not seem to

enhance this reduction in time.
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Table 10.10.1 ZN Smear microscopy results by treatment group

Duration Groups Smears
Negative 1 positive 2 positives Missing Total
0 week A 0 0 116 (100%) 0 116
B 0 0 117 (100%) 0o 117
C 0 0 117 (100%) o 117
1* week A 12(10%) 23 (20%) 7060%) 11(9%) 116
B 13(11%) 33(28%) 59 (50%) 12(10%) 117
C 9(8%) 25(21%) 74 (63%) 9(8%) 117
2nd week A 19(16%) 26 (22%) 53(46%) 18 (16%) 116
B 24(21%) 21 (18%) 49 (42%) 23 (20%) 117
C 29(25%) 27(23%) 45 (38%) 16 (14%) 117
4™ week A 27(23%) 28(24%)  28(24%) 33(28%) 116
B 4135%) 15(13%) 34 (29%) 27(23%) 117
C 37(32%) 27(23%) 27 (23%) 26 (22%) 117
6" week A 41 (35%) 21(18%) 18 (16%) 36 (31%) 116
B 45(38%) 14(12%) 19 (16%) 39(33%) 117
C 47(40%) 16 (14%) 20(17%) 34(29%) 117
2" month A T71(61%) 11(9%) 98%) 2521%) 116
B 70(60%) 15(13%) 7(6%) 25Q21%) 117
C 64 (55%) 10 (9%) 13(11%) 30(26%) 117
6" month A 73 (63%) 6 (5%) 1(1%) 36 (31%) 116
B 78 (67%) 1(1%) 1 (1%) 37(32%) 117
C 66 (56%) 5 (4%) 4 (3%) 42(36%) 117

* All patients at enrolment were positive as per selection criteria
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Table 10.10.2 Time required for bacilli clearance from sputum (in weeks) by
treatment group

Sputum clearance Treatment group
(weeks) A B C

N NCum N NCum N NCum
1 23 23 25 25 18 18
2 17 40 28 53 32 50
3 13 53 25 78 21 71
4 23 76 14 92 16 87
5 12 88 11 103 12 99
6 13 101 2 105 6 105
7 4 105 6 111 8 113
8 5 110 3 114 1 114
12 4 114 2 116 1 115
16 1 115 1 117 2 117
20 1 116 0 117 0 117

N= Number negative on follow up; N Cum= Cumulative number with negative
microscopy :

Table 10.10.3 Mean (SD) sputum clearance time by study group

Group Mean (SD) sputum clearance time in weeks

A 41(3.1)
B 3.3 (2.4)
C 3.5 (2.6)
B+C 3.4 (2.5)
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Figure 10.10.1 Sputum bacilli clearance time by smear microscopy in the 3 treatment

group
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10.10.2 Time required for sputum clearance by smear examination by treatment

group and HIV status

The time required for sputum clearance, (in weeks) by smear examination and the
cumulative number of patients who had cleared the bacilli from their sputa for the
three groups of patients in HIV positive and negative patients are shown in tables
10.10.4 and 10.10.6 and figures 10.10.2 and 10.10.3 respectively. The mean (SD) time
required to clear the bacilli for the groups in HIV positive patient is shown in table

10.10.5 and in HIV negative patients in table 10.10.7.

The time for sputum clearance in HIV negative-patients shows that patients in groups
B and C cleared bacilli from their sputa faster than in patients in group A, although

this was only marginally significant (P= 0.07). The mean (SD) time required for
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sputum clearance by smear examination in HIV positive patients was shorter in

patients in groups B and C than in patients in group A (P=0.06).

Table 10.10.4 Bacilli clearance by treatment group in HIV positive patients

Sputum clearance Treatment group
(weeks) A B C

N NCum N NCum N NCum
1 15 15 10 10 11 11
2 11 26 12 22 10 21
3 2 28 10 32 10 31
4 7 35 6 38 7 38
S 7 42 4 42 4 42
6 7 49 1 43 2 44
7 2 51 1 44 5 49
8 3 54 1 45 0 49
12 2 56 0 45 0 49
16 0 56 0 45 0 49
20 1 57 0 45 0 49

N= Number negative on follow up; N Cum= Cumulative number with negative
microscopy; P=0.13

Table 10.10.5 Mean (SD) sputum clearance time by study group for HIV positive

patient

Group Mean (SD) sputum clearance time in weeks

A 4.0 (3.4)
B 2.9 (1.7)
C 3.2(1.9)
P=0.06
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Figure 10.10.2 Sputum bacilli clearance time by treatment group in HIV positive

patients
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Table 10.10.6 Bacilli clearance by treatment group in HIV negative patients

Sputum clearance Treatment group
(weeks) A B C

N NCum N NCum N NCum
1 8 8 13 13 6 6
2 5 13 12 25 18 24
3 7 20 15 40 10 34
4 15 35 6 46 8 42
5 5 40 3 49 7 49
6 3 43 0 49 4 53
7 1 4 5 54 1 54
8 2 46 2 56 1 55
12 2 4838 2 58 1 56
16 1 49 1 59 1 57
20 0 49 0 59 0 57

N= Number negative on follow up; N Cum= Cumulative number with negative
microscopy; P=0.07
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Table 10.10.7 Mean (SD) sputum clearance time by treatment group in HIV negative

patients

Group Mean (SD) sputum clearance time in weeks

A 4.1(3.0)
B 3.6 (3.0)
C 3.6 (2.6)
P=0.5

Figure 10.10.3 Sputum bacilli clearance time by treatment group in HIV negative

patients
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10.10.3 Clearance of bacilli by culture by treatment group

All patients in group A (107, 100%), but only 104 (98%) of the 117 patients in group
B and 103 (95%) in group C were culture positive on enrolment (table 10.10.8 and
figure 10.10.4). By the end of the 2" month of treatment, 27 (25%) patients in group

A, 35 (33%) in group B and 35 (32%) in group A, had become culture negative.

By the 6™ month of treatment, 40 (37%) patients in group A, 46 (43%) in group B and

42 (39%) of patients in group C had become culture negative. These proportions were

not statistically different.

Among the HIV positive patients, 47 (100%) patients in group A, 50 (96%) in group
B and 43 (96%) in group C were culture positive, while 60 (100%) patients in group
A, 52 (100%) in group B and 43 (96%) in group C who were HIV negative were also
culture positive. By the end of the 2" month of treatment, 9 (19%) patients in group
A, 12 (23%) in group B and 8 (18%) in group C among HIV positive patients had
become culture negative (P= 0.7). Among HIV negative patients, 18 (30%) in group

A, 23 (44%) in group B and 25 (42%) in group C had become culture negative (P=

0.05).

At the 6" month of treatment, 16 (34%) patients in group A, 20 (38%) in group B and
13 (28%) in group C had become culture negative among HIV positive patients (P=
0.8), while 24 (40%) patients in group A, 26 (50%) in group B and 29 (49%) in group
C who were HIV negative had become culture negative (P= 0.2) (table 10.10.8 and

figures 10.10.5, a and b).
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Figure 10.10.4 Proportion of patients with negative culture by treatment group
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Figure 10.10.5 Proportion of patients with negative culture by treatment group and

HIV status

a. HIV positive

Culture negative (N)

40

35

30

25

20

15

10

] P=0.8
] P=0.7

—O0—A

-0—B

——C

N T T 1
Omth 2nd mth 6th mth
Months

260



b. HIV negative

607l

()]
o

nH
o

N
o

Culture negative (N)
w
o

-
o

o

2nd mth
Months

261

6th mth



10.11 Discussion

Of the 350 patients enrolled for the micronutrient trial, 116 were allocated to receive
placebos (group A), 117 received weekly zinc supplements (group B) and 117
received weekly zinc plus vitamin A (group C). A total of 261 (75%) of the 350
patients enrolled completed the trial. Of these, 91 (76%) were in group A, 89 (76%) in
group B and 81 (69%) in group C. Twenty-four (21%) patients in group A, 19 (16%)
in group B and 27 (23%) in group C were lost to follow up. As expected in a highly
mobile urban population as Abuja, the dropout rate was substantial. Of the 350
patients enrolled for the trial, 283 (81%) attended the 2" month follow up but only
261 (75%) attended the 6™ month follow up, resulting in for a drop out rate of 25%.
Fourteen (4%) of the patients were dead by the 2" month and 19 (5.4%) by the end of
the trial. The high dropout rate may have also been due to the mass movement of
patients to new locations in and out of Abuja as a result of the demolision exercise
embarked upon by the government in the shantytowns situated at the outskirts of town
where most of our patients lived. Because of the poor economic situation of most of
the patients, a number of them could not continue with the follow up as most of their
residences were far from the participating hospitals. Finally, a number of patients who
could not produce sputum for examination felt they did not need to continue attending
the follow up clinics. In Tanzania, 91% of enrolled patients were alive at the end of 2-
month follow up and continued with treatment (Range et al, 2005) while in
Indonesia, 74% in the micronutrient group and 71% in the placebo group completed
~ the study (Karyadi et al., 2002). The death rate in our study was low and the majority
of those who died were HIV positive. Only one patient died from the group that

received placebo while 9 patients died from each group that received zinc and zinc
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plus vitamin A and this was statistically significant. It is also important to note here
that patients who were supplemented with micronutrients in this study had
significantly increasingly higher bilirubin concentration than patients not
supplemented. Though not statistically significant, the CRP in patients not
supplemented improved better than those supplemented as treatment progressed. The
questions that can be asked will be; could zinc be provoking (a) more reaction to
MTB, (b) enhanced HIV viremia (¢) auto-immune reconstitution or (d) side
effects/toxicity. Future research activities will be required to identify the toxic effect
of zinc on the body, before its general use for supplementation in TB treatment could
be encouraged. Our patients with HIV infection were not given any anti-retroviral
drugs during the course of anti-TB and micronutrient therapy in order to prevent the
drug reaction frequently reported between anti-retroviral drugs and anti-TB drugs.
Despite this, considerable clinical improvement was observed in all the patients. Two
hundred and fourteen (61%) patients attended the required 8 visits, 53 (15%) attended

7,25 (7%) attended 6 and the rest attended < 5.

An important finding was the statistically significant difference in the number of
deaths of 1 (1%) patient in group A compared to 9 (8%) in each of groups B and C.
Most of the deaths occurred during the early stages of treatment and in patients with
HIV co-infections. Side effects of zinc and vitamin A supplementation in trial of other
infectious diseases have rarely reported an increase in mortality and these
supplements are generally considered safe at standard nutritional doses. One study in
Bangladesh however, reported that malnourished children who received zinc

supplementation in doses several times the recommended daily requirements had a

higher mortality (Doherty et al., 1998).
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Observational studies that examine the relationship between individual micronutrients
and pregnancy outcome in HIV-infected women have described that low plasma
concentration of vitamin A are associated with a higher risk of mother to child
transmission of HIV (Fawzi et al., 2004). Most prospective randomised trials
however, have failed to demonstrate a beneficial effect in the transmission of HIV,
although other beneficial effects have been noted (Fawzi et al., 2005). Mothers
receiving supplements did not have an increase in side effects, with the notable
exception of a study in Tanzania, where mothers receiving supplements were more

likely to transmit HIV to their babies (Wiysonge et al., 2005; Fawzi et al., 1999).

There are fewer studies regarding zinc in pregnant women. However, an
observational study in the USA described that high dietary zinc intake was associated
with a higher risk of progression to AIDS and mortality (Kupka et al., 2002), although
other studies have reported a positive association with CD4 counts. There are clinical
trials assessing its efficacy and safety in pregnancy at the time of completion of this
thesis. Besides pregnant women, observational studies have provided confliting
results on the role of zinc and HIV progression (Kupka et al., 2002), but the data is
difficult to interpret because there are no clinical trials published to date and low

plasma zinc may be a worker that is not in the causal path of disease progression.

A further possibility is an immunological reconstitution due to a combination of
micronutrients with TB treatment. Zinc and vitamin A have a prominent role in CMI
and other immunological mechanisms. It has recently been reported that patients with
HIV who receive TB treatment have a deterioration of their clinical symptoms due to

improvement of their immunity. The immune reconstitution syndrome was recognised
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before the the discovery of HIV in patients with TB (Goebel 2005), and has become
more frequent in patients receiving ART and may be related to a patient’s improved
capacity to mount an inflammatory response. Our monitoring safety committee was
not provided with HIV information, as the databases were unlinked at the time of their

monitoring. The increased mortality pattern only became clear when deaths were

analysed by subgroup.

Social and economic characteristics of the patients were similar across the groups.
Clinical symptoms of patients in the three groups improved with treatment. Faster
resolution of cough, headache, night sweats, dypsnoea and chest pains occurred in
patients in group C compared to'patients in groups B and A and patients in group B
had faster resolution of symptoms than patients in group A. However these changes
were not statistically significant. Similarly, while general improvement in clinical
signs occurred in all the three groups, patients in group C had significant
improvement in chest anormalies and together, patients in group B had better
Kamnofsky scores than patients in group A. Patients in group B had significantly

improved BMI and higher weight increases than patients in groups A and C as

treatment progressed.

Laboratory results also improved as treatment progressed in the three groups. More
patients in groups B and C had values for most laboratory results within the normal
ranges as treatment progressed. However, these results were not significant. Of note is
the observation that a higher proportion of patients in group A had better improved
total and conjugated bilirubin than patients in groups B and C with treatment and this

was statistically significant for conjugated bilirubin.
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The proportion of patients with faster resolution of symptoms and signs as treatment
progressed was higher among HIV negative patients compared to HIV positive
patients irrespective of the treatment group. Patients in groups B and C had quicker
resolution of their cough than patients in group A and patients in group C had earlier
resolution of all other clinical symptoms than patients in groups B and A among both
HIV positive and HIV negative patients, though these are not statistically significant.
Similarly, patients in groups C and B had better-improved chest pathology and mean
Kanofsky score than patients in group A, while improvement in BMI and weight
increases were more prominent in patients in group B compared to patients in groups
A and C. There was a general improvement in the laboratory results of patients with
and without HIV infection in the three groups of patients as treatment progressed.
Better results in the laboratory tests were observed in patients in groups B and C
compared to patients in group A. Weight gain and BMI improvement with zinc
supplementation have been reported in previous studies (Pant et al., 1987) and our
findings are in agreement with Karyadi’s study who reported significant increases in

weight gained and BMI level in patients with TB receiving zinc plus vitamin A.

No significant differences however were observed in the chest X-rays of patients in
the 3 study groups for the resolution of cavities or the improvement of lung disease
with duration of treatment irrespective of their HIV status, compared to observations

made in Karyadi et.al., (Karyadi et al., 2002) and Pant et al., (Pant et al., 1987).

Of 116 patients in group A, 117 in group B and 117 in group C who had their sputa

examined at enrolment and subsequently, a higher proportion of patients in groups B
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and C had significantly cleared bacilli from their sputa compared to patients in group
A by 8 weeks. The mean (SD) time of clearance of bacilli from sputum by
microscopy was 4.1 (3.1) weeks in group A, 3.3 (2:4) weeks in group B and 3.5 (2.6)
weeks in group C. The combination of the mean sputum time clearance for patients in
Groups B and C was significantly lower than the mean sputum time clearance for
patients in group A, however, no significant difference was observed with comparison
of the mean (SD) sputum time clearance for patients in group B against patients in
group C. About a third of the patients in the three groups did not complete or submit

sputum samples at 6" month follow up.

Only few studies are available on the effect of supplementation with zinc or zinc plus
vitamin A on the outcome of treatment with anti-TB drugs. In a double-blind placebo-
controlled study of vitamin A and zinc supplementation in persons with TB in
Indonesia, Karyadi et al., (Karyadi et al., 2002) described improvement in the effect
of TB medication after 2 months of anti-TB therapy and earlier sputum smear
conversion after supplementation. Also in an earlier small study on supplementation
of anti-TB therapy with zinc in TB patients in India, Pant et al., (Pant et al., 1987)
described a more rapid improvement of the general conditions of the patients,
significantly greater weight gain and more rapid sputum conversion when compared
to those receiving anti-TB therapies alone. In the most recent study of 499 PTB
patients in Mwanza, Tanzania, on the effect of zinc and multi-micronutrient
supplementation on treatment outcome, in patients with PTB, the authors found no
effect on sputum conversion and X- ray resolution area as reported by Karyadi et al,
(Range et al., 2005). While the primary outcome in the study by Range et al., was

culture conversion, the primary outcome in the study by Kayardi et al., and Pant et al,,
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was sputum smear conversion. Range et al., (Range et al., 2005) argued that culture
conversion is a more reliable outcome because at some point, patients with TB
undergoing treatment do not excrete viable bacilli. Our study while duplicating the
work of Karyadi et al., (Karyadi et al., 2002) with some modifications, went further to
compare the effect of supplementation with zinc plus vitamin A against zinc alone on
anti-TB therapy in a randomised placebo-controlled intervention study in a setting

with high HIV prevalence using both microscopy and culture for identification of

bacilli.

Our study showed that the groups that received supplementation with zinc or zinc plus
vitamin A had earlier resolution of clinical symptoms and signs on anti-TB therapy
and showed faster sputum conversion time than those without supplementation.
Karyadi et al,, (Karyadi et al., 2002) described improvement in the effect of TB
medication after 2 months of anti-TB therapy and earlier sputum smear conversion
after supplementation. We observed no difference in resolution of X-ray features in
the three groups. At 6 months, the proportion of patients without chest cavities was
higher in patients in group A than in patients in groups B and C. The differences
however, were not statistically significant. No significant differences was observed in
the extent of disease in the lungs of the 3 treatment groups.The proportion of patients
in group C without cavities in HIV positive patients at 6 months was higher than in
groups B and C and the proportion of patients in group B among HIV negative
patients without cavities was higher than in groups A and C. These differences were
also not statistically significant. Our X-ray results did not show earlier resolution in
patients with micronutrient supplementation as reported by Karyardi et al., (Karyadi et

al., 2002). However, Range et al., (Range et al., 2005) did not observe such resolution
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in their study. The difference observed between the X-ray results in our study and
Range et al., as opposed to Karyadi’s results could be due to the nature of the study
population. While Karyadi’s study was based in Indonesia, our study and that of
Range et al., were based in Africa where patients are more likely to seek medical
attention late, as seen in our study where duration of symptoms had been for a year or
more, and had more severe chest pathology. Most of the X-rays seen in our study still

showed lesions even when the patients had become smear negative.

In our study, both culture and sputum smear conversion methods were used. While
smear conversion time was significantly reduced in patients supplemented with zinc
and zinc plus vitamin A compared to those not supplemented, the culture conversion

time was equally faster for the supplemented groups but this was not statistically

significant for all patients. However, a significant reduction was observed at the 2™
month in HIV negative patients whose sputa were cultured. The difference in
conclusions by Karyadi et al., and Range et al., could result from the HIV status of the
different locations. Indonesia, like China and Bangladesh belong to the WHO Western
Pacific Region where the HIV prevalence is 1% (Dye et al., 1999; Dye et al., 2005),
whereas Tanzania, like most countries in sub Saharan Africa has a high HIV
prevalence (Simooya et al., 1991; Elliott et al, 1990). Our study suggested that
without the effect of HIV, even when culture is used, patients supplemented with zinc
or zinc plus vitamin A may be more likely to convert to culture-negative than patients
not supplemented but larger studies would be required. Karyardi, et al., and Range et
al., however limited their studies to the first two months while our study spanned

through the 6 months of treatment and this may also explain the differences.
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We did not observe any difference between patients supplemented with zinc plus
vitamin A or with zinc alone. Zinc is an important micronutrient. Its role in human
nutrition, health and disease has been extensively documented (Prasad et al., 1971a;
Pories et al., 1967). Zinc pivotally influences the actions of hundreds of enzymes,
stabilizes cell membrane and modulates humoral and CMI (Thurnham et al., 2000)
which play a major role in the host response to tubercule bacilli. Even though studies
have reported improvement in the clinical status of patients supplemented with zinc
and vitamin A in diseased patients (Smith 1980; Christian et al., 2001; Karyadi et al,,
2002), data on interaction between the two however are limited in humans and results
of some of the studies are inconclusive. Vitamin A supplementation in conjunction
with anti-TB treatment was shown to have some negative effects on clinical response
in South African children with TB (Hanekom et al., 1997) and our study did not find

any additional benefit in supplementation wth the combination of vitamin A and zinc

compared to zinc alone.

Current treatment of TB lasts a minimum of 6 months and requires patients
swallowing minimum of 4 tablets daily in the DOTS strategy. There have been many
attempts to introduce shorter regimens, which could reduce the dosage and frequency of
administration of anti-TB drugs. Introduction of such new drugs could lead to better
drug compliance. Drugs that can facilitate faster sputum conversion could also reduce
the risk of tuberculosis transmission, which is a major benefit to the community. Our
study found some clinical improvement in patients supplemented with zinc and zinc
plus vitamin A and a significantly faster conversion of culture-positive sputum to
culture-negative sputum at 2 months in patients supplemented compared to those not

supplemented. However, the mean time for clearance of bacilli by smear microscopy
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was a week shorter in patients supplemented than those not supplemented and larger
proportion of patients among those without HIV cleared their sputa faster in patients in
groups B and C compared to patients in group A. It might be tempting to recommend
inclusion of zinc into the current TB treatment but the evidence for such inclusion is not
conclusive, as for instance, the difference in the mean time of clearance of bacilli
between those supplemented and those not supplemented is only 1 week and this
shorter time would not be of clinical or public health importance. In addition, most of
the better-improved clinical presentations in patients supplemented were not statistically
significant. However, in areas of low HIV prevalence, supplementation with zinc as an
adjuvant to anti-TB therapy may be useful. Further investigations must be carried out to

determine the effects of zinc in combination with anti-TB drugs before its inclusion in

TB treatment.
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CHAPTER ELEVEN

General Discussion

The study comprised of patients attending eight district hospitals in Abuja, Nigeria
with a clinical suspicion of tuberculosis. A research laboratory at Zankli Medical
Centre, Abuja, Nigeria performed sputum microscopy, culture and blood analysis and
an X-ray department in the same centre conducted chest-X-rays for patients who were

enrolled into the micronutrient trial.

During the study period from September 2003 to April 2005, 1321 patients were
screened for TB after compliance with the inclusion and exclusion criteria for
enrolment into the project, discussion with the nurses and completion of the consent
form. Seven hundred and seventy-four (§9%) were male and 547 (41%) were female.
The mean (SD) age for all patients was 34 (12) years, males 35 (11) years and females
33 (12) years. Three hundred and ninety-nine (30%) of the 1321 patients screened
fulfilled the WHO definition for positive TB (> 2 positive direct smears) of which 350
were enrolled into the micronutrient trial. One thousand, two hundred and eighty-six
(97%) sputum samples from the 1321 patients were cultured on the BACTEC 960. Of
this, 731 (62%) were culture positive and 455 (38%) were culture negative. A total of
1045 (79%) of the 1321 patients were screened for HIV. Five hundred and sixty-six
(54%) were positive for HIV and 479 (46%) were negative. Of those positive, 317

(56%) were male and 249 (44%) were female (P= 0.003).
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The cornerstone of global TB control strategies is the rapid identification and
treatment of smear-positive patients. The direct examination of sputum is still the
most important method of making a diagnosis of PTB. Though direct smear
microscopy is relatively insensitive for the diagnosis of TB, simple digestion of
sputum with household bleach prior to the smear preparation has been reported to
improve its sensitivity even in HIV positive patients. This method however had not
been validated against culture. Chapter § described a study that aimed to validate the
bleach technique against culture in a sub-Saharan African setting by comparing bleach
digested sputum stained with Zwaith smears prepared the standard method and
culture. For this purpose, 756 consecutive patients with symptoms suggestive of
pulmonary TB (PTB) were asked to submit 3 sputum specimens to prepare direct
smears. One specimen was selected at random for culture and another specimen was
digested with bleach to prepare a further smear. After counselling, patients were
tested for HIV. Four hundred and fifty-five (60%) of the 756 patients were culture
positive. Two hundred and thirty-five (31%) had “definite” PTB based on the WHO
case definition for smear-positive PTB (>2 positive direct smears or one positive
smear and positive culture). A further 223 (29%) patients were “very likely” to have
PTB (positive culture but three negative direct smears). The WHO case definition
identified 51% (235/458) of the patients with “definite” or “very likely” PTB. One
digested smear detected 219 (93%) of the 235 patients with “definite” PTB and 10
patients with “very likely” PTB. A single digested smear identified 229 (50%) of the
cases with PTB. Therefore, similar number of patients were identified by a single
digested smear and the 3-sputum smear strategy with confirmatory culture of
singleton positives with similar sensitivity and specificity (95%CI) of 50% (229/458,;

45%-55%) and 99% (97%-100%) respectively. The positive and negative predictive
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values for one digested smear were 98% (95%-99%) and 56% (52%-60%)
respectively, which were not different (p>0.5) to the values for the WHO case
definition (100% and 57% respectively). Our study therefore demonstrated that a
single, bleach-digested smear is as sensitive and specific as 3 direct smears for the
diagnosis of PTB. The method has the potential to improve access to a quality-

assured TB diagnosis, particularly for poorer patients.

In addition, the digestion of sputum in bleach has not been studied in population with
a high prevalence of HIV. Chapter 6 therefore described a study to assess the
performance of bleach-digested smears in diagnosing PTB among patients with and
without HIV. Four hundred and fifty-five (60%) of the 756 patients, included in
chapter 5, had PTB and 230 (56%) of the 413 patients screened for HIV were positive.
One hundred and sixteen (50%) of the 225 HIV-positive and 113 (62%) of the 181
HIV-negative patients with PTB were smear-positive. In comparison, one digested
smear identified 111 (49%) of the 225 HIV-positive and 108 (60%) of the 181 HIV-
negative patients with PTB. Three direct smears identified 235 (51%) and one
digested smear identified 229 (50%) of the 458 patients with PTB. As both methods
were less sensitive in HIV-positive than in HIV-negative patients, one digested smear
could still improve the detection rate and efficiency of PTB diagnosis independently

of the prevalence of HIV.

In addition to modifying the yield of sputum, several investigators have suggested that
smears with a small number of bacilli (scanty) should be considered positive. Very
‘few study however have assessed if smears with scanty bacilli have a lower

specificity. Chapter 7 therefore described a study to verify if sputum smears graded as
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scanty according to the IYATLD classification were false positive among TB suspects
attending hospitals in Abuja, Nigeria. For this purpose sputum smears from 1068
patients were graded by the IUATLD classification. Of these, 824 (26%) smears were
positive, 137 (4%) scanty and 2243 (70%) negative. Of the 1068 cultures, 680 (64%)
were positive. One hundred and thirty (95%) scanty and 809 (98%) positive-smears
were culture-positive. Twelve of the 18 patients with single scanty smear and 51 of 52
with > 2 scanty smears were culture-positive. Fewer than 5% scanty results, < 1% of
the patients treated for TB, were false positive. These findings suggest that with

adequate quality control, smears reported as “scanty” are more likely to be true than

false positive.

This thesis also described the clinical presentation and risk factors for TB in patients
with and without HIV. Patients > 15 years with clinical suspicion of TB had a
physical examination on enrolment and blood samples taken for biochemical and HIV
serological studies. Of 1186 patients who had their sputum cultured, 731 (62%) were
culture-positive and 455 (38%) culture-negative. Factors significantly associated with
an increased risk of culture-positive TB were weight loss, a BMI < 18.5, the presence
of anaemia and conjugated bilirubin > 0.2 mg/dl and a granulocyte count > 65%.
Those marginally associated were the presence of haemoptysis and a Kanorfsky score
< 60. Factors positively associated with HIV among culture-positive patients were
anorexia, BMI < 18.5, anaemia, hypoalbuminaemia, raised ESR and SGOT. Factors
positively associated with HIV among culture-negative patients were anaemia and
hypoalbuminaemia. In conclusion, a BMI < 18.5 plus weight loss and the presence of
anaemia, conjugated bilirubin > 0.2 mg/dl and a granulocyte count < 65% could

independently predict TB. In addition, being a female, having anorexia plus a BMI <
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18.5 in the presence of anaemia, hypoalbuminaemia, raised ESR, and high SGOT

were independent predictors of TB and HIV.

The early identification of patients with PTB, whether they are smear-positive or
smear-negative is destrable, both to allow for appropriate control procedures and to
provide a basis for early therapy. Chapter 9 describes the clinical presentation of
patients with smear-positive and smear-negative TB with and without HIV. Of the
731 culture-positive patients, 353 (48%) were smear-positive and 378 (52%) smear-
negative. Two hundred and twenty-eight (65%) of smear-positive and 208 (55%) of
smear-negative patients were male. Smear-positive patients were younger than smear-
negatives (P= 0.001). A history of contact with patients with PTB, clinical symptoms
of chest pains, the presence of rhonchi, lymphocytosis and hypoalbuminaemia were
positive predictive factors for smear-positive TB. Six hundred and twenty-five (86%)
of the 731 culture-positive TB patients were tested for HIV. Of 340 smear-positive
and 285 smear-negative patients, 158 (47%) and 171 (60%) tested positive for HIV,
respectively (P= 0.001). Only haemoptysis was negatively and anaemia positively
associated with HIV in smear-positive patients while weight loss, anorexia, BMI <
18.5, anaemia, hypoalbuminaemia together with lower ESR, reduced lymphocyte

count were independently associated with HIV among smear-negative patients.

The link between malnutrition and TB has long been recognised. Low plasma levels
of zinc had been associated with impaired immune function, thus affecting host
defences and predisposing to increases in infection and morbidity rates. Conversely,
zinc supplementation has been observed to substantially improve the immune defence

in individuals with infectious diseases by preventing the dismantling of the immune
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system. A fall in plasma zinc concentration in patients with active PTB has been
observed in micronutrient studies and supplementation with zinc has been found to
improve clinical presentations of patients. Vitamin A also plays a major role in the
immune status of patients and its deficiency has been linked with severity of several
infectious diseases especially in children. Supplementation with vitamin A has been
associated with reduction in morbidity and mortality of many diseases. Several cross-
sectional studies have suggested that patients with TB suffer from vitamin A
deficiency. Studies have shown that supplementation of anti-TB drugs with zinc or

zinc and vitamin A improve clinical symptoms and signs and show early clearance of

bacilli from sputum of patients with PTB.

Chapter 10 therefore compared whether weekly zinc and weekly zinc plus vitamin A
supplementation as adjunct for the treatment of PTB increased the efficacy of anti-TB
treatment. This was a double-blinded, placebo-controlled supplementation clinical
trial where patients were allotted by block randomisation into three groups and given
zinc, zinc plus vitamin A or placebos together with anti-TB therapy. Patients newly
diagnosed as having active PTB as per the WHO definition of smear-positive PTB
from the 1321 patients who attended the eight participating hospitals with a history of
cough of more than 3 weeks or symptoms suspicious of PTB were enrolled. Enrolled
patients were examined and monitored weekly for the first 2 months and monthly for

the last 6 months of treatment.
Of the 350 patients enrolled into the micronutrient study, 116 were allocated into the

placebo group (group A), 117 into the group receiving weekly zinc (group B) and 117

into the group receiving zinc plus vitamin A (group C). A total of 261 (75%) patients
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out of the 350 enrolled completed the trial. Clinical symptoms and signs and
laboratory results improved with treatment in the 3 treatment groups but faster
resolution of symptoms and improvement in signs and laboratory results were
observed to occur faster in patients in groups B and C compared to patients in group
A. Changes observed in symptoms were however not statistically significant. No
significant differences were observed in X-ray changes within the treatment groups. A
higher proportion of patients in groups B and C significantly cleared bacilli from their
sputa faster than patients in group A by both microscopic examination and culture.
Only a mean difference of 1 week sputum time clearance was observed between
patients in groups B and C and patients in group A. No significant differences were
observed between the mean sputum time clearance in patients in group B or C. The
evidence available is not conclusive to recommend the inclusion of zinc into the
current TB treatment in high HIV prevalence population. However, in areas of low

HIV prevalence, supplementation with zinc as an adjuvant to anti-TB treatment may

be useful.

Further studies are required as follow up to the results arrived at in this thesis. Our
findings indicate that, although moming samples from TB suspects were more likely
to have higher smear grades, the proportion of slides classified as negative was
independent of whether the sample was collected as an on the spot or as a morning
sputum. Although this may be setting specific and be associated with later
presentation and more advanced disease in our study population, further studies to
examine the number of sputum specimens that are required to diagnose a patient as

smear-positive in other locations will be required.
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Smear examinations were carried out independently by two microscopists and
reviewed by a third under strict research setting, allowing for higher sensitivity than
would normally have occurred under normal conditions. Studies under normal

laboratory conditions as occur outside research laboratories will be required as this

may reveal different results for this setting.

Our results confirmed the relatively low sensitivity of both direct and digested sputum
smear microscopy. The digestion method may benefit from some further
development. A number of digested smears were unavailable due to laboratory
mishap during this study. In every case, this mishap was the observed loss of the
entire (heat-fixed) smear during the staining process as a result of the bleach digesting
the proteinaceous material required for adherence of the clinical material to the glass
slide. Previous studies have shown Bovine serum albumin to promote adherence of
sodium hydroxide treated sputum to microscope slides, but is an expensive option for
resource-poor settings. The use of alternatives such as sterile skimmed milk may be
worth investigating. The effects of age and storage conditions of bleach on the
performance of the method also need to be explored. Further, the effect of improving
the sensitivity of smear results by bleach digestion of 2 or 3 sputum smears can also

be exployed and reduction of visits to hospital which can be reduced by same day 2

sputum samples strategy.

Our study showed that sputum smears identified as scanty-smears are more than likely
to be positive smears in areas of high HIV prevalence. The sample size in the study

was inadequate to give the study the power necessary to arrive at a definite
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conclusion, as such, further prospective studies should be conducted in high incidence

countries to confirm these findings.

In the micronutrient study, our resuts showed a higher mortality in patients
supplemented with zinc and zinc and vitamin A compared to those not supplemented.
Further investigations on the effect of zinc in combination with anti-TB drugs on

patients with TB will be required for its inclusion into TB treatment regimens.
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Appedices

Name - Study Number

DIAGNOSIS OF TUBERCULOSIS AND THE ROLE OF MICRONUTRIENTS IN THE
TREATMENT OF PULMONARY TUBERCULOSIS IN NIGERIA

Patient initials

ENTRY CRITERIA

Patients can be recruited for the study only when all the boxes below can be ticked

NO.
No

Yes

1) Patient’s age is under 15years.

2) Patient had moderate to severe abdominal
surgery during the previous month.

3) Patient has a history of diabetes mellitus or
severe cardiovascular, liver or renal disease.

4) Patient has been treated in the past for tuberculosis.

5) Patient has taken corticosteroids or zinc
supplements during the previous month.

6) Patient is pregnant, lactating or taking oral

contraceptives.
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Signature Date:

Diaonosis of tuberculosis and the role of micronutrients in the
treatment of pulmonary tuberculosis - Consent Form

Good morning/afternoon. I am Dr/Mr/Mrs/

MISS. oo Tuberculosis is an important lung infection that can kill
if not properly treated. This infection, which is difficult to diagnose, is on the
increase worldwide and some of the bacteria are becoming difficult to treat. I will
like to know if you will be willing to participate in a study we are carrying out
here to try to find newer and better techniques to detect and treat tuberculosis.

We are studying the effect of a mineral called zinc. Zinc is contained in everyday
diet, and I would like to know whether the level of zinc in patients with tuberculosis
is low or not. Also, because zinc is known to improve the body responses to
infections, we would like to know whether giving zinc would improve the treatment
of tuberculosis. Zinc is a micronutrient available in the food, and so, taking zinc
supplements is unlikely to have adverse effects. It is now known that patients with
some other infections such as diarrhoea and measles have improved faster when
the usual drugs are given together with these nutrients.

We intend to add zinc and or Vitamin A to your routine TB drugs and lookout for
improvement during your follow up. You would be asked to take two extra
capsules once a day. The capsules will contain zinc, vitamin A or lactose. We will
not tell you which treatment you are receiving, as we need to be as objective as
possible to assess if there is any beneficial effect.

We also know that majority of patients suffering from tuberculosis also suffer
from HIV. We would like to determine how many patients, in this hospital, who
are suffering from TB, are infected with the virus.

To carry out the study we will require a chest X-ray and the collection of three
samples of sputum and taking some blood from you for investigations during your
first and your follow up visits. This would normally have been collected and taken
from you even if you are not taking part in the study. We would like to take the
blood samples to see how much zinc is there in the blood at the beginning of the
study and at 2 and 8 weeks after initiation of treatment. During the follow up, we
would ask you to bring your moming sputum and give us a sputum sample every
week for the first 2 months and until the sputum has become negative for the TB
germ. These samples will be taken when you come to the hospital to receive your
weekly treatment. We will see how many germs causing tuberculosis remain in
your sputum. We would measure your height and weight at the beginning and after
2 months to see if there are any changes.

We will require your permission to be able to include you in our study. Once we
receive your consent, you will not have to pay for any drug or investigations
during the course of this study. The results of the HIV test will not be disclosed to
anyone. We can tell you your HIV results if you wish to know. If you would like
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us to tell you, we will ask you to attempt pre and post-test counselling to help you
decide.

We hope you would be willing to participate, but if you do not feel like taking part
in this study, it will not affect, in any way, the treatment you will receive from the
hospital. You can also stop participating at any stage, without detriment to you or
your relationship with the doctors in the hospital. You do not need to explain to us
why you do not want to participate or withdraw from the trial.

Please ask us any questions you might have.

I understand the content, and I willingly give my consent.

NAME e e

AdAreSS e e et et e,

SINAtUIE et
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OQUESTIONAIRE Date of interview

Name: Age
Address: Sex:
Occupation:

Tribe:

A. Background

Education: (none=0, primary=1, secondary=2, university=4
How many people sleep in the same room with you? (Number)

Have you ever smoked? (Yes=1, no=2)

If yes, for how long? (Years)

How many sticks per day do you smoke? (Number)

B. Contact Data

Do you have anybody with a cough of 3wks or more, in your house? (Yes=1, no=2, not
known=3)

If yes, for how long have you lived with this person? (Years)

Do you have anybody with a fever of 3wks or more in your house? (Yes=1, no=2, not
known=3) ~

Have you been in close contact with anyone diagnosed with TB in the past two years?

(Yes=1, no=2, not known=3)

If yes, for how long? (Years)

Is he/she currently on treatment? (Yes=1, no=2, not know=3)
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C. Clinical Data

Temperature (°C)

Chest examination (normal=1, abnormal=2)

Wheeze (ves=1, no=2)

If yes, for
how long?
Have you had BCG at birth or at any other time?(Yes=1, no=2, not kng (Years)
Have you had cough recently? (Yes=1,no=2) (Weeks)
Have you ever been diagnosed with TB in the past? (es=1, no=2, not known=1 (Weeks)
Have you recently had fever or sweating without exercise? (Yes=1, no
(Weeks)
Have you had any blood in your coughed out sputum?(Yes=1, no=2 (Weeks)
Have you been breathless in the past few weeks?  (Yes=1, no=2 (Weeks)
Have you had any chest pains the past few weeks? (Yes=1, no=2) (Weeks)
Have you been losing weight recently? (Yes=1, no=2) (Weeks)

- Have you had night sweats? (Yes=1, no=2) (H
Have you had loss of appetite? (Yes=1,no=2) (Weeks)
Have you noticed any swelling of the tip of your fingers (finger clubbir

(Yes=1, no=2) (Weeks)
Have you had any firm swellings (lymph nodes) around your neck? (ves o (Weeks)
D. Examinations
Presence of BCG scar (yes=1, no=2) BCG scar siz
Weight (kg) Height (cm)

Karnofsky score

Bronchial breath sounds (yes=1, no=2)
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Rhonchi (yes=1, no=2)

Diagnosis: 1

Crepitations (yes=1, no=2)

2 3

E. Investigations

PPD (Done=1, not done=2)

Chest X-ray (Done=1, not done=2)

PPD (size in mm)

F. Laboratory examinations - Taken? (yes=1, no=2 Date of next

appointment

1** sputum (on the spot)?

Moring sputum taken?

3™ sputum (on the spot)

Was blood taken?

Follow up week 1

YES NO
Was patient followed? If yes, date attended
If no, date for home follow up
Did you take the treatment? If NO, which one did you miss?—
What symptoms are you suffering from today? If YES, are you better or worse than last
week?
YES NO Better same worse
Cough
Fever

Night sweats
Hemoptysis
Headache
Dyspnea

Chest pains
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Loss of appetite

Chest exam (normal, abnormal)

Other

How do you describe your cough today? (see codes at the bot 1

Weight (kg)

Temperature (0C)

Laboratory examinations - Taken? (yes=1, no=2)

1** sputum (on the spot)?

3" sputum (on the spot)

I(No cough at all=0; Occasional hems=1;

Moderate, paroxymal cough without additional symptoms=3;

Follow up week 2

YES NO

Was patient followed?

Did you take the treatment?

What symptoms are you suffering from today?
than last week?

YES NO

Cough
Fever

Night sweats

Morning sputum taken?

Specify

Height (cm)

Karnofsky scale

Date of next appointment

Mild, isolated cough, accdmpanied by chest discomfort=2;

Severe strenuous cough, accompanied by chest discomfort=

If yes, date attq

If no, date for home follow up

If NO, which one did you miss?

If YES, are you better or worse

WwOorse

Better same
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Hemoptysis

Headache

Dyspnea

Chest pains

Loss of appetite

Chest exam (normal, abnormal)

Other

How do you describe your cough today? (see codes at the bot 1

Weight (kg)

Temperature (0C)

Laboratory examinations - Taken? (yes=1, no=2)

1** sputum (on the spot)? Morning sputum

3™ sputum (on the spot)

1(No cough at all=0; Occasional hems=1;

Moderate, paroxymal cough without additional symptoms=3,

Follow up week 3
YES NO

Was patient followed?

Did you take the treatment?

What symptoms are you suffering from today?
than last week?

Specify

Height (cm)

Karnofsky scale

taken?

Date of next appointment

Mild, isolated cough, accompanied by chest discomfort=2;

Severe strenuous cough, accompanied by chest discomfort=4

If yes, date attended

If no, date for home follow up

If NO, which one did you miss?

If YES, are you better or worse
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YES NO
Cough

Fever

Night sweats

Hemoptysis

Headache

Dyspnea

Chest pains

Loss of appetite

Chest exam (normal, abnormal)

Other

How do you describe your cough today? (see codes at the bot 1

Weight (kg)

Temperature (0C)

Laboratory examinations - Taken? (yes=1, no=2)

1** sputum (on the spot)? Morning sputum taken]

3" sputum (on the spot)

1(No cough at all=0; Occasional hems=1;

Moderate, paroxymal cough without additional symptoms=3;

Follow up week 4, 3" month

Was patient followed?

Better

same WOrse

Specify

Height (cm)

Karnofsky scale

Date of next appointment

Mild, isolated cough, accompanied by chest discomfort=2;

Severe strenuous cough, accompanied by chest discomfort=4

YES NO

If yes, date att

310




If no, date for home follow up

Did you take the treatment? If NO, which one did you miss?

What symptoms are you suffering from today? If YES, are you better or worse -
than last week?

YES NO Better same worse
Cough

Fever

Night sweats

Hemoptysis

Headache

Dyspnea

Chest pains

Loss of appetite

Chest exam (normal, abnormal)

Other Specify.

How do you describe your cough today? (see codes at the bottom)1

Weight (kg) Height (cm)

Temperature (0C) Karnofsky scale

Laboratory examinations - Taken? (yes=1, no=2) Date of next appointment
1°* sputum (on the spot)? Morning sputum taken?

3" sputum (on the spot) Was blood taken?

1(No cough at all=0; Occasional hems=1; Mild, isolated cough, accompanied by chest discomfort=2;
Moderate, paroxymal cough without additional symptoms=3; Severe strenuous cough, accompanied by chest discomfort=4

311



Follow up week 5
YES NO

Was patient followed? If yes, date att

If no, date for home follow up

Did you take the treatment? If NO, which one did you miss2

What symptoms are you suffering from today? If YES, are ydu better or worse
than last week?

YES NO Better same worse
Cough

Fever

Night sweats

Hemoptysis

Headache

Dyspnea

Chest pains

Loss of appetite

Chest exam (normal, abnormal)

Other Specify

How do you describe your cough today? (see codes at the bottom)1

Weight (kg) Height (cm)

Temperature (0C) Kamofsky scale

Laboratory examinations - Taken? (yes=1, no=2) Date of next appointment
1%t sputum (on the spot)? Morning sputum taken?
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3" sputum (on the spot)

1(No cough at all=0; Occasional hems=1;

Moderate, paroxymal cough without additional symptoms=3;

Follow up week 6

YES NO

Was patient followed?

Did you take the treatment?

What symptoms are you suffering from today?
than last week?

YES NO
Cough

Fever

Night sweats

Hemoptysis

Headache

Dyspnea

Chest pains

Loss of appetite

Chest exam (normal, abnormal)

Other

How do you describe your cough today? (see codes at the bot 1

Weight (kg)

Temperature (0C)

Mild, isolated cough, accompanied by chest discomfort=2;

Severe strenuous cough, accompanied by chest discomfort=4

If yes, date att

If no, date for home follow up

If NO, which one did you miss?2

If YES, are you better or worse

Better same worse

Specify

Height (cm)

Karnofsky scale
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Laboratory examinations - Taken? (yes=1, no=2) Date of next appointment

1% sputum (on the spot)?

3™ sputum (on the spot)

Morning sputum taken?

1(No cough at all=0; Occasional hems=1,

Mild, isolated cough, accompanied by chest discomfort=2;

Moderate, paroxymal cough without additional symptoms=3; Severe strenuous cough, accompanied by chest discomfort=4

Follow up week 7

YES NO

Was patient followed? If yes, date attended
If no, date for home follow up

Did you take the treatment? If NO, which one did you miss?
What symptoms are you suffering from today? If YES, are you better or worse
than last week?

YES NO Better same worse
Cough
Fever

Night sweats

Hemoptysis

Headache

Dyspnea

Chest pains

Loss of appetite

Chest exam (normal, abnormal)

Other

Specify
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How do you describe your cough today? (see codes at the bottom)1

Weight (kg) Height (cm)

Temperature (0C) Karnofsky scale

Laboratory examinations - Taken? (yes=1, no=2) Date of next appointment
1% sputum (on the spot)? Morning sputum taken

3" sputum (on the spot)

1(No cough at all=0; Occasional hems=1; Mild, isolated cough, accompanied by chest discomfort=2;
Moderate, paroxymal cough without additional symptoms=3; Severe strenuous cough, accompanied by chest discomfort=
Follow up 2nd month YES NO

Was patient followed? If yes, date attq

If no, date for home follow up

Did you take the treatment? If NO, which one did you miss?

What symptoms are you suffering from today? If YES, are you better or worse
than last week?

YES NO Better same worse
Cough

Fever

Night sweats

Hemoptysis

FHeadache

Dyspnea

Chest pains
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Loss of appetite

Chest exam (normal, abnormal)

Other Specify.

How do you describe your cough today? (see codes at the bottor)1

Weight (kg) Height (cm)

Temperature (0C) Karnofsky scale

Laboratory examinations - Taken? (yes=1, no=2) Date of next appointment
1** sputum (on the spot)? Morning sputum taken?

3" sputum (on the spot) Was blood takd

Was chest X-rays taken

| (No cough at all=0; Occasional hems=1; Mild, isolated cough, accompanied by chest discomfort=2;
Moderate, paroxymal cough without additional symptoms=3; Severe strenuous cough, accompanied by chest discomfort=4

Follow up 3" month YES NO

Was patient followed? If yes, date attended

If no, date for home follow up

Did you take the treatment? If NO, which one did you miss?

What symptoms are you suffering from today? If YES, are you better or worse
than last week?

YES NO Better same worse
Cough

Fever

Night sweats

Hemoptysis
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Headache

Dyspnea

Chest pains

Loss of appetite

Chest exam (normal, abnormal)

Other

How do you describe your cough today? (see codes at the bottor)1

Weight (kg)

Temperature (0C)

Laboratory examinations - Taken? (yes=1, no=2)

1* sputum (on the spot)?

3" sputum (on the spot)

Morning sputum taken?

Was blood taken?

1(No cough at all=0; Occasional hems=1;

Moderate, paroxymal cough without additional symptoms=3;

Follow up 4™ month

YES NO

Was patient followed?

If no, date for home follow up

Did you take the treatment?

What symptoms are you suffering from today?

than last week?
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Specify

If yes, date attended

If NO, which one did you miss2

Height (cm)

Karnofsky scale

Date of next appointment

Mild, isolated cough, accompanied by chest discomfort=2;

Severe strenuous cough, accompanied by chest discomfort=4

If YES, are you better or worse



YES NO Better same worse

Cough

Fever

Night sweats

Hemoptysis

Headache

Dyspnea

Chest pains

Loss of appetite

Chest exam (normal, abnormal)

Other Specify-

How do you describe your cough today? (see codes at the bot 1

Weight (kg) Height (cm)

Temperature (0C) Karnofsky scale

Date of next appointment

Note: take a sputum sample
IF the patient is still coughing or

IF his last sputum was still posit=~=
Was s sputum take

1(No cough at all=0; Occasional hems=1; Mild, isolated cough, accompanied by chest discomfort=2;

Moderate, paroxymal cough without additional symptoms=3; Severe strenuous cough, accompanied by chest discomfort=4

Follow up Sth month
YES NO

Was patient followed? If yes, date attended
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If no, date for home follow up

Did you take the treatment? If NO, which one did you miss?

What symptoms are you suffering from today? If YES, are you better or worse
than last week?

YES NO Better same worse
Cough

Fever

Night sweats

Hemoptysis

Headache

Dyspnea

Chest pains

Loss of appetite

Chest exam (normal, abnormal)

Other Specify-

How do you describe your cough today? (see codes at the bot 1

Weight (kg) Height (cm)

Temperature (oC) Karnofsky scale

Date of next appointment

Note: take a sputum sample
IF the patient is still coughing or

IF his last sputum was still posifi==

Was s sputum takg

[(No cough at all=0; Occasional hems=1; Mild, isolated cough, accompanied by chest discomfort=2;

Moderate, paroxymal cough without additional symptoms=3, Severe strenuous cough, accompanied by chest discomfort=4
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Follow up 6" month YES NO

Was patient followed?

Did you take the treatment?

If no, date for home follow up

What symptoms are you suffering from today?

than last week?

YES NO

Cough

Fever

Night sweats
Hemoptysis
Headache
Dyspnea
Chest pains

Loss of appetite

Chest exam (normal, abnormal)

Other

How do you describe your cough today? (see codes at the bot 1

Weight (kg)

Temperature (0C)

'Laboratory examinations - Taken? (yes=1, no=2)

1*' sputum (on the spot)?

3" sputum (on the spot)

Was chest X-rays taken

Morning sputum taken?

Was blood taken?

320

If yes, date attended

If NO, which one did you miss?

If YES, are you better or worse

Better same WOorse

Specify

Height (cm)

Karnofsky scale

Date of next appointment




Laboratory results
Sputum smear results

Follow up | Owk | 1" wk [ 2" wk [ 3" wk [ 4" wk [ 5" wk [ 6" wk | 7" wk | 8" wk | 6™ mth
1% spot
Morning
2" spot
Bleach/ZN
Taken Results Taken Results
CultureLJ Y N Y N
Enrol;nent Drug resistanc
BACTEC Copper levels
Enrolment Enrolment
2" mth 1% mt
6" mth 2" mt
Zinc levels 3 mth
Enrolment 6" mth
I* mth
2" mth Vitamin A
3 mth 1* mth
6" mth 2" mthy
Vitamin D levels 3 mth
Enrolment 6" mth
1* mth Selenium
2" mth 1* mth
3" mth 2" mth
6™ mth 3" mth
PCR 6" mth
Enrolment

321




Hb
Enrolment
2" mth

6" mth
WBC
Enrolment
2" mth

6" mth
Granulocytes
Enrolment
2" mth

6" mth
Lymphocytes
Enrolment
2" mth

6" mth

ESR
Enrolment
2" mth

6™ mth
Bilirubin (T)
Enrolment
2" mth

6" mth

Bilirubin (C)

Serum Albumin

Enrolment

2" mth

6" mth

SGPT

Enrolment

2" mth

6™ mth

SGPT

Enrolment

2" mth

6" mth

Alk Phosphatac

Enrolment

2" mth

6™ mth

RVD1

Enrolment

RVD 2

Enrolment

CD4 Count

Enrolment
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Enrolment

2" mth

6™ mth

X-ray readings

Reader 1 Taken? Cavities? If cavities, diameter (cm)

Enrolment

2" mth

6" mth

Reader2

Enrolment

2" mth

6" mth
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25 July 2003

Mr Lovett Lawson
Cl/o Dr L E Cuevas

Dear Mr Lawson

The research protocol Diagnosis of Tuberculosis and the role of Micronutrients in the treatment of
Pulmonary Tuberculosis in Nigeria Reference No 03.33 was considered by the Research Ethics
Committee on § June 2003.

Thank you for your letter of 16 July 2003 with the clarification requested by the chair. The protocol now
has formal Ethical Approval from the LSTM R h Ethics C: itt

This approval should not be seen as a substitute for Local Ethical Approval from the country/institution where
the research is to be carried out and that you have undertaken to seek such approval wherever an appropriate
mechanism is in place.

The Research Office (RO) maintains a Database of Local Research Committees in the countries where
collaborative work is being carried out. Could you, therefore, feed back to me (via Sharda Mistry in the RO)
as much information as possible on the local Committees/Review Bodies that will review (or have reviewed)
this protocol. The following details would be much appreciated:

e Name
e Address
o Contact numbers or individuals (tel / fax / e-mail)
e Acopyof the appropriate form or some details on the submission mechanism
o Any details you are able to obtain on
a) number on the committee
b) how many lay representatives sit on the committee?

Yours si ly

Dr D Lalloo
Cha arch Ethics Committee

by Guarantee
Regrsiaved Number 83405, England and Wals
Regstered Charity No 222655
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P.M.B. 25
ABUJA, NIGERIA

HEALTH & SOCIAL SERVICES DEPARTMENT Tel:

Qur Ret: Telex:

Your Ret Oate: 23/5/03

Dr. L. Lawson
Zankli Medical centre,
Abuja.

RE: PERMISSION TO CARRY OUT RESEARCH
IN THE F.C.T.
This is to convey the approval of the Director, Health and Social
Services to you to carry out research activities in Asokoro, Wuse

and Maitama Hospitals.

2, Congratulations,

DR. OGBOLE EBE
DEPUTY DIRECTOR, HOSPITAL
FOR: DIRECTION, HEALTH & SOCIAL SERVICES

L3rd ey, 2003,

325




v el

MINISTRY OF FEDERAL CAPITAL TERRITORY

P.M.B. 25
ABUJA NIGERIA

HEALTH & SOCIAL SERVICES DEPARTMENT

Our Ref: MLF.C.T /GEN/24/VOL 1 L .
Your Ref: Telex: h
Date: 19" June. 2003

Dr. L. Lawson

Chief Medical Director
Zankli Medical Centre

Plot No 1021

B.5 Shehu Yar'adua Way
Opposite Fed. Min. of Works
Utako, Abuja.

RE-REQUEST FOR PERMISSION TO EXTEND THE
NUMBER OF HOSPITALS

This is to acknowledge receipt of your letter dated 18"

June 2003 on the above subject matter.

2. Approval is hereby given for the extension of your
research project to the under-listed hospitals as requested in
your letter under reference:-

a) Kubwa Hospital

b) Nyanya Hospital

c¢) Gwarinpa Hospital

3.  Note that the Kuje and Karu Hospitals are yet to be
operational please. =

4.  Thank you.

Director, Health & Social Services
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