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Abstract: The polymerase chain reaction (PCR), is a very
sensitive and specific molecular method, in the identification of
microorganism. Definitive diagnosis of bacterial pathogens is a
major healthcare challenge in developing countries including
Nigeria. PCR profiles of Salmonella typhi in Lagos, Nigeria is
presented in this study. Bacteriological analysis of stool samples
from patient diagnosed clinically for typhoid fever was carried
using selective media such as Selenite F (SF), buffered peptone
water (BPW) and trypticase soy agar (TSA) which were
incubated at 37°C for 18-24 h. After incubation 0.1 ml of sample
from each enrichment medium was inoculated into 10 ml of
Rappaport Vassiliadis R10 broth which was incubated at 42°Cfor
24 h. One loopful of the RV10 broth was inoculated into selective
media:;MacConkey agar (MA), xylose lysine deoxycholate agar
(XLD), Salmonella- Shigella agar (SSA) and brilliant green
deoxycholate agar (BGDA). Suspected colonies were identified
biochemically and kept on nutrient agar slants at 4°C for further
analysis. All the S. typhi isolates produced reproducible and
distinguishable profiles from samples and were amplified and
analyzed by gel electrophoresis. The chromosomal DNAs had
molecular weight that ranged between 0.52kbp to 2.9Kbp. Fifty-
Six(83.3%) of the S. typhi harbored both 0.9kbp and 1.4Kbp
molecular weight, 50 (83.3%) had 2.8Kbp, 42 (70%) had 1.8Kbp
molecular weight while the isolate with the least molecular
weight DNA were 20,(33.3%). All the isolates belong to five
distinctive clones. PCR with RAPD was very discriminatory as
isolates classified together by other methods were classified into
fewer clones.
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I INTRODUCTION

yphoid fever (enteric fever) is a major public health

problem in the developing countries of the world with an
annual incidence of 540 per 100 [1, 2]. Salmonella typhi is the
etiology of typhoid fever with an estimated 21.7 million
illnesses with greater than 600,000 [3]. Typhoid fever is a
systemic disease caused by S. typhi and is a major cause of
morbidity and mortality worldwide, which emerged as a major
important infection in the early 19" century [4]. Humans are
the only natural host and reservoir for fever agent, with the
infection occurring in all age groups. It is transmitted by
ingestion of food or water contaminated with feces [2].In
Nigeria, typhoid fever is not only endemic but constitute a
great socio-medical problem, being responsible for many
cases of pyrexia of unknown origin, high morbidity and
mortality [3]. Nigeria falls within the region of estimated high
incidence of typhoid fever in the sub-Saharan Africa and the

causative agent is characterized by co-endemicity with other
non-bacterial febrile infections like malaria and viral diseases
which make direct clinical diagnosis difficult [5, 6].

One of the greatest challenges the developing countries like
Nigeria face is that of diagnosis. Some methods used include
cultural, and non-cultural techniques like serotyping, plasmid
profile analysis and PCR, the latter two being molecular
[4].1solation of S. typhi from culture of bone marrow aspirate
is regarded as the gold standard for confirmation of typhoid
fever but blood culture is preferred because obtaining blood
specimen is easier and less invasive[7]. Blood culture is
slightly less sensitive than bone marrow aspirate culture[8].
Widal test is most commonly used in the diagnosis of typhoid
fever Nigeria despite its several shortcomings [1, 2, 9]. Paired
sera for the demonstration of 4-fold rise in antibody titer level
are hardly collected in laboratories in Nigeria[10].

Rather, laboratory confirmation is usually based on results of
a single Widal test on serum samples collected during acute
phase of the illness. The development of the PCR offers an
extremely sensitive epidemiological tool based on the
amplification of DNA from clinical isolates and are
particularly useful for the detection of pathogens which are
present at a low concentration, require fastidious growth
conditions or cannot be cultivated. This simple technique has
reproducible application to stool or possible food or
environmental vehicle with potential for expanded
epidemiological use[11].A rapid genomic typing method with
broad application in biology on the basis of RAPD, which is a
modification of the PCR has been described[12]. One or more
short arbitrarily chosen primers are able to anneal and prime
at multiple locations throughout the genome to produce a
spectrum of amplified products characteristics of the template
DNAJ[13]. RAPD can amplify from anonymous genomes with
arbitrarily chosen oligonucleotide primer [14].The dearth of
information in developing countries and particularly in
Nigeria on diagnosis and molecular epidemiology of typhoid
fever, further compounded by most of the few reports based
on Widal with its several shortcomings necessitated this study.
The objectives of the current study are to isolate S. typhi from
patients diagnosed of typhoid fever, carry out antibiotic
susceptibility testing, serotyping and molecular analysis of S.
typhi using RAPD.
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. MATERIALS AND METHODS
2.1 Bacteriological analysis

Two hundred and sixty Salmonellae recovered from patients
in two General hospitals and five private hospitals in Lagos
were included in the present study. Stool samples from
patients were bacteriologically investigated from patients
diagnosed clinically of typhoid fever, which were inoculated
into enrichment media which included Selenite F (SF),
buffered peptone  water (BPW), trypticase soya
agar(TSA),which were incubated for 24 h at 37°C. After
incubation, 0.1ml of sample was inoculated into 10 ml of
Rappaport Vassiliadis R10 broth (RV Merck, Germany) and
was incubated at 42°C for 24 h. One loopful of RV culture,
which changed from blue to green or discolored was streaked
onto the surface of MacConkey agar (MA), xylose lysine
deoxycholate (XLD) agar (Oxoid), Salmonella-Shigella agar
(SSA) (Difco, USA) and brilliant green deoxycholate agar
(BGDA) plates. Suspected colonies were identified and
cultured on nutrient agar slopes, and kept at 4°C till use.
Phenotypic identification was performed using VITEK, GNI+
(bioMerieux, France) and API 20E identification system[15]

2.2Antibiotic susceptibility testing

Antimicrobial susceptibility tests were applied to the
Salmonella isolates by disk diffusion method on Mueller
Hinton agar (Merck, Germany) with antibiotic disks according
to the Clinical Laboratory Standards institute guidelines [16].
Fifteen different antibiotics with the following concentrations
in micrograms  (ug) were used: ampicillin  (10),
chloramphenicol (10), colistin sulphate (25), gentamycin (10),
nitrofurantoin (20), cotrimoxazole (25), streptomycin (25),
tetracycline (25), kanamycin (30), augmentin (30), amoxicillin
(30), cefotaxime (30), perflacin (10). Ceftriazone(30) and
ofloxacin (10) (Table 1).

Table 1: Antibiotics used in the study and their respective classes

Antibiotic class Antibiotic

B-lactams Ampicillin (10pg)

Chloramphenicol Chloramphenicol (10ug)

Polymyxin Colistin sulphate (25pg)

Nitrofuran Nitrofuratoin (20pg)

Sulphonamide Cotrimoxazole (25ug)

Nalidix acid(30pg)

Quinolones

Streptomycin Streptomycin (30ug)

Tetracycline Tetracycline (25uQ)

Macrolide Kanamycin (25ug)

Cephalosporin Cefotaxime (30ug)

Cephalosporin Cefuroxine (30pg)

Fluoroquinolone Ofloxacin (10pg)

Fluoroquinolone Perflacin (10ug)

Fluoroquinolone Phenociprofloxacin (10ug)
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Aminoglycoside Gentamycin (10pg)

Macrolide Erythromycin (15ug)

Glycopeptides Vancomycin (30ug)

Penicillin Amoxycillin (30pug)

Penicillin

Augmentin (30pg)

2.3 PCR Analysis
2.3.1 Preparation and purification of chromosomal DNA

Only sixty of the randomly selected pure S. typhi were grown
on moist 5% blood agar for 24 h at 37°C aerobically and
chromosomal DNA was extracted as follow: The bacteria
were harvested following overnight culture and re-suspended
in DNA was a buffer containing 50Mm NaCl. Washed cell
was suspended in 400ul of ice-cold50 Mm Tris, pH 8.0
containing 25% sucrose and 1 mg/ml lysozyme and incubated
on ice for 20 minutes. About 50 pl of 5% sterile sodium
dodecyl sulphate (SDS) was then added into 50Mm Tris (pH
8.0) followed by addition of 200ul Tris EDTA buffer (10 mM
Tris, 1 Mm EDTA, pH 8.0 ) and 50ul of 2 mg/ml proteinase
K.Lysate obtained were incubated at 56°C for 1 h and
extracted once  with an equal volume  of
phenol/chloroform/isoamylalcohol (25:24: 1) by centrifuging
at 14, 000 x g for 15 minutes, at room temperature and cells
were extracted once with chloroform. Nucleic acids were
precipitated by adding 0.1 volumes of 3M sodium acetate, pH
6.0 and two volumes of ice-cold 100% ethanol, centrifuged at
14, 000 x g for 5 minutes at 4°C, dried under vacuum and re-
dissolved in sterile water [16].

2.3.2 Quantification of purified DNA

Sample dilutions were made by adding 10 upl of the
homogenous DNA sample to 990ul of deionized water and
mixed thoroughly. A fixed beam spectrophotometer was used
to measure absorbancy of each sample dilution in a 10 mm
path length quartz cuvette at 260 nm and 280 nm using
deionized water as the control sample. The concentration
formula of DNA was calculated using the formula:
C=A260/20x100, C=Concentration in mg/mg, A20=
absorbancy at 260, A260= DNA at 1mg/ml gives a reading of
20 optical density units.

2.3.3. RAPD Reaction

Six purified RAPD 10 mer-primers with reproducible profiles
with sufficient number of fragments to be discriminatory were
used (Abgene, Epsom, Surrey, U.K.) which includedOPFQO8-5
~GGC-ATA TCG' G-3, OPF13-5' GGC TGC AGA A-
3",0PHO4-5-GGA AGT CGC C-3, OPGO4-5-AGC GTG
TCT G-37, OPG10-5-AGC' GCC GTC-3' and W-06-5-AGG
CCC GAT G-3' respectively. The PCR was performed
according to manufacturer instruction; in 50pl volume
containing 1.25 units Tag DNA polymerase 75mMTns- HCL
(pH 8.8 at 25°C), 20Mm (NH,)2S04, 0.01% (W/V) Tween 20
and 0.2Mm each dATP, dCTP, Dgtp and dTTP, 2ul of water,
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1pl of RAPD (10) and 2ul of DNA template (5mg/pl™). A no-
DNA control was performed by adding 2ul of sterile distilled
water. The PCR reaction mix was overlaid with mineral oil
and the tube briefly pulsed in a bench top centrifuge to ensure
separation of the pulses. Amplification was performed in a
DNA MACHINE (PTC 100-60 thermocycler (MY,
Watertown, (MA) with maximal ramping as follows: 1 cycle
at 4 mins 30 seconds at 94°C, followed by 35 cycles of 30
seconds at 94°C, 1 min at 32°C and 1 min at 72°C and the
reaction products stored at 4°C until required.

2.4 Gel Electrophoresis

A 20ul portion of the RAPD reaction products was loaded
onto a 2% Agarose gel containing 0.5 pgml™ ethidium bromide
(GibcoBRi) and electrophoresed on Tris buffer. The DNA
fragments were visualized by placing the gel on a UV
(300nm) transillumator and the gel recovered using Polaroid
camera.

1. RESULTS AND DISCUSSION
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2. S. typhi was most prevalent serotype with 58.5%, S.
paratyphi B (17.3%), S. paratyphi A (115 %) and S.
typhimurium (4.6%) as shown in Table 2.

The PCR analysis of 60 of the Salmonella isolates using the
RAPD showed nine different types of chromosomal DNA
which sizes ranged from 0.9kbp to 2.9kbp. Isolates with
molecular wrights of 0.9kbp, 1.4kbp and 2.7kbp hadwith
86.7%, 86.7% and 80.0% respectively. However, isolates with
molecular weight of 1.0kbp and 2.0kbp were least frequently
encountered (Table 4). The result of the gel electrophoresis of
the chromosomal DNA of the Salmonella isolates is shown in
Figure 1. The bacteria analyzed into only 5 clones.Table 5
shows the distribution of the S.typhi using the PCR which
shows high specificity and sensitivity by dividing them into
only five clones while totally rejecting some isolates as
Salmonella as determined by the other methods of diagnosis.
This may also inadvertently be due to cross-reactivity of
antibodies due close evolutionary relationship.

Table 2: Incidence of Salmonella (260) isolates from patients.

A wide §pectrum of antibiotics ofter) employs 0.9_kbp Species Number Percentage (%)
employed in the treatment of salmonellosis which comprised p— > Py
of most of the various classes of antibiotics were used in this - typhi 15 °8.5%
study. The classes, names and concentrations of the antibiotics S. paratyphi B 45 17.3%
in micrograms are shown in Table 1. S. paratyphi C 21 8.1%
Two hundred and sixty Salmonellae were recovered from S. paratyphi A 30 11.5%
bacteriological investigation carried out on patients clinically S. typhimurium 12 4.6%
diagnosed of typhoid fever, diarrhea and gastroenteritis. The E— 260 100
distribution of the Salmonella serotypes are as shown in Table o
Table 3: Percentage of antibiotic resistance of bacterial isolates from subjects
Anti
bioti
CS
(%)
ISOLAT NO AM
E TESTE | AMP | CHL | COL | GEN | NIT | COT | STR | TET | KAN | AUG | "7 | CEF | PEF | CFR | OFL
D
S. typhi 200 6.5 13 9% 0.0 53 | 115 | 23 100 98 | 125 | 95 | 00 | 00 | 00 | 00
S"’}';zgge' 80 40 | 213 | 100 | 938 | 625 | 825 | 77.5 | 85 00 | 00 | 00 | 00 | 00 | 00 | 00

Table 3 shows that the Salmonellae were highly susceptible in-vitro to most of the antibiotics tested but as demonstrated high multiple resistance to tetracycline,

colistin sulphate and nitrofurantoin (Table 3).

LEGEND - AMP- Ampicillin,CHL-Chloramphenicol, COL-
Colistin sulphate, GEN-Gentamycin, NIT-Nitrofurantoin,
COT-Cotrimoxazole, STR-Streptomycin, TET-Tetracycline,
KAN-Kanamycin, AUG-Augmentin AMO-Amoxicillin, CEF-
Cefotaxime, PEF-Perflacin, CFR-Cefuroxime, OFL Ofloxacin

Table 4: PCR profile of S. typhi from subjects

Molecular Number Percentage
weight (n=60) (%)
1 2.9kbp 36 60.0
2 2.8kbp 48 80.0
3 2.0kbp 28 46.7

4 1.8Kbp 40 66.7
5 1.5kbp 32 53.3
6 1.4kbp 52 86.7
7 1.0kbp 28 467
8 0.9kbp 52 86.7
9 0.52kbp 16 26.7
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Table 5: Clones of S. typhi isolated from subjects.

Clones Isolates
A 1,3,6,8,9,10, 14, 18, 21.
B 4,17, 24, 27, 30.
Cc 12, 28, 35, 36, 37, 39, 44, 46, 52.
D 5,22. 32, 45, 48, 51. 56, 60.
E 2,5,13, 15, 25, 34, 38,, 41, 43, 57.

Figure 1: Patterns of Salmonella typhi recovered from subjects.

Lane 2 to 7 are the RAPD Profiles of S. typhi isolated.Lane 1
is marker (10kbp)

Typhoid fever is one of the major health problems in Nigeria
as it is endemic and even assume sporadic epidemic
proportion especially among slum dwellers in our cities. The
high incidence of S. typhi is quite phenomenal, considering
the high morbidity and mortality rate of the disease. Because
of its protein presentation, it is often difficult to make a
clinical diagnosis of salmonellosis but can easily isolated from
clinical specimens are in standard microbiology laboratories
but most diagnosis are based on clinical symptoms or when
specimens are not sent for culture where hospitals and clinics
lack such laboratories. Similar findings have been reported.
However, no S. enteritidis was recovered in this study as
against Onile and Odugbemi[17]. This study also shows that
Salmonella spp. could be isolated with relative ease from stool
samples through the pre-enrichment and enrichment methods
using selective media (18).

The PCR analysis of the clinical Salmonella isolates using an
arbitrarily selected 10-mer oligonucleotide primers under well
designed and optimized conditions, is capable of being used
for the reproducible amplification of random fragments of
DNA from Salmonella genomes to differentiate between and
within serotypes. Interestingly, the RAPD primers used (AB-
gene, Sweden) possessed attributes like discrimination
between unrelated strains but can reliably and reproducibly
recognize similar strains, thus provided the required
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reproducible discriminatory profiles. It was observed that the
Salmonella within the same plasmid profile fell within
different RAPD grouping. This finding is consistent with
Hilton et al(19) who reported that plasmid profile allows more
differentiation with the isolates falling into five groups with
RAPD, thus is more discriminatory. This study shows that no
one typing scheme can readily provide all the information
potentially useful in an epidemiological investigation. Thus, a
variety of methods including molecular methods such as
RAPD, RFLP and ribotyping where possible should be used
according to some earlier studies [13, 19,20].

Prediction of banding patterns depends on the primer used but
their intensity and number of RAPD products vary greatly
with PCR condition. Production of only one or two weak
intensity irrespective of primer is enough to disregard such
isolates but when two or more share identical sets of RAPD
bands for same primer, it suggests that these isolates are of the
same strain. The present study is able to achieve best
amplification of fragments at concentration of Tag XL DNA
polymerase with 2uL as earlier reported, thus, this study is
quite revealing as an epidemiological landmark in studies on
salmonellosis in general and typhoid fever in particular. The
observation of five different clones of S. typhi among the
subjects from the molecular analysis of their chromosomal
DNA is consistent with report by Mirza[21] with similar pulse
field gel electrophoresis (PFGE) patterns. The S. typhi isolates
from the patients studied belong to 5 clones, thus suggests that
the S. typhi from the patients can be traced to the same
source(s). This finding agrees with Tarret[22] from the study
on Tajikistan involving 24,000 cases characterized by
overflow of sewage contaminated municipal water and person
to person spread.

The result from the molecular studies using the RAPD
conforms that there was no major outbreak of typhoid fever in
Lagos, Nigeria, contrary to previous reports on the media as
there was considerable heterogenicity among the isolates,
which belongs to five predominant clones. Similar reports was
reported on Salmonella isolates in Hong Kong and Vietnam
[23],which belong to two predominant clones. This further
emphasizes the significance of molecular typing, plasmid
analysis and serotyping[24]. This study also agrees with a
report by Kidema and Ferson[25] from their study on S.
typhiespecially when they harbor similar plasmids among
similar strains from the patients. Khan et al. (2[26] reported
diagnostic efficacy of PCR with 64.5%, followed by Widal
test with 26% and blood culture with only 14.5%. Among
their samples that were negative with blood culture, 58.5%
were successfully detected by PCR while only 13.4% were
positive for the Widal test. Findings of Khan [26] agrees with
our study that PCR is a fast and reliable technique in the
diagnosis of typhoid fever among suspected cases. Our RAPD
assay shows a positive result only with S. typhi perhaps
because the other strains have no significant sequence
homology with the primers that were used in this study, which
also agrees with CDC [27]. In another study, Saha et al

www.rsisinternational.org

Page 35



[28]had sixty-six percent (38/59) of the water sources of
Dhaka were contaminated with typhoidal Salmonella DNA,
thus recommended the use of PCR-based detection as a low-
cost approach to determine the presence of typhoidal
Salmonella in the environment which successfully guide
informed designs of blood culture-based surveillance.
According to WHO [29], robust low-cost and sustainable
methods to supplement traditional blood culture-based
surveillance systems are highly desirable, not only to evaluate
the burden of enteric fever but also to aid in prioritization and
monitoring the impact of interventions. The study strongly
suggests the need for the establishment of compatible network
for the exchange of molecular data on the West African sub-
region and an inter-continental scale so as to control
salmonellosis globally.

IV. CONCLUSION

We showed that salmonellosis is endemic in the study area
with the high prevalence of Salmonella isolates. The cultural
method using pre-enrichment and enrichment of stool samples
showed that it is effective in the diagnosis of salmonellosis.
Serotyping on the hand showed high efficacy in
differentiating the Salmonellae (in serotypes while the high
specificity and sensitivity demonstrated by the PCR (RAPD)
within very short time as against other methods was
outstanding and provide additional information to the volume
of literature on the diagnosis of salmonellosis. The
Salmonellae showed a high susceptibility in-vitro to most of
the first line drugs which suggests their effectiveness in the
treatment of salmonellosis. The high resistance to tetracycline,
colistin sulphate and nitrofurantoin may likely be due to abuse
of the drugs. Self-medication or improper use of these over-
the-counter drugs. Isolation, identification and antimicrobial
susceptibility of pathogens be very helpful in optimizing
antimicrobial use. It is therefore recommended that a West
African regional reference laboratory be established with
emphasis on the use of the various PCR techniques as against
other methods that would serve as a reference laboratory for
salmonellosis and Salmonella epidem [ologyin Africa.
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