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Salmonella is a genus of Gram-negative bacteria in the
family Enterobacteriaceae. The classification of salmo-
nellae is confusing and controversial, but most belong to a
single species, Salmonella enterica, which is divided into
more than 2500 serovars.1 Many of these cause human
 salmonellosis, a gastrointestinal illness of significant
public health importance. Salmonellosis commonly pres-
ents with diarrhoea, headache, abdominal cramps, fever,
nausea and vomiting. A small percentage of infections are
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more invasive and salmonellae can be isolated from blood,
urine or other extra-intestinal sites. Salmonellae also
infect or colonise many animal species and most cases of
human salmonellosis are acquired from raw, undercooked
or contaminated animal products.2–4

The most virulent serovars are S. enterica serovar, Typhi
and S. Paratyphi A and B, the aetiological agents of enteric
fever (typhoid and paratyphoid fever respectively).5

Salmonellae constitute the largest group of notifiable
enteric pathogens reported in NSW, despite the likelihood
of cases being grossly underreported.6 Between
1991–2006, an average of 1800 cases were notified in
NSW each year (or 12 to 48 cases per 100 000) and these
probably represent less than 10 per cent of cases.6,7

Laboratory diagnosis and culture identification
Laboratory diagnosis of salmonellosis is usually made
through the culture of stools. Specimens are inoculated
onto selective media (xylose-lysine-decarboxylase agar,
[CHROMagar, Paris] and selenite-F [Difco, Le Pont du
Claix, France]) and the salmonella-like isolates are iden-
tified.8,9 Blood cultures are also performed for suspected
enteric fever and other invasive salmonellosis, and in
septic cases where enteric fever or invasive salmonellosis
can be the cause but usually are not suspected at presen-
tation. Biochemical tests to identify isolates are often
performed by commercial bacterial identification
systems. These systems provide automated species iden-
tification and antibiotic susceptibility testing, but are less
reliable for enteric pathogens than the conventional
methods of individual tube biochemical tests and disc
diffusion susceptibility testing. In a recent internal
review of results generated by the Phoenix 100 (Becton
Dickinson, Franklin Lakes, NJ), 15 per cent of 84 salmo-
nella isolates were initially incorrectly identified (unpub-
lished data, Centre for Infectious Diseases and
Microbiology).

In NSW, up to 100 public and private diagnostic laborato-
ries submit Salmonella cultures for serotyping to the NSW
Enteric Reference Laboratory at the Centre for Infectious
Diseases and Microbiology Laboratory Service. All iso-
lates are first tested to confirm their identity. The tradi-
tional tube methods of biochemical testing are the gold
standard for reference laboratories.9
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Salmonella typing in NSW
Although serotype identification is not required for patient
management, it is an important epidemiological tool for
outbreak investigations and surveillance. For common
serovars, further subtyping is needed and phage typing is
currently most commonly used. Serotyping and phage
typing are the basis of Salmonella reporting to the
National Enteric Pathogens Surveillance Scheme. In NSW,
results are reported electronically to the NSW Department
of Health.

Serotyping
Serotyping involves the use of specific diagnostic sera and
slide agglutination, the results of which are read in a light
box. The Kauffman and White Salmonella classification
scheme is based on cell wall (O) and flagellar (H) antigens
and, for a few serovars (notably S. Typhi and S. Dublin), a
capsular (Vi) antigen.10 Common O antigens are the basis
of serogroups and subgroups. Flagellar antigens create
greater serotype diversity, and are expressed as phase I,
phase II or phase I and II. Various combinations of the
numerous O and H antigens contribute to over 2500
serovars, each of which can be described by a ‘formula’
based on these antigens – for example: S. Typhimurium is
(O)1,4,5,12:(H)i:1,2; S. Enteritidis is 1,9,12: g,m:-; and
S. Typhi is 9,12,Vi:d:-.1,10

There were 1500–2000 human isolates typed by the

NSW Enteric Reference Laboratory for each year between
2001 and 2005, representing 86–104 serovars. The major-
ity of cases of human salmonellosis are caused by a small
number of serovars. The 10 most common serovars identi-
fied by the NSW Enteric Reference Laboratory are listed
in Table 1, and account for 75–80 per cent of isolates.
S. Typhimurium accounts for 50–55 per cent of all cases in
NSW. Other common serovars include S. Enteritidis,
S. Virchow and S. Infantis (Table 1).

Phage typing
Bacteriophages are viruses that may be present in certain
bacteria without causing damage, but that under certain
circumstances, or when applied to a susceptible bacterial
culture, can kill (or lyse) the bacteria. Bacteriophage
(phage) typing refers to a standard method of characteris-
ing selected Salmonella serovars. It is based on patterns of
lysis and uses an international set of phages. The phage
typing scheme for S. Typhimurium was developed 30 years
ago by Anderson et al. and is still widely used.11 Two
 laboratories perform phage typing on a small number of
serovars for NSW: the Microbiological Diagnostic Unit,
Melbourne (S. Typhimurium, S. Typhi, S. Paratyphi A and
B including bioser java, S. Enteritidis, S. Virchow,
S. Hadar); and the Australian Salmonella Reference
Centre, Adelaide (S. Heidelberg, S. Bovismorbificans).

Phage typing is based on the fact that most Salmonella
strains are infected with one or more bacterial viruses
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Table 1.  Ten most common Salmonella serovars isolated from humans and identified in the NSW between 2001 and 2005

n = denotes number of records for that year. The percentage of each Salmonella serovar for the year is given in brackets.

Ranking 2001 2002 2003 2004 2005 
(n = 1590) (n = 1802) (n = 1774) (n = 2029) (n = 2047)

1 S. Typhimurium S. Typhimurium S. Typhimurium S. Typhimurium S. Typhimurium 
(51.2%) (51.9%) (52.1%) (56.1%) (53.1%)

2 S. Enteritidis S. Bovismorbificans S. Infantis S. Enteritidis S. Enteritidis 
(4.4%) (4.6%) (5.8%) (4.1%) (5.2%)

3 S. Birkenhead S. Virchow S. Virchow S. Virchow S. Virchow 
(4.1%) (4.5%) (3.7%) (4.0%) (3.7%)

4 S. Virchow S. Montevideo S. Bovismorbificans S. Infantis S. Infantis 
(3.5%) (3.6%) (2.6%) (2.5%) (2.6%)

5 S. Bovismorbificans S. Enteritidis S. Chester S. Bovismorbificans S. subsp. 1 ser 16: lv:- 
(3.5%) (3.1%) (2.6%) (2.2%) (2.1%)

6 S. Stanley S. Infantis S. Saintpaul S. Typhi S. Bovismorbificans 
(3.4%) (2.2%) (2.2%) (1.9%) (1.8%)

7 S. Infantis S. Potsdam S. Enteritidis S. Saintpaul S. Saintpaul 
(2.4%) (2.1%) (2.1%) (1.8%) (1.6%)

8 S. Saintpaul S. Saintpaul S. Singapore S. subsp. 1 ser 16: lv:- S. Typhi 
(2.1%) (1.9%) (1.3%) (1.7%) (1.5%)

9 S. Singapore S. Birkenhead S. subsp. 1 ser 16: lv:- S. Chester S. Stanley 
(1.4%) (1.8%) (1.9%) (1.4%) (1.4%)

10 S. Typhi S. Agona S. Montevideo S. Singapore S. Hvittingfoss 
(1.4%) (1.6%) (1.7%) (1.3%) (1.3%)

No. of Serovars 86 98 95 102 104

Source: Enteric Reference Laboratory’s Salmonella/EPS database, Centre for Infectious Diseases and Microbiology Laboratory Services.
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known as bacteriophages (or phages), which either remain,
silently, in the bacterial cell or lyse it and are released. The
susceptibility of a particular Salmonella strain to infection
and lysis by different phages varies according to which
phages it already contains. For example, for
S. Typhimurium a set of 34 phages is used to identify 207
phage types. Phages are ‘spotted’ on to a lawn culture of
bacteria and incubated overnight. ‘Punched out’ areas
without growth, in the otherwise even lawn culture, indi-
cate lysis of the salmonella strain by the corresponding
phage. The combination of phages to which a particular
Salmonella isolate is susceptible determines its phage type.

Standard phage typing sets are maintained at the Central
Public Health Laboratory of the Health Protection Agency
in the United Kingdom. Historically, the sets have been
made available to a limited number of reference laborato-
ries, usually only one per country. The need to refer iso-
lates interstate for phage typing after serotyping has been
performed causes potential delays of 2–4 weeks before
results are available. In addition, phage typing has limited
discriminatory power for some serovars, including
S. Typhimurium, and some isolates are non-typeable or the
pattern they produce does not fit any recognised phage
type. When this occurs, it is reported as RDNC: reacts
does not conform.

There are numerous potential delays in the process of
identification and typing of salmonellae, and 4–5 weeks
may elapse from the time of consuming contaminated
food, until results required for public health action are
available (see Box 1, for S. Typhimurium). As a result, the
chances of obtaining a reliable food history and identify-
ing food sources are very low. This is a particular problem
for common serovars like S. Typhimurium, for which it is
difficult to identify outbreaks against a background of
high endemicity.

Molecular typing: the future of Salmonella typing?
Many molecular typing methods have been used for
further discrimination of Salmonella serovars and phage
types, but these methods are generally slow and expensive.
Molecular typing has variable reproducibility and dis-
criminatory power but an advantage is that it can be per-
formed by larger laboratories, so there is no need for
interstate referral.

Pulsed-field gel electrophoresis has been widely used and
is regarded as the ‘gold standard’ for Salmonella geno -
typing.12 It is the basis for the US Centers for Disease
Control and Prevention’s ‘PulseNet’, an international sur-
veillance system for Salmonella and other foodborne
pathogens. However, pulsed-field gel electrophoresis is
time-consuming, its ability to distinguish subtypes within
S. Typhimurium is limited and comparison of results
between laboratories and over long time periods requires

painstaking standardisation of methods and expensive
image-recognition software. Amplified-fragment length
polymorphism is more discriminatory but, like pulsed-
field gel electrophoresis, is technically difficult, slow,
expensive and requires specialised equipment.13,14

Multilocus sequence typing is expensive and has limited
discriminatory ability because it uses highly conserved
housekeeping genes.15

Recently multilocus variable-number tandem-repeats
analysis (MLVA) has been developed for various
Salmonella serovars, including S. Typhimurium, and has
the potential to become the method of choice in many lab-
oratories (for more detail on MLVA see Gilbert, ‘Using
MLVA to type strains of Salmonella Typhimurium in New
South Wales’ in this issue).16–20 This technique has a high
discriminatory power to differentiate Salmonella strains
within phage types. Even genetically homogenous phage
types such as S. Typhimurium definitive type (DT) 104
can be differentiated.21 NSW introduced this method for
routine typing of S. Typhimurium in May 2006 and, by
November 2007, over 1500 isolates, comprising more than
60 phage types, had been typed using this method. More
than 400 MLVA types and dozens of outbreaks have been
identified. The largest outbreaks include S. Typhimurium
outbreaks in a catering college in the Blue Mountains area
and another in a hot bread shop in Homebush, in which
more than 300 patients were involved (unpublished data;
Centre for Infectious Diseases and Microbiology-Public
Health, Salmonella outbreak molecular typing report,
November 2006–May 2007). In addition, MLVA was used
to investigate a nationwide S. Saintpaul outbreak in 2006.

The challenge posed by S. Typhimurium and the need to
develop a practical, cost-effective, rapid strain typing
system is the rationale for a post-doctoral research project
at Centre for Infectious Diseases and Microbiology
(CIDM) Public Health. For simultaneous detection, identi-
fication and typing of S. Typhimurium isolates, we have
developed a multiplex PCR-based reverse line blot hybridi-
sation system. The system is based on known phage
sequences and phage type-specific amplified-fragment
length polymorphism fragments.13,22–24 Most common
S. Typhimurium phage types can be identified by their
reverse line blot patterns. Preliminary testing of the system
with 168 selected S. Typhimurium isolates (representing 46
phage types), produced 102 reverse line blot patterns.

This method has a discriminatory power similar to that of
MLVA and is suitable for epidemiological investigation of
outbreaks. The reverse line blot data are stored as digital
profiles and data libraries can be set up so that reverse line
blot patterns can be compared historically and geographi-
cally. Once sample DNA is extracted, results are available
within 24 hours. The multiplex PCR-based reverse line
blot hybridisation system has been applied in several out-
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break investigations in NSW. It rapidly identified human
outbreak isolates and isolates from suspect food sources,
and successfully predicted the phage type involved more
than a week before the phage typing results were available.

In addition, the multiplex PCR-based reverse line blot
hybridisation system allows a total of 43 samples to be
tested in a single run and, with current available resources,
up to two runs can be performed each week. In future, this
typing method can be further expanded by adding more
gene markers to the system. This will improve its discrim-
inatory power and provide a genetic marker base for
further development of a microarray system that is capable
of simultaneously identifying serovar and phage type, and
distinguishing different Salmonella strains.

Conclusion
A major focus in the investigation of food poisoning is
timeliness in obtaining a laboratory result and the useful-
ness of the result for identifying or pinpointing the likeli-
hood of an outbreak. Serotyping still remains a useful
initial tool for rapid differentiation of broad groups of
Salmonella into serovars. The results of our outbreak-
based molecular studies strongly suggest that due to its
limited discriminatory ability, phage typing will eventu-
ally be replaced by reliable molecular typing methods.
This will also overcome the delays and cost of sending cul-
tures to interstate reference laboratories. The combination
of current MLVA typing and the new multiplex PCR-based
reverse line blot hybridisation system will become the
method of choice for improving outbreak investigation
and surveillance, and will lead to better foodborne disease
control in NSW.
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