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Abstract

Campylobacter is a major zoonotic pathogen, primarily associated with foodborne
illnesses worldwide and a leading cause of bacterial gastroenteritis in humans.
Campylobacter jejuni and Campylobacter coli are the most commonly associated species.
The epidemiology of Campylobacter infections is multifactorial, with transmission
occurring primarily through the consumption of undercooked poultry, contaminated water,
or unpasteurized dairy products. In Malaysia, the current scenario of Campylobacter
prevalence remains a concern, with increasing reports of clinical cases of gastroenteritis
attributed to this pathogen. Recent studies indicate a notable prevalence of Campylobacter
in food commodities, particularly in poultry products, which are frequently contaminated.
Additionally, Campylobacter is commonly found in various animal reservoirs, including
poultry, cattle, and livestock, further contributing to its widespread occurrence in food
products. The rising antibiotic resistance patterns in Campylobacter, especially to
fluoroquinolones and macrolides, complicate treatment options and pose a public health
threat. This resistance is primarily linked to the over and miss use of antibiotics in clinical
setting, animal husbandry, highlighting the need for stringent surveillance and regulation
of antimicrobial use. Detection methods for Campylobacter include traditional culturing
techniques, molecular methods such as PCR, and immunological assays, each with distinct
advantages and limitations. Campylobacter is known to thrive under specific conditions,
and improper handling, storage, and cooking practices exacerbate the risk of
contamination in food products. Effective prevention and control measures are critical to
reducing Campylobacter prevalence, including good manufacturing practices, proper food
handling, cooking, and pasteurization techniques, alongside public health initiatives
focused on hygiene education. Future perspectives in the management of Campylobacter
infections involve the development of novel detection methods, improved vaccine
strategies for livestock, and enhanced global surveillance systems to monitor the evolution
of resistance patterns. Collaborative efforts between government agencies, food industry
stakeholders, and public health organizations are essential to curb the burden of
Campylobacter infections and reduce associated health risks in Malaysia and beyond.

1. Introduction

Foodborne diseases have become a key public health

Campylobacter is one of the main biological hazards
that lead to global foodborne infections. However, lots of

issue worldwide with globalisation, advanced food
production, dynamics in human demographics, as well as
sociocultural behaviour. Food and waterborne diarrheal
diseases account for the majority of illnesses and deaths
in developing countries (Schlundt et al., 2004).
However, only 1 in 6 foodborne cases is presented to a
general physician. Ultimately, national surveillance
system captures only a number of cases that presented to
a general physician (Wheeler et al., 1999).
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reviews and data are available for developed countries
(Silva et al., 2011); there is a scarcity in the evaluation of
the status of Campylobacter in developing and middle-
income countries. It is essential to elucidate and
understand the status of Campylobacter in Malaysia to
reduce the burden of infection and to implement
mitigation strategies. Further, this review illustrates the
latest available data on microbiological, epidemiological,
and clinical aspects of Campylobacter.
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1.1 Historical perspectives

In 1886, Theodor Escherich has observed a spiral
non-cultivable organism in a stool sample from a child
that eventually died of cholera. This might be the first
observation of Campylobacter (Butzler, 2004; Skirrow,
2006). In May 1938, a milk-borne diarrheal outbreak
occurred among 355 convicts in two neighbouring
prisons in Illinois, United States. Though the cultures of
stool samples were negative, broth cultures of blood
samples from 13 patients showed growth of an organism
similar to Vibrio jejuni and this outbreak considered as
the first reported Campylobacter infection in humans
caused by either C. jejuni or C. coli (Levy, 1946). The
first human Campylobacter strain was isolated in the
early 1970s by Dekyser et al. (1972) and Butzler ef al.
(1973) from blood and faeces of a woman with
hemorrhagic enteritis in Brussel, Belgium. However, this
work was not recognised until the development of
Skirrow’s selective growth media in 1977 that ultimately
facilitated the routine isolation and detection of
Campylobacter (Skirrow, 1977). Since then, the status
quo of Campylobacter has been revealed and become
one of the leading causes of foodborne pathogens in
humans (Olson et al., 2008).

2. Classification

Sebald and Veron identified variation in DNA base
content, metabolism, and growth requirement between
the microaerophilic V. fetus group and Vibrio spp.
Hence, in 1963, Sebald and Veron proposed a new genus

Table 1. Members of the genus Campylobacter and reservoirs.

Campylobacter for V. fetus and V. bubulus (now named
as C. sputorum). Campylobacter is a Greek word, which
denotes curved rod (Sebald and Veron, 1963). Ten years
later, Véron and Chatelain did a taxonomic revision for
the genus Campylobacter including C. fetus, C. coli, C.
Jjejuni, and C. sputorum (Véron and Chatelain, 1973).

The family Campylobacteraceae includes three
genera namely, Campylobacter, Arcobacter, and
Sulfurospirillum (Garrity et al., 2005). With the
development of science and technology, there have been
a number of taxonomic revisions in the genus
Campylobacter (Vandamme and De Ley, 1991). The List
of Prokaryotic names with Standing in Nomenclature has
indicated 32 species and 13 subspecies within the genus
Campylobacter (LPSN 2012).

2.1 Characteristics of Campylobacter

Campylobacter is a Gram-negative, non-spore
forming, small, slender, spirally curved rods (0.2-0.8 x
0.5-5 pm) that form “S” or a “V” shape of gull-wings
when group together. The single polar unsheathed
flagellum located at one or both ends of the organism
assists in the corkscrew-like motility. Unlike the other
members, C. gracilis is non-motile while C. showae
contains multiple flagella (Debruyne et al., 2008).
Campylobacter inhabits the intestinal tract of warm-
blooded animals. Table 1 summarises existing members
of the genus Campylobacter and reservoirs.

Campylobacter spp. Hosts Sites of isolation References
C. avium Poultry, turkey Cecum Rossi et al., 2009
C. canadensis Whooping crane Cloacal swabs Inglis et al., 2007
Cat Faeces Bruce et al., 1980
Cat Rectum Andrzejewska et al., 2013
Cattle Faeces Nielsen et al., 1997
Cattle Bile Enokimoto et al., 2007
Chicken Faeces Nielsen et al., 1997
Dog Faeces Bruce et al., 1980
Dog Rectum Andrzejewska et al., 2013
Duck Cloacal Tsai and Hsiang, 2005
Feral swine Oral cavity, recto-anal Jay-Russell et al., 2012
C. coli Goat Faeces Salihu et al., 2009
Horse Faeces Baserisalehi et al., 2007
Japanese Macaque Faeces Misawa et al., 2000
Lamb Faeces, Intestine Stanley ef al., 1998
Migratory birds Faeces Waldenstrom et al., 2002
Pig Faeces Nielsen et al., 1997
Rhesus Monkey Rectal swabs Andrade et al., 2007
Sheep Faeces Garcia et al., 2010
Turkey Faeces Wright et al., 2008
Wild birds Faeces Keller and Shriver, 2014
Cat Saliva Petersen et al., 2007
C. concisus Human Oral cavity Tanner et al., 1987
Human Saliva Petersen et al., 2007
C. corcagiensis sp. nov. Lion-tailed macaques Faeces Koziel et al., 2014b
C. cuniculorum Rabbit Caeca contents Zanoni et al., 2009
C. curvus Dog Faeces Chaban et al., 2010
Cattle Faeces Inglis and Kalischuk, 2004
Dog Faeces Chaban et al., 2010
C. fetus Feral swine Oral cavity, recto-anal Jay-Russell et al., 2012
Sheep Faeces Garcia et al., 2010
Sheep Foetus Oporto and Hurtado, 2011
Turtle, lizards, and snakes Faeces Wang et al., 2013
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Table 1. Members of the genus Campylobacter and reservoirs. (cont”’)

C. fetus subsp. Testudinum Reptiles Faeces Fitzgerald et al., 2014
C. gracilis Dog Faeces Chaban et al., 2010
) Human Saliva Petersen et al., 2007
C. hominis Human Faeces Lawson et al., 2001
C helveticus Cat Faeces Stanley et al., 1992
' Dog Faeces Chaban et al., 2010
African elephant Faeces Misawa et al., 2000
Cattle Faeces Inglis and Kalischuk, 2004
Chimpanzee Faeces Misawa et al., 2000
Dog Faeces Chaban et al., 2010
Feral swine Oral cavity, recto-anal Jay-Russell et al., 2012
C. hyointestinalis, Hamster Intestine Gebhart et al., 1985
C. hyointestinalis subsp. Japanese Macaque Faeces Misawa et al., 2000
hyointestinalis, and Lamb Faeces, Intestine Stanley et al., 1998
C. hyointestinalis subsp. Lowland Gorilla Faeces Misawa et al., 2000
lawsoniid Moluccan rusa deer Faeces, 11eum,.caecum, colon Hill et al., 1987
and mesenteric lymph node
Orang-utan Faeces Misawa et al., 2000
Pig Stomach On et al., 1995
Pig Faeces Oporto and Hurtado, 2011
Sheep Faeces Oporto and Hurtado, 2011
Northern elephant seal Rectum Stoddard et al., 2007
Porpoise carcass . .
. insulaenigrae (Phocoena Phocoena) Small intestine Foster et al., 2004
’ Southern American sea lion Faeces Gonzalez et al., 2011
“;}DIZOC;IILI;;;E:;)M Rectum Foster et al., 2004
Blue Hare Faeces Rosef et al., 1983
Cats Faeces Kaijser, 1981
Cats Rectum Andrzejewska et al., 2013
Cape hyrax Faeces Misawa et al., 2000
Kaijser, 1981;
Cattle Faeces 2004
Cattle Intestinal content Munroe et al., 1983
Cattle Bile Matsumoto et al., 2008
Chicken Faeces Kaijser, 19811 9, 9I\;ielsen etal.,
Chicken Ceca, Cloacal, oviduct Camarda et al., 2000
Chilean Flamingo Faeces Misawa et al., 2000
Chimpanzee Faeces Misawa et al., 2000
Common peafowl Faeces Misawa et al., 2000
Crow Faeces Keller et al., 2011
o Do Faeces Kaijser, 1981; Chaban et al.,
C. jejuni, g 2010; Koene ef al., 2004
C. jejuni subsp. jejuni, and Dog Rectum Andrzejewska et al., 2013
C. jejuni subsp. Doylei Duck Cloacal Tsai and Hsiang, 2005
Fantail Pigeon Faeces Misawa et al., 2000
Feral swine Oral cavity, recto-anal Jay-Russell et al., 2012
Goat Faeces Salihu et al., 2009
Gulls Faeces Keller et al., 2011
Horse Faeces Baserisalehi et al., 2007
Lamb Faeces, Intestine Stanley et al., 1998
Llama Faeces Misawa et al., 2000
Migratory birds Faeces Waldenstrom et al., 2002
Monkey Faeces Kalashnikova et al., 2002
Northern elephant seal Rectum Stoddard et al., 2005
Pi Kaijser, 1981; Nielsen et al.,
ig Faeces 1997
Rhesus Monkey Rectal swabs Andrade et al., 2007
Sheep Facces Rosef et al., 1983; Garcia et
al., 2010
Turkey Faeces Wright et al., 2008
Wild griffon vultures Cloacal Marin et al., 2014
Cattle Faeces Inglis and Kalischuk, 2004
Chinchillas Faeces Turowski et al., 2014
C lanienae Healthy abattoir workers Faeces Logan et al., 2000
’ Feral swine oral cavity, recto-anal Jay-Russell et al., 2012
Pig Faeces Sasaki et al., 2003
Sheep Faeces Oporto and Hurtado, 2011
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Table 1. Members of the genus Campylobacter and reservoirs. (cont’)

Cattle Faeces Nielsen et al., 1997
Chicken Faeces Nielsen et al., 1997
Chilean Flamingo Faeces Misawa et al., 2000
Dog Faeces Koene et al., 2004
. . . Dog Saliva Petersen et al., 2007
ai'dkgl’la(;'i lsclll’{)lsi)ubc?ﬁchZ;s Goat F aeces Salihu et al., 2009
' ' Lamb Intestine Stanley et al., 1998
Migratory birds Faeces Waldenstrom et al., 2002
Molluscs Molluscs Debruyne et al., 2009
Northern elephant seal Rectum Stoddard et al., 2005
Pig Faeces Nielsen et al., 1997
C. mucosalis Dog Faeces Chaban et al., 2010
C. peloridis Molluscs Molluscs Debruyne et al., 2009
C rectus Dog Saliva Petersen et al., 2007
‘ Dog Faeces Chaban et al., 2010
C showae Dog Saliva Petersen et al., 2007
' Dog Faeces Chaban et al., 2010
C. sputorum, Camel Faeces Baserisalehi et al., 2007
C. sputorum bv. Sputorum, Cattle Faeces Atabay and Corry, 1998
C. sputorum bv. faecalis, and Dog Faeces Chaban et al., 2010
C. sputorum bv. Feral swine oral cavity, recto-anal Jay-Russell et al., 2012
Paraureolyticus Goat Faeces Salihu et al., 2009
C. subantarcticus wild blrdsr:;is::—Antarctlc Faeces Debruyne et al., 2010a
C. troglodytis Chimpanzee Faeces Kaur et al., 2011
Cat Faeces Hald and Madsen, 1997
C. upsaliensis Dog Faeces Hald gnd Madsen, 1997
’ Goat Faeces Salihu et al., 2009
Sheep Faeces Garcia et al., 2010
Cat Faeces Koziel et al., 2014a
C. ureolyticus Cattle Milk Koziel et al., 2012
‘ Dog Faeces Koziel et al., 2014a
Pig Faeces Koziel et al., 2014a
C. volucris Black-headed gull Cloacal swabs Debruyne et al., 2010b

In 2000, Parkhill and colleagues reported the C.
jejuni NCTC 11168 whole genome sequence consisting
of 1,641,481 base pairs (30.6% G+C) that are predicted
to encode 1,654 proteins and 54 stable RNA species. In
the genome, there are hypervariable sequences and
homopolymeric genes encode for the biosynthesis or
modification of surface structures that may facilitate the
survival of Campylobacter (Parkhill et al., 2000).

3. Epidemiology

Campylobacter is part of the normal flora of
animals; hence, animal-origin food products can be
easily contaminated during slaughtering and processing.
In particular, poultry cecum and intestine naturally
harbour numerous Campylobacter which can easily
contaminate the chicken meat. Eating and handling of
raw or undercooked poultry is a major source of
Campylobacter infection in humans (Debruyne et al.,
2008). Meat, pork, and mutton can also be contaminated
with Campylobacter with a comparatively low level.
Consumption of raw milk is also a major risk for
campylobacteriosis that contributes to most of the
Campylobacter outbreaks. Additionally, contaminated
water sources with Campylobacter via livestock faeces
have led to outbreaks. Also, vegetables can be
contaminated with Campylobacter due to the usage of
poultry manure. Improper packaging and cross-
contamination are the risk factors at the retail level.
Improper handling can lead to cross-contaminations even

https://doi.org/10.26656/1ifr.1.e25016

at the domestic level (Friedman et al., 2004; Debruyne et
al., 2008).

The majority of the human Campylobacter cases are
sporadic, thus difficult to diagnose or trace back to the
source of infection. A small proportion of
Campylobacter cases were lead to outbreaks (Samuel et
al., 2004). However, the epidemiology of
campylobacteriosis is still puzzling (Engberg 2006).
Campylobacter cases have reported from both developed
and developing countries. The incidence of human
infection in the temperate regions is higher than in the
tropics. The large discrepancy among the incidence rate
from different countries can be attributed to the
differences in healthcare facilities, reporting systems,
and methodology utilised for detection of Campylobacter
(Olson et al., 2008).

Though people of all ages can be affected by
Campylobacter infection, advanced age and a lower
socioeconomic status have been identified as risk factors
for Campylobacter infection (WHO 2012). In developing
countries, most incidences occur among children and the
infection is endemic. Meanwhile, most of the
Campylobacter outbreaks in developed countries are
reported in elderly people associated with restaurants,
schools, and holiday locations. A large proportion of
Campylobacter patients in developing countries are
either asymptomatic carriers or manifest only mild
clinical signs such as watery and non-inflammatory

© 2025 The Authors. Published by Rynnye Lyan Resources
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Table 2. Prevalence of Campylobacter in food commodities in Malaysia.
Prevalence (%) . .
Study . Total - Microbial
period Locations Samples samples  “Campy e i Coe % ]C/ load Reference
Wet markets . . 3->290
and Chilled chicken parts 80 - 53.8 563 - MPN/g
January supermarkets
2006 to ig Serdang Usha et
August and Seri Fresh chicken parts 80 - 95 s . 32400 al,2010
2006 K MPN/g
embangan,
Malaysia
Raw chicken meat
and marinated raw 94 51.0 51.0 - - ND
February Wet markets chicken (fresh) .
. Ilida and
to and Raw chicken meat Faridah
September  supermarkets and marinated raw 35 25.7 25.7 - - ND 2012 ’
2007 in Hulu Langat chicken (chilled)
Chicken-based
products (frozen) 22 ) ) ) ) ND
July 2007 supt;l?rlriz:kets . . 3.6- Tan et al
to October 3 Five types of sushi 150 26.6 82.46 0 - >1100 "
in Kuala 2008
2007 L MPN/g
umpur
Equipment (swabs) 72 40.3 - - - ‘ND
Crates on arrllval 7 833 ND
12 modern (faecal droppings) - - -
November poultry Before inside- R
2008 to processing outside washing 72 80.6 - - ND. Rejab et
April plants in 6 (neck skin) al., 2012
2009 states of After inside out -
Malaysia washing (neck skin) 2 62.5 ) ) ND
Post chlll'mg (neck 7 38.9 ) . ) ND
skin)
Three Chilled chicken meat <3-4600
NA Supermarkets and by-products 23 70.7 ol4 344 ) MPN/g  Tanget al.,
Four Wet Fresh chicken meat 9 91 4 207 207 ) <3-2400 2010a
markets and by-products ’ ' ’ MPN/g
Slaughterhouse . .
in Selangor, Chicken skin and 150 84 747 07 87 ND
> meat
Malaysia
Hypermarket
directly
supplied by a
processing Packed chicken 50 94 38 38 56 ND
plant in Tang et al.,
NA Selangor, 2010b
Malaysia
Wet market in . .
Selangor, Chicken skin and 50 78 70 70 8 ND
. meat
Malaysia
Hypermarket . .
in Selangor, Chicken skin and 75 92 693 27 20 ND
> meat
Malaysia
Supermarket in
el Eight t
Kembangan, 1ght types -
Selangor of raw salad 102 59 407 352 - G0
Malaysia; vegetables &
Supermarket in . Chai et al
NA . Eight types ] aietal.,
Putrajaya, of raw salad 108 617 617 657 - 02300 2007
Selangor, bl MPN/g
Malaysia vegetables
Wet market in
Seri Eight types 0-460
Kembangan, of raw salad 99 29.4 255 226 -
MPN/g
Selangor, vegetables
Malaysia

“Campy: Campylobacter spp.; °C. j: C. jejuni; °C. c: C. coli; “ND: Not determined; °NA: Not available
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diarrhoea (Ketley 1997).
4. Current Scenario of Campylobacter in Malaysia
4.1 Clinical cases

Limited studies have been conducted to identify the
cause of diarrheal infections in Malaysia. Lim ef al.
(1984) collected samples from inpatients and outpatients
from the General Hospital Kuala Lumpur and patients
from general practitioners nearby Kuala Lumpur to
identify the prevalence of Campylobacter jejuni among
diarrheic patients; and observed C. jejuni in 3.8% of 212
diarrheic children and 4.3% of 69 diarrheic adults. In the
control groups, 2.6% prevalence of C. jejuni found in
children but not in the adults (Lim et al., 1984).
Meanwhile, a cross-sectional observation study
conducted to determine the causes of acute severe
diarrhoea in children. The study comprised of 280
children (< 16 years old) with acute severe diarrhoea was
the inpatient and outpatient that presented to the
University Malaya Medical Centre (UMMC), Kuala
Lumpur during 1978 to 1997 (Lee and Puthucheary
2002). Lee and Puthucheary (2002) concluded that
Campylobacter was among the top five commonly
isolated organisms with 5% prevalence in Malaysia.

4.2 Prevalence of Campylobacter in food commodities

A number of studies have been conducted in
Malaysia to identify the prevalence of Campylobacter in
different food commodities (Table 2). One of the studies
revealed that the prevalence of Campylobacter in

Table 3. Prevalence of Campylobacter in animals.

chicken and chicken by-products was ranged from 80%
to 90% (Tang et al., 2010a; Usha et al., 2010). Chicken
liver harboured the highest prevalence of C. jejuni
(90.9%) whilst the low prevalence noted in bishops and
feet. The number of Campylobacter cells in chicken
ranged from <3 to 4600 MPN/g (Tang ef al., 2010a).

Along the chicken production process, the
prevalence of Campylobacter were 84% in chicken skin
and meat at the slaughterhouse while 94% prevalence
was detected in final packed chicken (Tang et al.,
2010b). The predominant Campylobacter species
isolated from chicken was C. jejuni and the proportion of
this species was 74.7% for chicken skin and meat at
slaughterhouse, 56% for packed chicken, 70% for
chicken skin and meat at wet market, and 69.3% for
chicken skin and meat at hypermarket (Tang et al.,
2010b). In addition to chicken, Campylobacter was
detected in five types of sushi and eight types of salad
vegetables in Malaysia.

4.3 Prevalence of Campylobacter in animals

Many studies have been conducted in Malaysia to
determine the prevalence of Campylobacter especially in
poultry birds (Table 3). A survey on broiler faecal
samples collected from ten different farms in Serdang,
Selangor, Malaysia found 76.2% of Campylobacter
prevalence and both C. jejuni and C. coli strains were
isolated from those faecal samples (Saleha et al., 2002).
Yap et al. (2005) also indicated that 83.3% prevalence of
C. jejuni in chicken flocks. Interestingly, the incidence of

Prevalence (%)
Campylo

Total

Locations Animals Samples samples bacier C. jejuni  C. coli Reference
spp-
Ten farms at five Cecal contents, Saleha et al
locations in Serdang, Broilers cloacal swabs 508 72.6 73.2 26.8 "
Malaysia 2002
150 accrﬁfﬁﬂ;’yﬁger farms — proilers Faeces 150 70 83.8 - Yapetal., 2005
Swabs from
Selangor, Malaysia Ig?(l)lvsve the intestine or 24 25.3 - - Ganapza(t)}(l)}; etal,
cloacal
Broilers in
close Cloacal swabs 152 0 - -
. . house Tang et al.,
Farms in Selangor, Malaysia Broilers in 2010b
open Cloacal swabs 152 95 94 01
house
A large animal ward and a External body
cafeteria in a university in
House surface and Choo et al.,
Serdang, Selangor and a flies internal 60 5 1.6 33 2011
poultry farm in Jenderam content
Hilir, Selangor, Malaysia
Six wet markets at six Cloacal and Mansouri-najand
locations in Selangor, Chicken 90 96.6 45.5 51.1
Malaysia cecal swabs etal., 2012
Three ost{\l/[ch shqw farms in Ostrich Clqacal and 31 1.6 ) )
alaysia skin swabs Yew et al., 2012
Three goatl\flflfan;sig Selangor, 00 Rectal swabs 60 9 8.33 6.67  Nohetal., 2012
Three farms at Selangor, Duck Cloacal swabs 75 99 2 77 Nor Fiza et al.,
Malaysia 2013

https://doi.org/10.26656/1ifr.1.e25016
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Campylobacter has been reported to be 95% in broilers
kept in open houses comparatively none of the samples
from broilers in the closed house contained
Campylobacter (Tang et al., 2010D).

Apart from poultry, several studies have been
conducted in Malaysia to investigate the occurrence of
Campylobacter in other animal species. Twelve percent
of Cloacal swabs obtained from ducks were positive for
Campylobacter. Findings showed that C. coli was the
most prevalent Campylobacter species recovered from
ducks, for instance, C. coli has isolated from 77% of the
duck Cloacal swabs while only 22% samples were
positive for C. jejuni (Nor Fiza et al., 2013). The
prevalence of Campylobacter in goats, ostrich, and wild
birds were 9%, 1.6%, and 8.2%, respectively (Noh et al.,
2012; Yew et al., 2012; Mustaffa et al., 2014). In
addition, the prevalence of C. coli and C. jejuni in house
flies were 3.3% and 1.6%, respectively (Choo et al.,
2011).

4.4 Antibiotic resistance patterns

Development of resistance to antibiotics and
emergence of multi-drug resistant bacteria is a growing
concern in the humans and animals. Extensive use and
abuse of antibiotics for treatment, prophylaxis, and
growth promotion have contributed for the emergence of
these super bugs. Antibiotic resistant foodborne
pathogens have become a current global public health
concern which addressed in many forums (WHO 2012).

Antibiotic resistance profile of Campylobacter
isolates from Malaysia has been assessed by several
studies. A total of 98.7% and 92.2% of Campylobacter
isolates recovered from chicken meat were resistant to
erythromycin and tetracycline, respectively. More than
70% of the isolates were demonstrated resistance to
quinolones, including nalidixic acid, norfloxacin,
ciprofloxacin, and enrofloxacin (Tang et al., 2009). Usha
et al. (2010) reported 100% resistance in Campylobacter
strains isolated from chicken meat against ampicillin,
cephalothin, and enrofloxacin. All the isolates were
resistant to at least two tested antibiotics (Usha et al.,
2010). Also, Campylobacter strains isolated from salad
vegetables in Malaysia has revealed resistance to
erythromycin  (91.1%), tetracycline (85.7%), and
enrofloxacin (80.4%), followed by multi-resistance to ten
of the antibiotics (Chai ef al., 2008).

Consistent with the food products, Campylobacter
strains isolated from broilers showed 100% resistance to
tetracycline followed by streptomycin (82.9%) (Saleha
2002). However, cephalothin resistance isolates (95.5%)
was the highest in isolates from broilers while the second
highest was to tetracycline (80.8%) while only 51.4% to
erythromycin, 42.4% to enrofloxacin, and 24.4% to
gentamicin (Mansouri-najand et al., 2012). Mustaffa et
al. (2014) also reported that isolates from wild birds
demonstrated 100% resistance to trimethoprim-
sulfamethoxazole, while 83.3% and 33.3% resistance
were towards cefotaxime and tetracycline, respectively.

https://doi.org/10.26656/1ifr.1.e25016

5. Detection methods
5.1 Conventional methods

Campylobacter is a fastidious organism that hinders
its detection in samples. Several methods were initially
developed to isolate Campylobacter from clinical
samples until the later enrichment and enumeration
media formulated for isolation of Campylobacter in
food. Clinical samples can directly plate onto selective
media, but food samples require an additional enriched
procedure prior subject to culture. The enrichment step
facilitates multiplication of the low number of
Campylobacter cells present in food samples and
recovery of damaged cells (Jacobs-Reitsma et al., 2008).

There are several standard microbiological methods
developed by International Standards Organisation
(ISO), the US Food and Drug Association (FDA), and
the UK Health Protection Agency (PHLS) for the
isolation of thermotolerant Campylobacter. The first ISO
method was developed in 1995 and revised in 2006,
comprised of ISO 10272-1A for detection of
Campylobacter in foods with low background count of
non-campylobacters and/or with stressed Campylobacter
and ISO 10272-1B for detection of Campylobacter in
foods with high background count of non-
campylobacters (Hunt et al., 1998; ISO 2006a, 2006b).

Table 4. Purposes and the common media used in each step of
conventional culture method.

Step Purposes
Broth: To resuscitate and recover injured
Enrichment Campylobacter cells Supplem@nts: To
suppress the growth of competing flora
and inhibitory agents
Media: To detect the presence of
. . Campylobacter
First plating Supplements: To improve recovery of
Campylobacter
Second . .
plating To isolate pure Campylobacter strains

The general procedures in the standard methods
include enrichment, selective first plating, and second
plating on selective or non-selective agars. The
enrichment is conducted at two phase with pre-
enrichment at a lower temperature (37°C) for 4-6 h and
followed by enrichment by further incubating for 24-48 h
at 41.5°C (Hunt et al., 1998; ISO 2006a, 2006b). Then
the enriched broth is cultured on selective agar and
incubated at 41.5°C for 24-44 h under microaerophilic
condition. Next, presumptive colonies are streaked on
non-selective blood agar (Standards Australia, 2004) or
selective agar (Hunt ez al., 1998). The principles behind
the usage of different steps in isolation of Campylobacter
has illustrated in Table 4.

A number of selective enrichment broths have been
developed to resuscitate and recover injured
Campylobacter cells. These enrichment broths are
composed of a basal medium supplied with
antimicrobials (Jacobs-Reitsma et al., 2008). The
commonly used broths and the supplements for the
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Table 5. Broths and supplements that are commonly used for enrichment of Campylobacter.

Broth Media Supplements
Preston Peptic digest of animal tissue, beef extract, sodium chloride P oly TyX1in B, rlfamplp 1,
trimethoprim, cycloheximide
Enzymatic digest of animal tissue, yeast extract, sodium carbonate .
: . : - . Cefoperazone, vancomycin,
Bolton lactalbumin hydrolysate, sodium pyruvate, hemin, sodium metabisulfite, . : R
4 . ST trimethoprim, cycloheximide
sodium chloride, and a-ketoglutaric acid
. Enzymatic digest of animal tissue, yeast extract, sodium carbonate .
Modified . . . . . Cefoperazone, vancomycin,
lactalbumin hydrolysate, hemin, sodium pyruvate, sodium chloride, a- . . -
Bolton > . . trimethoprim, amphotericin B
ketoglutaric acid, and sodium metabisulfite
Park and Casein enzymic hydr.olysa‘Fe, peptic filgest of gmmal tissue, yeast Cefoperazone, vancomycin,
extract, dextrose, sodium citrate, sodium chloride, monohydrogen . . S
Sanders . . . trimethoprim, cycloheximide
sodium sulphite, and sodium pyruvate
Meat peptone, lactalbumin hydrolysate, yeast extract, sodium chloride, Cefoperazone. polvmvxin B
Exeter a-ketoglutaric acid, sodium carbonate, haemin, sodium metabisulphite, p » POTymy >

iron (II) sulphate, and sodium pyruvate

vancomycin, amphotericin B

enrichment of Campylobacter are listed in Table 5.
According to the ISO method, Bolton broth is used to
enumerate Campylobacter from cooked or frozen
samples (categorised under 1A) while Preston broth is
used for raw chicken products, raw meats, and raw milk
sample (categorised under 1B). The USFDA (Hunt et al.,
1998) and PHLS recommend the Bolton broth in their
standards, while Preston broth was employed in
Australian standards (Standards Australia 2004).

Casein or enzyme digest of animal tissue, yeast, and
lactalbumin hydrolysate provide nutrient required for the
growth of Campylobacter. Sodium metabisulfite and
sodium pyruvate quench oxygens thereby improve the
aerotolerance which facilitates the survival and recovery
of  Campylobacter in  samples.  Antimicrobial
supplements added to the broth suppress the growth of
surrounding microflora and improve recovery of
Campylobacter (Jacobs-Reitsma et al., 2008).

Recently, several enrichment broths have been
developed for the isolation of Campylobacter such as
Food Pathogen Enrichment (FPE) broth (Hayashi et al.,
2013), charcoal-cefoperazone-polymyxin B-
deoxycholate (CCPD) broth (Chon et al., 2013), Bolton
enrichment broth supplemented with antimicrobial
triclosan (T-Bolton broth) (Chon et al., 2014), and
Bolton broth with rifampicin (R-Bolton) broth (Kim et
al., 2015). All these media had higher detection
sensitivity as compared to convention enrichment media
(Table 6).

The selective media used for the isolation of
Campylobacter are categorised into blood free media
that contains charcoal and media supplemented with
horse or rabbit blood. Both charcoal and blood inhibit the

Table 6. Enrichment media for Campylobacter isolation.

lethal effect exerted by oxygen and light on
Campylobacter (Fitzgerald et al., 2014). The media that
supplemented with animal blood includes Butzler agar
(Butzler et al., 1973), Skirrow agar (Skirrow 1977),
Blaser agar (Blaser et al., 1978), Preston agar (Bolton
and Robertson 1982), and Campy-Cefex agar (Stern et
al., 1992). In the earlier time, all the Campylobacter
media contained blood, but later Bolton and colleagues
(Bolton and Coates 1983; Bolton et al., 1984a; Bolton et
al., 1984b; Hutchinson and Bolton 1984) discovered
charcoal could be an effective substitute for the function
of blood in the media. Thereafter, blood free
Campylobacter media group has evolved and include
modified cefoperazone charcoal deoxycholate agar
(mCCDA) (Hutchinson and Bolton 1984), Karmali agar
(Karmali er al., 1986), cefoperazone amphotericin
teicoplanin agar (CAT) (Corry and Atabay 1997), and
Campy-Line agar (Line 2001).

Chromogenic media has been recently introduced for
isolation of Campylobacter, including Campy Food ID
agar for isolation of Campylobacter from food and
environmental samples, Brilliance CampyCount agar for
isolation of C. jejuni and C. coli from poultry, and
CASA for isolation of Campylobacter in meat, poultry
products, and in environmental samples. Ahmed et al.
(2012) examined the performance of these chromogenic
media using 483 suspected Campylobacter isolates and
reported 100% colony confirmation rate for CASA.
However, the colony confirmation rate of Campy Food
ID agar and Brilliance CampyCount agar were lower
than conventional agars, modified charcoal cefoperazone
-deoxycholate agar (mCCDA) and Campy-Cefex
(Ahmed et al., 2012). When compared to conventional

Broth Media Supplements Detection References
sensitivity

Soybean-casein digest, Na-Pyruvate, . . . .

FPE Lab-Lemco Meat Extract, NaHSOs, L- Cpgllg}?; zi(rlnnl(i’ ::(Iili?;rﬁnirzi’n 80% Iia;yazs(l)l 1 ; !

Cystine-HCI, hemin, and K,HPO, Y ’ p ?
Nutrient broth No. 2, bacteriological charcoal, Bacteriological charcoal, polymyxin Chon ef al
CCPD casein hydrolysate, sodium deoxycholate, B, cefoperazone, trimethoprim, 76.3% 2013 ”
ferrous sulfate, and sodium pyruvate vancomycin, and amphotericin

T-Bolton . o Chon et al.,
broth Bolton broth Triclosan 71.3% 2014

R-Bolton Bolton broth Rifampicin 99.2% Klr;oeltsal.,

https://doi.org/10.26656/1ifr.1.e25016
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Table 7. Biochemical properties of some common Campylobacter.

Characteristic C. jejuni C. jejuni subsp. doylei ~ C.coli  C.lari  C. fetus subsp. fetus  C. upsaliensis
Growth at 25°C - + - - + -
Growth at 35-37°C + + + + + +
Growth at 42°C + + + + + +
Nitrate reduction + - + + + +
H,S, lead acetate strip + + + + + +
Catalase + + + + + -
Oxidase + + + + + +
Motility (wet mount) + + + + + +
Hippurate hydrolysis + + - - - -
Nalidixic acid S S S R R S
Cephalothin R R R R S S

+: positive; —: negative; S: sensitive; R: resistance

Source: Hunt et al., 1998

media, chromogenic media has a higher possibility to
differentiate =~ Campylobacter ~ from  surrounding
microflora and reduce time and cost. Future studies are
required on the applicability of chromogenic media for
isolation of Campylobacter from clinical and highly
contaminated samples, enhancement of the specificity,
sensitivity, and recovery of isolation.

Plumer et al. (1962) first used the membrane
filtration technique to isolate C. fetus from bulls. Later,
membrane filters were wused for isolation of
Campylobacter from human clinical samples (Steele and
McDermott 1984). For isolation of Campylobacter from
faecal samples, cellulose acetate and polycarbonate (PC)
filters (pore size of 0.60-0.65 pm) were used in different
studies (Nielsen et al., 2013, Nielsen et al., 2015) while
0.45 pm cellulose (Speegle et al., 2009) and 0.45 pm
pore size cellulose triacetate (Bi et al., 2013) membrane
filters have applied in isolation of Campylobacter in
chicken meat. The 0.60-0.65 um pore size filters have
higher sensitivity while 0.45 pm filters have higher
possibility to minimise unintentional transfer of
competitive flora onto the culture media (Man 2011).
The PC membranes have shown to be superior to
routinely used cellulose acetate filters (Nielsen et al.,
2013). The Enrichment of samples prior to usage of
membrane filtration improves higher recovery of
Campylobacter cells. The membrane filtration technique
is very useful to obtain pure cultures (Speegle et al.,
2009) and to improve the isolation of Campylobacter
(Jokinen et al., 2012; Bi et al., 2013).

5.2 Identification methods

Species identification of thermophilic
Campylobacter by biochemical tests is tedious (Weino et
al., 2003). Hippurate hydrolysis is the only test available
to differentiate C. jejuni from C. coli. However, this
procedure can lead to misidentification because of
hippurate-variable or hippurate-negative C. jejuni strains
are available (Waino et al., 2003). Biochemical
properties of commonly isolated Campylobacter are
summarised in Table 7.

Other methods which are used to identify and
confirm Campylobacter are latex agglutination tests,
Microscreen (Lucron), INDX-Campy (Biotrading),
Dryspot Campylobacter Test (Oxoid), and BBL-

https://doi.org/10.26656/1ifr.1.e25016

Campyslide (BD) (Jacobs-Reitsma et al., 2008).
5.3 Conventional methods used in Malaysia

Bolton broth and mCCDA system have been
commonly employed in Malaysia for culturing and
isolating Campylobacter in faecal and food samples with
or without the addition of blood and supplements (Table
8). The gas generating packs were used for generating
microaerophilic conditions (Saleha et al., 2002; Chai et
al., 2007; Tan et al., 2008; Usha et al., 2010; Tang et al.,
2010; Mansouri-najand et al., 2012; Rejab et al., 2012).
Apart from biochemical tests, Mast ID™ Camp
Identification System (Mast Diagnostics) (Saleha et al.,
2002; Mansouri-najand et al., 2012) and Latex aggluti-
nation test (Oxoid, Dry Spot Campylobacter Test) (Rejab
et al., 2012) were used for Campylobacter identification
while molecular methods were used for confirmation
(Chai et al., 2007; Tan et al., 2008; Usha et al., 2010;
Tang et al., 2010).

5.4 Rapid methods

Enzyme-linked immunosorbent assay (ELISA or
EIA) techniques are available for detection of
Campylobacter in clinical and food samples. Sandwich
assays are the most popular immunoassay technique used
to detect foodborne pathogens including multi-well
micro plates, dipsticks, paddles, membranes, or other
solid matrices (Liu et al., 2009; Reiter et al., 2010). A
modification of EIA, Ilateral flow immune-
chromatography composed of a dipstick or plastic casing
was used for rapid diagnosis of pathogens. Lateral flow
immunoassay is a simple, cost-effective, stable and
rapid, but the detection limit is lower as compared to
EIA (Granato et al., 2010). Sensitivity and specificity
can be a limitation of EIA methods, and therefore,
positive results have to confirm by the conventional
culture method (Myers et al., 2011).

Oyofo and colleagues were the pioneers in using
polymerase chain reaction (PCR) assay for identification
of Campylobacter (Oyofo et al., 1992). Since then, the
PCR technique has become an efficient method for
detection of Campylobacter. The introduction of a
multiplex PCR assay has assisted in detecting more than
one species of bacteria (Persson and Olsen 2005;
Oyarzabal et al., 2007; Zhou et al., 2011). To date, PCR
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Table 8. Bacterial culture media used in Malaysia for isolation of Campylobacter.

Types of samples En{tl)ig:}rient Supplements Isolation media Supplements References
Cecal contents, CCDA selective Saleél(a)loezt al,
cloacal swabs, and No CCDA (Oxoid) supplement S
cecal swabs (Oxoid) Mansouri-najand
etal., 2012
Cloacal swabs Cefo_pe_razone, .
environmental’ Brucella broth amphotericin B, sodium Cefoperazone
samples, poultr (BBL) pyruvate, sodium CCDA (Oxoid) amphl()) tericin ]’3 Saleha, 2004
feed an’d watery metabisulphite, ferrous
sulphate
Raw chicken meat,
chicken based Bolton Broth CCDA selective . .
Bolton Broth Supplement, . Ilida and Faridah,
products, and - o CCDA (Oxoid) supplement
. . (Oxoid) 5% Laked Horse : 2012
chilled chicken Blood (Oxoid (Oxoid)
meat ood (Oxoid)
Bolton Supplement mCCDA
Sushi Bolton Broth (Merck), 5% lysed horse mCCDA (Merck) Tan et al., 2008
(Merck) (Merck)
blood supplements
. Tang et al., 2009
Fresh chicken and Bolton Supplement mCCDA ’
chilled chicken  Bolton Broth O sed horse mCCDA (Merck) Tang et al., 2010
meat (Merck) ’ blood (Merck) supplements Usha et al., 2010
PP Chai et al., 2009
Sodium
5% lysed horse blood, mCCDA pyruvate,
. Bolton broth polymyxin B, ri- (Oxoid) and cefoperazone, Rejab et al.,
Neck skin/facces (Oxoid) fampicin, trimethoprim Karmali agar vanco-mycin, 2012
and cycloheximide (Oxoid) vanco-mycin,
amphotericin
Filtration
system 5%
Chicken faeces Shee;igngOOd Yap et al., 2005
(Bloxwich,
Singapore)

methods have been widely used in Malaysia to detect
Campylobacter, including Campylobacter genus, C.
jejuni and C. coli using 16S ribosomal RNA, /ipO, and
ceuE genes, respectively (Table 9).

Compared to conventional PCR, the real-time PCR
(RT-PCR) assays are specific, sensitive, and can quantify
target concentration. The closed-tube system of RT-PCR
minimises the risks of cross-contamination. In addition,
the RT-PCR does not require any gel electrophoresis as
in the conventional PCR assays. Several RT-PCR assays
have been developed for identification of Campylobacter
including C. jejuni in food (Salis et al., 2003), C. jejuni
in chicken rinse (Cheng and Griffiths 2003), C. jejuni in
poultry, milk, and environmental water (Yang et al.,
2003), C. jejuni in poultry faeces and cecum (Rudi et a!.,
2004), and C. jejuni in chicken rinse (Debretsion ef al.,
2007). Multiplex RT-PCR has also developed for
detection of C. jejuni, C. coli, C. lari, C. upsaliensis, C.
helveticus, and C. hyointestinalis in chicken faeces
(Lund et al., 2004), C. jejuni and C. coli in clinical and
human faeces (LaGier et al., 2004), C. jejuni and C.

lanienae (Inglis and Kalischuk 2004), C. jejuni, C. coli,
C. lari, and C. upsaliensis in pig faeces (Jensen et al.,
2005), C. jejuni and C. coli in chicken (Hong et al.,
2007). Recently, a rapid, sensitive and simple loop-
mediated isothermal amplification (LAMP) assay
method has been developed for detection of C. jejuni and
C. coli in human faeces (Yamazaki et al., 2008), C. fetus
(Yamazaki et al., 2009a), C. jejuni and C. coli in chicken
(Yamazaki et al., 2009b).

5.6 Risk factors related to survival and growth of
Campylobacter in foods

Campylobacter spp. are fastidious organisms that
require specific growth conditions, such as 3-5%
oxygen, 3—10% carbon dioxide, and 85% nitrogen gas.
All  Campylobacter are able to grow at 37°C.
Thermophilic Campylobacter including C. coli, C. jejuni,
C. upsaliensis, and C. lari have the optimum growth at
42°C whereas C. consisus, C. curvas, and C. fetus are
non-thermophilic Campylobacter. The growth rate of C.
jejuni drastically reduces in temperatures below 30°C.

Table 9. PCR methods used in Malaysia for identification of Campylobacter.

References

Types of samples Targeted species Targeted gene
Campylobacter 16S ribosomal
(genus) RNA
Sushi, chicken meat, L )
and vegetables C. jejuni hipO gene
C. coli ceuE gene

Chai et al., 2007; Tan et al., 2008; Chai et al., 2009;
Tang et al., 2009; Tang et al., 2010

Chai et al., 2007; Tan et al., 2008; Chai et al., 2009,
Tang et al., 2009; Tang et al., 2010; Usha et al., 2010
Chai et al., 2007; Tan et al., 2008; Chai et al., 2009;
Tang et al., 2009; Tang et al., 2010; Usha et al., 2010

https://doi.org/10.26656/1ifr.1.e25016
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Campylobacter ureolyticus requires hydrogen supply and
is unable to grow above 37°C. The osmotic pressure
more or less than 2% NaCl concentration, dryness, and
pH less than 4.9 hinder the growth of Campylobacter
(Vandamme et al., 2010).

The microenvironment of the chicken skin and
refrigeration  conditions  facilitate  survival  of
Campylobacter (Debruyne et al., 2008; Pires et al., 2010;
Taylor et al., 2013). The appearance of Campylobacter
varies with the age of the culture. In older cultures,
Campylobacter cells become spherical or coccoidal form
which characterise as viable but non-culturable state
(VBNC). In unfavourable environments, the
Campylobacter survives in this VBNC state (Rollins and
Colwell 1986). According to some studies, C. jejuni was
able to survive for more than 4 h at 27°C and 60-62%
relative humidity on either clean or soiled food contact
surfaces (De Cesare et al., 2003). Previous study also
showed that C. jejuni and C. coli were capable of
surviving on raw chicken meat and skin stored at 4°C
and —20°C (El-Shibiny et al., 2009).

5.7 Prevention and control measures

Naturally, Campylobacter are harboured in the
intestinal tract of poultry, livestock, pet animals, and
wildlife. Consequently, preventing the entry of
Campylobacter into the animal origin food is rather
challenging. Prevention measures can apply at each level
of food production system. There is a great focus on
preventing contamination at the farm level, especially in
poultry. Three main approaches can be used for
prevention of Campylobacter contamination at the farm
level:

1)Decrease environmental exposure
2)Increase host resistance

3)Decrease or eliminate of Campylobacter in
animals

Through recognising the associated risk factors and
minimising exposure can reduce Campylobacter
contamination at the farm level (Lin 2009). Various
methods have been used to increase host resistance.
Several vaccines have been developed against
Campylobacter. However, the vaccines should be
immunogenic and prevent Campylobacter colonisation
in poultry but should not be pathogenic to humans.
Competitive expulsion (CE) cultures (Stern et al., 2001;
Mead 2002), probiotics (Willis and Redi 2008),
bacteriophages (Wagenaar et al., 2005; Carvalho et al.,
2010) and bacteriocins (Svetoch et al., 2005; Svetoch et
al., 2008) have shown promising results in controlling
Campylobacter in poultry.

The most effective approach to reducing
Campylobacter contamination in animal origin food is to
prevent faecal contamination during the slaughtering.
The combination of steam with ultrasound (Musavian et
al., 2014) and electrolysed oxidising water with lactic
acid (Rasschaert et al., 2011) has reduced

https://doi.org/10.26656/1ifr.1.e25016

Campylobacter contaminant levels without changing the
organoleptic properties. A mixture of acidic calcium
sulphate, lactic acid, ethanol, sodium dodecyl sulphate,
polypropylene glycol (Zhao and Doyle, 2006) and a
combination of trisodium phosphate with capric acid
sodium salt (Koolman et al., 2014) were able to reduce
Campylobacter contamination level. Also, grape
phenolic plant extract has reduced Campylobacter
contamination in food (Mingo et al., 2014).

General measures such as avoiding consumption
of raw milk, milk products, and untreated water can
minimise  exposure to  Campylobacter.  Before
consumption, chicken and meat should be thoroughly
cooked. Also, food products that commonly consumed
raw, including vegetables and fruits should be
thoroughly cleaned. Proper handling, preparation, and
storage of food can also prevent Campylobacter
contamination. Findings indicated that air chilling, water
chilling, and freezing packed chicken have reduced
Campylobacter contamination during poultry processing
(Rosenquist et al., 2006). Crust freezing (CF) was
effective in reducing C. jejuni on raw chicken (Haughton
etal., 2012).

Conclusion

In general, conventional microbiological procedures
for enrichment, isolation, and identification of
Campylobacter in samples take around five days (ISO
1995). Since the standard methods used for detection of
Campylobacter are laborious, tedious and expensive;
rapid, sensitive, accurate, and cost-effective methods
have been introduced for detection of Campylobacter in
clinical, food, and environmental samples. For clinical
samples, early identification of the causative agent is
necessary for the commencement of appropriate
treatment and specifically for Campylobacter to notify
the status of outbreaks. Detection of Campylobacter in
food and environmental samples are essential in order to
trace back to the source of infection and control the risk.
Recovery of Campylobacter can be compromised when
using more selective chromogenic media. Some
techniques itself can lead to reducing recovery of
Campylobacter spp. including C. upsaliensis. Still, there
is room for improvement of sensitivity, specificity, and
recovery in the techniques used for isolation of
Campylobacter. Laboratory methods have to be
standardised and validated. Enhancing and upgrading the
available species identification and subtyping methods
are necessary for surveillance and diagnosis of causative
agent, especially in outbreaks.

Clear identification of risk factors through
conducting risk assessment is necessary for
implementing various strategies to reduce exposure to
Campylobacter. Hence, factors related to dynamics in
the colonisation of broiler flocks with Campylobacter
have to be further evaluated. Recognising and
implementing multiple interventions to reduce the
bacterial load through a stepwise approach along the pre-
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and post-harvest stages are necessary. Conducting risk
assessment focusing on source attribution studies
including various sources and multiple exposure
pathways are pivotal. Apart from poultry, focusing on all
possible exposure pathways can assist in the elimination
of the disease. Incorporating Campylobacter into the
routine national public health surveillance systems can
help identify the true disease burden in Malaysia and
deliver information essential for policy decision making.
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