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ABSTRACT

Interest in the Helicobacter genus has intensified since the discovery of Helicobacter
pylori and its association with human disease in 1982, but knowledge of the disease
potential of many non-pylori Helicobacter spp. and species of the related genera
Campylobacter and Arcobacter is lacking. Due to the frequent isolation of H. fennellice
and H. cinaedi from paediatric patients suffering from diarrhoea and septicaemia in Cape
Town, an attempt was made to determine the environmental reservoir of these pathogens.
Species of Helicobacter, of which H. pylori is the most commonly isolated, have been
detected in various human tissues. In the first part of the project, the 165 rRNA gene of
Helicobacter was amplified from various cadaver tissues to determine etiological niches
other than the recognized sites. Sequence and phylogenetic analysis of the amplified
fragments indicated the presence of H. pylori in all Helicobacter-positive tissues, most of
which was supported by the literature while others appeared to be a result of

contamination.

The second part of the project included the amplification of the 165 rRINA gene from
clinical and environmental isolates belonging to the genera Helicobacter, Arcobacter and
Campylobacter to confirm the species preliminarily identified by biochemical and
phenotypic testing. Although, Helicobacter was not isolated from the environment, a
related micro-organism, drcobacter butzleri, was isolated from raw and treated sewage /
sludge samples. All clinical and environmental isolates were used to validate the L-ALA
kit (O.B.LS. Ltd., U.K.) and confirmed by the Fluka Aminopeptidase Test {Code 75554)
(Fluka, Germany). The results were as expected; however, those of the 42 strains of 10
species of Helicobacter illustrated the absence of L-alanine aminopeptidase {pepN) in
this genus. Analysis of the available full genomic sequences on the NCBI database
confirmed these results. The same clinical and environmental isolates were used to
validate the CampyCheck Campylobacter latex agglutination kit (CampyCheck,
Microgen Bioproducts, U.K.). This prototype kit was specifically designed to react with
Campylobacter species, however, the results illustrated that isolates of Helicobacter and
other non-related bacteria could also react with these reagents, suggesting the possibility

of a common surface antigen amongst these micro-organisms. The 165 rRNA gene
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act as reservoirs of Helicobacter. As a result, the taxonomy of Helicobacter has swiftly
expanded, in the past decade, with an average of two or three new species added to the
genus per annum (Melito et al, 2001). The exact number of species within the
Helicobacter genus is contradictory. According to On ef al, (2002), the growing
Helicobacter genus consists of 31 species of which 22 are primarily associated with
extragastric niches whereas Whary & Fox (2004) approximates that 26 species have been
fully named and states that various additional novel species are pending characterization.
This deviation is indicative that different techniques are used by various research groups
to identify a new Helicobacter species, of which the most common technique 1s the
amplification of the 16S rRNA gene by the Polymerase Chain Reaction (PCR). PCR is a
sensitive molecular technique that can be used to detect small guantities of DNA from a
micro-organism such as Helicobacter by using genus-or-species-specific primers. The
amplified fragments may then be compared to known sequences in the National Centre
for Biotechnology Information (NCBI) database to help determine the species of bacteria
present. However, Fox ef al, (1992) noted that the sequencing data of the 165 fRNA
gene may not be sufficient to guarantee the identity of a species. Thus a new species
cannot be proposed on the basis of a single technigue such as the amplification of the 168
rRNA gene (Dewhirst er al, 2000). A range of different techniques including
biochemical and phenotypic tests as well as other molecular techniques such as Southern
Hybridization, Polymerase chain reaction-restriction fragment length polymorphisms
(PCR-RFLPs), amplified fragment length polymorphisms (AFLP)-based fingerprints,
whole-cell protein profiles, etc. are essential to alleviate any discrepancies and
unquestionably determine whether the specific Helicobacter species is novel (Vandamme
et al., 1996; Vandamme et al., 2000; Dewhirst et al/., 2000; On, 2001). This was
illustrated by Goodwin ef al., (1989) who proposed the novel Helicobacter genus on the
basis of 5 major taxonomic features, namely, ulirastructure and morphology; growth
characteristics; enzyme capabilities; cellular faity acid profiles; and menaquinones. A
new species cannot be assigned on the basis of a single isolate. At least 5 strains,
preferably more, must be critically examined. There remains an ecological division

within the Helicobacter genus and taxa are generally, either, gastric or lower enteric in












frequently found in cats, Helicobacter felis, which was initially cultured from the
gastric tissues of cats (Lee er al, 1988, Paster ef al., 1991), and an unculturable
species related to both H. heilmannii and H. bizzozeronii (Lecoindre ef al., 2000).
Handt er al., (1994) have also detected H. pylori in cats, while Dieterich et al.,
{1998) and Norris ef al., (1999) have detected, by PCR, an unculturable species of
Helicobacter which is closely related to H heilmannii. Dieterich et al., (1998)
have also provided molecular evidence, using PCR, that cats can concurrently be
infected with more than one strain of “H. heilmannii”. In addition, Fox et .,
(2002) have isolated four bacterial strains, from cat faeces, which were
characterized by phenotypic, biochemical as well as 168 rRNA analysis and
determined to be a novel Helicobacter species, Helicobacter marmotae, which

was first isolated from the livers of woodchucks.

1.4.1.2. The presence of Helicobacter within cheetahs and lions

Globally, most cheetahs in captivity suffer from a progressive gastritis resulting in
vomiting, weight loss and inability to thrive and are associated with Helicobacter
infection (Eat0n2 et al., 1993; Munson, 1993; Munson et al., 1999; Terio ef al.,
2005). Many captive cheetahs also develop systemic amyloidosis (type AA)
resulting in renal failure and ultimately death (Papendick ef /., 1997). In addition,
it was noted that moderate to severe gastritis was present in more than 70 % of
cheetahs that had died since 1995 within the North American captive population
(Terio ef al., 2005). Gastritis was also noted to be the leading cause of death or
the reason for euthanasia in 69 % of South African cheetahs in captivity (Munson
et al., 1999). In 1991, Eaton et al, identified a spiral bacterium, morphologically
similar to “H. heilmannii”, using electron microscopy on gastric biopsy samples
from captive cheetahs. In addition, Eaton' er al., (1993) also isolated four strains
of a novel Helicobacter species, Helicobacter acinonyx, from the stomachs of
cheetahs suffering from gastritis. Since the first isolation of H. acinonyx by Eaton'
ef al, in 1993, many culture attempts from cheetahs have been unsuccessful
despite the presence of spiral bacteria demonstrated histologically (Terio ef al,
2005). This may suggest the absence of H. acinonyx from the biopsy samples of

cheetahs or inefficient culturing technigues. Furthermore, it may suggest that H.


http:1'"."1',,.11




H. felis might not be a gastric pathogen in this host. This is in agreement with the
Eaton ef al., (1996) study where another gastric Helicobacter, H. pylori, could not
be isolated from domestic dogs. However, the latter scenario may have been due
to inefficient culturing conditions and the fact that 4. pylori can transform from a
spiral to coccoid form which is believed to be viable but non-culturable (Bode es
al., 1993; Cellini et al., 1994; Dunn ef al., 1997; Mizoguchi e7 o/, 1999; Ren ef
al., 1999). Buczolitis et al,, (2003) have provided PCR-based genetic evidence
that A. pylori occurs in the gastric mucosa of dogs. This is indicative that the
stomachs of dogs may provide an unfavourable environment for H. pylori thus
resulting in the transformation from spiral to coccoid form and coincidentally also
switching to the viable but non-culturable state (Buczolitis ef o/, 2003). Radin ef
al., (1990) have observed that H. pylori persistently colonized the gastric mucosa
of gnotobiotic dogs for a period of at least one month with the resultant disease
syndrome resembling that of humans. In addition, Jalava e 4/, (1997) have
successfully isolated a novel Helicobacter sp., Helicobacter salamonis, from

biopsy samples obtained from healthy pet and adult experimental Beagle dogs.

1.4.1.4. The presence of Helicobacter within cattle

Two independent research groups (Glnther & Schulze, 1992; Haringsma &
Mouwen, 1992) reported their visual observations of helically shaped bacteria in
the abomasums of calves and adult cattle using histological data and considered
the bacteria to be of Helicobacter origin. De Groote ef al., (1999) validated these
observations by amplifying the bacterial 165 rDNA from biopsy samples of catile
and using comparative 16S rDNA sequence analysis was able to determine that
the specific spiral bacteria in the abomasums of adult catile was a novel
Helicobacter sp. and consequently proposed the name “candidatus Helicobacter
bovis”. Unfortunately, in vitro isolation of these bacteria has, as yet, been

unsuccessful (Jelinski ef al., 1995).

1.4.1.5. The presence of Helicobacter within mice and Syrian hamsters
To date, a few Helicobacter species as well as the genetically related bacterium

“Flexispira rappini” have been isolated from rodents (Phitlips ef al., 1983; Lee er
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Using PCR, Park et al, (2001) and Watson ef al., (2004) also detected H.
pylori in water and water bio-films in the UK. H pylori transmission via
water sources was given further support by a molecular study based on PCR
of Mexican waler sources, including raw municipal wastewater from an open
wastewater canal (Mazari-Hiriart ef al., 2001; Lu ef al., 2002); and a German
epidemiological study (Krumbiegel er al.,, 2004). Using an enzyme-linked
immunosorbent assay (ELISA) to detect H pylori antibodies in various water
sources in Kazakhstan, Nurgalieva ef al, (2002) found that poor sanitary
practices relating to waste disposal and household hygiene may serve as
contributing factors for the transmission of H. pylori. However, H. pylori have
rarely been isolated from contaminated water sources. Recent data (Adams es
al., 2003) suggest that environmental exposure could induce H. pylori to enter
a viable but non-culturable (VBNC) state thus preventing the isolation of this
micro~-organism through culture and allowing it to persist until a suitable host
is acquired. The detection of H. pylori genes in sea water along the Italian
coast (Cellimi er al., 2004; Carbone e al., 2005) suggests that the marine
environment could act as a vector for infection, especially since the ocean is
frequented for swimming and fishing purposes. Parsonnet ef aol, (1999)
provided intriguing evidence suggesting that the aerosol droplets around a
vomiting patient, infected with H. pylori, could potentially act as a vehicle of
transmission to uninfected humans. Although Snaidr er af, {1997) had not
detected Helicobacter in their activated sludge samples a related micro-

organism, Arcobacter, was isolated.

The exact mode for Helicobacter transmission cannot be conclusively demonstrated and
currently remains an open topic. The available evidence seems to be in agreement with
Goodman ef al, (1996) suggesting a multiple-pathway phenomenon for H pylori
infection, in both human-to-human transmission and via external sources. The dominant
mode for Helicobacter transmission may be variable upon comparison with different
countries or populations (Stone, 1999). Nonetheless, it is evident that the true prevalence
of Helicobacter in human disease; and in animal, environmental and other sources can

only be determined by using appropriate detection techniques. It is also important o note
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that the association of Helicobacter with human disease is dependent on several factors

such as: strain variability, the amount of Helicobacter present and host immune response.

1.7. Identification of Helicobacter

The isolation of Helicobacter is imperative (especially if a novel species is suspected) to
ensure the correct characterization of an isolate by using biochemical, phenotypic,

serologic and molecular tests.

1.7.1. Primary isolation of Helicobacter

The successful isolation of Helicobacter from various sources including: clinical
and environmental, through culture, is demanding and generally incorporates the
use of specific media and culturing conditions. Although strains of several
Helicobacter species are capable of growing on simple nutritional agar media, the
majority require media supplemented with serum or blood for successful culture
(Dewhirst et al., 2000). H. pylori may be isolated from gastric tissue as well as
from biopsies of duodenal or oesophageal tissue, containing gasiric metaplasia,
using non-selective media such as chocolate agar or antibiotic-containing
selective media such as those of Goodwin or Skirrow (Perez-Perez & Blaser,
2004). However, many Helicobacter species are unable to grow on blood-free
culture media and are sensitive to the cefoperazone antibiotic supplement used in
certain media (On er al., 1996). In addition, the presence of hydrogen in the
atmospheric gas mixture enhances the successful culturing of all known
Helicobacter, Arcobacter and Campylobacter species {Lastovica & Skirrow,

2000; Lastovica, 2006; Appendix D).

The isolation of Helicobacter from the environment remains problematic using
traditional media for culture. To date, several media have been assessed for the
isolation of H. pylori from different environments including: infected individuals
(Hachem er al., 1995; Piccolomini et al., 1997); ground beef (Stevenson ef al.,
2000); rumen and abomasum samples of cattle (Stevenson et a/., 2000); and non-
sterile well water containing native flora and further contaminated with a few
common waterborne micro-organisms (Degnan et @/, 2003). However, the first

three matrices are nutrient rich and in order for H. pylori to survive n different
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1.7.2. Tests to identify and confirm the presence of Helicobacter

In addition to the Gram-stain, other techniques have also been used to determine
the Gram-status of a micro-organism, especially in cases where Gram variability
have been recorded; these include the use of the KOH (Carlone et of., 1983); L-
alanine-4-nitroanilide (Carlone er «l., 1983); vancomycin and colimycin
susceptibility testing (Von Graevenitz & Bucher, 1983); and the Gram-Sure test
(Remel, U.S.A)). The data by Gregersen (1978) suggested that the dissolution of
the cell wall and cytoplasmic membrane, by 3 % KOH, should be a reliable
marker for the detection of Gram-negative micro-organisms (Carlone er al.,
1983). However, Blachman ef o/, (1980) and Halebian ef &/, (1981} have both
reported that the KOH test and Gram stain do not always correlate. The L-alanine
aminopeptidase has been suggested for differentiating between Gram-positive and
Gram-negative micro-organisms, with the enzyme being more prevalent in the
latter group (Cerny, 1976, 1978). This is in agreement with data by Carlone et o/,
(1983) suggesting that the KOH and L-alanine-4-nitoanilide (LANA) tests could
be useful in characterizing clinical isolates. They found that both the KOH and
LANA tests correlated with the Gram staining technique when non-fermentative
bacilli and Bacillus species were used but did not correlate with non-sporulating
anaerobic micro-organisms. However, upon testing various Campylobacter
species their data illustrated that although the micro-organisms were Gram-
negative and LANA negative the KOH test indicated a positive result. In addition,
Carlone er al, (1983) illustrated that vancomycin and colimyein susceptibility
could also be used to determine the Gram-status of anaerobic micro-organisms,
although the reaction is not as quick as the KOH and LANA tests. However,
Geraci & Hermans (1983) and Catchpole er al, (1997) illustrated that these
susceptibility tests are not definitive as some Gram-positive cultures are
vancomycin resistant while others are susceptible to vancomycin. By using the
Gram-Sure test (Remel, U.S.A.): a commercially available disk test to detegt the
presence of L-alanine aminopeptidase, generally present in the cell walls of
Gram-negative micro-organisms, Fenollar & Raoult (2000) illustrated that it could

be useful in identifying the Gram-status of unusual micro-organisms. Despite the
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1.7.4. Sequencing of the 16S rRNA gene

During the 1980’s-and-90’s various molecular techniques were developed in
genetics. As a result the ribosomal RNA molecules were recognized as suitable
indicators in determining the phylogenetic relationships between micro-organisms
(Woese, {987). The 58; 23S; and the most frequently used 16S rRNA gene
sequences were proposed to illustrate the best phylogenetic relationships among
bacteria due to their presence in all organisms; high degree of stability; slow
evolutionary change rate; and functional constancy (Woese, 1987; Jalava, 1999).
The 16S rRNA gene is + 1500 bp in length and is generally present as several
copies in a bacterial cell (Woese, 1987; Jalava, 1999). A comparison of nearly the
entire sequence of the 16S rRNA gene is undoubtedly one of the most powerful
techniques to determine the phylogenetic relationship of an unknown organism
(Fox et al., 1998; Vandamme et al., 2000) largely due to the conserved and
variable regions within the gene (De Rijk et al., 1992; Gurtler & Stanisich, 1996).
The similarities and differences within the 16S rRNA gene sets the foundation for
most phylogenetic dendograms to determine a bacterial species (Marshall, 2002)
and in addition could possibly indicate a common origin among various
prokaryotic organisms (Melito et al, 2001). Although various studies have
illustrated that this technique, on its own, is not sensitive enough to correctly
identify strains to the species level (Stackebrandt & Goebel, 1994; Stanley® et al.,
1994; Fox et al., 2000; Shen et al., 2001; Fox et al., 2002) it can unequivocally
differentiate the Helicobacter genus from all other genera (Dewhirst et al., 2000).
It has previously been reported that strains belonging to different species could
have identical 16S rRNA gene sequences; and strains of one species could have
16S rRNA gene sequences that differ by 3 % (Stackebrandt & Goebel, 1994) or
even 4 % (Harrington & On, 1999) of the total 168 rRNA gene sequence
(Vandamme et al., 2000). Thus the 16S rRNA gene sequences can occasionally
be very misleading; therefore, conclusions should not be made in the absence of

appropriate complementary data (Vandamme ef al., 2000).
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To validate the Oxoid Biochemical Identification System (O.B.1.S. Ltd., UK.) for
the differentiation of Campylobacter and Arcobacter from other Gram-negative
micro-organisms, including Helicobacter and confirming the results with the

Fluka Aminopeptidase Test {Code 75554) (Fluka, Germany).

To validate the CampyCheck Campylobacter latex agglutination kit (Microgen
Bioproducts, U.K.) using pure cultures of Campylobacter, Helicobacter,

Arcobacter and other non-related micro-organisms.

To detect, by PCR, the presence of Helicobacter and related micro-organisms in
various clinical and environmental specimens as well as in DNA extracted from

various tissues of two cadavers.

To generate phylogenetic trees, inferred by the 165 rRNA gene sequences, to
confirm the species of Helicobacter and related micro-organisms within the

clinical and environmental specimens upon comparison with reference strains.
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2.1. Background to Experimental Procedures

2.1.1. Polymerase Chain Reaction

The Polymerase Chain Reaction (PCR) is an in vifro technique, developed by Kary
Mullis and Fred Faloona between 1983 and 1985 (Mullis & Faloona, 1987), which is
used to amplify large quantities of a specific nucleotide sequence from small quantities of
DNA without cloning it into a vector (Prescott ef al., 2002). For a PCR to work, it is vital
that the ends of the target sequence are known in sufficient detail in order to synthesize
oligonucleotide primers that will hybridize to the target sequence to initiate the PCR
(Mullis & Faloona, 1987). In addition, the amplification process also requires
deoxynucleoside triphosphates (dNTPs), namely deoxyadenosine triphoshate (dATP),
deoxyguanosine triphosphate (dGTP), deoxythymidine triphosphate (dTTP) and
deoxycytidine triphosphate (dCTP); 1x PCR buffer (without MgCly) (20 mM Tris-HCl
{pH 8.0), 100 mM NaCl, 0.1 mM EDTA, | mM DTT, stabilisers and 50 % glycerol)
(Southern Cross Biotechnology); MgCly; two oligonucleotide primers, complimentary to
a specific sequence within the target gene, and a thermostable DNA polymerase. The
PCR consists of three major steps, namely, denaturation; annealing and extension. During
denaturation, the complementary strands of the double-stranded DNA (dsDNA) are
separated at a high temperature. The second step entails the lowering of the temperature
to allow the primers to anneal to the complementary target sequence on both single
strands of the separated dsDNA (Mullis & Faloona, 1987; Prescott et al., 2002).
However, too low an annealing temperature would result in non-specific amplification
while too high an annealing temperature would inhibit the primers from annealing, by
means of hydrogen bonds, to the target sequence. Thus a temperature gradient PCR
should be carried out to determine the optimal annealing temperature for the
amplification of the desired product. Finally, once annealed the primers are extended by
the thermostable DNA polymerase using the available dNTPs. These three steps are
repeated in cycles resulting in the exponential synthesis of the target DNA (Prescott ef
al., 1996) followed by a 4°C step, for an indefinite time, to prevent the degradation of the
amplified products whilst in the thermocycler. A schematic diagram of the Polymerase

Chain Reaction is illustrated in fig. 2.1.
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10 g of wet or dry sea sand, 50 ml of sterile 2xYT broth and 5 M Equine hemin
spiked with two 5 pl loopfuls of 2-3 day old H. pylori culture. The negative
controls consisted of 50 ml of sterile 2xYT broth only and 50 ml of sterile 2xYT
broth and 5 M Equine hemin to determine whether the 2xYT broth or hemin were
a source of contamination. All samples and controls were incubated at 37°C at

350 rpm on a Hagir shaker for 48hr.

2.2.2.3. Sea water samples using H. pylori selective media (Oxoid Columbia
Agar Base (CM 0331) and Oxoid Helicobacter pylori Selective
Supplement (Dent) SRO147E) (Oxoid Ltd., U.K.)
a. Direct dispensing of the sea water sample onto H. pylori selective media
The experimental sample consisted of an aliquot of 200 pl of sea water which was
directly dispensed onto an H. pylori selective plate (Appendix B). As a positive
control, a 200 ul aliquot of sea water was seeded with two 5 ul loopfuls of 2-3
day old H. ciraedi and H. fennelliae cultures to determine if the sea water would
inhibit their growth. Similarly, a 200 pl aliquot of sea water was seeded with two
5 pl loopfuls of 2-3 day old H. pylori culture.

b. Direct Filtration Technique Samples

The experimental sample consisted of 200 ul of sea water only (see 2.2.2.5.). Asa
negative control, a 1.2 pm membrane filter was placed onto an H. pylori selective
plate witﬁout having anything filtered through it to determine if the filter was a
source of contamination. The positive controls consisted of a 200 ul aliquot of sea
water spiked with two 5 pl loopfuls of 2-3 day old cultures of H cinaedi, H.
fennelliae or H. pylori to determine if the 1.2 um filter would prevent filtration of

any of the three species of Helicobacter.

2.2.2.4. Duck Pond Water Experiment using H. pylori selective media

a. Direct dispensing of the Duck Pond Water sample onto H. pylori selective
media

An aliquot of 200 pl of duck pond water was directly dispensed onto a H. pylori

selective plate. The positive controls consisted of 200 ul aliquots of duck pond

water spiked, either, with two 5 ul loopfuls of 2-3 day old H. cinaedi and H.

43



Jennelliqe cultures or an H. pylori culture only to determine if the duck pond

water would hinder their growth and survival,

b. Direct Filtration Technique Samples

The experimental sample consisted of 200 ul of duck pond water only, while the
positive control samples consisted of 200 ul of duck pond water spiked with two
5 ul loopfulé of 2-3 day old H. cinaedi and H. fennelliae cultures or H. pylori
culture only (see 2.2.2.5.). As a negative control, a 1.2 um membrane filter was

placed onto a H. pylori selective plate without having anything filtered through it.

2.2.2.5. Filtration Technigue and Incubation

a. Filtration Technique

Each of the direct filtration technique ana enrichment technique samples and
controls were filtered through 0.6 pm and 1.2 ym ME 26 membrane filters onto
allocated TBA or H. pylori selective plates at RT. Thereafter, filters were
removed within 20 min to ensure optimal filtration. All plates were allowed to dry

at RT for 30-40 min.

b. Incubation
All plates were incubated at 37°C in a Hy-enriched microaerophilic atmosphere

generated by an Oxoid BR 38 generating kit.

2.2.2.6. Dry sea sand, wet sea sand and duck pond sand experiments using H.
pylori selective media and the Pulsification Technigue
During pulsification the Pulsifier (Filtaflex Ltd, Canada) very rapidly beats the
sample in the sterile pulsifying bag (Microgen Bioproducts Ltd., U.K.) using an
oscillating metal ring. During this process intense turbulence is generated within
the sample resulting in the creation of shear forces across the surfaces of various
objects or particles within the sample which drive the bacteria off various sample
matrices and into the broth or sterile phosphate buffer saline (PBS) (pH 7.2) in
which they are suspended. The pulsification process results in a minimal
breakdown of the sample matrix and thus the sample is essentially intact. These

pulsified samples are therefore generally easier to pipette and filter, allowing
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more of the sample to be concentrated (http://ift.confex.com/ift/2004/techprogram
/paper_26721.htm).

a. Pulsification Technique using dry sea sand, wet sea sand and duck
pond sand samples
The experimental samples consisted of 25 g of dry sea sand, wet sea sand
or duck pond sand dispensed into an allocated pulsifier bag. Thereafter, 30
ml of sterile PBS was added. The positive controls consisted of 25 g of dry
sea sand, wet sea sand or duck pond sand; 30 ml of sterile PBS and spiked
with two 5 ul loopfuls of 2-3 day old H. fennelliae, H. cinvedi and H.
pylori cultures. The negative control consisted of 30 ml of PBS only to
check for any contamination. Samples and controls were pulsified for 30
sec using a Pulsifier. Each sample and control was filtered through an
allocated piece of single-layered cheesecloth and into a CellStar sterile
non pyrogenic 50 ml PP-tube (DNase and RNase free) (Greiner Bio-One
GmbH, Germany). Filtrates were centrifuged at 1 000 rpm using a GH-3.7
Beckman rotor in a2 Beckman GS-6 centrifuge (Beckman, U.S.A.). The
supernatants were poured into 50 ml Oakridge centrifuge tubes (Nalgene,
U.S.A) while the pellets were discarded. Thereafter, supernatants were
centrifuged at 14 000 rpm for 10 min using a JA-20 rotor in a Beckman
J2-21 centrifuge (Beckman, U.S.A.). Supernatants were discarded and
each pellet re-suspended in 500 pl of sterile PBS and filtered through a 1.2
pm membrane filter onto an allocated H. pylori selective plate. Thereafter,
the filtration technique as described in 2.2.2.5.a. was followed. As an
additional negative control, a 1.2 um membrane filter was placed onto a
H. pylori selective plate to determine if the filter was a source of

contamination.
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2.2.2.7. Melkbos 4X4 water Experiment

a. Direct Streaking Technique

A sterile inoculating loop was placed in the Melkbos 4X4 water sample, which
was stored at 4°C for 2 days, and streaked onto a H. pylori selective plate

followed by incubation as in 2.2.2.5.b.

b. Direct Filtration Technique

The experimental sample consisted of 300 pl of Melkbos 4X4 water sample only.
The two positive controls consisted of 300 pl of Melkbos 4X4 water sample
spiked with two 5 ul loopfuls of 2-3 day old H. cinaedi and H. fennelliae cultures;
and H. pylori culture only, respectively. As negative controls, 0.6 pm and 1.2 pm
membrane filters were placed onto H. pylori selective plates without having
anything filtered through it to check for any filter contamination. Thereafter, the
procedures in 2.2.2.5.a. and 2.2.2.5.b. were followed.

2.2.2.8. Melkbos 4X4 gravel and muddy sand experiment

The experimental samples consisted of 25 g of gravel or muddy sand dispensed
into allocated pulsifier bags. Thereafter, 30 ml of sterile PBS was added. The
positive controls consisted of 25 g of gravel or muddy sand, 30 ml of sterile PBS
and spiked with two 5 ul loopfuls of 2-3 day old cultures of H. cinaedi, H.
Jfennelliage and H. pylori. The negative control consisted of 30 ml of PBS only.
Samples and controls were pulsified for 30 sec in a Pulsifier. An innoculum of
each sample and control was streaked onto an allocated H. pylori selective plate to
determine whether the bacteria of interest were blocked by the cotton gauze, used
in the following step. Samples and controls were filtered through individual Smith
and Nephew Natuuril (100 mm X 75 mm X 75 mm X 8 ply) cotton gauze, placed
over the mouth of a sterile CellStar 50 ml PP-tube (DNase and RNase free). The
filtrate was centrifuged at 1 000 rpm for 10 min using a GH-3.7 Beckman rotor in
a Beckman GS-6 centrifuge. Supernatants were poured into 50 ml Oakridge
centrifuge tubes, while the pellets were discarded. Thereafter, supernatants were
centrifuged at 14 000 rpm for 10 min using a JA-20 rotor in a Beckman J2-21
centrifuge. Supernatants were discarded and pellets re-suspended in 500 pl of
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sterile PBS. An inoculum of each sample and control was streaked onto an

allocated H. pylori selective plate to determine if any bacteria were blocked by the
0.6 pm ME 26 membrane filter, used in the following step. The remaining volume
of each re-suspended pellet, consisting of concentrated bacterial cells, was
dispensed onto an allocated 0.6 pm membrane filter placed on a H. pylori
selective plate. Thereafter, filtration and incubation, as described in 2.2.2.5.a. and

2.2.2.5.b., respectively were followed.

2.2.2.9. Compost and mountain soil experiment

The mountain soil was obtained from a hiking trail at Lions Head. A 25 g sample
of mountain soil and compost was placed into allocated pulsifying bags to which
30 ml of sterile PBS was added. The positive controls consisted of 25 g of
compost and mountain soil, respectively; 30 ml of sterile PBS and spiked with
two 5 pl loopfuls of 2-3 day old cultures of H. fennelliae, H. cinaedi and H.
pylori. The negative control consisted of 30 ml of PBS only. Samples and controls
were pulsified for 30 sec with a Pulsifier. Each sample and control was streaked
onto an allocated H. pylori selective plate to determine if the cotton gauze, in the
next step, would retain any bacteria of interest. Samples were filtered through a
Smith and Nephew Natuuril (100 mm X 75 mm X 75 mm X 8 ply) pure cotton
. gauze, placed over the mouth of a sterile CellStar 50 ml PP-tube (DNase and
RNase free). The filtrates were centrifuged at 1 000 rpm for 10 min using a GH-
3.7 Beckman rotor in a Beckman GS-6 centrifuge. Supernatants were transferred
to 50 ml Oakridge centrifuge tubes and pellets were discarded. Supernatants were
centrifuged at 14 000 rpm for 10 min using a JA-20 rotor in a Beckman J2-21
centrifuge. Supernatants were discarded and pellets re-suspended in 500 pl of
sterile PBS and filtered through a 0.6 pm membrane filter on a H. pylori selective
plate followed by procedures described in 2.2.2.5.

2.2.2,10. Mountain water and laboratory tap water experiment
The mountain water sample was obtained from a hiking trail at Lions Head. The
experimental samples consisted of 1 ml of laboratory tap water and mountain

~ water, respectively, filtered through a 0.6 pm membrane filter. Similarly, a 1 ml
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aliquot of each sample was filtered through a 1.2 pym membrane filter. This was
done to determine if the 0.6 um filter would prevent the bacteria of interest from
filtering through. The positive controls consisted of 1 ml of laboratory and
mountain water, respectively, spiked with two 5 pl loopfuls of 2-3 day old
cultures of H. fennelliae, H. cinaedi and H. pylori each of which were filtered
through a 0.6 um and 1.2 pm filter. As negative controls, 0.6 pm and 1.2 pm
membrane filters were placed onto H. pvlori selective plates to check for
contamination followed by filtration and incubation in 2.2.2.5.a. and 2.2.2.5.b.,

respectively.

2.2.2.11. Treated and untreated sewage / sludge experiment

a. Direct Streaking and Filtration Techniques

Inoculums of the unprocessed (initial) untreated and treated sewage / sludge
samples were streaked onto allocated TBA and H. pylori selective plates to
compare bacterial growth between the two plates. Volumes of 40 ml of untreated
and treated sewage / sludge samples were centrifuged at 14 000 rpm at RT for 7
mins in a JA-20 rotor in a Beckman J2-21 centrifuge. Supernatants were
discarded and pellets retained and re-suspended in 500 pl of sterile PBS.
Inoculums of re-suspended (processed) treated and untreated sewage / sludge
samples were streaked onto allocated TBA and H pylori selective plates to
determine if any bacteria of interest were lost after centrifugation. Volumes of
200 pl of re-suspended treated and untreated sewage / sludge samples were
filtered through 0.6 pm membrane filters on TBA and H. pylori selective plates.
As a ﬁegative control, a 0.6 pm membrane filter was placed onto a H pylori
selective plate to detect any filter contamination. The two positive controls
consisted of 100 pl of re-suspended sample spiked with two 5 ul loopfuls of 2-3
day old cultures of H. fennelliae and H. éinaedi; and H. pylori, respectively. The
positive controls were filtered through a 0.6 pm membrane filter onto a H. pylori
selective plate. In addition, inoculums of each of the positive controls were
streaked onto a H. pylori selective plate to determine if the filter was preventing
filtration of any bacteria of interest. Thereafter, the filtration and incubation

procedures, as in 2.2.2.5.a. and 2.2.2.5.b., respectively were followed.
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b. Enrichment Technique

A 20 ml volume of treated and untreated sewage / sludge was dispensed into a
sterile 50 m! conical flask and incubated at 37°C in a H,-enriched microaerophilic
atmosphere, generated by an Oxoid BR 38 generating kit, for 2 days. After 2 days,
200 pl aliguots of treated and untreated sewage / sludge samples were filtered
through 0.6 um membrane filters onto TBA and H. pylori selective plates. The
remainder of the samples were centrifuged at 14 000 rpm at RT for 10 mins in a
JA-20 rotor in a Beckman J2-21 centrifuge. Supernatants were discarded and
pellets re-suspended in 500 pl of PBS. A 200 pl aliquot of each re-suspended
sample was filtered through 0.6 pm membrane filters onto TBA and H. pylori
selective plates. As positive controls, a 100 ul aliquot of treated and untreated
sewage / sludge sample was spiked with two 5 ul loopfuls of 2-3 day old cultures
of H. fennelliae, H. cinaedi and H. pylori. In addition, each enriched positive
control was streaked onto TBA and H. pylori selective plates to determine if the
0.6 um filter blocked filtration of H. fennelliae, H. cinaedi or H. pylori. As a
negative control, a filter was placed directly onto a H. pylori selective plate
without having anything filtered through it to determine whether the filter was a
source of contamination. Filters were removed within 20 min and the filtrates
spread evenly on the surfaces of TBA and H. pylori selective plates using a sterile
hockey-stick spreader. Plates were allowed to dry at RT and then inverted and
incubated at 37°C in a Hy-enriched microaerophilic atmosphere generated by an

Oxoid BR 38 generating kit.

2.2.3. Culture Maintenance

Samples and cultures were re-incubated every second day at 37°C in a Hj-enriched

microaerophilic atmosphere generated by using an Oxoid BR 38 gas generating kit in a

clean gas jar.

Cultures intended for short-term storage (less than 5 days) were stored at 37°C under

appropriate atmospheric conditions.

Pure cultures intended for long-term storage involved the sweeping up of 2-3 old healthy-

growing cultures, using a sterile loop, off TBA plates. The mass of bacteria was sterilely
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deposited into a Microbank tube containing broth and beads. The Microbank tube was
shaken sufficiently to ensure that the bacterial mass was broken down and evenly
displaced. It was also done to allow the bacteria to enter the hole in the centre of the bead
and adhere to the rest of the bead. Thereafter, the broth was swiftly removed using a
sterile Pasteur pipette after flaming the mouth of the Microbank tube. These tubes were

immediately snap-frozen and stored at -70°C.

2.2.4. Biochemical and phenotypic characterization of Helicobacter and related
micro-organisms
Originally, the “Cape Town protocol” was developed to isolate and identify to species
level a variety of Campylobacter, Helicobacter and Arcobacter from diarrhoeic stool but
it can be adapted to work for other samples as well. The protocol consists of membrane
filtration followed by incubation in a Hy-enriched microaerophilic atmosphere. Various
biochemical and phenotypic tests, based on and outlined in the “Cape Town protocol”
{Appendix D), were carried out to identify the bacteria of interest, namely Helicobacter;
Campylobacter and Arcobacter species, from a diverse range of bacteria within a specific
sample. In addition, all clinical; environmental; and revitalized isolates of Helicobacter
and related genera were aiso characterized using biochemical and phenotypic tests to
identify the species present. All the isolates were later used to validate kits and to

generate phylogenetic trees based on the amplification of the 16S rRNA gene.

2.2.4.1. Phenotypic characterisation ‘

The phenotypic characterization of a bacterium includes the observation of its
colony morphology and growth characteristics.

a. Preliminary identification procedure based on colony morphology

For the purpose of this study, only colonies resembling the recognized
morphology of Helicobacter, Campylobacter and Arcobacter were picked and
streaked on fresh TBA plates for single colonies. Generally, Campylobacter
colonies appear dirty yellow or cream in colour. Helicobacter colonies are
generally light yellow to off-white in colour and grow as tiny, isolated, round,
translucent colonies, a common trait of gastric Helicobacter e.g. H. pylori, or as a

thin flat film as H. cinaedi and H. fennelliae. In addition, H. fennelliae possesses a
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distinct odour resembling that of hypochlorite. Arcobacter appear to be whiter
than those of Campylobacter and grow and survive under aerobic conditions (Le
Roux and Lastovica, 1998). Once the colonies of interest were selected, bacterial

smears were prepared for a Gram stain.

b. Preparing a good bacterial smear for a Gram stain

A drop of water was placed onto a microscope slide using a sterile Pasteur pipette
(LP Italiana Spa, Italy). A sterile inoculating loop was used to pick up a colony of
interest from a TBA plate and mixed with the drop of water to create a milky
suspension. The smear was allowed to air-dry. Thereafter, the smear was heat-
fixed by swiftly passing the slide, 3-5 times, over the flame of the Bunsen burner.

The slide was allowed to cool before a Gram stain was prepared.

¢. The Gram stain

A Gram stain (developed in 1884 by Christian Gram, a Danish physician) is used
to determine the Gram-status of a young cultured micro-organism; a purple-blue
colour indicates the presence of a Gram-positive micro-organism, while Gram-
negative micro-organisms such as Helicobacter, Campylobacter, Arcobacter, etc

are stained pink or red (Prescott ef al., 1996).

The Gram-staining technique was used to confirm that cultures were pure and for
preliminary identification of the bacteria of interest. Using the Gram stain,
Campylobacter-like organisms appeared short, stubby or comma-shaped;
Helicobacter-like organisms appeared to thin, long and spiral in shape; while
Arcobacter-like organisms were bigger than Campylobacter, and slightly curved
(Le Roux and Lastovica, 1998). The Gram-staining technique indicated that all of
the above micro-organisms were Gram-negative.

Procedure

The microscope slide was flooded with crystal violet stain for 1 min. Crystal
violet stain was gently washed off with water followed by flooding with Gram’s
iodine solution for 1 min. The slide was gently rinsed with water and blot dry with
Kimwipe to remove excess water. The slide was flooded with acetone for 15-20

sec to wash off the excess crystal violet dye from the cells and immediately rinsed
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with water to seize the decolourization process. Thereafter, the slide was flooded
with dilute carbol fuchsin for 30 sec, immediately rinsed with water and allowed

to air-dry (http://web.indstate.edu/thcme/micro/basic.html). The results of the

Gram stain was observed with an Olympus microscope, model: CH20BIMF200
(Olympus Optical Co, Ltd, Japan) using the 10 X objective lens to focus in on the
sample. Thereaﬁér, higher resolution was used to gain a more detailed view of
bacteria morphology and to preliminary identify these bacteria to the genus level,

e.g. Helicobacter, Campylobacter and Arcobacter.

d. Growth Conditions

The type of growth conditions required for the optimal growth and survival of
specific cultures helps to determine the bacteria to the genus level, eg.
Arcobacter cultures grow under aerobic conditions. Helicobacter and
Campylobacter require microaerophilic or hydrogen-enhanced microaerophilic
conditions for growth.

Procedure

Each culture was streaked, in triplicate, onto TBA plates and incubated in H-
enriched microaerophilic, CO,-enriched and normal aerobic environments to

determine their growth and survival patterns under these conditions.

2.2.4.2. Biochehical characterization
Various biochemical tests, indicated below, and in Appendix D, were used to
identify bacteria to the species level. Each biochemical test was performed in

duplicate. Positive and negative controls were included in each test.

a. The Pyrazinamide Test

A sterile 5 pl inoculating loop was used to generously sweep up bacterial cells,
grown in H;, and emulsified in the top third of the pyrazinamide media (NHLS
media lab, Greenpoint) creating a heavy inoculum. One tube containing semi-
solid pyrazinamide media was used per sample. The inoculated pyrazinamide
tubes were incubated in a Hy-enriched microaerophilic atmosphere generated by
an Oxoid BR 38 generating kit for 2 days (indoxyl acetate positive cultures) or 4

days (indoxyl acetate negative cultures). After incubation, 1 ml of freshly
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prepared 10 % ferrous sulphate (FeSOy4) was added along the wall of the tube and
allowed to settle at RT for a few minutes before results were recorded. The
formation of a brown ring was indicative of a positive result, while a colourless

reaction symbolized a negative result.

b. The Urease Test-

A sterile 5 pl inoculating loop was used to transfer bacterial cells, grown in
appropriate atmospheric conditions, to a small allocated area on a urea agar base
plate (NHLS media lab, Greenpoint). The inoculums were heavily spread onto the
surface and stabbed into the media and left at RT before the results were recorded.
Appearance of a bright pink colour was indicative of a positive result e.g. H.
pvlori, while a negative result was illustrated by a colourless reaction e.g. A

cinaedi.

¢. The Rapid H;S Test

A sterile 5 pl inoculating loop was used to generously sweep up 2-3 day old
bacterial cells, grown in Hy, and deposited into the semi-solid iron broth (NHLS
media lab, Cape Town) as an intact “blob”. One tube was used per sample. The
inoculated tubes were incubated overnight in a Hj-enriched microaerophilic
environment. A positive result was indicated by the blackening of the area around
“blob” e.g. C. jejuni subsp. jejuni, while a negative result was indicated by an

unchanged colour around the “blob” e.g. C. upsaliensis.

d. The H;S production on Triple Sugar Iron (TSI) Test

A sterile 5 pl inoculating loop was used to sweep up a generous amount of 2-3
day old bacterial cells, grown in appropriate atmospheric conditions, spread onto
ethe stanted TSI agar (NHLS media lab, Cape Town) followed by stab-inoculation
of the concave end of the agar. A lead acetate (PbAc) strip was suspended over
the slant. The tubes were incubated for 48 hr in appropriate atmospheric
conditions before the results were recorded. The blackening of the PbAc strip was
indicative of a positive result e.g. 4. butzleri, while a colourless reaction indicated

a negative result.
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€. The Oxidase Test
A sterile 5 pl inoculating loop was used to sweep up a generous amount of 2-3
day old bacterial cells, grown in a favourable environment, and spread in an

allocated area on an oxidase strip (hitp://medic.med.uth.tme.edu/path/oxidase.

htm). Bacteria possessing the cytochrome oxidase enzyme oxidized the strip
resulting in a dark purple colour, indicative of a positive result e.g. H pullorum,

while a colourless reaction indicated a negative result.

f. The Antibiogram Test

Inoculums of 2-3 day old bacterial cultures, grown in appropriate conditions, were
streaked in duplicate on TBA plates. One antibiotic disc was used per plate. After
streaking, the nalidixic acid and cephalothin antibiotic discs were placed on
allocated TBA plates in an area where heavy growth was expected. Cultures were
incubated in required environments for 48 hr. Thereafter, culture growth was

analyzed to determine whether inhibition zones were present.

2.2.5. Validating kits using pure cultures of Helicobacter and other micro-organisms
Only pure cultures were used to validate kits, and each sample was tested in triplicate to

determine reproducibility.

2.2.5.1. Validating the Oxoid Biochemical Identification System (O.B.LS.
Ltd., U.K.) for the differentiation of Campylobacter and Arcobacter
from other Gram-negative organisms
The O.B.LS. kit was specifically designed to rapidly differentiate
Campylobacter and Arcobacter from other Gram-negative micro-
organisms. Prior to the use of the O.B.L.S. kit, a (0.5 M) NaOH or KOH
test was required to determine the Gram-status of the tested bacteria.
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Table 2.1: Expected reactions for the O.B.1.S. test kit

Micro-organism KOH Test L-ALA Test
Campylobacter species + -
Areobacter species + -

Gram- positive species - -

Other Gram-negative + +
species

a. The (0.5M) NaOH or KOH Test Procedure

One to two loops of (0.5 M) NaOH or KOH solution was placed onto a
clean glass microscope slide. Ué'ing a sterile 5 pl loop, a few colonies of a
pure 2-3 day old bacterial culture were mixed into the (0.5 M) NaOH or
KOH solution. The loop was carefully raised, at intervals, from the
mixture to check for the formation of a DNA “string” between the loop
and the mixture. A negative result was characterized by the formation of a
suspension of cells without the presence of a DNA “string”, indicative of a
Gram-positive bacterium. A positive result was characterized by a high
viscosity in the mixture in addition to the formation of a DNA “string”,

indicative of a Gram-negative bacterium.

b. O.B.LS. Test Procedure

Using a sterile 5 pl loop, a few colonies of a pure 2-3 day old bacterial
culture were spread across the reaction zone, inside a circle, of a test card.
One drop of O.B.L.S. buffer solution was dispensed onto each of the
inoculated reaction zones. After 30 sec, one drop of O.B.1.S. developing
solution was dispensed onto each of the reaction zones. The appearance of
a purple colour, within 20 seconds, indicated a positive L-ALA reaction
and the presence of L-ALA, as illustrated for E. coli. A colourless
reaction, after 20 sec, indicated a negative reaction and that the bacterium
was a presumptive Campylobacter or Arcobacter species - (O.B.LS.

Instruction Leaflet).
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