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ABSTRACT

Tanzania has a high tuberculosis incidence, and genotyping studies of Mycobacterium
tuberculosis in the country are necessary in order to improve our understanding of the
epidemic. M. tuberculosis isolates from 147 sputum-positive TB patients in Dar es Salaam
were spoligotyped and the spoligopatterns were checked against the global SpolDB4 database
and analyzed with ‘Spotclust’ to assign the isolates to families, subfamilies and variants.

The TB epidemic in Dar es Salaam was found to be caused mainly by three families, namely
the CAS (37%), LAM (22%) and EAI (17%) families. Import of strains was a minor problem.
MIRU typing of the isolates was initiated but not finished.

In the second part of the thesis, Norwegian TB isolates from 2003-2005 were spoligotyped in
order to assess the presence of Beijing strains. The family was found to be present, but none

of the Beijing strains caused outbreaks in Norway.

SAMANDRAG

Tanzania har ein heg tuberkulose insidens. Genotyping av Mycobacterium tuberculosis isolat
er naudsynt for & forstd epidemien i landet bedre. M. tuberculosis isolat frd 147 sputum
positive pasientar i Dar es Salaam vart spoligotypa. Spoligomenstra vart undersekt mot den
internasjonale SpolDB4 databasen og analysert med ’Spotclust’ for & plassere dei 1 familiar og
underfamiliar.

TB epidemien i Dar es Salaam viste seg & vere fordrsaka av 1 hovudsak tre familiar; CAS
(37%), LAM (22%) og EAI (17%) . Import av stammer var ikkje eit stort problem.

MIRU typing av stammene vart initiert, men ikkje fullfort.

I del to av oppgéva, vart norske TB isolat frd 2003-2005 spoligotypa for & undersgke om
Beijing familien er til stades i Noreg. Familien viste seg 4 vere representert i Noreg, men

ingen av Beijing tilfella forarsaka utbrot.
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INTRODUCTION

1. INTRODUCTION

1.1. Tuberculosis — A Global Emergency

Tuberculosis (TB) has been a frightening disease for millennia and remains one of the most
common infectious causes of adult mortality in the world [1], with 98% of all TB deaths
occurring in developing countries [2]. The TB burden in the developing world has been high
for centuries, while the developed world witnessed a reduction in the TB burden during the
20™ century. The disease thus received less attention in high-income countries, both by the lay
man and by scientists. This changed after 1984, when New York city and the United States of

America as a whole, suddenly witnessed an increase in notification of TB cases [3].

At the same time Europe some countries saw a levelling-off in the rate of decline, while
others saw an increase of cases [1]. Foreign born residents were identified as a major factor
[4]. TB is a global challenge and one might argue that a come-back for TB in the western
world was to be expected as so little progress had been made internationally.

Despite stable or declining TB rates in the rest of the world, sub-Saharan African countries
contributed to a rise of the global TB incidence of 1 % in 2003 [5]. The HIV and TB
epidemics have proved a dangerous combination and TB has been identified as the major
cause of deaths in HIV-infected [6], and a unified approach to controlling these two diseases

has been sought in recent years.

It is estimated that 1.8 million people die from TB annually [1].

1.2. Tuberculosis in Tanzania

Tanzania, a country of 37 million people, was one of the first countries to implement the
WHO endorsed “directly observed treatment” (DOTS) strategy of TB control [5]. Nationwide
DOTS coverage was attained in 2002. The incidence doubled between 1990 and 2004 [5], but
the incidence appears to have levelled off in recent years, mainly due to the DOTS strategy

and efforts to strengthen the national TB program. The rate of all forms of the disease is
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estimated at 524/100,000 and the rate of new sputum smear positive disease is approximately
157/100,000 [1] with Dar es Salaam contributing about 26 % of all TB cases [7].

The World Health Organization estimates that Tanzania has the 14w highest TB burden in the
world [1]. The HIV epidemic is a major contributor to the TB epidemic in sub-Saharan Africa,
including Tanzania, as immunocompromised patients are easy targets for circulating M.
tuberculosis strains and often fall victim to reactivation of latent TB.

Tanzania has 701 district laboratories diagnosing TB, three laboratories culturing M.
tuberculosis and one National reference laboratory that perform drug susceptibility testing of
M. tuberculosis isolates. Measures are undertaken to establish molecular genotyping methods

such as spoligotyping [4], but currently no laboratory in Tanzania offers this service.

1.3. Tuberculosis in Norway

Norway has a very low TB burden, with a TB incidence of 6.6 / 100,000 per year in the
period in 2001 [8] The majority of cases (71%) are first- or second-generation immigrants [9].
The age distribution among TB patients is also noteworthy, with most ethnic Norwegians
being old people suffering from reactivated disease, whereas immigrants tend to be younger

and newly infected [10].

The last decade, the incidence rates of TB have fallen in wealthy countries and risen in many
developing countries. Programs to keep TB from rising in many low-incidence countries are
challenged by international travelling and immigration from high-burdened countries [9, 11-
14]. TB has been the subject of much concern in Norway and other countries in recent years.
The public debate on immigration to wealthy countries has often focused on the negative

effects immigration may have on public health.

One important potential impact of imported TB cases from high-incidence countries to low-
incidence countries would be an increase in the rate of transmission in the recipient country.
The impact of such import is difficult to measure or forecast, due to incomplete strain
collections, low rates of transmission and the chronic nature of TB. However, the comparison
of complete M. tuberculosis collections is feasible in some small countries, such as Norway,

due to the manageable number of M. tuberculosis strains present. The fact that patients may
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stay latently infected for many years before they develop symptoms of active TB, can be

compensated by extending observation periods.

It has been demonstrated that the number of notified TB cases within Norway has increased
significantly during the last 15 years [9]. The percentage of immigrants has increased in
general and among TB patients. Each year established outbreaks recruit a few new patients,
but in general, only one strain per year is able to establish an epidemic with a potential to
include more than 5 patients within 5 years. This inability to establish outbreaks included the
infamous Beijing lineage (current study), members of which are commonly believed to
harbour increased ability for transmission. These findings indicate that the importation of M.
tuberculosis 1solates to Norway do not represent an immediate challenge to the national public
health and that the TB control program in Norway are able to cure patients before they

transmit their disease to others.

1.4. The morphology of Mycobacterium tuberculosis

Mycobacterium tuberculosis is the most common causative agent of TB. The bacillus is a rod-
like obligate aerobe and is classified as Gram positive bacterium due to the lack of an outer
cell membrane [15], despite the fact that it does not retain crystal violet stain. M. tuberculosis
is a slow grower and divides every 15 to 20 hours, rendering culturing of the bacterium time

consuming

Two types of molecules covalently linked to the peptidoglycan are characteristic of
mycobacteria and play important roles in virulence. These are arabinogalactan and mycolic
acids, important for sustaining the impermeability of the envelope [1](the anti-mycobacterial
drug isoniazid works by preventing mycolic acid synthesis in susceptible strains). Outside the
lipid layer there seems to be a thick layer of proteins and carbohydrates that protects the lipid

layer.

The envelope is resistant to destruction by host enzymes and its impermeability denies host
factors access to susceptible structures covered by it [1]. The envelope is also likely to play an
important role in preventing insertion of proton-ATPase in the membranes of phagocytic

vacuoles, enabling the bacilli to survive within macrophages [1].
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1.5. Clinical tuberculosis

Infection with M. tuberculosis is most often asymptomatic in healthy persons. After infection,
the life-time risk of clinical TB is only 10 % [16], that is, 90% of those infected never
experience clinical disease. Yet, individuals harbouring latent M. tuberculosis strains are at
increased risk of developing clinical TB, which may develop after decades of latent infection,
and often occurs when the persons immune system is challenged due to disease and / or aging.
The diverse array of possible outcomes of infection is intriguing, and subject to intense
research.

Host factors such as BCG vaccination and HIV infection have been shown to be important
determinants for the response of a host to infection. Before the HIV epidemic, 85 % of cases
were restricted to the lungs. But in HIV-infected individuals, only 38% have pulmonary
infection only, 30 % have extra-pulmonary infections, and 32 % have both. Disseminated
disease is typical in immune-compromised hosts [1].

Bacterial factors such as virulence and infectivity are important but not well understood [1].
In recent years, use of microarray based approaches has begun to shed light on some of these

factors though [see e.g. [17]
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Latent infection is traditionally diagnosed by tuberculin skin test (Pirquet / Mantoux test). The
test was developed in 1907, and is used globally despite not being very accurate. Twenty-five
percent of symptomatic individuals have negative skin test and infection with nontuberculous
Mycobacteria and BCG vaccination can result in false positive results [1]. New tests have
been developed, such as QuantiFERON-TB, which detects the release of interferon-gamma in
blood samples when it is incubated with mixtures of synthetic peptides representing two
proteins present in M. tuberculosis: early secretory antigenic target--6 (ESAT-6) and culture
filtrate protein-10 (CFP-10) [18]. This test is believed to be more specific than the tuberculin
skin test, as these proteins are expressed by M. tuberculosis and pathogenic M. bovis strains,

but are absent from most nontuberculous species.

Chest radiography is often used to diagnose TB, as abnormalities almost always are present.
TB is transmitted via the respiratory route, and the presence of Mycobacteria in the sputum is
often detected by sputum smear microscopy. If no Mycobacteria are detected, the sputum

samples are cultured. And positive culture means that a person has active pulmonary TB.

There are also differences between major human populations when it comes to manifestation
of the disease. For example, skeletal TB is more common in blacks and whites, whereas

lymph node TB is more common in Asians and pacific islanders than in blacks and whites. [1]

1.6. How old is Mycobacterium tuberculosis?

Strains of M. tuberculosis exhibit extreme homogeneity. Comparisons between the fully
sequenced genomes of the strains H37Rv and CDC 1551, have shown the proportion of
synonymous single nucleotide polymorphisms (sSNPs) to be about 3.5 x10™ [19, 20], and
even this low value is more than three times higher than that described before whole genomes
could be compared [19]. Hughes et al. [20] calculated that the last common ancestor of these
two strains occurred about 35 000 years ago. Before this, a popular theory held that M.
tuberculosis was a descendant of M. bovis and had evolved to spread among humans

following the domestication of cattle about 10 000-15 000 years ago [21].
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1.7. The origin of Mycobacterium tuberculosis

The question of where M. tuberculosis originated remains open, but recent research has
provided some answers. Filliol and co-workers [22] used 159 genome-wide sSNPs to generate
a neighbor-joining (NJ) tree from a global collection of M. tuberculosis isolates. From this
they concluded that the radiation of human tuberculosis began in India, as isolates collected
here mainly belonged to the most ancestral groups close to the middle of the tree. A recent
study conducted on Indian strains, came to the same results [23]. The M. tuberculosis-specific
deletion region 1 (TbD1) has been used to characterize strains, with TbD1+ strains, thought to
constitute an ancestral lineage. TbD1+ strains all belong to the East African Indian (EAI)
family, and this study found 45% of the strains collected nation-wide to be TbD1+ and belong
to the EAI family. According to the SpolDB3 database, the EAI family constitutes about 5.5
% of the global M. tuberculosis population [24]. The predominance of these ancestral strains
in India supports the hypothesis that India was an early step in the later world-wide expansion

of M. tuberculosis [23].

An elegant study by Gutierrez et al. [25], however, set out to disclose where and when the
bacterial pool prior to the putative evolutionary bottleneck event leading to the present-day
strains of M. tuberculosis existed. M. canettii is an uncommon tubercle bacillus with smooth
colony phenotype, and is not a member of the so-called M. tuberculosis complex (MTBC).!
The authors used repetitive and long sequence polymorphisms to investigate a group of
smooth tubercle bacilli including M. canettii and identified eight clonal groups. Some of these
groups exhibited mosaicism of certain genes, with interspersed blocks of sequences identical
to M. tuberculosis. This finding suggests that horizontal gene transfer has taken place before
the expansion of the MTBC. Given that both M tuberculosis and M canettii infects humans,
the most parsimonious hypothesis is that the most recent common ancestor (MRCA) of the
two could already have caused TB in humans. Given previous studies of substitution rates, the
sSNP variation found in this study led to an estimated age of the MRCA of all tubercle bacilli
of 2.6-2.8 million years [25]. Nearly all strains of M. canettii found so far have been isolated
in East Africa and this species thus seems to be confined to this region of the world, which
again makes East Africa a prime candidate as the cradle of this bacterium, which the authors
coin M. prototuberculosis. It is thus possible that the tubercle bacilli may have hitch-hiked on

all hominid expansions out of Africa [25]. The hypothesis of an African origin of

' The MTBC comprises M. tuberculosis, M. bovis, M. microti, M. africanum, M. pinnipedii and M. caprae

10
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M. tuberculosis was further strengthened by a study that defined six major lineages based on
large sequence polymorphisms (LSPs) and then found all these to be present in Africa,
whereas four of them could be found in Asia [26].

The most likely scenario is probably that M. tuberculosis has been present both in Africa and
the Indian subcontinent for a very long time, possibly originating in Africa and spreading to
the rest of the world via India with India as an important focus of its subsequent worldwide

spread.

1.8. Population structure

Knowledge of the dynamics of bacterial populations is important for public health issues.
Escherichia coli, the most extensively studied bacterial species exhibits a clonal population
structure, but research has shown that exchange of DNA happens frequently in natural
bacterial populations [27].

M. tuberculosis has plenty of opportunities for DNA exchange; co-infection is not uncommon
and many mycobacteriophages exist. Yet, extensive linkage disequilibrium (LD) between
minisatellite loci supports a theory of clonal evolution. In an important study carried out in
Cape Town, South Africa, the extensive LD remained significant when the possibility of
Wahlund effect and epidemiological clonality were taken into account. Over-representation of
multilocus genotypes and absence of recombinant types, further supported the notion of a

clonal evolution [27].

1.9. Host-pathogen relationship

The observation, in Norway and some other countries, that immigrants from high-incidence to
low-incidence countries seldom infect the native population [9, 28] and that the bacille
Calmette-Guérin (BCG) seems to vary in efficacy in different parts of the world has led to
speculations about co-evolution between this pathogen and different human host populations.

A study in San Francisco, an ethnically highly diverse city, aimed to investigate whether there
exists defined human populations between which transmission of TB is limited, but within
which transmission is more common [29]. M. tuberculosis strains were interrogated with

microarrays to identify LSPs. LSPs are thought to behave as unique event polymorphisms

11
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because the absence or near absence of recombination between the bacilli means that genomic
deletions are irreversible. The identified LSPs were used to analyze a larger panel of isolates
from immigrants, and the authors found that hosts who are infected with M. tuberculosis
while in San Francisco, tend to contract a genotype associated with the world region in which
they had been born. This association was not clear on the finer geographic scale of country of
origin, though.

In a follow-up study in the same city, Gagneux et al. [26] investigated 875 strains isolated
from diverse regions around the world for the presence of defined LSPs, revealing six main
lineages. The authors then screened strains isolated in San Francisco for these main lineages.
They hypothesized that lineages rare in a specific human population were less able to spread
in this population, and found this to be true. The secondary case-rate of sympatric lineages
were significantly higher than that of allopatric lineages [26], for example, the East Asian
lineage caused fewer secondary cases of tuberculosis than the Euro-American lineage which
is a sympatric lineage in San Francisco.

These findings strongly suggest that co-evolution has taken place between specific human

populations and specific M. tuberculosis lineages.

1.10. Molecular Epidemiology

1.10.1. RFLP

A seminal paper by Daley et al. (1992) [30], describing the use of Restriction Fragment
Length Polymorphism (RFLP) based on the repetitive unit IS6110 to investigate transmission
of M. tuberculosis, opened up the field of molecular epidemiological studies of this bacterium.
(At the time of writing, the paper has been cited 644 times in peer-reviewed journals). The
development was spurred by a sudden increase of TB cases in New York in 1986 [31], after
years of steady decline. The authors reasoned that strains with identical RFLP patterns had
been recently transmitted, a notion that has been fundamental to molecular epidemiological
investigation of tubercle bacilli since (Traditional contact-tracing must be undertaken to
disclose the index case of an outbreak, though).

There are, alas, major drawbacks with the method; it is both time consuming, requiring weeks

of culturing the slow-growing bacterium to obtain sufficient amounts of DNA, and laborious.

12



INTRODUCTION

Thus, it came as no surprise when the PCR based method of spacer oligotyping
(spoligotyping) [32] grew popular at the end of the 1990s.

Figure 1.2. IS6110 RFLP patterns of 15 M. tuberculosis strains with DNA ladders

in the left and right lane

1.10.2. Spoligotyping

Spoligotyping takes advantage of polymorphisms nested within the Direct Repeat (DR)
region in the M. tuberculosis genome. The region is a member of the so-called Clustered
regularly interspaced short palindromic repeats (CRISPRs) class of repetitive DNA found in
many prokaryotic genomes [33]. In M. tuberculosis the CRISPRs are interspersed with
nonrepetitive sequences as direct repeats to form the DR region. This region contains several
36 base pair (bp) long conserved DRs, between which variable non-repetitive spacer
sequences, 34-41 bp long are interspersed. In many prokaryotic species, the spacers have been
found to resemble sequences of mobile genetic elements such as bacteriophages and
conjugative transposons [34] and the CRISPRs have been found to be associated with genes
of unknown function. Phylogenetic analysis of some of the CRISPR associated genes show
that Archaean and Eubacterial species are distributed more or less randomly on the
phylogenetic tree [35], indicating that the genes have spread independently among the
species. It has therefore been hypothesized that the CRISPRs and the associated genes have
moved by horizontal gene transfer [35].

In M. tuberculosis, strains vary regarding the number of DRs present and the presence or

absence of specific spacers, which can be used to differentiate them. Differentiation is

13
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achieved by PCR amplification of the variable regions. The PCR amplification is carried out
with primers complimentary to the DR sequences, resulting in amplification of all the variable
spacers between different pairs of DRs. One of the primers is biotinylated, and subsequent
hybridization to a membrane spotted with 43 synthetic spacer oligonucleotides reveals
different hybridization patters. Spoligotyping does not require large amounts of DNA, and the
method is easy to carry out in the lab. Figure X shows a picture of a spoligomembrane after
hybridization.

Unique to spoligotyping results are tools like the SpolDB4 database [36] and the web-based
computer algorithm Spotclust [37] that can be used to assign new isolates to families,
subfamilies and variants (SpolDB4 only). SpolDB4 is the largest and most up to date
available global database for spoligotypes. For previously not reported spoligopatterns, the
Spotclust database is a good additional tool in that it can assign these patterns to families by
using a computer algorithm based on SpolDB3 [37], an earlier version of the database. The
results from local studies can thus be analyzed and compared to the global M. tuberculosis
population. This may help us better understand the world-wide spread of common M

tuberculosis families and subfamilies.

14
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Figure 1.3. Photograph of a typical spoligomembrane. As an example, a typical
pattern of the Beijing strain is highlighted (photo V. Eldholm).

1.10.3. MIRU-VNTR

Despite the advantages of spoligotyping, IS6110 based RFLP remained the gold standard in
molecular M. tuberculosis epidemiology. This was mainly due to the higher discriminatory

power of RFLP compared to spoligotyping [38].

In recent years, approaches based on analyses of Variable Number Tandem Repeats (VNTRs)
/ minisatellites have gained momentum. These methods have until recently had a lower
discriminatory power than RFLP, but the power depends on the amount and choice of loci
used. In 1997, Supply et al. [39] discovered a class of VNTRs with certain distinguishing
properties, namely the absence of dyad symmetries common in repeat sequences and that they
contain small open reading frames overlapping those of contiguous reading frames and
oriented in the same direction. The authors coined the term ‘“Mycobacterial Interspersed
Repetitive Units” (MIRUs) for this class of repeats. Supply and co-workers later described 12
MIRU loci [40] which gained popularity in molecular epidemiological studies of M.

15
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tuberculosis when an automated high-throughput protocol was described [41] . Other authors
have identified other repeat arrays [42, 43] and named these Exact Tandem Repeats and Major
Polymorphic Tandem Repeats etc. Here, we refer to all VNTRs as MIRU, as this is becoming
standard nomenclature in the literature. There is still no consensus regarding which loci to use
for epidemiological studies, but the 12 MIRU loci [40] described by Supply et al. have been
extensively utilized. The discriminatory power of this combination of loci is rivaling, but not
quite as high as that of [S6110 RFLP [44]. By combining some of the originally described loci
with repeat arrays described by other authors, van Deutekom et al. showed MIRU typing to
yield a higher discriminatory power than IS6110 RFLP typing in one study [45]. An effort has
recently been made by Philip Supply, with the help of an international panel of researchers, to
establish a standard protocol for MIRU typing. This method utilizes 15 repeat array loci for
epidemiological studies (Supply P, personal communication and [46]), and might well become

the standard procedure for epidemiological studies of M. tuberculosis in the near future.

Important advantages of VNTRs include high discriminatory power, the speed of the
procedure and the ability to discover co-infection. With RFLP and spoligotyping, co-infection
manifests itself as more bands or dots on the membranes, but as one does not probe for
specific loci one at a time, the presence of two strains in the human host cannot be detected
with certainty. Another draw-back with RFLP typing is the low discriminatory power obtained
when few bands are detected. Isolates exhibiting less than five bands with IS6110 RFLP has
to be typed with a secondary method [10].
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Figure 1.4. Chromosome of Mycobacterium tuberculosis Hypothetical Strain X and Genotyping of M. bovis
Bacille Calmette—Guérin (BCQG), the M. tuberculosis Laboratory Strain H37Rv, and Strain X on the Basis of

IS6110 Insertion Sequences and Mycobacterial Interspersed Repetitive Units (MIRUs)

The top left-hand panel shows the chromosome of hypothetical strain X, as shown by the arrows. The top right-
hand panel shows the results of IS6110-based genotyping. Mycobacterial DNA is digested with the restriction
enzyme Pvull. The IS6110 probe hybridizes to IS6110 DNA to the right of the Pvull site in IS6110. The size of
each hybridizing fragment depends on the distance from this site to the next Pvull site in adjacent DNA
(fragments a through f), as reflected by gel electrophoresis of the DNA fragments of BCG, H37Rv, and X. The
horizontal lines to the right of the electrophoretic strip indicate the extent of the distribution of fragments in the
gel, including Pvull fragments that contain no IS6110. The three bottom panels show the results of MIRU-based
genotyping. MIRUs contain repeat units, and MIRU analysis involves the use of polymerase-chain-reaction
(PCR) amplification and gel electrophoresis to categorize the number and size of repeats in independent loci
each of which has a unique repeated sequence. shown. The specific sizes of the various MIRUs in each strain

result in a distinctive fingerprint for the strain (reprint with kind permission of New England Journal of

Medicine).
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1.10.4. AFLP

Amplified Fragment Length Polymorphism (AFLP) method is based on the selective PCR
amplification of restriction fragments from a total digest of genomic DNA [47]. The genome
is first digested with restriction enzymes. The adaptors fitting the sticky ends of the fragments
are added, and PCR is carried out using primers complementary to the adaptors. Then
selective amplification is carried out with primers carrying one or more additional
nucleotide(s), so that only a subset of the original amplification products is amplified (figure
X). This is carried out in such a way that between 100 and 200 fragments between ~70 and
~500 base pairs long are produced in the end. The products are analyzed on polyacrylamide
gels or by capillary electrophoresis, as these are sensitive enough to separate large numbers of
bands with one basepair resolution. Fragments smaller than 70 and larger than 500 base pairs

fall outside the easily analyzed size range.
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Figure 1.5. The principle of AFLP analysis. From Mueller and Wolfenbarger [48]

When the genome sequence of an organism is known, the restriction digest can be carried out
with different enzymes in silico followed by a virtual electrophoresis. The enzymes to be used
and the number of selective nucleotides can thus be determined before any lab procedures are
carried out. The main advantage of ALFP compared to e.g. RFLP is that a lot more bands are
generated, increasing the discriminatory power of the method. Another advantage is that the
method investigates genome-wide differences. As a comparison, spoligotyping only covers a
small region of the genome.

The major drawbacks are that the method is dominant, that is, one cannot separate alleles
from the two parents (only relevant for polyploid organisms), and that the method is
technically challenging (which is illustrated by low reproducibility e.g. in studies of M.

tuberculosis).
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1.11. Major TB lineages

After spoligotyping studies became popular, several families of M. tuberculosis with
characteristic spoligopatterns were found to be widespread globally. The Beijing family was
first identified in large numbers in China and neighbouring countries, and was named the
Beijing family [49]. The researchers hypothesized that this might be an aggressively
expanding clone radiating from the Beijing area. Simultaneously a large outbreak of the
multidrug resistant W-strain occurred in New York City [50]. It was later found that the W and
the Beijing strains were identical [51]. Beijing is now the most commonly used name for this
family of strains, although the name W-Beijing is often used by American authors.

The sudden realization that the family was widespread and possibly more dangerous than
other families, led researchers to believe they were dealing with an emerging epidemic. This
notion now seems exaggerated, as the discovery that this family is extremely widespread
seems to be a result of the ease with which it can be detected with spoligotyping, and thus
partly a result of the growing popularity of spoligotyping. There are now many examples of
outbreaks caused by drug resistant and multidrug resistant strains of the Beijing family are
associated with, but many outbreaks of Beijing family strains are pan susceptible [51]. A SNP
based study found the Beijing family to be relatively diverse [22], also indication that this
family is less different from other families of M. tuberculosis than initially thought.

All members of the Beijing lineage carry a characteristic spoligopattern (figure). The
homogeneity of the spoligopatterns is apparently due to the large (non-reversible) deletion in
the DR locus and the consistently stable spacers 35-43. RFLP typing, however, shows that this
is a more heterogeneous group of strains than spoligotyping is able to detect [52]. An
extended version of spoligotyping, which probes for additional variable regions in the DR
region, 103 compared to the standard 43 used, still found the Beijing lineage to be relatively
homogenous, splitting two clusters into three.

The family has also been found to be widespread in Russia and the strains here typically
exhibit high IS6110 RFLP diversity [51].

The recent definitions of the Central Asian (CAS), Latin-American Mediterranean (LAM),
East Indian African (EAI), T and Haarlem lineages from the SpolDB3 and SpolDB4 databases
[36, 37] have demonstrated that these families are widespread globally as well. Tuberculosis
bacilli exhibit strong phylogeographic clustering, reflecting co-evolution with human
populations and a relatively stable host relationship [26, 29], and the major lineages have been

found to dominate different areas of the world, yet with considerable overlap.
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The CAS lineage has been found to be dominant in the Middle-East and Central Asia (~20%)
[36]. Few spoligotyping studies have been carried out in east Africa, but the current study
demonstrates that the CAS lineage is highly widespread in Dar es Salaam, Tanzania, causing
37% of the TB cases (I). CAS strains have also been found to be the causative agents of an

unusually large outbreak of TB in Norway [53].

The stronghold of the EAI lineage is the Middle-East and Central Asia (~25%) and Far-East
Asia (~35%). In the Far-East Asia, the Beijing family is even more dominating though,
causing ~45 % of all TB cases [36].

The LAM lineage is a major lineage in South and Central America and Africa as well,
whereas the T and Haarlem lineages are more evenly spread globally. The distribution of the

Haarlem lineage has been linked to post-Columbian European colonization [36].

1.12. The Neighbor-Joining method

To construct a phylogenetic tree using distance methods such as the NJ method, the DNA
fingerprinting results must be converted into a distance matrix using a distance algorithm. In
this study, the Jaccard distance [54] was used. The algorithm for calculation of Jaccard

distance is as follows:

r_ My + Mg
ﬂfljl ‘I‘ ﬂl'frlﬂ ‘I‘ ﬂ'_'trl]_.’

where My, and M, are number of bands / loci differing between individuals, whereas My, is
the number of shared bands / loci. Note that bands / loci absent in both individuals under
scrutiny are excluded. This rests on the assumption that the lack of bands is generally less

reliable than bands present, and should thus be given less weight.

The NJ method is a tree-building algorithm that is based on the principle of minimum

evoultion [55]
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To construct a NJ tree, the NJ algorithm assumes that there is no clustering (figure X), and the
total branch length is computed. The next step is to cluster two taxa at random and calculate
the new total branch length. The cluster (two ‘neighbours’) that gives the lowest total branch
length is kept. This cluster is now regarded as one taxa and further clustering is calculated.
When the total branch length no longer decreases, the tree topology has been found [56]. The
NJ method has proven to be reliable in most cases [55].

The NJ algorithms are quite complicated and will not be handled in detail here.

8 8
I / 7

2\\/6 | —6
N, :

3 5 4
4 3

(a) (b)
Figure 1.6. Illustration of the NJ process. No hierarchical structure is present (a) before the clustering process

begins (b).

1.13. The current studies

The current study is divided into two main themes; the molecular epidemiology in Dar es
Salaam (Tanzania), and in Norway. The molecular epidemiology of TB in Dar es Salaam

receives by far the most attention.

Previous studies have described the molecular epidemiology of Tanzanian M. tuberculosis
collections from the first half of the 1990s [57-59]. In order to improve our understanding of
the TB epidemic in this high-incidence country, the current study included M. tuberculosis
strains collected in Dar es Salaam during October and November 2005. Tanzania has 37
million inhabitants. Measures are undertaken to establish molecular genotyping methods such

as spoligotyping [32], but currently no laboratory in Tanzania offers this service.
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The first study describes the diversity of M. tuberculosis isolates from Dar es Salaam,
Tanzania, based on spoligotyping, and identifies the families and subfamilies responsible for
the current persistence and spread of TB in this high-incidence community. MIRU-VNTR
typing was initiated on isolates clustered by the spoligotyping in order to split or confirm the
clustering and thus reveal recent transmission events. The combination of loci described by
van Deutekom et al. [45] were used for this analysis, because of the high discriminatory
power of this combination.

Before it was decided apply for MIRU analysis of the clustered Tanzanian strains, the
Amplified Fragment Length Polymorphism (AFLP) method [47] was considered. Some initial
work was carried out before it was decided discontinue. Researchers have had problems with
the reproducibility of this method when applied on mycobacteria [44], and it does not seem to
gain popularity. It would therefore probably be difficult to compare the obtained results with
other current and future studies. As MIRU typing has become the preferred typing method, it
was decided to go with this method.

The second part of the thesis assesses the presence of TB caused by the Beijing lineage in

Norway.

The first part of the study, concerning Dar es Salaam, resulted in a published paper covering
parts of the work carried out. This paper is included in this thesis, and will be referred to in
the Roman numeral (I). To avoid repetition, the ‘Materials and methods’ and the ‘Results’ of

this part of the thesis will only be briefly mentioned.
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2. MATERIALS AND METHODS

This section adds another level of detail to the materials and methods described in the paper

() and covers the materials and methods that were not part of it.

2.1. Bacterial Isolates and DNA Isolation

Isolates of M. tuberculosis were collected from sputum smear positive TB cases in
consecutive patients in Dar es Salaam during October and November 2005. Heat-killed
samples were shipped to the Norwegian Institute of Public Health, and the DNA was
extracted from the suspensions with chloroform-isoamyl alcohol as described previously [60].
DNA was successfully extracted from 147 isolates (I). These 147 M. tuberculosis isolates

were spoligotyped according to Kamerbeek et al. [32].

2.2. Spoligotyping

PCR was carried out in 50 pl reaction volumes including 2 ul DNA (concentration not
measured), 5 ul of 10x PCR buffer, 4 ul of each of the primers (DRa and DRb), 4 ul dNTP,
0.25 pl amplitaq polymerase and 30.75 pl off distilled autoclaved H,O.

The PCR cycling parameters were as follows: an initial denaturing step at 96°C for three
minutes, followed by 30 cycles of the following steps: Denaturing: 96°C, 1 minute,
Annealing: 55°C, 1 minute, Extension: 72°C, 30 seconds. The cycling was terminated with 5

additional minutes extension at 72°C.

The spoligomembrane (Isogen Lifescience) contains 43 immobilized variable spacer
oligonucleotides arranged in parallel. The PCR products are loaded in a 90 degree angle, so
that the products hybridize to all the probes. This is achieved by placing the membrane in a
‘miniblotter’ and loading the PCR products via hybridization channels. The membrane has

room 45 samples.
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The PCR products are left to hybridize with the oligonucleotides on the membrane for 60
minutes at 60°C. Subsequently, the membrane is washed for one minute in ECL detection
fluid (Amersham bioscience), wrapped in saran wrap and put in a developer box together with
a photographic hyperfilm (Amersham bioscience). After 30 minutes, the films are developed,

revealing the hybridization patters of the strains in question.

2.3 MIRU-VNTR typing

All the primers (n = 24) were blasted (short near-exact matches NCBI). As two strains (H37
Rv and CDC 1551) of M. tuberculosis are fully sequenced in addition to the genetically highly
similar M. bovis strain BCG P3, perfect matches were returned for these three strains. The
sequences flanked by the 12 respective primer pairs were aligned with Clustal X [61]. The
repeat motifs were thus identified, and expected fragment sizes could be deduced (table 2.1).
The lengths of sequence in which the repeat arrays are embedded vary between the different
amplification products. As an example, the amplification product of VNTR 4156 contains 504
bp length of sequence including the primers in addition to the repeat arrays, which were found
to contain four, three and two repeats respectively for the strains CDC 1551, H37 Rv and

BCG P3.

The primers described [45] for amplification of locus 4156 had a very low melting
temperature (Tm =57.3°C and 53.3°C). It was decided to design new primers with a melting
temperature in the same range as the other 22 primers. As the sequence embedding the repeat
motifs was quite long, the sequence of the expected amplification product was used to design
new primers with the web-based program ‘Primer3’ [62] The primers for locus 10-12 were
then analyzed with ‘Autodimer’ [63] to check for dimerization, as these primers are used
together in multiplex reactions. The primer combination with new primers for VNTR 4156
was found to be no more prone to dimerization than the original set. The complete set of

primers are shown in table 2.2.
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Table 2.1. MIRU fragment sizes.

Locus VNTR length Flanking sequence (bp) Expected number of repeats

H37Rv CDC BCG
VNTR 0580 77 121 3 2.5 2
VNTR 2996 51 285 3 5 5
VNTR 0802 54 354 1 5 2
VNTR 0960 53 484 3 5 2
VNTR 1644 53 566 2 3 2
VNTR 3192 53 493 3 3 3
VNTR 0424 51 539 2 4 2
VNTR 0577 58 184 4 3 5
VNTR 1982 78 230 6 8 4
VNTR 2401 58 251 3 4 4
VNTR 3690 58 270 2 3 2
VNTR 4156 59 273 3 4 2

All primers were tested as single PCR reactions and as multiplex reactions on a large panel of
strains and the products analyzed on agarose gels (1.6% agarose, 3 hour runs at 100 V).
Different annealing temperatures, number of PCR cycles and MgCl, concentrations were
tested for all combinations. Based on these results, multiplex reactions A - C and D were run

with different PCR programs (table 2.3).

Table 2.2. Overview of primers and multiplex reactions.

Locus MgCl, (mM) Primer sequence and label Tm°C

Mix A VNTR 0580 3.0 GCGCGAGAGCCCGAACTGC FAM 65.3
GCGCAGCAGAAACGTCAGC 61.0

VNTR 2996 3.0 TAGGTCTACCGTCGAAATCTGTGAC 63.0
CATAGGCGACCAGGCGAATAG HEX 61.8

VNTR 0802 3.0 GGGTTGCTGGATGACAACGTGT NED 62.1
GGGTGATCTCGGCGAAATCAGATA 62.7

Mix B VNTR 0960 3.0 GTTCTTGACCAACTGCAGTCGTCC 64.4
GCCACCTTGGTGATCAGCTACCT FAM 64.2

VNTR 1644 3.0 TCGGTGATCGGGTCCAGTCCAAGTA 66.3
CCCGTCGTGCAGCCCTGGTAC HEX 67.6

VNTR 3192 3.0 ACTGATTGGCTTCATACGGCTTTA 59.3
GTGCCGACGTGGTCTTGAT NED 58.8

Mix C VNTR 0424 3.0 CTTGGCCGGCATCAAGCGCATTATT 64.6
GGCAGCAGAGCCCGGGATTCTTC FAM 67.8

VNTR 0577 3.0 CGAGAGTGGCAGTGGCGGTTATCT HEX 66.1
AATGACTTGAACGCGCAAATTGTGA 59.7

VNTR 1982 3.0 CCGGAATCTGCAATGGCGGCAAATTAAAAG 66.8
TGATCTGACTCTGCCGCCGCTGCAAATA NED 68.1

Mix D VNTR 2401 2.0 CTTGAAGCCCCGGTCTCATCTGT FAM 64.2
ACTTGAACCCCCACGCCCATTAGTA 84.6

VNTR 3690 2.0 CGGTGGAGGCGATGAACGTCTTC HEX 66.0
TAGAGCGGCACGGGGGAAAGCTTAG 67.9

VNTR 4156 2.0 CCAGGTGTGGCTCACAAGAC 61.7
ATCCGTGTGGTGGTCGACTT NED 62.7
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The polymerase used was TEMPase Hot Start DNA Polymerase (Bergman). This is a
chemically modified heat activated enzyme. The enzyme is inactive at room temperature,
which prevents extension of misprimed primers during setup. This increases sensitivity and
improves the results of multiplex PCR. For activation of the enzyme, an initial activation step

of 95°C for 15 minutes was added to the PCR cycling conditions (table 2.3).

Table 2.3. PCR conditions.

Multiplex A - C Multiplex D

Touchdown PCR Ordinary PCR
Step Time ‘C Cycles Time ‘C Cycles
Initial polymerase activation step 15 min 95°C 15 min 95°C
Denaturing 60 sec 94°C 2 60 sec 94°C 35
Annealing 60 sec 59°C 60 sec 59°C
Extension 90 sec 72°C 90 sec 72°C
Denaturing 60 sec 94°C 2
Annealing 60 sec 58°C
Extension 90 sec 72°C
Denaturing 60 sec 94°C 2
Annealing 60 sec 56°C
Extension 90 sec 72°C
Denaturing 60 sec 94°C 22
Annealing 60 sec 55°C
Extension 90 sec 72°C
Final extension 15 min 72°C 7 min 72°C

The PCR reactions worked sub-optimally for most of the loci, despite extensive testing of
PCR parameters. The PCR products were run on agarose gels in this step of the study, for
inspection of PCR products and fine-tuning of PCR parameters. The most important
experimental parameters tested were the following:

-MgCl, concentrations between 1.5 and 4.5 mM

-Annealing temperatures between 55 and 59 °C and touchdown PCR

(Stepwise decrease in annealing temperature)
-Hot-start polymerase enzymes:

AmplitagGold (Applied Biosystems) and Tempase Hot-start (Bergman)

For detailed experimental procedures, see appendix.

The final PCR reactions were run in 96 well plates, one plate covering all the strains

investigated including positive and negative controls. The 4 multiplex combinations were run
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on separate plates. The PCR products were examined by capillary electrophoresis on a 3730
DNA Analyzer (Applied Biosystems). Each well on the 96 well plates contained 0.5 pl PCR
product, 0.5 pl ROX size standard (Applied Biosystems) and 9 pl Hi-Di Formamide

(solvent).

2.4 The Hunter-Gaston discriminatory index

The Hunter-Gaston discriminatory index (HGDI) [64] is a measure of the discriminatory
power of a typing method. It can also be used to quantify the discriminatory power of

individual loci used for typing. The HGDI is calculated as follows:
1 S
D=1- —— n;(n;—1)

Where D is the discriminatory power, N is the total number of strains in the sample, S is the

number of types described and #; is the number of strains belonging to the jth type.
The HGDI was calculated for our spoligotyping results, the MIRU typing results, for the
individual MIRU loci and for the spoligtyping and MIRU typing results combined.

2.5 Phylogenetic analyses

2.5.1 Tree building

The NJ tree was constructed as described in (I)

2.5.2. ‘Structure’

The program Structure [65, 66] implements a Bayesian approach to identify population
structure. It was decided to use a “no-admixture” model, as M. tuberculosis is a bacterium

with no known horizontal gene transfer. That is, the model assumes that each bacterium has
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its ancestry from one population, with no admixture having taken place. The model also
assumes that the markers are not in linkage disequilibrium (LD) within populations. That
means that the markers should not be too close together, but the program can handle some
linkage. The variable sequences and direct repeats in the DR region of M. tuberculosis are
quite closely linked, but it is difficult to say whether the linkage is too tight or not. ‘Structure’
uses the input information to estimate how many populations the data set is most likely made
up of. With the no-admixture model, the prior probability of K populations is 1/K [65]. The
posterior probabilities are then estimated with a Markov Chain Monte Carlo algorithm with a
burn-in of 100 000 repeats and 400 000 Markov Chain Monte Carlo repeats. 65% assigned

membership to a group was used as a threshold value in figure X.

2.6. Analysis of Beijing lineage incidence in Norway

We wanted to find out whether the Beijing lineage was present in Norway in recent years.
One commonality in the RFLP patterns of Beijing strains is a relatively large number of bands
(15-26) [51]. It was decided to analyze all strains with more than 10 bands from IS6110 RFLP
typing in the last decade with spoligotyping. Time only allowed strains from 2003-2005 to be
analyzed. It has also been proposed that Beijing isolates can be identified with RFLP by
comparison to 16 reference strains and using a threshold of similarity to decide whether a
strain is a member of the Beijing lineage or not, but it is uncertain how accurate this method
is. It was thus decided to carry out spoligotyping on strains selected on the above criterion

which is quite certain not to leave out any Beijing strains.
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2.7. AFLP preparatory work

The TB genome was uploaded to the web-based software NEBcutter V2.0. Then a virtual
restriction cutting was performed to see how often the various restriction enzymes cut. A
combination of the EcoRI and Mse restriction enzymes resulted in about 650 fragments
between 70 and 500 base pairs. The GC content of the M. tuberculosis genome is 64 %,
leaving 36% A and T nucleotides. Thus the addition of an A or T nucleotide for selective
amplification would produce about 650 x 0.18 = 117 fragments which is a suitable number. At

this stage it was decided not go any further, and no lab work was carried out.
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3. RESULTS

3.1. TB in Dar es Salaam

The main findings of the study are that three main families, namely the East African, Central
Asian and East African Indian lineages, are responsible for the ongoing TB epidemic in Dar

es Salaam and that import of new strains appears to be a minor problem (I)

The spoligotypes were used to construct an NJ-tree, which is shown as figure 1 in (I). Figure
3.1 shows a bar plot of the assignment to populations by Structure, which is not included in
the paper. This assignment is also shown in figure 1 (I), but only for isolates with >65%

assigned membership to a group, that is 135 of 147 isolates.
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Figure 3.1. The 147 isolates assigned to one or more groups. The isolates are spread along the x axis, whereas

45

the scale on the y axis shows the relative assignment of isolates to one or more group. Most isolates clearly fall

into one group.

The Hunter-Gaston discriminatory index for the spoligotyping was 0.9557, which is quite
good. This high number reflects the high number of unique spoligotypes in the Dar es Salaam
study, but there are still some large clusters that would be interesting to type with alternative

methods.
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Transferring the MIRU typing results from the ABI3730 sequencer to the Genemapper
program (Applied biosystems) was not successful. According to Applied Biosystems this
could be due to the ROX size standard, which is “tricky”. The results could thus not be
analyzed. But visual inspection of the raw data revealed that loci 4-6 yielded quite good
results, that is three clear bands, for more than half of the isolates investigated, whereas the

rest of the multiplex reactions yielded few or no bands.

3.2. The Beijing family in Norway

In the study of the presence of Beijing strains in Norway, no apparent increase was found

during the last three years. The estimated number of isolates was 8, 18 and 10 in the years

2003, 2004 and 2005 respectively (table 3.1).

Table 3.1. Incidence of Beijing strains in Norway 2003-2006

2003 2004 2005
Total TB incidence 339 302 290
Isolates fulfilling selection criteria 115 90 81
Isolates spoligotyped 43 40 67
Identified as Beijing 3 8 8
Estimated Beijing incidence* 8 18 10
Estimated Beijing (%) 24 6.0 34

* estimated as (No. of Beijing isolates identified x No. of isolates spoligotyped) / No. of isolates fulfilling selection criteria

The isolates had previously been typed with IS6110 RFLP. By visual inspection of the
Bionumerics (Applied Maths) database hosted at NIPH, it was found that none of the Beijing

isolates were part of clusters (outbreaks).
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4. DISCUSSION

4.1. The Dar es Salaam study

This isolates examined in this study were collected during October and November 2005. A
study period of only two months contracts some problems when molecular epidemiological
studies are carried out. The rate of recent transmission is generally calculated using the “n-1”
formula [67], that is (the number of isolates in clusters — number of clusters) / number of
isolates in the study. This formula assumes that a cluster consist of one individual with
reactivated disease (index case) and n-1 individuals with recently acquired disease who are
part of a transmission chain with the index case as its original source. So when the number of
clusters is subtracted from the number of isolates in clusters, all the index cases are removed,
as these are not victims of recent transmission.

Due to the chronic nature of TB pathogenesis, the isolates analyzed must have been collected
over a long period of time, typically years, if one is to be relatively certain that the index case
is included in each cluster. With this in mind, it is obvious that the rate of transmission cannot
be calculated in this study, which was carried out using isolates collected over two months.
The degree of diversity was calculated though, which gives an idea of the transmission rates.
A low diversity is indicative of high rates of transmission, but the actual rate remains

uncertain.

Many DNA polymerases catalyze the addition of a single adenosine (A) nucleotide to the 3’
ends of the double stranded DNA product fragment. This results in products that are one base
pair longer than the original template. The 3’ A nucleotide addition is a more ore less random
process that does not go to completion without a long extension step at the end of the PCR
cycling. It is easier to add a long (30-45 minutes) extension step so that nearly all fragments
are in the “plus-A” form than preventing any 3’ A nucleotide addition from taking place.
Having all fragments in one of the two forms is an advantage when the results are analyzed on
a sequencer, because split peaks are avoided. In this minisatellite study, the repeats are long
(>50), meaning that the problem would be negligible compared to a microsatellite study with
repeats down to 2 and 3 base pairs in size. Thus, it was decided not to add a long final
extension step beyond the seven minutes final extension step described in many general PCR

protocols.
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Structure is a model-based clustering program that works best with unlinked markers. The
recent version used (Structure, version 2) allows the markers to be linked, but the authors
state that software works best with unlinked markers [65]. The variable regions in the DR
region are closely linked, but we still wanted to see how the program interpreted our data. As
stated (I), the results from the analysis using Structure were found to fit the NJ tree quite well.

This was interpreted as giving strength to the phylogenetic tree.

The MIRU typing was not considered within the scope of this thesis at the outset, and the time
timeframe did not allow the method to be established in finality. The reason for this lack of
success is difficult to identify within the timeframe of this thesis. A successful PCR reaction
depends on a multitude of factors such as the concentration of MgCl,, KCI, DNA, dNTP,
primers, the quality and quantity of the DNA template, self-priming of primers, times and
temperatures of the PCR cycles etc. A lot of these factors were investigated, including MgCl,
concentrations (final concentrations of 1.5 — 4.5 mM), dNTP concentrations (100-250 uM
each nucleotide) and annealing times and temperatures. The different parameters were tried
with different templates and with primers in single and multiplex reactions. This, however,
did not result in stably successful amplification of the MIRU loci to be investigated.

MIRU typing still holds potential for becoming the major typing method for epidemiological
studies of mycobacteria, a process that is already well under way. Philip Supply, the
researcher who first discovered MIRU loci in M. tuberculosis [39] has recently put together a
combination of 15 loci with a corresponding technical guide, in an effort to establish an
international standard procedure for MIRU typing (Supply P, personal communication). This
protocol might very well become the standard method of future TB molecular
epidemiological studies.

The protocol also describes the use of 24 loci for phylogenetic studies of mycobacteria. This
approach may be more problematic, due to the mutation process of minisatellites.
Microsatellite loci in eukaryotes evolve according to the so-called ‘step-wise mutation’ model
[68], the physical background for this is thought to be slipped-strand mispairing during DNA
replication [69]. That is, the loci can loose or gain repeats due to replication errors. This
mutation process allows the same microsatellite loci to arise via different routes. One result of
this is that convergence of genotypes will be an inherent problem for phylogenetic studies of
distantly related organisms. In one study, Dettman et al. [70] set out to find out at which level

mutational saturation of microsatellite loci occurred within and between different species of
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the haploid eukaryote Neurospora. This was done by sequencing the microsatellite repeat
arrays and their flanking regions at multiple loci. As sequence variance in the flanking regions
can be assumed to mutate significantly slower than the repeat arrays, incongruence between
the genetic distance obtained by analyzing the repeat arrays and the flanking regions were
used to investigate at which point of sequence divergence between the flanking regions of
specific loci started to diverge from the distance obtained by analyzing the repeats. At this
point, ‘mutational saturation’ was said to have occurred, and the mincrosatellites could not be
used with confidence for phylogenetic calculations. The authors found mutational saturation
to be a problem for analyses between species, but that the microsatellites could be trusted for
phylogenetic studies within Neurospora species.

Minisatellites have longer repeats than microsatellite loci, but are also thought to mutate by
the ‘step-wise mutation’ model. Exactly how MIRU loci in M. tuberculosis evolve is
unknown, but it has been observed that the general trend is that ancestral strains have a higher
number of repeats than modern strains, or in other words, there is a tendency of loss of repeats
over time [71]. A phylogenetic tree of 219 world wide isolates constructed by 12 MIRU loci
[41] did not match the corresponding, and more reliable tree constructed by using 212 SNP
markers well [22]. Phylogenetic studies using only MIRU markers should therefore be
interpreted with caution.

For phylogenetic studies, molecular markers thought to be ‘unique event polymorphisms’,
such as SNPs and LSPs, are probably more robust and informative [22, 26]. As high-
throughput SNP analyses become cheaper and more accessible, we will probably see more
SNP based studies of M. tuberculosis. Compared to LSP and SNP typing with a large panel of
genome wide markers, spoligotyping falls short. Spoligotyping might be more robust than
MIRU typing for phylogenetic studies, but the resolution for epidemiological studies is

substantially lower.

Spoligotyping has major advantages, though. The method is simple and the need for costly
instruments is low. In addition to standard microbiology lab and safety equipment, all that is
needed is a PCR cycler, a ‘miniblotter’ and photographic equipment to take pictures of the
spoligomembrane (included in the spoligotyping kit) is needed. The method is thus
appropriate for low-income countries, for outbreak investigation and general insight into
ongoing epidemics. The relatively low resolution of the method, calls for secondary
genotyping and / or contact tracing to identify true epidemiological links, which may

otherwise be overestimated. In high income countries, spoligotyping and MIRU appear to
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represent a feasible combination, whereas many low-income countries will probably find
spoligotyping in combination with contact tracing to be a useful tool in determining true

transmission events.

4.2. TB in Norway

The TB incidence in Norway has been increasing slowly but steadily in recent years. This
study only assessed the Beijing incidence in the years 2003-2005. The numbers were too
small to reveal any trends, but the study confirmed that the family is present. The fact that
none of these strains were associated with outbreaks is interesting. The Beijing family is not
an old one in Norway, and in all cases, the patients are immigrants. The fact that the family is
not causing outbreaks indicates that this family is not an immediate threat to the Norwegian
public health. On the contrary, recent findings (UR Dahle, unpublished results) show the
increase of TB cases to be tightly and directly coupled to increased import of strains, whereas

few of these strains are able to cause outbreaks in Norway.

4.3. The burden of TB

The burden TB lays on people in low-income countries, especially the former Soviet Union
and sub-Saharan Africa is enormous. The death toll is high, with approximately 1.8 million
people succumbing to the disease each year [1]. In addition to this, countless numbers are
debilitated, chronically or transiently by the disease, placing a heavy load on individuals,
families, health care systems and the total work force in the countries most seriously affected
by the disease. The TB and AIDS epidemics in sub-Saharan Africa are closely linked, and
must be controlled in order to increase the quality of life and life expectancies in this area. In
low-income countries where TB is epidemic, molecular epidemiological studies are generally
a luxury that can not be afforded, whereas many countries have reasonably good services
available for TB patients who can afford to get to a clinic. Molecular epidemiological studies
are very helpful, though, for identifying hot-spots of TB transmission, and can facilitate
efficient intervention. In a state-wide study conducted in Maryland, USA, the authors found
that less than two thirds of recent patient’s source of infection could be located by contact

tracing alone compared to contact tracing with the help of genotyping (RFLP and
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spoligotyping) [72]. The study found genotyping to be especially helpful in identification of
transmission events in non-traditional setting (excluding transmission between household
members, family and close friends). This is an important finding, as a large portion of major
outbreaks investigated in the study began in non-traditional settings. It thus looks like
molecular epidemiological studies and contact tracing combined with efficient treatment of
patients should be sought in order to get these epidemics under control. Spoligotyping is a

good candidate method for this kind of studies in Tanzania and other high-incidence countries.

This study identified high rates of clustering of TB cases in, Dar es Salaam. As mentioned
above, spoligotyping alone is not sufficient to, identify recent transmission from one case to
another, but this clearly indicates that a great portion of TB cases are caused by recent
transmission. Combined with contact tracing, and conducted over a longer time period, this
kind of study would be valuable for identification of transmission hot-spots and

epidemiological links in this city.

4.4. Conclusions

We found that the CAS, LAM and EAI are the main families causing tuberculosis in Dar es
Salaam, Tanzania, and that import of strains from abroad seems to be a minor problem (I).
Internationally there have been worries that the Beijing family of M. tuberculosis might be
involved in a global emerging epidemic. Our results from Norway did not support a notion of
an increase in TB cases caused by this family of strains.

For rapid assessment of the epidemiology at a certain location, spoligotyping is an efficient
method. The existence of large international databases for comparison is also a good
advantage. For implementation of molecular epidemiological methods in low-income
countries, spoligotyping is a strong candidate. The discriminatory power is the main
drawback, and studies must be coupled with contact tracing for certain inferences to be made
regarding TB transmission, when the method is used alone.

Despite the limited success in establishing capillary electrophoresis based 12 loci MIRU
typing in this study, it would be wise to implement this method in countries where human and
financial capital is available. The major advantages are the rapidity of the genotyping and the
discriminatory power obtained. The newly proposed standardized MIRU methodology will

probably make this method even more popular.
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5.1. Additional work

This thesis focuses on molecular epidemiology which builds on comparative aspects of
genetics. Functional genetics and genomics are increasingly important fields of study. In order
to learn more about studies of functional genomics, a one-week intensive introductory course
in microarray technology in Tromsg was attended by the current author. The course was held

in collaboration with the Norwegian Microarray consortium.

The findings from the Tanzania study were presented as a poster at the 37" Union World

Conference on Lung Health, Paris (see appendix).
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Abstract

Background: Tanzania has a high tuberculosis incidence, and genotyping studies of Mycobacterium
tuberculosis in the country are necessary in order to improve our understanding of the epidemic.
Spoligotyping is a potentially powerful genotyping method due to fast generation of genotyping
results, high reproducibility and low operation costs. The recently constructed SpolDB4 database
and the model-based program 'Spotclust' can be used to assign isolates to families, subfamilies and
variants. The results of a study can thus be analyzed in a global context.

Results: One hundred forty-seven pulmonary isolates from consecutive tuberculosis patients in
Dar es Salaam were spoligotyped. SpolDB4 and 'Spotclust’ were used to assign isolates to families,
subfamilies and variants. The CAS (37%), LAM (22%) and EAl (17%) families were the most
abundant. Despite the dominance of these three families, diversity was high due to variation within
M. tuberculosis families. Of the obtained spoligopatterns, 64% were previously unrecorded.

Conclusion: Spoligotyping is useful to gain an overall understanding of the local TB epidemic. This
study demonstrates that the extensive TB epidemic in Dar es Salaam, Tanzania is caused by a few
successful M. tuberculosis families, dominated by the CAS family. Import of strains was a minor
problem.

Background

In Tanzania, the tuberculosis (TB) incidence doubled
between 1990 and 2004 [1]. The rate of all forms of the
disease is estimated at 524/100,000 and the rate of new
sputum smear positive disease is approximately 157/
100,000 | 1] with Dar es Salaam contributing about 26%
of all TB cases [2]|. The World Health Organization esti-
mates that Tanzania has the 14'h highest TB burden in the
world [1]. Points of concern include the proportion of

patients lost to follow-up, currently at 9%, an average
diagnostic delay of 6 months, decreasing case detection
rate (from 55% in 1997 to 45% in 2004) and the contin-
uing high prevalence of HIV [3]. The high case rate in
many African countries has contributed to a rise of the
global TB incidence, despite stable or declining rates in
the rest of the world [1]. Tanzania with its 37 million
inhabitants, has 701 district laboratories diagnosing TB,
three laboratories culturing M. tuberculosis and one
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National reference laboratory that perform drug suscepti-
bility testing of M. tuberculosis isolates. Measures are
undertaken to establish molecular genotyping methods
such as spoligotyping 4], but currently no laboratory in
Tanzania offers this service. Previous studies have
described the molecular epidemiology of Tanzanian M.
tuberculosis collections from the first half of the 1990s |5-
7|. Spoligotyping is a PCR-based fingerprinting method
that detects the presence or absence of 43 defined spacers
situated between short direct repeat (DR) sequences in the
genomes of members of the M. tuberculosis complex.
Important advantages of spoligotyping are that it is cheap,
easy to perform and fast. In addition, it has been demon-
strated that the results are highly reproducible [8]. Unique
to spoligotyping results are tools like the SpolDB4 data-
base |9] and the web-based computer algorithm 'Spot-
clust' |10] that can be used to assign new isolates to
families, subfamilies and variants (SpolDB4 only).
SpolDB4 is the largest and most up to date available glo-
bal database for spoligotypes. For previously not reported
spoligopatterns, the 'Spotclust' database is a good addi-
tional tool in that it can assign these patterns to families
by using a computer algorithm based on studies of
SpolDB3 [10]. The results from local studies can thus be
analyzed and compared to the global M. tuberculosis pop-
ulation. This may help us better understand the world-
wide spread of common M tuberculosis families and sub-
families. In order to improve our understanding of the TB
epidemic in this high-incidence country, the current
ongoing study included M. tuberculosis strains collected in
Dar es Salaam during October and November 2005. We
describe the diversity of M. tuberculosis isolates from Dar
es Salaam, Tanzania, based on spoligotyping, and identify
the families and subfamilies responsible for the current
persistence and spread of TB in this high-incidence com-
munity.

Results

Genetic diversity and family assignment

The 147 analyzed isolates gave 76 different spoligopat-
terns resulting in an overall diversity of 52%: 57 spoli-
gopatterns occurred only once and 19 patterns comprised
90 of the isolates (61%) (table 1). Forty-nine (64%) pat-
terns had not been described previously. The SpolDB4
database assigns isolates to families, subfamilies and
often to variants, whereas 'Spotclust' assigns isolates to
families and subfamilies, but is not designed to assign iso-
lates to variants. Four spoligopatterns were assigned to
different families and nine patterns were assigned to dif-
ferent subfamilies by the two methods. SpolDB4 assigned
names were used whenever a spoligopatterns was found
in the database, as this database is much larger than the
SpolDB3 database, on which the 'Spotclust' algorithm is
built. Patterns not found in SpolDB4 were assigned to
families and subfamilies by 'Spotclust'. The family assign-
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ment showed that 37% of the isolates belonged to the
Central Asian (CAS) family, 22% to the Latin American
Mediterranean (LAM) family, and 17% to the East-African
Indian (EAI) family. These three main families thus
accounted for 76% of the incidences in Dar es Salaam.
This family assignment also includes the spoligopatterns
not described before. Eight isolates lacked spacers 4-7, 10
and 20-35, typical of the CAS1-kili variant, but in addi-
tion, they all also lacked spacer 2 (table 2). This spacer is
typically present in CAS1-kili lineages and its absence has
not previously been reported in these variants. We pro-
pose to name these variants CAS1-DAR, since they appear
to be abundant in Dar es Salaam.

The rate of diversity (number of spoligotypes divided by
the number of isolates) within each main family varied
substantially and was 27, 54 and 72% for CAS, LAM and
EALI, respectively. This may indicate that the CAS family is
best adapted to spread within this community. The diver-
sity of the M. tuberculosis population in Dar es Salaam
(52%) was comparable to that described in previous stud-
ies from Tanzania |5-7]. In Delhi, India the genetic diver-
sity of the M. tuberculosis population is 42% [11], but it is
only 25% in Harare, Zimbabwe [12]. Thus, the diversity in
high-incidence countries varies greatly and may be diffi-
cult to estimate without molecular epidemiological stud-
ies.

Phylogenetic studies

A Neighbor-joining (N]) tree of all the isolates is shown in
figure 1. The main families were well distinguished and a
high diversity within and between families were observed.
To confirm the reliability of the NJ tree, the program
'Structure' was applied on the underlying 43-digit binary
spacer codes. The open boxes in figure 1 demonstrate the
nine groups found to be the most likely number; the NJ
branches were supported by the grouping via 'Structure'.

Discussion

The current study demonstrated that most isolates had at
least one other closely related isolate in Dar es Salaam.
Based on these preliminary findings, the TB epidemic
appeared to result from a gradually evolving M. tuberculo-
sis population rather than imported strains. A spoligotyp-
ing study conducted in the Ouest province of Cameroon
found that 193 of 413 M. wuberculosis isolates belong to the
Cameroon family (LAM10-CAM) |13]. In Harare, Zimba-
bwe, 68 of 214 isolates are LAM11-ZWE variants [12]. Of
the 147 isolates in this study, three and eight isolates
belonged to these variants respectively. The scarcity of
these strains, abundant in other African countries, also
indicated that the TB epidemic in Dar es Salaam is local
and well established.
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Table I: Spoligopatterns and family assignment

http://www.biomedcentral.com/1471-2180/6/76

Spoligotype Shared type SPOLDB4 ‘Spotclust ‘Spotclust’  No. of isolates
probability ~ with identical

pattern
Q90 0 0 000 0 13300 100 Jd ] e e e 1 Beijing 4
S 100 00 0400 0 e e e e e NEW Family 36 1.00 1
00 00 0 30040 S0 0 e e me e e e 4 LAMY'S 1
LU a0 04 ) imee e Ee e e mE N SEE EEE e NEW EAIS 1.00 1
L 0 S e e e e Ee e NEW H37Rv 0.99 1
L I U /N W NEWN EAI5 1.00 1
L N NN N NN EEE N NN e NEW EAI2 1.00 1
] | e e e 1468 LAM11-ZWE 1
Wi 110 i e e w1 1 e NEW EAI1 1.00 1
i 00 e e e e N e e 1864 EAIS 1
S ——— NEW EAI5 1.00 2
Wi i e e e e | S e NEW EAIS 1.00 2
Wl e e N S e NEW EAI5 1.00 1
ML o i o W 8 EAI5 / EAI3 6
B e e NEN S 0.98 2
T — NEW LAMS 1.00 1
5 EEEEEEEEEEEEEEEE__ | S ESEEEEE_ | EEEEEEN 964 LAME 1
N N R N N e NEW EAlI2 1.00 1
[ NEW EAI3 1.00 1
i o130 0 0 NEW CAS1-Dar 2
B 11 e e NEN CAS1-Dar 2
L G NEW CAS1-Dar 3
L L AN 131111 110 NEW CAS1-Dar 1
W e NEW CAS1-Dar 1
I e e e e NEW LAMO 1.00 1
R e T g T T S p AT T NN NEW T 0.99 1
I A L NEW T 1.00 1
L 0 NEN LAM 1.00 1
e e NBEW EAIS 0.99 1
N EEEEE NS EEEE_EEEEEEEEEEEEE | EEE I EEE NEW EAI5 1.00 1
1| | N M e NEN EAl4 1.00 1
MLl e e NBEW S 0.98 1
W e e L e e e NEW H37Rv 1.00 1
| I e NEW X1 0.91 1
N NN SRR N NN NN e e 420 T4 1
I I N N NN NN NN NN EEE SR EEE NEWN Family 33 1.00 1
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Table |I: Spoligopatterns and family assignment (Continued)

(TR T RN TTT T T WNNT TP T T T NEWEN T TT] NEW LA M3 1.00 1
LLELTL UL LU LD DL LY ST | A gt L) ] ] NEW LAMS 1.00 1
[T REENEERY TTT T T T T ey T TP T T T 288 CAS2 1
[T NN T TTT eI T T T e WY Ty T 129 EAI5 1
R e e ) ) e e e NEW CAS 1.00 1
I W e e NEW CAS 1.00 1
R ERE R ERER ] ] 1 iee e e 1675 CAS1ili 6
LI NEEET T RE T LT D] T T B G W | T 1] NEW CAS 1.00 1
EEEL S AR RS ) ] ] e e e 21 CAS1kili 27
RN AR e e e NEW CAS 1.00 1
EE | EEmemsEsmmEs 0 1 | aeee e 22 CAS 3
RN e e S ] e e 486 CAS 1
EEE L R R R 0 e NEW CAS 1.00 1
EEm | EEssEsssmmssEEE |0 0 | e e e 203 CAS1-Delhi 3
NN SN SN EENEEEE RSN SEE NS | N e NEW T1 1.00 1
EEE SN NS S EEEEEE SEEEEE NN N e 205 T1 1
i mm C T W E Wt T LY NEW Fami|y33 1.00 1
[N TN (LT LT NN T T W] NEW ™ 1.00 1
ENEEEEEEE_ SNS | SESNEEE ) 8 68 | e . NEW LAMIO 1.00 1
NN AN AN RS ] e e e NEW EA 14 0.96 1
[CTTUTTETRE T T T T T AT | Wy T 1 ] NEW LAMS 1.00 1
EEEEEEE NN SN NEEE N e N E ] | aeee NEW LAME 1.00 2
EEEEEEE NSNS SEEE NN NN N | e NEW T1 1.00 1
(LT (LTI NI T 1166 T1 1
EEEESEE ENE EEEE SEEEE | | SSEEEEE N | (SEEEEes 150 LAMS 1
EEENEEE NSNS NN SN EREEEE | N NN NEW EA IR 0.99 1
EEEEEEE AN NN EENE ENEEEEREN NN N NN EEE S NEW Family33 1.00 1
N NEW T1 1.00 1
EENEEEE NN AN NN S EEE | SEEE || N _ ESSEES SN 733 EAIS 1
unmanm T R 402 u 1
e e 1Y e s 811 LAMA ]
ep— B EE e e 59 LAM11-ZWE 8
unmmnm LW N P RN T NEW Family33 1.00 2
e . NEW LAMS 1.00 1
(LTl [ NENET P} L WY | A 1530 LAMS 1
ssmmnm B mEEEEEE R | SEEEEE 42 LAMS ]
[TTTTT] RN L 61 LAM10-C AM 3
[CTTTT] L NN T VT T N T T 354 U 1
samans EEEEEE R EeeE s 53 T1 |
[TTTTT] SN NN NS 1196 U 1
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Table 2: The CAS|-DAR variants. Four previously unreported variants of the CAS| subfamily. The variants are collectively named

CAS|-dar in this study.

Spoligopattern Octal code No of isolates

503367400001401 2

(N EEEN TN T T T AR [ NN |
503367400001471 2

N e e ) e ] e
503367400001771 3

m_m_ | me_meen_emmw | e
503377400001771 |

I e e ) e

When live cultures are not available, two PCR based meth-
ods are preferred in order to determine the degree of clus-
tering among M. tuberculosis. Such complementary studies
will be undertaken for the current population but are not
included in the current paper.

Spoligotyping is not necessarily the best method for phy-
logenetic studies, since it targets a small region of the
genome. The knowledge of the evolution of this region is
limited. It has however been proposed that transposition
of insertion sequences can lead to convergence of spoli-
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B LAM (Latin American Mediteranean)
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Figure |

Neighbor-joining tree of the 147 isolates of M. tuberculosis. Neighbor-joining tree of the 147 isolates of M. tuberculosis.
The isolates are colour-coded according to family assignment. The nine groups identified by Structure are identified by grey
open boxes. One CAS isolate (*) assigned to the large CAS group is shown in a separate box. Only isolates showing > 65%
membership in a group are included in the boxes. For convenience, the N] tree is rooted by mid-point rooting.
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gopatterns and that the evolution of the region is unidi-
rectional (spacers can be lost but not gained). Also,
contiguous blocks of spacers and DRs can be lost in single
events |14]. These facts may obscure phylogenetic analy-
ses using simple distance based methods. Despite these
weaknesses, spoligotypes have been shown to correlate
quite well with single nucleotide polymorphisms (SNP),
with the T family, constituting only 10 isolates in this
study, as a notable exception. For these reasons a NJ-tree
was used to illustrate the current results.

The success of the CAS family in particular, but also the
LAM and EAI families in this community is intriguing. The
low diversity of the highly prevalent CAS family in this
study may indicate that the family is spreading rapidly,
but could also reflect a slower evolution of the DR region
which could possibly be a result of the missing spacers in
the central part of the spoligopatterns of these strains.

The success of these three families suggests a possible co-
evolution between specific M. tuberculosis families and
host population, the molecular basis of which remains to
be elucidated. A study conducted in San Francisco sup-
ports the idea of co-evolution between this pathogen and
host populations [15]. In order to document such possi-
ble co-evolution, large populations should be preferred.
Internationally standardized methods such as spoligotyp-
ing and MIRU-typing, as well as SNP and deligotyping,
enable comparison of M. tuberculosis genotypes between
studies conducted at different times and locations. This
facilitates inter-study comparison and helps generate large
populations for such evolutionary scenarios. It should be
noted that the current study represents a short time period
and a small collection of strains. This complicates inter-
pretation of recent transmission and hampers compari-
sons of genetic diversity with that found in studies
conducted over a longer period of time. The use of differ-
ent genotyping methods also makes direct comparison
with previous studies in Tanzania |5-7] difficult.

Recent findings suggest that the tubercle bacillus emerged
in Africa and may have spread globally in parallel with the
human migrations out of Africa [15,16]. Another study
have however identified India as the center for the evolu-
tionary radiation of M. tuberculosis |17]. These theories are
not mutually exclusive; as the spread to India might rep-
resent an early and evolutionary important step in the
radiation of M. tuberculosis out of Africa. The CAS- and
EAl-families which this study found to be abundant in
Dar es Salaam, have previously been identified to have the
most ancestral roots [17]. We demonstrate that the Beijing
family, which is highly prevalent in many Asian locations,
is not common in the current population. It therefore
appears unlikely that import of strains from Asia have had
a major impact on the M. tuberculosis population in Dar es
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Salaam. The sensitivity of spoligotyping alone is insuffi-
cient for pinpointing evolutionary origins and direction
of movement, but the current findings lend support to a
view of an early African origin of M. tuberculosis.

Spoligotyping is inexpensive, fast, simple and reliable. By
using this method one can identify outbreaks, support
community-based contact tracing, describe the diversity
of a M. tuberculosis population, and compare this popula-
tion to that in other parts of the world. Implementation of
spoligotyping as a routine method for molecular epidemi-
ological studies of M. tuberculosis isolates, appear to repre-
sent a valuable investment in many high-incidence
countries.

Conclusion

Spoligotyping is very useful to gain an overall understand-
ing of the local TB epidemic. This study demonstrated that
the extensive TB epidemic in Dar es Salaam, Tanzania was
caused by a few successful M. tuberculosis families, domi-
nated by the CAS family. Import of new strains was a
minor problem.

Methods

DNA extraction and spoligotyping

Isolates of M. tuberculosis were collected from sputum
smear positive TB cases in consecutive patients in Dar es
Salaam during October and November 2005. Heat-killed
samples were shipped to Norway, DNA was extracted [ 18]
and a total of 147 M. tuberculosis isolates were spoligo-
typed according to Kamerbeek et al. |4].

Family assignment

The obtained spoligopatterns were first compared to the
SpolDB4 database [9] and assigned to families and sub-
families. Second, in order to assign names to the isolates
not found in the SpolDB4 database, the spoligopatterns
were analyzed with 'Spotclust'[10], using a mixture model
built on the SpolDB3 database. This model takes into
account knowledge of the evolution of the DR region and
assigns spoligopatterns to families and subfamilies.

Phylogenetic analyses

A NJ-tree [19] was constructed by converting the presence
or absence of 43 defined spacers of the 147 isolates into a
Jaccard [20] based pair-wise distance matrix with the com-
puter program 'NTSYSpc' (Exeter Software Co., New
York). Without conversion to distance, to verify the NJ
tree, the spacer data were directly used by the program
‘Structure’ [21] to identify groups into which the individ-
ual isolates fit best and to calculate the best number of
groups explaining the whole data set (run with a no-
admixture-model, and a burn-in of 100000 repeats and
400000 Markov Chain Monte Carlo repeats, 65%

49



PAPER

BMC Microbiology 2006, 6:76

assigned membership to a group was used as a threshold
value in figure 1).
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8. APPENDIX

For PCR amplification of MIRU / VNTR loci, the following parameters were tested in
different combinations:

PCR program (Normal 59):

15 min 95°c
25 cycles of: 1 min 94°c
1 min 59%
1 min 30 sec 72%
30 min 12°c
PCR program (Normal 54):
15 min 95°c
25 cycles of: 1 min 94°c
1 min 54%c
1 min 30 sec 72°%
30 min 12°c

-Ordinary PCR program with annealing temperature 59°C
-Ordinary PCR program with annealing temperature 57°C
-Ordinary PCR program with annealing temperature 55°C and
-Ordinary PCR program with annealing temperature 54°C

Touchdown PCR Program 1

13min - 95C Touchdown PCR Program 2
2 cycles 45sec  94°C I5min  95°C
gg :Zg gzg 2 cycles 45sec  94°C
60 sec 59°C
2 cycles 45 sec 94°C 90 sec 72°C
gg :E ;gg 2 cycles 45sec  94°C
60 sec 57°C
2 cycles 45sec  94°C 90sec  72°C
gg zzz %g 2 cycles 45sec  94°C
60 sec 55°C
4 cycles 45sec  94°C 90sec  72°C
gg o ;gg 25cycles 45 sec 84°C
> 60 sec 54°C
17 cycles 45sec  84°C 90sec  72°C
60 sec 56°C . .
90 sec 72°C 7 min 72°C
7 min 72°C

Final [MgCl,] from 1.5 -4.5 mM
Final [dNTP] from 100 -250 uM of each nucleotide (A, G, C, T)
Mycobacterial [DNA] from 1.0 pg/ml to 31.5 pg/ml

Loci amplified separately
Loci amplified in multiplex reactions in different combinations.

Tempase Hot start polymerase (Bergman) vs Amplitaq polymerase (Applied Biosystems)

Homemade buffer (receipt) vs. Buffer 1 (Bergman)
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In-house PCR buffer receipt:

I ml 1 M Tris HCI, ph 8.3

5 ml 1 M KCI

150 ul 1 M MgClLy’

10 ul 10 mg/ml gelatine (heated to 60°)
3.84 ml sterile HO

*To make the standard 15mM MgCl, buffer. In this study, the amount of MgCI2 was 150, 200,
250, 300, 400 or 450 pl. The amount of H20 was changed correspondingly to make a final 10
ml volume of PCR buffer.

Some results:

Locus VNTR 0580 (1), VNTR 2996 (2) and VNTR 0802 (3) with different [MgCl,]

Polymerase Gold

[MgCL] 1.5 [MgCL] 2.0 [MgCL]2.5  [MgClL] 3.0
L 1 2 3 1 2 3 1 2 3 1 2 3 L

Multiplex PCR loci 1-3, 4-6, 7-9 and 10-12. Different number of PCR cycles, different
buffers, different [MgCL]. “Normal PCR program 54" with 25 or 30 cycles
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25 cycles 30 cycles

25 thermal cycles
Home-made PCR buffer Buffer 1
[MgClL] 2.0 mM [MgClL;] 3.0 mM [MgClL;] 2.0 mM [MgCl,] 3.0 mM
13 [46 [79 [10-12 [1-3 [46 [7-9 [10-12 [ L 1346791012 [1-3]46 [79 [10-12
30 thermal cycles
Home-made PCR buffer Buffer 1
[MgCL] 2.0 mM [MgCl,] 3.0 mM [MgCl,] 2.0 mM [MgClL,] 3.0 mM
1-3 4-6 7-9 10-12 1-3 4-6 7-9 10-12 L 1-3 4-6 7-9 | 10-12 1- 4- 7- 10-12
6 9

Touchdown PCR vs normal PCR, different isolates

Normal PCR program 59°C _Touchdown PCR program 2

f"":l’fi ik

Touchdown PCR
Home-made PCR buffer[MgCl,] 3.0 mM Buffer 1[MgCl,] 2.0 mM
BCG P3 MB BCG P3 MB
13 [46 [79 [10-12 [1-3 [46 [79 [10-12 [ L 13 [ 46 [ 79 [ 10-12 13 [ 46 [ 79 [10-12
59°C
Home-made PCR buffer[MgCl,] 3.0 mM Buffer 1[MgCl] 2.0 mM
BCG P3 MB BCG P3 MB
13 [ 46 [79 [10-12 |13 [46 |79 [10-12 | L 13 [ 46 [79 [10-12 | 1- [4 [7- [1012
6 |9
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Normal PCR, as before, but with 27 cycles.

Touchdown PCR, as before but with 2 cycles 59°c annealing, proceeded by 2 cycles with
58°c, 2 cycles with 56°c and 22 cycles with 55°¢c

Normal PCR program 59, 27 cycles

2.0 mM [MgClL] (upper)

Lane

1 2345678001 ]1n2]13]14
Ladder | MB 265, Loci 1- | TC 064, Loci 1- BCG P3, Loci 1-3, Ladde
3,4-6,79,10- | 3,4-6,7-9,10- | 4-6,7-9,10-12 r
12 12

3.0 mM [MgCl,] (lower)

Lane

Ladder | MB 265, Loci 1- | TC 064, Loci 1- BCG P3, Loci 1-3, Ladde
3,4-6,7-9, 10- 3,4-6,7-9, 10- 4-6,7-9, 10-12 r
12 12
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Touchdown

2.0 mM [MgCL] (upper)

Lane
1 2345678001 ][n2]13]14
Ladder | MB 265, Loci 1- | TC 064, Loci 1- BCG P3, Loci 1-3, Ladde
3,4-6,7-9,10- | 3,4-6,79,10- | 4-6,7-9,10-12 r
12 12

3.0 mM [MgCl,] (lower)

Lane
Ladder | MB 265, Loci 1- | TC 064, Loci 1- BCG P3, Loci 1-3, Ladde
3,4-6,7-9, 10- 3,4-6,7-9, 10- 4-6,7-9, 10-12 r
12 12

I failed to obtain any stably successful protocol. Results were spurious, sometimes positive,
very often failing.
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oners) during a 3 month period in 2005 in Donetsk
Oblast, Ukraine.

Results: The prevalence of HIV among TB patients
was 15.4% (11.7-19.7, here and elsewhere ranges are
95% confidence limits) and 18.6% (11.0-28.4) in the
civilian and penitentiary sectors, respectively. The risk
factors associated with HIV infection were intravenous
drug use and history of imprisonment.

Discussion: The results of the first ever HIV surveil-
lance among TB patients conducted in Ukraine fol-
lowing international standards are quite astonishing
showing a prevalence of HIV in the civilian TB popu-
lation almost two times higher than the WHO estimate
for 2004 (8.3%) and two percentage points higher
than the official data reported during the same period
by the routine HIV surveillance system (13.3%, 10.8-
16.1). These findings call for urgent measures to con-
trol the spreading of HIV among TB patients in the
country.

P5-61258-02 Community involvement in
cluster sampling for a tuberculosis

prevalence survey in Western Kenya

L O Odeny,' AHvan't Hoog,'2 ] A Agaya,’ MW Borgdorff,2
A Hightower.! 'Kenya Medical Research Institute, KEMRICDC
Program, Kisumu, Kenya; 2Academic Medical Centre, University
of Amsterdam, Amsterdam, The Netherlands.

Fax: (+254) 57 2022981. e-mail: LOdeny@ke.cdc.gov

Background: A tuberculosis prevalence survey in
rural Western Kenya. Lack of understanding of sam-
pling concepts may raise suspicion in the community
about selection criteria and adversely affect study
participation.

Aim: 1) Increase the communities’ understanding
and acceptance of the cluster selection. 2) Random
sampling of clusters to obtain a sample of 20 000
persons over 14 years old.

Method/results: The study area has a population of
134000 and 217 villages. Using available demographic
and GIS maps, the area was divided in 105 clusters
with a mean population of 1279 (range 752-1792). A
mean of two (range 1-4) contiguous villages formed
each cluster. Ten administrative leaders of the area
participated in the cluster sample selection. Basic in-
formation on sampling principles, aim and design of
the survey were presented, as well as maps and tables
identifying the composite villages that formed the
clusters. The leaders were divided in groups and in-
serted labels with sequential numbers 1-103 into table
tennis balls. The balls were placed in a box and drawn
by the leaders to form the sample clusters, which were
then identified on a map and table. This process cre-
ated a randomly ordered list of clusters to be used in
the prevalence survey.

Discussion: The leaders were pleased with the trans-
parent process and able to explain the procedure to
community members. The sampling design is both
logistically and statistically efficient.

PS-61270-02 From symptoms to treatment:
delay among smear-positive pulmonary TB
patients in Sabah, Malaysia

C Rundi,’? P Mangtani,' K Fielding,' P Godfrey-Faussett,’
L € Rodrigues,! '[TD Department, London School of Hygiene
and Tropical Medicine, London, UK; 2Sabah Health Department,
Kota Kinabalu, Sabah, Malaysia. Fax: (+44) 02076374314,
e-mail; Christina.Rundi@Ishtm.ac.uk

Tuberculosis is a major health problem in the state of
Sabah, East Malaysia; where the case notification rate
exceeds 100 cases/100 000 population. Reducing de-
lays in diagnosis and treatment will limit the duration
of infectiousness and thus reduce transmission in the
community. A cross-sectional study is being conducted
to determine the factors that affects the duration of
the time period from the onset of symptoms to the
start of treatment. It involves all adult smear positive
pulmonary TB patients in a population of about a mil-
lion over a period from October 2005 to March 2006,
The domains of interest include socio-demographic
status, difficulty in accessing services including travel
time, perception of health services, knowledge, prac-
tices, attitudes and TB symptoms. The median age of
participants was 36 years (range 18-80 years) and
36% were female. Cough was the most common TB
symptom, being present in 93% of respondents. The
median delay from onset of symptoms to start of TB
treatment was 4 weeks (interquatile ranges: 4 weeks,
range 1-156 weeks).

P5-61273-02 Molecular epidemiology of
Mycobacterium tuberculosis in Dar Es Salaam,
Tanzania

V Eldholm,"2 M Matee,? 5 G M Mfinanga,® M Heun,?

U Dahle. '"Norwegian Institute of Public Heaith, Oslo,
institute of Nature Management, Norwegian University of Life
Sciences, As, Norway; Muhimbili Medical Research Centre,
Dar es Salaam, Tanzania. Fax: (+47) 22353605,

e-mail: Ulf.dahle@fhi.no

Tanzania, located in east Africa, has a high ruberculo-
sis burden despite long lasting efforts from tuberculosis
control programs. To improve the understanding of
the diversity of Mycobacterium tuberculosis in Tanza-
nia, isolates from pulmonary cases in Dar es Salaam
were assessed using spoligotyping. The strains were
isolated in consecutive patients during October and
November 2003, and shipped to Norway for PCR
amplification and spoligotyping. The preliminary re-
sults from this ongoing study include those of 147
strains, Among the analyzed strains, 76 different spo-
ligotypes were found. A total of 89 isolates were part
of one of 18 identified clusters (61%). An overall di-
versity of 52% was inferred from the spoligotypes
and the clustered isolates will be analyzed further. A
high proportion (37%) of the strains was found to be
members of, or closely related to the Central Asia (CAS)
lineage. The Latin American Mediterranean (LAM)
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family was also found to be widespread {22%), and
the East African Indian (EAI) lineage constituted 10%.
Low levels of other common lineages such as Haarlem,
X, T and Beijing were found. The epidemic appears to
be an established one, with little influence of newly-
imported strains.

Acknowledgements: * TB in the 21st century consortium is financed
by the Norwegian Research Council. It is headed by G Bjune and

C Holm-Hansen. Parts of this work package were initiated by M
Nyindu, L Uiso and others. Their efforts are greatly appreciated.

P5-61321-02 Tuberculosis deaths in
a rural area in Bangladesh, 1988-2003

K Zaman,' M D Yunus,' S E Arifeen,' A H Baqui,2 5 Hossain,!
M A lslam,? V Begum,* M N Alam,' P K Streatfield,! S Luby,’
A Bhuiya,' D A Sack.' ICDDR,B: Centre for Health and
Population Research, Dhaka, Bangladesh; 2Johns Hopkins
Bloomberg School of Public Health, Baltimore, Maryland, USA;
3Bangladesh Rural Advancement Commitiee (BRAC), Dhaka,
#National Tuberculosis Control Programme (NTP), Dhaka,
Bangladesh. Fax: (+88) 2 8826050, e-mail: kzaman@icddrb.org

Introduction: Bangladesh ranks fifth among high bur-

~ den tuberculosis (TB) countries. However, data on TB
- mortality from Bangladesh is sparse.
- Objectives: To present data on TB mortality from

Matlab, a rural area of Bangladesh during the period
1988-2003.

Methods: Data were obtained from Matlab, Ban-
gladesh where the ICDDR,B has been maintaining a
Health and Demographic Surveillance System (HDSS)
in a population of about 200000 since 1966. DOTS

”.. services were introduced by National Tuberculosis
- Control Programme in 1998 and BRAC health volun-

teers were involved in social mohilization and treatment
supervision since 2001. As part of HDSS, all deaths
were recorded and causes of deaths were ascertained
using verbal autopsy methodology and causes assigned

" according to WHO ICD codes. All death records were

reviewed retrospectively for the period 1988-2003 to
determine deaths due to TB.

* Results: During the period, there were 639 TB deaths;

473 (74%) among males and 166 (26%) among fe-
males. Most of the deaths (75.6%) were among per-
sons aged = 45 years followed by 21.6% among
15-44 years and 2.8% in <13 years old. TB deaths

E comprised of 3.6% of all deaths among persons =15

years. The age-standardized TB mortality rates varied
between years and ranged from 19.15 to 46.05/

~ 100000 population among males and 2.19 ro 23.72
- among females.

Conclusions: The high burden of tuberculosis deaths
among adults in rural Bangladesh warrants further

- strengthening of TB control programme.

P5-61350-02 Tuberculosis as primary

cause of death among AIDS cases in

Rio de Janeiro City, Brazil

V Saraceni,' B S King,? ] E Golub,2 L M Lauria,'

§ C Cavalcante,' B Durovni.! 'Rio de Janeiro City Health
Secretariat, Rio de laneiro, RJ, Brazil, 2Johns Hopkins Center
for Tuberculosis Research, Baitimore, Maryland, USA.

Fax: (+55) 21 22747542, e-mail; vsaraceni@rio.rj.gov.br

Background: AIDS-related mortality decreased in Rio
de Janeiro City (R]C) since the introduction of HAART
(1997), and has been stable since 2000. We investi-
gated the role of Tuberculosis (TB) as the primary cause
of death among HIV+ subjects in RJC, in order to
assess the magnitude of the co-infection.

Methods: Review of Mortality Information System,
according to ICD-10, with death certificates coded in
Chapter I—B20 to B24. Dara of ARV use came from
ARV drug database.

Results: Berween 1996 and 2004, TB was the pri-
mary cause of death in 9.1% of AIDS related deaths,
while PCP accounted for 4.6%. ‘Other’ infectious dis-
eases accounted for 53.7% (B20, excluded B20.0), al-
though it is not clear by the death certificate if TB
cases were misclassified as other entities 32.1% of TB
related deaths were on HAART (median: 18 months)
vs, 25.2% of those who died from PCP (median: 20
months). Patients that died from TB were less edu-
cated (58.2% vs. 53.0%; P = 0.04) and more likely
to be non-white (56.7% vs. 50.6%; P = 0.07) than
patients with other causes,

Conclusions: Analysis of primary cause of death among
AIDS cases using a secondary database showed that
TB is the leading cause of AIDS related death and is
responsible for twice as many deaths as PCP. The bur-
den of TB may be an underestimate due to potential
misclassification among causes of death labeled ‘other’.

PS-61352-02 A controlled trial of door-to-door
tuberculosis active case finding in
a Brazilian favela

A C Miller,' E C Soares,? J E Golub,' B Durovni,? Z Fonseca,?
D B Arduino,?2 L H Mouiton,' R E Chaisson,'

§ C Cavalcante.23 'lohns Hopkins University Center for
Tuberculosis Research and Bloomberg School of Public Health,
Baltimore, Maryland, USA; ?Health Department of Rio de
Janeiro City, Rio de Janeiro, RJ, 3IPEC/FIOCRUZ, Rio de Janeiro,
RJ, Brazil, Fax: (+1) 443 287 7955. e-mail: amiller@jhsph.edu

Design: A pair matched, cluster randomized trial of a
door to door symptom screen and spot sputum collec-
tion ys. home delivery of an informational pamphlet
in a large Brazilian favela (slum).

Aim: To compare TB case notification rates in the
two study arms.

Methods: 14 administrative zones in the favela
Rocinha were pair-matched based on estimated TB
case notification rates in 2003, One zone of each pair
was randomly allocated to receive a door to door
symptom screen and sputum collection from all symp-



