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ABSTRACT This study aimed at comparing the biochemical characterization of Salmonella spp with the molecular
typing method. A total of 57 stool samples were collected from three different health institutions in Nigeria over
a period of 3 months. Twenty (35%) Salmonella species consisting of 14 (70%) S. Typhi and 6 (30%) S.Choleraesuis
were identified using standard methods. The isolates were then typed using randomly amplified polymorphic DNA
polymerase chain reaction (RAPD-PCR) and the entero-bacteriaceae repetitive intergenic consensus PCR (ERIC-
PCR). The ERIC-PCR differentiated the S.Typhi into 14 different sub-types with four of them (2s and 6s) and (7s
and 11s) belonging to the same sub-types. The S.Choleraesuis showed no band with the ERIC-PCR while the
RAPD-PCR differentiated the isolates into nine sub-types and the remaining isolates showed no visible band. The
ERIC-PCR was shown to be more a discriminatory and type-able tool for Salmonella Typhi isolates.
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INTRODUCTION

Salmonella infections occur worldwide in
both developed and developing countries and
are a major contributor to morbidity and eco-
nomic loss (Antonie et al. 2008). Salmonella
species have been the leading cause of food
borne outbreaks and are considered one of the
major causes of human gastroenteritis world-
wide (Rasschaert et al. 2005). Salmonella Typhi
causes enteric fever also known as typhoid fe-
ver majorly. This disease is endemic in the tropic
and subtropics (Asia and Africa) and has be-
come a serious public health problem in devel-
oping countries of the world, especially in Nige-
ria due to poor hygiene and lack of or inade-
quate potable water. In 2010, an estimated 26.7
million cases of typhoid fever were recorded
(Buckle et al. 2012). Several cases of mortalities
and morbidities associated with typhoid fever

have been recorded in Nigeria (Ibekwe et al. 2008).
Other serotypes such as Salmonella paraty-
phoid A and B, Salmonella Choleraesuis also
cause paratyphoid fever. Salmonella Choler-
aesuis is a highly host-adapted pathogen that
causes swine paratyphoid in pigs of all ages.
The infected animals, their products and manure
pose serious health hazards to other healthy pigs
and humans who take care of them or consume
their meat. This organism is notorious for its
extreme invasiveness and pathogenic nature in
humans frequently causing septicemic disorders
with scarce involvement of the gastrointestinal
tract (primary bacteremia) (Taylor 1983). There
is an upsurge in the incidence of Salmonella
Choleraesuis bacteremia over the years due to
increase in ciprofloxacin-resistant isolates (Wang
2006). Effective management of affected patients
requires rapid diagnosis of the pathogens in clin-
ical samples. Clinical manifestations are not reli-
able enough to ascertain the presence of these
pathogens or active infection in particular pa-
tients (Mc Pherson et al. 2006). Standard meth-
ods commonly used in detection of these patho-
gens are biotyping, phage typing, serotyping,
and antibiotic resistance patterns. These meth-
ods have been shown to lack the credibility to
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differentiate isolates and strains of the same se-
rotype and are also time consuming. In most
countries, serotyping is expensive and also re-
stricted to national reference laboratories. Fur-
thermore, some of the human and animal isolates
are not identified by the serologic method (Rass-
chaert et al. 2005). Hence, to investigate the source
and relatedness among different strains more ac-
curate tools than serotyping are needed. Poly-
merase chain reactions (PCR) not only identify
the isolate to species level, but also serve as an
epidemiological tool by providing information on
the circulating strain in an environment especial-
ly during epidemic conditions.

Molecular typing methods such as random
amplified polymorphic DNA (RAPD-PCR)
(Khoodoo et al. 2002), repetitive extragenic pal-
indromic (REP-PCR) (Johnson et al. 2001; Rass-
chaert et al. 2005; Weigel et al. 2004) pulsed field
gel electrophoresis, plasmid profiling has been
used for differentiation and characterization of
Salmonella and to trace the clonality of strains
(Akinyemi et al. 2005; Weigel et al. 2004).

The REP-PCR relies on primers that are com-
plementary to the bacterial genome, to generate
DNA fingerprints that allow discrimination be-
tween strains (Versalvovic et al. 1991). These
repetitive elements include the repetitive ex-
tragenic palindronic (REP) elements (Stern et al.
1984), the enterobacterial repetitive intergenic
consensus (ERIC) sequences (Hulton et al. 1991;
Yu et al. 2011) and the BOX sequences (Martin
et al. 1992).

In Nigeria, 4 sub-types of Salmonella were
defined in patients from 26 clinical isolates by
RAPD and they were, S.Typhi, S. Paratyphi, S.
Choleraesuis and S. Enteritidis (Smith et al.
2011). Having knowledge of the circulating
strains, guides therapy, especially in species with
multiple-strains and serotypes.

Objectives

The purpose of this study was to compare
the conventional biochemical and molecular
method of identifying Salmonella species and
to determine the strains circulating in Nigerian
population.

METHODOLOGY

Study Population

A total of 57 stool samples were collected
from Federal Medical Centre Hospital, Ebute-

Metta, Mushin Health Centre and Surulere Gen-
eral Hospital, Ojuelegba for a period of 3 months.
The samples were collected from patients who
reported symptoms of typhoid fever. The sam-
ples were collected in sterile universal leak proof
containers and were transported to the Molecu-
lar Biology and Biotechnology Laboratory of
Nigeria Institute of Medical Research, Yaba, La-
gos (NIMR) within an hour of collection for
processing.

Isolation of Salmonella Species

For the isolation of Salmonella species, a
loop of stool sample was inoculated aseptically
into a McCartney bottle containing 9 ml of Se-
lenite F-broth and incubated at 37°C for 24 hours.

After incubation, the stool samples were sub-
cultured from the Selenite F-broth onto Salmo-
nella-Shigella agar (SSA). Identification of iso-
lates was done using Salmonella chromogenic
agar and characterized using the method of Cowan
et al. (2003).

Identification of Isolates by PCR

Deoxyribonucleic acid extraction was per-
formed using the method of Bimboim and Doly
(1979). The identity of the isolates was con-
firmed by PCR using species-specific oligonu-
cleotide primer set (5'-AGC CAA CCA TTG CTA
AAT TGG CGCA-3') as described by Smith et al.
(2012).

RAPD-PCR

Randomly amplified polymorphic DNA poly-
merase chain reaction (RAPD/PCR) was per-
formed according to the method described by
Hilton et al. (1997) using primer 1254 with the
sequences (5'- CCG CAG CCA A 3'). A 1 Kbp
DNA ladder was used as a DNA size standard.
The reaction was carried out in a 25μl mixtures
containing 2mM magnesium chloride, 200μM
(each) of the four doexyribonucleotide triphos-
hates, 4.O pmol of primer,1μl of Taq DNA poly-
merase, 20ng of bacteria DNA culture and dis-
tilled water was added to make a total volume of
25μl. The mixture was subjected to 40 PCR cy-
cles in a programmable 96 wells Master cycler
gradient Eppendorf (Harburg, Germany). The
parameters for the amplification cycles were as
follows: initial denaturation at (94°C for 5 min-
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utes), and the 40 cycles of (94°C for 30 sec, 20°C
for 2 minutes, 72°C for 2 minutes) and final dena-
turation of (94°C for 30 seconds, 72°C for 2 min-
utes and final extension of 72°C for 5 minutes).

ERIC – PCR

Enterobacteriaceae repetitive intergenic con-
sensus polymerase reaction (ERIC-PCR) was
performed as described by (Beyer et al. 1998)
using  Eric 2 primer with the oligonucleotide se-
quences (5' –AAG TAA GTG ACT GGGG
TGAGCG 3'). A 100bp DNA ladder was used as
DNA size standard. The reaction was performed
in a 25μ1 volume containing 200 μI (each) of the
four deoxribonucleotides triphosphates, 2.5mM
Mgcl2, 40pmol of primer, 1μI of Taq polymerase,
1μl of bacterial culture and distilled water was
added to make a total volume of 25μl. The mix-
ture was subjected to 40 PCR cycles in a pro-
grammable 96 wells Master cycler gradient Ep-
pendorf (Harburg, Germany). The parameters for
the amplification cycles were as follows: initial
denaturation of (94°C for 5 minutes), followed
by 35 cycles consisting of denaturation (at 94°C
for 1 minutes) and annealing (52°C for 1 minute),
initial extension (72°C for 2 minutes) and final
extension (72°C for 5 minutes).

The PCR amplicon were separated by gel
electrophoresis in one percent agarose containing
ethidium bromide (0.5μg/ml) and visualized with a
photo documentation system (Clinix 1500 Japan)
using a digital camera under UV illumination.

RESULTS

Out of the 57 stool samples screened, Sal-
monella species was isolated from 20 (35.1%)
while the remaining 37 samples (64.9%) yielded
no Salmonella growth. The two species of the
Salmonella isolated are S. Typhi (70%) and
S.Choleraesuis (30%).

The ERIC-PCR was able to sub-type seven-
ty percent (14) of the S.Typhi isolates into 12 (A,
B1, B2, C1, D1, D2, E, F, G, H, I, J, K, L) groups,
one distinct isolate falling into each group. How-
ever, group two and four have two distinct iso-
lates (B1, B2 and D1, D2) The remaining thirty
percent (6) isolates of S. Choleraesuis showed
no visible bands lane 4, 5, 12, 16, 19 and 20 as
shown in Table 1.

The RAPD-PCR, on the other hand, was able
to sub-typed forty-five percent (9) different

types and the remaining fifty-five percent (11)
showed no visible bands as shown in Tables 1
and 2.

Table 1:  Molecular subtyping of Salmonella Typhi
Salmonella Choleraesuis by ERIC and RAPD PCR

Isolates Species ERIC- RAPD-
Typing Typing

1s ST A N T
2S ST B1 N T
3S ST C N T
4S ST N T A
5S ST N T N T
6S ST B2 B
7S ST D1 C
8S ST E D
9S ST F E
10S ST G F
11S ST D2 G
12S ST N T H
13S ST H N T
14S ST I N T
15S SC J N T
16S SC N T N T
17S SC K N T
18S SC L N T
19S SC N T N T
20S SC N T I
NB:
ST- Salmonella Typhi
SC-Salmonella Choleraesuis
NT- Non typeable

Table 2: Sub-typing by ERIC and RAPD PCR

Molecular Salmo-    S.    Total
typing  nella Chole-

sp n=20 raesuis
    S.
Typhi

ERIC Type able strains 14 0 14
Untypeable strains 0 6 6

RAPD Type able strains 6 3 9
Untypeable strains 13 3 11

DISCUSSION

The prevalence of Salmonella Typhi ob-
tained in this paper is in accordance with the
findings of Akinyemi et al. (2007), Okonko et al.
(2010), Smith et al. (2009) and Umeh and Agbulu
(2010) who reported that S. Typhi was the most
prevalent serotype in Nigeria.

The  ERIC-PCR used in this paper possess
good discriminatory power and is more type-
able compared to the RAPD-PCR. It was able to
sub-type the Salmonella Typhi isolates into 14
different types while the remaining 6(30%) S.
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Choleraesuis isolates showed no visible bands.
This method has the advantage of being simple,
accurate, fast and powerful for the genomic typ-
ing of bacterial strains

The most prevalent isolates are the type B
and D sub-type B1, B2 and D1, and D2 line, 2, 6,
7 and 11 having 28.6 percent of the type able
isolates Table 1. The remaining (71.4%) belong
to different type of Salmonella strains.

The ERIC-PCR has been analyzed in several
studies with success. ERIC-PCR has been suc-
cessfully used to discriminate closely related
strains of Enterobacter aerogenes and Escher-
ichia coli (Georghiou et al. 1995; Lipman et al.
1995). There are earlier reports of ERIC-PCR by
(Lim et al. 2005), wherein 57 strains of Salmonel-
la were differentiated into 50 different patterns
in their paper. The paper by Rasschaert et al.
(2005), also confirmed the suitability of REP-PCR
using five primers to differentiate Salmonella
isolates at the serogroup level. Fingerprints were
generated for the isolates that were not differen-
tiated by serotyping. Also, in the report by Sha-
barinath et al. (2007), ERIC-PCR differentiated
the twelve S.Weltevreden isolates into four
types. The fish isolates, which were discriminat-
ed into two by RAPD types, were discriminated
into three by ERIC-PCR. The reports of Sanae et
al. (2009) in Morocco also supported this claim,
the ERIC-PCR was showed to be more discrimi-
natory in typing 16 Salmonella strains isolated
from human stools and food into 8 types. Alli-
Shirodii et al. (2014), also remarked on the suit-
ability of ERIC-PCR in assessing the diversity
and discriminating the 64 isolates of S.Enteritidis
reported in their work. The ERIC primer gave 8-
13 bands set with approximate sizes between
100 to 2000 bp for the 64 isolates of the
S.Enteritidis.

The RAPD-PCR on the other hand was able
to type the isolates into 9 different types with
the remaining (55%) isolates showing no visible
bands (Tables 1 and 2). Although this technique
is fairly discriminatory, simple and easy to inter-
pret like the ERIC-PCR, it appears that the primer
1254 used in our paper is not suitable in typing
the Salmonella Tyhpi isolates in Nigeria. This
was also observed in the paper by Smith et al.
(2011), where the primer 1254 used were dropped
because it did not produce discriminatory pat-
terns. In accordance to the results obtained in

this paper, is the work of Dos Santos et al. (2008)
in Brazil, the RAPD-PCR method was used with
primer 1254 and OPB 17 to type 238 of the Sal-
monella Enteritidis isolated from poultry, food
samples and human in their study. Twenty-one
isolates (8.8%) out of the 238 isolates were dif-
ferentiated into four patterns and into seven sub-
types with primer 1254, and into four patterns
and ten sub-types using primer OPB 17. Un-Ho
et al. (2005) in Korea, used primer OPB-18 and
was able to type four 4(98%) out of the five 5
(100%) S. Typhimurium species isolated in their
work.

There is need for documentation of molecu-
lar typing techniques of Salmonella species in
Nigeria. Only few reports of RAPD-PCR of
S.Typhi by Smith et al. (2006), Smith et al. (2012),
and Smith et al. (2011) and plasmid profile analy-
sis by Akinyemi et al. (2005) have been reported.

The molecular genotypic typing method has
more discriminatory power and is more type able
compared to the phenotypic method like the bio-
chemical method used which was unable to dif-
ferentiate further the 14 isolates of S. Typhi and
the (6) isolates of S. Choleraesuis.

CONCLUSION

It can be deduced from this study that the
ERIC-PCR offers high discrimination amongst
the S.Typhi in our environment. Thus, the ERIC-
PCR apart from being simple, accurate and fast
will be a reliable technique in typing the isolates
in Nigeria.

FUTURE  RESEARCH

The future research will focus on the use of
the ERIC-PCR in typing more species of Salmo-
nella in the environment to further confirm its
applicability in typing the isolates.

AKNOWLEDGEMENTS

The researchers wish to acknowledge the
North West University, Mafikeng Campus, South
Africa, for the opportunity to publish this re-
search work. Also, to the management of the
various hospitals used as study centers and the
genetics division of the Nigerian Institute of
Medical Research, for their support and techni-
cal assistance.



MOLECULAR TYPING OF SALMONELLA SPECIES 5

REFERENCES

Akinyemi K, Smith S, Bola Oyefolu A, Coker A 2005.
Multidrug resistance in Salmonella enterica serovar
Typhi isolated from patients with typhoid fever com-
plications in Lagos, Nigeria. Public Health, 119: 321-
327.

Akinyemi KO, Bamiro BS, Coker AO 2007. Salmonel-
losis in Lagos, Nigeria: Incidence of Plasmodium fal-
ciparum-associated co-infection, patterns of antimi-
crobial resistance, and emergence of reduced suscep-
tibility to fluoroquinolones. J Health Popul Nutr, 25:
351-358.

Antonie ST, Annaelle K, Anne B 2008. Epidemiologi-
cal analysis of Salmonella Enterica from beef sam-
pled in the slaughter house and retailers in Dakar
(Senegal) using pulsed-field gel electrophoresis and
antibiotic susceptility testing. J Food Microbiol, 123:
191-197.

Beyer W, Mukendi F, Kimming P, Bohm R 1998. Suit-
ability of repetitive DNA-sequence-based PCR fin-
gerprinting for characterizing epidemic isolates of
Salmonella enteric serovar Saintpaul. J Clin Micro-
biol, 36: 1549-1554.

Bimboim H, Doly J 1979. A rapid alkaline extraction
procedure for screening recombinant plasmid DNA.
Nucleic Acids Res, 7: 1513-1523.

Buckle GC, Walker CL, Black RE 2012. Typhoid fever
and paratyphoid fever: Systematic review to esti-
mate global mobidity and mortality for 2010. J Glob
Health, 2(1): 1-9.

Cowan ST, Steel KJ, Barrow G, Feltham R 2003. Cowan
and Steel’s Manual for the Identification of Medical
Bacteria. Cambridge: Cambridge University Press.

Dos Santos LR, Ribeiro AR, De Oliveira SD, Rodriguez
ML, Lopes PF, DO Ascimento VP 2008. RAPD/PCR
and phage typing of Salmonella Enteritidis isolated
from poultry and food poisoning outbreaks. Arq Inst
Biol, Sao Paulo, 75: 91-94.

Georghi T et al. 1995. Molecular epidemiology of in-
fections due to Enterobacter aerogenes: Identifica-
tion of hospital outbreak-associated strains by mo-
lecular techniques. Clin Infect Dis, 20: 84-94.

Hilton AC, Banks JG, Penn CW 1997. Optimization of
RAPD for fingerprinting Salmonella. Lett in Appl
Microbiol, 24: 243-248.

Hulton CS, Higgins CF, Sharp P 1991. ERIC sequence:
A novel repetitive elements in the genomes of Es-
cherichia coli, Salmonella Typhimurium and other
Enterobacteriaceae. J Mol Microbiol, 5: 825-834.

Johnson JR, Clabots C, Azar M, Boxrud DJ, Besser
JM,Thurn JR 2001. Molecular analysis of a hospital
cafeteria-associated salmonellosis outbreak using
modified repetitive element PCR fingerprinting. J
Clin Microbiol, 39: 3452-3460.

Khoodoo M, Issack M, Jaufeerally Fakim Y 2002. Se-
rotyping and RAPD profiles of Salmonella enterica
isolates from Mauritius. Lett Appl Microbiol, 35: 146-
152.

Lim H, Lee KH, Hong C-H, Bahk G-J, Choi WS 2005.
Comparison of four molecular typing methods for
the differentiation of Salmonella spp. Int J Food
Microbiol, 105: 411-418.

Lipman LJ, de Nijs A, Lam TJ, Gaastra W 1995. Iden-
tification of Escherichia coli strains from cows with
clinical mastitis by serotyping and DNA polymor-
phism patterns with REP and ERIC primers. Vet Mi-
crobiol, 43: 13-19.

Martin B, Humbert O, Camara M, Guenzi E, Walker J
et al. 1992. A highly conserved repeated DNA ele-
ment located in the chromosome of Streptococcus
pneumoniae. Nucleic Acids Res, 20: 3479-3483.

Mc Pherson ME, Fielding JE,Teifer B, Stephens N,
Combs BG, Rice BA 2006. A multi jurisdiction out-
break of Salmonella Typhimurium phage type 135
associated with purchasing chicken meat from a su-
permarket chain common. Dis Intell, 30: 449-55.

Okonko I, Soleye F, Eyarefe O, Amusan T, Abubakar M
et al. 2010. Prevalence of Salmonella Typhi among
patients in Abeokuta, south-western Nigeria. Br J
Pharmacol Toxicol, 1: 6-14.

Rasschaert G, Houf K, Imberechts H, Grijspeerdt K, De
Zutter L, Heyndrickx M 2005. Comparison of five
repetitive-sequence-based PCR typing methods for
molecular discrimination of Salmonella enterica iso-
lates. J Clin Microbiol, 43: 3615-3623.

Sanae A, Amine L, En-nanei L, Bertrand S, Christa W
et al. 2009. Isolation, drug resistance and molecular
characterization of Salmonella isolates in Northern
Morocco. J Infect In Develop Count, 3: 41-49.

Shabarinath S, Sanath Kumar H, Khushiramani R, Karu-
nasagar I, Karunasagar I 2007. Detection and char-
acterization of Salmonella associated with tropical
seafood. Int J Food Microbiol, 114: 227-233.

Smith S, Bamidele M, Goodluck H, Fowora M, Omonig-
behin E et al. 2009. Antimicrobial susceptibilities of
Salmonellae isolated from food handlers and Cattle
in Lagos, Nigeria. Int J Health Res, 2(2): 189-193.

Smith S, Odunukwe N, Niemogha M, Omonigbehin E,
Bamidele M et al. 2006. Typhoid fever in Nigeria:
Analysis of phenotypic and genotypic methods of
Salmonella typhi identification. Res J Biotech, In-
dia, 1: 17-21.

Smith S, Opere B, Fowora M, Aderohunmu A, Ibrahim
R et al. 2012. Molecular characterization of Salmo-
nella spp directly from snack and food commonly
sold in Lagos, Nigeria. Southeast Asian J Trop Med
Public Health, 43: 718-721.

Smith SI, Fowora MA, Goodluck HA, Nwaokorie FO,
Aboaba OO, Opere B 2011. Molecular typing of Sal-
monella spp isolated from food handlers and animals
in Nigeria. Int J Mol Epidemiol Genet, 2(1): 73-77.

Stern MJ, Ames FL, Smith NH, Robinson EC, Higgins
CF 1984. Repetitive extragenic palindromic sequenc-
es: a major component of the bacterial genome. Cell,
37: 1015-1026.

Umeh EU, Agbulu CO 2010. Distribution pattern of
Salmonella typhoidal serotypes in Benue State, Cen-
tral Nigeria. Internet J Epidemiol, 8: 1-23.

Un-Ho J, Tae-woo C, June-Ki K, Kyung - soo N, Sang-
Do H et al. 2005. Differentiation of Salmonella
Typhimurium from Gram negative intestinal microbes
by randomly amplified polymorphic DNA (RAPD)
fingerprinting. J Microbiol, 38: 8-10.

Versalvovic J, Koeuth T, Lupski J 1991. Distribution
of repetitive DNA sequence in Eubacteria and appli-
cation to fingerprinting of bacterial genomes. J Nu-
cleic Acids Res, 19: 6823-6931.

Weigel RM, Qiao B, Teferedegne B, Suh D, Barber D et
al. 2004. Comparison of pulsed field gel electrophore-
sis and repetitive sequence polymerase chain reac-
tion as genotyping methods for detection of genetic
diversity and inferring transmission of Suirnuttetta.
J Res Microbiol, 100: 205-217.

Yu L,Yan-Hong F, Heng-Wen Z, Pei S, Jian-Zhong W,
Zhong-Jun Y 2011. The analysis of ERIC-PCR ge-
nomic polymorphism of Salmonella isolated strains
in pig carcass. J Anim Vet Adv, 10: 1694-1698.


