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Abstract—A simple and specific detection method for Salmonella enterica was applied to determine its 
incidence in raw and processed meats purchased from selected wet markets in Metro Manila, Philippines. A 
total of 320 raw and processed meat samples were analysed for the presence of S. enterica and S. enterica 
possessing spvC gene of the virulence plasmid. Polymerase chain reaction (PCR) revealed that 30.63% 
(98/320) were positive for S. enterica and 2.81% (9/98) of S. enterica-positive samples were also positive for 
the spvC gene. S. enterica was identified from chicken samples (67.5%), ground pork (65%), beef (52.5%), 
sausage (longganisa) (25%), cured pork meat (tocino) (20%), burger patty (12.5%), and meatloaf (embotido) 
(2.5%). Positive samples were further analysed for O-serogrouping targeting S. enterica serogroups A, B, 
C1, C2, D, and E1. Our findings revealed that the raw and processed meats tested were contaminated with 
more than one serogroup in a sample. Samples were found positive for S. enterica serogroups E1 (78.57%), 
C1 (29.59%), C2 (20.41%), B (17.35%) and D (6.1%). No samples were found positive for S. enterica 
serogroup A. This is the first report on the use of multiplex PCR for the detection and characterization of S. 
enterica in raw and processed meats in the Philippines. Data on incidence of S. enterica and its serogroups 
found in raw and processed meats in selected Philippine wet markets gathered from this study can be used 
for further research on epidemiology and related topics.
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INTRODUCTION

Potential biological hazards in meat include bacteria, toxins, viruses, protozoa 
and parasites. Of these, bacteria cause a large proportion (approximately 90%) of 
all foodborne illnesses. The bacterial pathogens that are most likely to be found in 
commonly slaughtered livestock (cattle, sheep, and swine) and poultry (chicken 
and  turkey)  include  Salmonella  enterica,  Campylobacter  sp.,  and  Listeria 
monocytogenes.  These  pathogens  have  been  implicated  in  widely  publicized 
foodborne disease outbreaks associated with the consumption of meat and poultry 
products  (Food  Safety  and  Inspection  Service  1999).  Salmonellosis,  which  is 
caused by Salmonella, is one of the leading causes of foodborne bacterial enteritis 
in many countries (Centers for Disease Control and Prevention 2004a; Tirado and 
Schmidt 2001). Outbreaks of diseases are reported frequently, implicating different 
kinds  of  food  contaminated  with  S.  enterica  (Centers  for  Disease  Control  and 
Prevention 2004b; Ethelberg et al. 2004; Fielding et al. 2003; Matsui et al. 2004). 
S. enterica is a common cause of human gastroenteritis and bacteremia worldwide 
(Hendriksen et al. 2009; Morpeth et al. 2009; Schlundt et al. 2004; Voetsch et al. 

2004). A wide variety of animals, particularly food animals, have been identified as 
reservoirs of non-typhoidal Salmonella (Bangtrakulnonth et al. 2004; Guard-Petter 
2001;  Vindigni  et  al.  2007).  Currently,  Salmonella  consists  of  2,659  different 
serovars (Issenhuth-Jeanjean et. al. 2014) and based on the Salmonella Serotype 
Statistics, approximately 60% belong to subspecies I, S. enterica subsp. Enterica 
(Centers for Disease Control and Prevention 2008).

Raw and processed meats in the Philippines are typically sold in two types of 
markets,  supermarkets  and  wet  markets.  The  supermarkets,  which  are  indoor 
markets, often display pre-packaged raw meat under refrigeration. In contrast, the 
wet  markets  usually  display  unwrapped  raw  and  processed  meats  at  ambient 
temperatures which are easily contaminated with foodborne pathogens. Reports of 
S. enterica contamination on raw and processed meats in the country are limited. 
Reliable detection methods are therefore required for diagnosis and prevention of 
food  contamination  and  foodborne  outbreaks.  Traditional  microbiological 
techniques,  such  as  the  International  Organization  for  Standardization  (ISO) 
method  6579  for  detecting  Salmonella  in  food,  take  up  to  5  days  to  obtain  a 
positive result. This ISO method includes pre-enrichment and selective enrichment 
in liquid culture, and biochemical and serological confirmation of colonies grown 
on  agar  plates  (International  Organization  for  Standardization  2002).  Delays 
caused by the identification procedure can hinder the appropriate response to an 
outbreak  of   disease.  For  a  more  reliable  and  fast  analysis,  polymerase  chain  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reaction (PCR) has been applied in various stages of  the diagnostic  procedure: 
confirmation of suspected colonies grown on agar plates, analysis of enrichment 
broths, and direct analysis of suspected foodstuffs. PCR employs specific primers 
to detect the presence of pathogens in a shorter period of time. Various studies used 
this technique for the detection of Salmonella spp. (Chiu and Ou 1996; Kawasaki 
et  al.  2009;  Pritchett  et  al.  2000).  Furthermore,  studies  on  the  application  of 
molecular methods in detection and characterization of S. enterica isolates in the 
Philippines are limited. Multiplex PCR of S. enterica isolates, for instance, is not 
widely performed in the Philippines. As such, known serogroups are not accurately 
documented. 

This  study  aimed  to  determine  the  presence  of  S.  enterica  in  raw  and 
processed  meats  from  four  wet  markets  in  Metro  Manila,  Philippines: 
Commonwealth, Balintawak, Cubao, and Caloocan. Samples included raw meat 
such  as  cut  chicken,  minced  pork,  cut  beef  and  processed  meats,  such  as 
homemade meatloaf (locally called embotido), sausage (locally called longganisa), 
cured pork meat (locally called tocino), burger patty, and ham. Specifically, this 
study aimed to: (1) detect S. enterica via multiplex PCR targeting the invA and 
spvC genes; and (2) characterize S. enterica isolates via multiplex PCR detection 
of the somatic (O) antigen.

MATERIALS AND METHODS

Collection of samples

Three hundred twenty (320) raw and processed meat samples were randomly 
obtained  from selected  wet  markets  in  Metro  Manila,  Philippines:  Balintawak, 
Caloocan, Commonwealth, and Cubao (Table 1). Ten samples of each type of meat 
were collected in each of the four wet markets. All samples were placed in a cooler 
(approximately 5 °C) during transport and immediately processed in the laboratory 
for pre-enrichment. Samples were labeled according to their location, sample type 
and numbered from 1 to 10.

Table 1.  Incidence of  Salmonella  enterica  in  raw and processed meat  samples 
collected in selected wet markets in Metro Manila, Philippines.

Cultivation of S. enterica
To determine the presence of S. enterica in the samples, conventional culture 

method was used. Twenty five (25) grams of sample was suspended into 225 ml 
buffered peptone water (BPW, Difco) and incubated at 37 °C for 18-24 h. One 
hundred microliters of pre-enriched culture was simultaneously transferred to 10 
ml Rappaport Vassiliadis Soy enrichment broth (RVS, Merck) and incubated at 42 
°C for 18-24 h. Enriched RVS culture was inoculated in xylose lysine deoxycholate 
agar (XLD, Merck) and brilliant green agar (BGA, Difco), and then incubated at 
37 °C for 24-48 h at aerophilic condition. Growth on either BGA or XLD was 
considered culture-positive. S. enterica serovar Typhimurium UPCC 1360 obtained 
from  the  University  of  the  Philippines-Culture  Collection  (UPCC)  in  the 
Microbiological  Research  and  Services  Laboratory  (MRSL)  of  the  Natural 
Sciences Research Institute (NSRI), was used as positive control.

DNA extraction

In  each  sample,  500  µl  of  the  RVS-enriched  culture  was  collected  from 
triplicate tubes into a microfuge tube and centrifuged at 15,330 × g for 5 min. The 
supernatant was discarded, and the cell pellets were suspended in 1 ml phosphate 

buffered saline (PBS), centrifuged at 15,330 × g for 5 min. The supernatant was 
again discarded, and the pellets were suspended in 50 μl sterile distilled water for 
DNA extraction (O’Regan et al. 2008). The suspension was heated at 99 ºC for 10 
min (Shanmugasamy et al., 2011), and then pelleted by centrifugation at 2,656 × g 
for 5 min. The DNA extracts were immediately cooled on ice.

Multiplex PCR detection of invA and spvC genes

DNA amplification  was  performed  in  a  reaction  volume  of  25  μl.  Each 
reaction mixture contained 12.5 μl of 2× GoTaq® Green Master Mix (Promega), 1 
μl each of 10 μM forward and reverse primers of invA and spvC genes (Table 2), 7 
μl of sterile double distilled water, and 1.5 μl DNA template extracted from RVS 
broth. PCR was performed under the following conditions: initial denaturation at 
95 °C for 2 min, denaturation   at   95 °C for 30 s, annealing at 60 °C for 30 s, 
extension at 72 °C for 30 s and final extension at 72 °C for 5 min. Amplicons were 
visualized  by  a  UV transilluminator  (BioRad®)  after  electrophoresis  on  1.5% 
agarose  gel  stained  with  ethidium  bromide  (0.5  µg/ml).   The  Salmonella 
Typhimurium UPCC 1360  obtained  from MRSL was  used  as  positive  control, 
while sterile double distilled water was used as negative control.

Table 2. Primer sequences used for multiplex PCR methods for the detection of 
Salmonella enterica.

Multiplex PCR detection of O-antigen genes

DNA amplification  was  performed  in  a  reaction  volume  of  25  μl.  Each 
reaction mixture contained 12.5 μl  of  2×  KAPA2G Fast  multiplex mix (KAPA 
Biosystems), 0.5 μl (0.2 μM each) of forward and reverse primers: prt, abe1, tyv, 
wzx-wzy, wbaD-manC, abe2 (Table 2), 3.5 μl of PCR grade water, and 2 μl DNA 
template.  Multiplex  PCR of  the  O-antigen  was  performed under  the  following 
cycling conditions:  an  initial  denaturation at  95 °C for  3  min,  followed by 30 
cycles of denaturation at 95 °C for 15 s, annealing at 60 °C for 30 s, and extension 
at 72 °C for 60 s. Final extension was done at 72 °C for 10 min. The positive 
control used is a mixture of DNA extracts consisting of Salmonella serogroups B 
(abe1-positive),  C1 (wbaD-manC-positive),  C2 (abe2-positive),  D (tyv- and prt-
positive), and E1 (wzx-wzy-positive), which were previously confirmed by DNA 
sequencing (Ng and Rivera, 2015), while sterile double distilled water was used as 
negative control.

Agarose Gel Electrophoresis

For the invA-spvC assay, amplicons were visualized by a UV transilluminator 
(BioRad®) after electrophoresis (Mupid®-2 Plus) at 100 V for 25 min. These were 
run on 1.5% agarose gel stained with ethidium bromide (0.5 µg/ml). The sizes of 
the   target  sequences   were  estimated  using  a  Universal  DNA  Ladder  (KAPA  

Meat 
Sample

Type of 
Meat Code

Number of 
samples 
per site

Number 
of 

samples 
in 4 wet 
markets

Number 
of 

culture-
positive 
samples

Number of PCR-
positive samples

invA spvC

Raw

Cut 
chicken C 10 40 26 27 6

Ground 
pork GP 10 40 26 26 0

Cut beef B 10 40 20 21 0

Processed

Burger 
patty P 10 40 5 5 3

Embotido E 10 40 1 1 0

Ham H 10 40 0 0 0

Longganisa L 10 40 10 10 0

Tocino T 10 40 8 8 0

Total 80 320 96 98 9

Primer Sequence (5’-3’) Amplification 
target

Amplicon 
length 

(bp)
Tm 

( °C) Reference

F-invA ACAGTGCTCGTTT
ACGACCTGAAT

S. enterica 244
50.6 Chiu and 

Ou  1996 
R-invA AGACGACTGGTAC

TGATCGATAAT 48.9

F-spvC ACTCCTTGCACAA
CCAAATGCGGA S. enterica 

plasmid 
virulence

571
65.6 Chiu and 

Ou 1996 
R-spvC TGTCTTCTGCATTT

CGCCACCATCA 65.2

F-abe1 GGCTTCCGGCTTT
ATTGG

B group 561
45.2

Hong et al. 
2008

R-abe1 TCTCTTATCTGTTC
GCCTGTTG 47.9

F-tyv GAGGAAGGGAAAT
GAAGCTTTT

D group 614
46.0

Hirose et al. 
2002

R-tyv TAGCAAACTGTCT
CCCACCATAC 50.2

F-prt CTTGCTATGGAAG
ACATAACGAACC

A & D group 256
50.9

Hirose et al.
2002

R-prt CGTCTCCATCAAA
AGCTCCATAGA 50.6

F-wbaD-
manC

ATTTGCCCAGTTC
GGTTTG

C1 group 341
43.8

Hong et al. 
2008R-wbaD-

manC
CCATAACCGACTT

CCATTTCC 47.3

F-abe2 CGTCCTATAACCGA
GCCAAC

C2 group 397
48.7

Hong et al. 
2008

R-abe2 CTGCTTTATCCCTC
TCACCG 48.7

F-wzx– 
wzy

GATAGCAACGTTC
GGAAATTC

E1 group 281
45.3

Hong et al. 
2008R-wzx– 

wzy
CCCAATAGCAATAA

ACCAAGC 45.3
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Biosystems). The amplicons for the O-antigen assay were viewed similarly, but on 
2% agarose gel and using a 100 bp DNA ladder (Vivantis) to estimate band sizes.

RESULTS
Incidence of S. enterica

A total  of  320  raw  and  processed  meat  samples  were  included   for  the 
detection of S. enterica. Ninety-six (96) out of 320 samples were culture-positive 
for S. enterica (30%), while PCR detection showed that 98 samples were positive 
for S. enterica (30.63%).

Distribution of S. enterica among raw and processed meat samples

Notably, a higher incidence of S. enterica was found in raw meats compared 
to processed meats. A large percentage of chicken samples (67.5%) was positive 
for S. enterica, followed by ground pork (65%), beef (52.5%), longganisa (25%), 
tocino (20%),  burger  patty  (12.5%),  and embotido (2.5%).  S.  enterica  was  not 
detected in ham samples (Figure 1).

Figure 1. Incidence of S. enterica in raw and processed meat products 
from selected wet markets in Metro Manila, Philippines.

Molecular identification of S. enterica by PCR targeting invA and the 
virulence gene, spvC

In  this  study,  invA  gene  was  present  in  98  samples.  The  spvC  gene  was 
present in 2.8% of the S. enterica-positive samples. S. enterica possessing spvC 
was found in six chicken and three burger patty samples only.

�
Figure 2. Presence of spvC (571-bp) and invA (244-bp) in selected S. 
enterica isolates. L –KAPA Universal DNA ladder, PC - positive control, 
NTC – no template control, 1-13 - isolates.

S. enterica serogroups and their distribution among raw and 
processed meats

The  amplicons  produced  intense  bands  of  different  expected  sizes, 
representing five targeted serogroups (Table 2). Of the 98 invA-positive S. enterica 
samples, 78.57% were positive for serogroup E1, followed by C1 (29.59%), C2 
(20.41%),  B  (17.35%)  and  D  (6.1%).   There  were  no  samples  positive  for 
serogroup A.

�
Figure 3. S. enterica O-serogroups (614-bp: tyv for D, 561-bp: abe1 for B, 
397-bp: abe2 for C2, 341-bp: wbaD-manC for C1, 281-bp: wzx-wzy for E1, 
and 256-bp: prt for A and D). L –Vivantis VC 100bp DNA ladder, PC - 
positive control, NTC - no template control, 1-14 - isolates.

DISCUSSION

S. enterica was detected in raw and processed meat samples from selected wet 
markets using culture and multiplex PCR methods. These methods yielded high 
incidence  of  S.  enterica,  which  supported  the  results  of  previous  studies  that 
showed  the  sensitivity  of  targeting  the  invA  gene  of  S.  enterica  as  a  reliable 
detection method (Amini et al.  2010; Chiu and Ou 1996; Shanmugasamy et al. 
2011). The invA gene has been recognized as international standard for detection of 

genus Salmonella. The expression of this gene enables Salmonella to invade the 
epithelial cells of its host (Shanmugasamy et al. 2011). Ninety-six (96) out of 320 
samples were culture-positive for S. enterica (30%), while PCR detection showed 
98 samples positive for S. enterica (30.63%). Nine samples harbored the virulence 
plasmid spvC gene, which reflects a relatively lower incidence than those in other 
published  reports  (Amini  et  al.  2010;  Chiu  and  Ou  1996).  Nevertheless,  the 
presence  of  this  gene  indicates  that  these  isolates  may  cause  systemic  disease 
(Heithoffet al. 2008).

The positive result  for invA in two samples but negative for S. enterica in 
culture-based method suggests that the latter methods may overlook the presence 
and underestimate the number of S. enterica in a sample. El Shamy et. al. (2008) 
noted that  conventional  culture  media  may not  be  universally  sensitive  for  the 
detection of Salmonella, depending on sample type or serotype.

The PCR-based detection used in this study is simpler, more rapid, and more 
specific for the detection of S. enterica compared to culture/traditional method of 
detection of S. enterica. The traditional method normally takes 7 days. With the 
multiplex PCR used in this study, identification of serogroups of S. enterica could 
be done in 3 days. Boiling method was selected for the preparation of the DNA 
template because of the convenience of the method. Centrifugation and washing 
steps were sufficient to remove the PCR inhibitors from the culture medium.

A large percentage of chicken (67.5%), ground pork (65%), and beef (52.5%) 
samples  were  positive  for  S.  enterica.  Several  outbreaks  and  studies  of 
salmonellosis in chicken/poultry have been reported (Rajagopal  and Mini 2013; 
Wegener and Baggesen 1996).  Ground meat (e.g.  ground pork, burger patty) is 
among the food items frequently associated with outbreaks of salmonellosis. It is 
predisposed to contamination because many processing steps are involved in its 
manufacture  (e.g.  grinding),  which  potentially  contribute  to  an  increase  of  S. 
enterica counts in the final product (Stock and Stolle 2001). Thus, the incidence of 
S.  enterica  in  ground  pork  could  come  from  improper  handling  and  use  of 
unsanitary mechanical grinder in meat processing in wet markets.

S.  enterica  was  also  present  in  processed  meat:  longganisa  (25%),  tocino 
(20%),  burger  patty  (12.5%),  and  embotido  (2.5%),  despite  the  presence  of 
preservatives  and  additives  (Table  1).  Handling  and  transport  were  the  most 
probable  reasons  for  cross-contamination.  The  absence  of  S.  enterica  in  ham 
samples  could  be  attributed  to  thermal  processing  during  the  manufacturing 
process.

The highest incidence  of 78.57% observed for S. enterica serogroup E1 was 
similar  to  the results  of  Balala  et  al.  (2006) and Lee et  al.  (2009),  which also 
showed the predominance of serogroup E1 among isolates from clinical and food 
samples collected in the Philippines. The multiplex PCR also detected S. enterica 
from serogroups  C1  (29.59%),  C2  (20.41%),  B  (17.35%)  and  D (6.1%).  Four 
isolates  were not  characterized in multiplex PCR for  O-serogrouping.  Only six 
serogroups were targeted using the primers abe1, tyv, prt, wbaD-manC, abe2 and 
wzx-wzy in the O-serogrouping assays. Hence, these isolates could belong to other 
40 Salmonella serogroups (Grimont and Weill 2007) that were not tested in this 
study.

Obtaining  DNA extracts  from  the  RVS-enriched  medium  allows  for  the 
detection of multiple S. enterica serogroups in one sample. It eliminates the need 
for a pure isolate of every serotype of S. enterica in a sample, thus saving time and 
effort. The multiplex PCR assay used for the serogrouping of the isolates may also 
be considered less expensive compared to conventional serotyping assuming that 
PCR and post-PCR equipment are available.

CONCLUSION

In  this  study,  a  simple  and  specific  detection  method  for  S.  enterica  was 
applied in raw and processed meat samples collected from selected wet markets in 
Metro  Manila,  Philippines.  Through  molecular  characterization  by  targeting  a 
portion  of  the  invA  and  spvC  genes,  S.  enterica  isolates  were  detected  and 
successfully characterized serologically via PCR-based detection of somatic (O) 
antigen. More than one serogroup were present in a sample; 78.57% (77 samples) 
with the predominance of S. enterica serogroup E1. The methods used in this study 
can greatly reduce the reliance on the costly and tedious conventional serotyping. 
They  can  be  applied  by  any  facility  that  lacks  the  expensive  typing  sera  and 
expertise  needed  for  conventional  serotyping  but  is  equipped  with  basic  PCR 
facilities. Likewise, multiplex PCR can be useful especially during outbreaks when 
rapid detection is necessary.

This is  the first  report  on the use of  multiplex PCR for the detection and 
characterization of S. enterica in raw and processed meats in the Philippines. This 
study,  likewise,  was  able  to  establish  incidence  data  for  S.  enterica  and  its 
serogroups found in raw and processed meats in selected Philippine wet markets 
which could be used for further research in epidemiology and related topics. The 
relatively high incidence of S. enterica in raw and processed meats illustrates the 
risk for Salmonella infection due to  poorly processed meat.

ACKNOWLEDGEMENT
We thank Phyllis Anne P. Paclibare, Pauline Dianne M. Santos, and Alyzza 

Marie  B.  Calayag  for  the  technical  assistance.  This  study  was  supported  by 
research  grants  from  the  Department  of  Agriculture-Biotechnology  Program 
Implementation Unit (Project Code DABIOTECH-R1212) and the Office of the 
Vice-Chancellor  for  Research  and  Development  of  the  University  of  the 
Philippines Diliman (Project Code 151515 PNSE).  

____________________________________________________________________________________________________________
www.philscitech.org

http://www.philscitech.org


International Journal of Philippine Science and Technology, Vol. 08, No. 2, 2015 55

CONFLICT OF INTERESTS
The authors declare no conflict of interests regarding the publication of this 

article.

CONTRIBUTIONS OF INDIVIDUAL AUTHORS
SASDR  and  WLR  conceptualized  this  study.  The  experiments  were 

conducted by SASDR. SASDR and WLR prepared the manuscript.

REFERENCES

Amini  K,  Salehi  T,  Nikbakht,  G,  Ranjbar  R.,  Amini  J.,  Ashrafganjooei  S. 
Molecular detection of invA and spv virulence genes in Salmonella enteritidis 
isolated from human and animals in Iran. Afr J Microbiol Res 2010; 4(21): 
2202-2210.

Balala  L,  Rovira  H,  Vizmanos  M,   Bernardo  F,  Divina  B.  Isolation,  serologic 
identification and antibiotic sensitivity  testing of Salmonella spp. in chickens. 
Philipp J Vet Med 2006; 43(2): 65-70.

Bangtrakulnonth  A,  Pornreongwong  S,  Pulsrikarn  C,  Sawanpanyalert  P, 
Hendriksen R, Lo Fo Wong D, Aarestrup F. Salmonella serovars from humans 
and other  sources  in  Thailand,  1993-2002.  Emerg Infect  Dis  2004;  10(1): 
131-136.

Centers  for  Disease  Control  and  Prevention.  Preliminary  FoodNet  data  on  the 
incidence of infection with pathogens transmitted commonly through food--
selected sites, United States, 2003. Morbidity and Mortality Weekly Report 
2004a; 53(16): 338–343.

Centers  for  Disease  Control  and  Prevention.  Diagnosis  and  management  of 
foodborne  illnesses:  a  primer  for  physicians  and  other  health  care 
professionals.  Morbidity  and  Mortality  Weekly  Report.  Recommendations 
and reports/Centers for Disease Control 53  2004b; (RR-4): 1-33.

Centers  for  Disease  Control  and  Prevention.  Salmonella  surveillance:  annual 
summary,  2006.  Atlanta,  Georgia:  US  Department  of  Health  and  Human 
Services, CDC 2008.

Chiu C,  Ou J.  Rapid identification of  Salmonella  serovars  in  feces  by specific 
detection of virulence genes, invA and spvC, by an enrichment broth culture-
multiplex  PCR  combination  assay.  J  Clin  Microbiol  1996;  34  (10): 
2619-2622.

El Shamy H, Bakr W, Gomaa N, Barheem O. Evaluation of two enrichment broths, 
three plating media and ELISA technique for the isolation of Salmonella from 
dairy products. J Egypt Public Health Assoc 2008; 83(1&2): 133-145.

Ethelberg S, Lisby M, Torpdahl M, Sorensen G, Neimann J, Rasmussen P, Bang S, 
Stamer U, Bertil Hansson H, Nygard K, Lau Baggesen D, Moller Nielsen E, 
Molbak K, Helms M. Prolonged restaurant-associated outbreak of multidrug-
resistant  Salmonella  Typhimurium  among  patients  from  several  European 
countries. Clin Microbiol and Infect 2004; 10(10): 904–910.

Fielding, J.E., Raupach, J., Milazzo, A., Del Fabbro, L., Snell, P. An outbreak of 
Salmonella  Typhimurium  phage  type  4  linked  to  cold  set  cheesecake. 
Commun Dis Intell 2003; 27 (4): 513–514.

Food and Drug Administration Philippines. Revised guidelines for the assessment 
of microbiological quality of processed foods, 2013. Retrieved from http://
www.fda.gov.ph/attachments/article/71149/Annex%20I%20%20FC
%20203-010%20Microbiological%20Standard%20for%20Processed
%20Food.pdf.

Food Safety  and Inspection Service.  FSIS microbiological  hazard  identification 
guide for meat and poultry components of products produced by very small 
plants, 1999. Retrieved from http://www.fsis.usda.gov/Oa/haccp/higuide.pdf?
redirecthttp=true.

Grimont P, Weill F. Antigenic formulae of the Salmonella serovars. 9th ed. World 
Health Organization, Paris 2007; 1-166.

Guard-Petter J. The chicken, the egg and Salmonella enteritidis. Environ Microbiol 
2001; 3 (7): 421-430.

Heithoff D, Shim, W, Lau P, Badie G, Enioutina E, Daynes R, Bynre, B, House, J, 
Mahan, M. Human Salmonella clinical isolates distinct from those of animal 
origin. Appl Environ Microbiol 2008; 74(6): 1757-1766.

Hendriksen  R.  Global  epidemiology  of  non-typhoidal  Salmonella  infections  in 
humans.  PhD  Dissertation,  National  Food  Institute,  2010.  Retrieved  from 
http://www.dtuaqua.dk/upload/f%C3%B8devareinstituttet/food.dtu.dk/
publikationer/2010/global%20epidemiology%20of%20non-typhoidal
%20salmonella%20infe ctions %20in%20humans.pdf.

Hendriksen R, Mikoleit M, Kornschober C, Rickert R, Duyne S, Kjelso C, Hasman 
H,  Martin  C,  Dik  M,  Threlfall  J,  Angulo  F,  Aarestrup  F.  Emergence  of 
multidrug-resistant Salmonella concord infections in Europe and the United 
States in children adopted from Ethiopia, 2003–2007. The Pediatr Infect Dis J 
2009; 28(9): 814-818.

Hirose K, Itoh K-I, Nakajima H, Kurazono T, Yamaguchi M, Moriya K, Ezaki T, 
Kawamura Y, Tamura K, Watanabe H. Selective amplification of tyv (rfbE), 
prt  (rfbS),  viaB,  and  fliC  genes  by  multiplex  PCR  for  identification  of 
Salmonella enterica serovars Typhi and Paratyphi A. J Clin Microbiol 2002; 
40(2): 633-636. 

Hong  Y,  Liu  T,  Lee  M,  Hofacre  C,  Maier  M,  White  D.  Rapid  screening  of 
Salmonella enterica serovars Enteritidis, Hadar, Heidelberg and Typhimurium 
using  a  serologically-correlative  allelotyping  PCR  targeting  the  O  and  H 
antigen alleles. BMC Microbiol 2008; 8:178.

International  Organization for  Standardization.  ISO 6579:2002 Microbiology of 
food  and  animal  feeding  stuffs--  horizontal  method  for  the  detection  of 
Salmonella  spp.  International  Organization  for  Standardization,  Geneva, 
Switzerland 2002.

Issenhuth-Jeanjean S, Roggentin P, Mikoleit M, Guibourdenche M, de Pinna E, 
Nair, S, Fields P, Weill F-X. Supplement 2008-2010 (no. 48) to the White-
Kauffmann-Le Minor scheme. Res Microbiol 2014; 165: 526-530.

Kawasaki  S,  Fratamico  P,  Horikoshi  N,  Okada  Y,  Takeshita  K,  Sameshima  T, 
Kawamoto  S.  Evaluation  of  a  multiplex  PCR  system  for  simultaneous 
detection of Salmonella spp., Listeria monocytogenes,  and Escherichia coli 
O157:H7 in foods and in food subjected to freezing. Foodborne Pathog Dis 
2009; 6(1): 81-89.

Lee H, Su L, Tsai M, Kim S, Chang H, Jung S, Park K, Perera J, Carlos C, Tan B, 
Kumarasinghe G, So T, Chongthaleong A, Hsueh P, Liu J, Song J, Chiu C. 
High rate of reduced susceptibility to ciprofloxacin and ceftriaxone among 
nontyphoid  Salmonella  clinical  isolates  in  Asia.  Antimicrob  Agents 
Chemother 2009; 53(6): 2696-2699.

Matsui T, Suzuki S, Takahashi H, Ohyama T, Kobayashi J, Izumiya H, Watanabe 
H, Kasuga F, Kijima H, Shibata K, Okabe N. Salmonella Enteritidis outbreak 
associated  with  a  school-lunch  dessert:  cross-contamination  and  a  long 
incubation period, Japan, 2001. Epidemiol Infect 2004; 132(5): 873–879.

Morpeth S,  Ramadhani  H,  Crump J.  Invasive non-Typhi  Salmonella  disease in 
Africa. Clin Infect Dis 2009; 49(4): 606-611.

Ng  K,  Rivera,  W.  Multiplex  PCR-based  serogrouping  and  serotyping  of 
Salmonella  enterica  from tonsil  and jejunum with jejunal  lymph nodes of 
slaughtered swine in Metro Manila, Philippines. J Food Prot 2015; 78 (5):
873-880.

O’Regan E, McCabe E, BurgessC, McGuinness S, Barry T, Duffy G, Whyte P, 
Fanning S. Development of a real-time multiplex PCR assay for the detection 
of multiple Salmonella serotypes in chicken samples. BMC Microbiol 2008; 
8:156. 

Pritchett L, Konkel M, Gay J, Besser T. Identification of DT104 and U302 phage 
types among Salmonella enterica serotype Typhimurium isolates by PCR. J 
Clin Microbiol 2000; 38(9): 3484–3488.

Rajagopal R, Mini M. Outbreaks of salmonellosis in three different poultry farms 
of Kerala, India. Asian Pac J Trop Biomed 2013; 3(6): 496-500.

Schlundt J, Toyofuku H, Jansen J, Herbst S. Emerging food-borne zoonoses. Revue 
Scientifique  et  Technique-Office  International  des  Epizooties  2004;  23(2): 
513-534.

Shanmugasamy  M,  Velayutham  T,  Rajeswar  J.  invA  gene  specific  PCR  for 
detection of Salmonella from broilers.  Vet World 2011; 4(12):562-564. 

Stock K, Stolle A. Incidence of Salmonella in minced meat produced in a European 
Union-approved cutting plant. J Food Protect 2001; 64(9):1435-1438.

Tirado  C,  Schmidt  K.  WHO surveillance  programme for  control  of  foodborne 
infections  and  intoxications:  preliminary  results  and  trends  across  greater 
Europe. J Infect 2001; 43(1): 80-84.

Vindigni S, Srijan A, Wongstitwilairoong B, Marcus R, Meek J, Riley P, Mason C.  
Prevalence  of  foodborne  microorganisms  in  retail  foods  in  Thailand. 
Foodborne Pathog Dis 2007;4(2): 208-215.

Voetsch A, Van Gilder T, Angulo F, Farley M, Shallow S, Marcus R, Cieslak P, 
Deneen V,  Tauxe R.  FoodNet  estimate  of  the burden of  illness  caused by 
nontyphoidal Salmonella infections in the United States. Clin Infect Dis 2004; 
38(Suppl 3): 127-134.

Wegener  H,  Baggesen D.  Investigation of  an outbreak of  human salmonellosis 
caused by Salmonella enterica ssp. enterica serovar Infantis by pulsed field 
gel electrophoresis. Int J Food Microbiol 1996; 32(1):125-131.

World Health Organization. Global Salmonella Survey, 2004.www.who.int. 

____________________________________________________________________________________________________________
www.philscitech.org

http://www.philscitech.org
http://www.fda.gov.ph/attachments/article/71149/annex%2520i%2520%2520fc%2520203
http://www.who.int

