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Multidrug Resistant Salmonella enterica strains in South Western Nigeria: Prevalence, and

Susceptibility to Ceftriaxone

Abstract

Aims: To investigate the prevalence and susceptibpaytern Salmonella enterica strains to
ceftriaxone in southwestern Nigeria.

Place and Duration of Study Faculty of Pharmacy, University of Ibadan, Nigefirom
November 2012-May 2013.

Methodology: Isolates ofSalmonella enterica were characterized by established standard

cultural and biochemical tests and was screeimedtro for their sensitivity to different

antibiotics (ampicillin, amoxicillin, chlorampheml; cotrimoxazole and ceftriaxone) using the

agar well diffusion method and their MICs deterndine

Results The susceptibility pattern of these strains tdtrieexone and other antibiotics was

examined to determine their prevalence among patien South West Nigeria. 21 clinic
isolates were screened-vitro against five antibiotics. A higher number of tselates showe
MDR (76.19%) even at higher concentration of thabéstics, while 61.9% were sensitive

al
)
to

ceftriaxone. Among the isolates, 71.43% resistanas recorded against ampicillin, 66.67%

against amoxicillin, 38.1% resistance against @eftme, 80.95% resistance agai
chloramphenicol and 57.14% resistance againstnecoxazole. However, 3 isolates (14.29
were completely sensitive to all of the antibioti€he MICs obtained were higher (ranging fr

nst
%)
DM

30ug/ml to >100ug/ml), compared to the CSLI breakpstandard. The result obtained showed

an increased in incidence of MORenterica strain in southwestern Nigeria, and that ceftneex
is still remain the drug of choice agair@stmonella enterica strains, even though the number|
isolates producing resistance against the antdsiasi on the increase. This proves that

of

Conclusion Rate and prevalence of MDBalmonella enterica strains are of major conce
mostly in developing countriefijerefore clinicians and public health practitienehould reduc
the rate of antibiotic prescriptions and encourpgblic health and personal hygiene to preyv
S. enterica infection
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1. Introduction

Typhoid fever simply referred to as typhoid is algl bacterial infectious disease caused by
ingestion of Salmonella enterica serotype Typhi. Infections due to multidrug-remsmgt

Salmonella enterica serovar Typhi is of public health concern, with estimated30 million
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cases and 600,000 (2%) deaths annudfty”, presently the incidence of death rate have
declined to (1%) 217,000 out of 21,700,000 cdses Sincethe beginning of the 1990s, there
has been an increasing prevaleateultidrug resistance i8. enterica to first-choice antibiotics
like chloramphenicol, ampicillin, and co-trimoxaeplthereby refocusing the treatment of
typhoid tofluoroquinolones and ceftriaxof€™* Since the mid 1980s to early 1990s, strains of
Salmonella enterica resistant to chloramphenicol, ampicillin, and trthaprim (multidrug-
resistant strains) have been responsible for a latgnber of outbreaks in BangladeSluth
America, India, African, Pakistan, Southeast anhAs

Increasing in the rate &. enterica resistance to ciprofloxacin, most especiallyridian and
Southeast Asia is of major concern as possible transomssf resistance gene(s) cannot be
undermined. As a result of the antimicrobial treaitnoption has been refocused on ceftriaxone,
carbapenems and is even better to useitfiromycin'*>8

However, Li-Huiet al, ® has shown that a strain §dlmonella enterica serovar Anatum isolated
from a 70 years old patient in Chang Gung Memadtakpital, Taoyuan, Taiwan produces a
resistance to ceftriaxone. This study is aimedaidate the susceptibility pattern &lmonella
enterica strains to ceftriaxone, a third-generation cephailosin and to determine the incidence
of their multidrug resistance.

2. Materials and methods
2.1 Study area and period

The study area of this research involves collectbrsample from different hospitals across
south west Nigeria between November 2012 and Mag20

2.2 Sample Collection

A total of 21 clinical isolates ofalmonella enterica strains were collected from different
hospitals across South West Nigeria using Bismuliit8 Agar and identified accordingly using
the numerous biochemical tests describedSmmonella such as urease test, appearance on
selective media, sugar utilization pattern, Methgdl and Voges-Proskauer test (MRVP) test,
indole test, Gram reactions. All the isolates waskected from faeces and blood samples of the
patients. The isolates were further screened om@udlla-Shigella agaiSalmonella enterica
serovar Typhimurium ATCC 14028 was used as a reterstandard for all of the tested strains.

2.3 Identification of Salmonella enterica

ISOLATES NAMES

SE2 Salmonella enteric
SE3 Salmonella enteric
SE4 Salmonella enteric
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SE5 Salmonella enteric

SE6 Salmonella enteric

SE7 Salmonella enteric

SE8 Salmonella enteric

SE9 Salmonella enteric

SE10 Salmonella Paratyphi A

SE11 Salmonella enteric

SE12 Salmonella enteric

SE13 Salmonella enteric

SE16 Salmonella enterica serovar Typhi

SE17 Salmonella enteric

SE18 Salmonella enteric

SE19 Salmonella enterica serovar Typhimurium
ATCC 14028

SEZ20 Salmonella Paratyphi A

SE21 Salmonella enteric

SE22 Salmonella enteric

SE23 Salmonella enterica serovarTyphi

SE24 Salmonella enteric

2.4 Media used

Bismult sulfite agar (Oxoid Laboratories, Englan8aimonella-Shigella agar (LAB M, United
Kingdom), Mueller-Hinton agar (Oxoid Ltd, Englandnd Nutrient broth (LAB M, United
Kingdom) were the media used for the research work.

Bismult sulfite agar was prepared by weighing tleguired amount (in grams) into the
corresponding volume of sterile distilled water dded to dissolve, sterilized by autoclaving at
121°C for 15 minutes, and then allowed to cool downobefpouring into plates. Collection

plates were stored at 2@ unless used.

The same process was used for the preparation eliéfHinton agar.

Salmonella-Shigella agar was prepared by weighegstipulated amount (in grams) in required
volume of sterile distilled water, and then hedtkdboiled as described by the manufacturer.

2.5 Antibiotics used.

The antibiotics used for the research work wereiaifiip (Greenfield Pharma Ltd, China),
amoxicillin (Beeecham Pharma, England), cotrimo¥@zdSKG Pharma Ltd, Nigeria),
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chloramphenicol (Ciron Drugs & Pharma Ltd, India)daceftriaxone (Furen Pharma Group
Company Ltd, China). All the antibiotics were inalg with the exception of cotrimoxazole,
which is in tablets. 30pg/ml, 50pg/ml, 75ug/ml abh@dOug/ml concentrations, each of the
antibiotics were made by dissolving appropriate gemin DMSOand make up with required

volume of sterile distilled water. The prepareduiohs were used immediately.

2.6 Standardization of Inoculums and Antimicrobialsusceptibility testing

“Agar well diffusion method, as described by Peseal, 1990"?” was used. Mueller-Hinton
agar (20ml) was prepared and allowed to cool Engperature of about 20- ZD. Cells from the
overnight cultures were suspended in nutrient brottil it produces turbidity equal to the 0.5
McFarland standard No. 1 from which 0.1ml was idtrced into the cooled molten Mueller-
Hinton agar where it is uniformly mixed and pounetdb a sterile Petri dish and allowed to set. A
sterile cork borer (diameter 8mm) was used to nekédistance uniform wells on each of the
set and dried agar. Each well was filled with thi#edent concentration (30ug/ml, 50ug/ml,
75ug/ml and 100ug/ml) of the antibiotics and alldwe diffuse for about 40 minutes. The plates
were then incubated in the incubator a@7or 18-24hrs. The process was repeated in
triplicates. The zones of inhibitions produced wareasured and the interpretive criteria for
susceptibility testing of all the antibiotics usaere based on the performance standard of
antimicrobial susceptibility screening, Clinicaliaratory Standard Institute (CLSTY.

2.7 MIC determination

The broth dilution method as described HY was used. The antibiotics were prepared in
standard graduated decreasing concentrations ofugl®D, 75ug/ml, 50ug/mi, 30ug/ml,
15pg/ml, 7.5ug/ml, 3.75ug/ml, 1.875pug/ml and 0.98y#l. Cells from the overnight cultures
were suspended in nutrient broth untilitowedturbidity equal to a 0.5 McFarland standard No.
1 of which 0.2ml was introduced into tubes contagnihe antibiotics and nutrient broth, which
were later incubated at 37 for 18-24hrs. A control experiment was used.

3.0 Results

The results of the susceptibility pattern to vasi@ntibiotics of all 21 isolates were summarized
in Table 1. Among the 21 isolates tested agairesttlantibiotics, 16 isolates (76.19%)owed
multidrug resistance, i.e. resistance to two or enantibiotics while 80.95% resistance was
observed against chloramphenicol. 14 isolates {86)6yere resistant to amoxicillin, while 12
isolates (57.14%) produced resistance againsinootiazole, with 15 isolates (71.43%3hibited
resistant to ampicillin. 13 isolates (61.9%) werevkver found to be sensitive to ceftriaxone
making it the only antibiotics that had the highastimicrobial effect against the organisms.
(Table 1). The MICs of the antibiotics ranged fr86ug/ml to >100ug/ml. (Table 2).

TABLE 1  Antibiotic resistance pattern ofS. enterica showing the of zone of inhibition in
(mm)
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AMP (pg/ml) AMX (pg/ml) CERug/ml) CHL (pg/ml) COT (pg/ml)
30(50|75|100|30|50|75|100|30 | 50 751100 | 30 | 50| 75 | 100 | 30 50 75 100

SE2 22 24 25 26 23 23 25 27 34 36 36 36 18 20 21 23 229 30 33
SE3 R R R R 21 22 24 25 30 32 33 35 R R R R 27 29 29 30
SE4 R R R R R R R R R R R R R R R R R R R R
SEE R R R R R R R R 40 41 41 43 R R R R R R R R
SE6 R R R R R R R R 37 39 39 40 R R R R R R R R
SE7Y R R R R R R R R 34 36 37 39 R R R R R R R R
SES8 R R R R R R R R R R R R R R R R R R R R
SEQ9 R R R R R R R R R R R R R R R R R R R R
SE10 10 12 14 15 31 33 34 36 30 32 33 35 14 15 17 19 334 34 36
SE11 29 30 33 35 23 25 27 30 R R R R R R R R R R R R
SE12 32 33 33 35 34 3 37 40 20 23 25 27 R R R R 30 301 334
SEFi3 R R R R R R R R R R R R R R R R R R R R
SEt6 R R R R R R R R R R R R R R R R R R R R
SE1t7 R R R R R R R R R R R R R R R R R R R R
SE1g 18 20 21 23 22 24 25 26 40 40 42 44 24 25 27 29 121 23 34
SEt9 R R R R R R R R 26 28 29 30 R R R R R R R R
SEo0 R R R R 25 26 26 28 27 29 30 32 R R R R 22 23 25 25
SEz21 12 14 14 15 R R R R 39 39 40 41 11 13 13 15 30 324 335
SE22 R R R R R R R R 40 40 42 43 R R R R 40 41 43 44
SE23 R R R R R R R R 34 35 36 39 R R R R 40 42 42 43
SE24 R R R R R R R R R R R R R R R R R R R R

96 KEYS: R- Resistant, AMP- ampicillin, AMX- amoxcillin, CEF- ceftriaxone,

97 COT- cotrimoxazole, CHL- chloramphenicol, SE;— SE4. isolates

98

99 TABLE 2 Minimum Inhibitory Concentrations of the an tibiotics

| CEF(ug/ml) | AMP (ug/m) |  AMX (ug/ml) | COT (ug/m) | CHL (ug/mi)

SE2 30 30 30 30 50
SE3 50 >100 50 30 >100
SE4 >100 >100 >100 >100 >100



SE5 50 >100 >100 >100 >100

SE6 50 >100 >100 >100 >100
SE7 50 >100 >100 >100 >100
SES8 >100 >100 >100 >100 >100
SE9 >100 >100 >100 >100 >100
SE10 50 100 50 30 75
SE11 >100 50 50 >100 >100
SE12 50 50 50 30 >100
SE13 >100 >100 >100 >100 >100
SE16 >100 >100 >100 >100 >100
SE17 >100 >100 >100 >100 >100
SE18 30 75 50 50 50
SE19 50 >100 >100 >100 >100
SE20 50 >100 50 50 >100
SE21 30 100 >100 100 100
SE22 30 >100 >100 30 >100
SE23 30 >100 >100 30 >100
SE24 >100 >100 >100 >100 >100

100 KEYS: CEF- ceftriaxone, AMP- ampicillin, AMX- amoxicillin, COT-cotrimoxazole,

101 CHL- chloramphenicol, SE,-SE4.isolates

102

103 4.0 Discussion and Conclusion

104 It is no news that the rate of multidrug resista(Md®R) of Salmonella enterica strains to first
105 line of antibiotics (ampicillin, cotrimoxazole, amioillin and chloramphenicol) is on the
106 increase. This can be seen in the result of theeptibility screening of the aforementioned
107  antibiotics.The results obtained from this study buttress ttevipusly concluded discussions
108 that prevalence and incidence of multidisaymonella enterica strains is associated with Africa
109 and now precisely within the south-west region ajdvia. MDR Salmonella enterica strainsare

110 now endemic in many developing countries and has Been isolated from people returning
111 from the developed countries. As resistance hadgadeagainst these antimicrobial agents, the
112 use of chloramphenicol, ampicillin and trimethoprisere no longer visibleThis has made
113  ciprofloxacin being used as the first choice ofgdfor the treatment oSalmonella enterica

114 related infections. However, cases of Resistanc€ipoofloxacin have also been observed in
115 Bangladesi!, where 10 strains & enterica serovar Typhi produce a high degree of resistance
116  to Ciprofloxacin but were however sensitive to gakone.
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Generally, fluoroquinolones have been the preferablbice of antibiotics for the treatment of
typhoid fever. Although resistance changes oveersog of time, still fluoroquinolones and its
new derivative remain potent in the treatment ghtyd fever. Alternatively, a third-generation
cephalosporin such as ceftriaxone or cefotaximeres the drugs of choice for first line of
treatment™".

The indiscriminate drug administration without mm@stion, antibiotics mis-used and rampant
abuse of cephalosphorins, co existence of otheciioius diseasé¥” in South Western Nigeria
might be the factors contributing to the high pitemae of reduced susceptibility (61.9%)
thereby giving an increased in emergence of vagi level or complete resistance of isolates of
Salmonella enterica strains to cephalosphorins. The prevalence ofidiulj resistance is also on
the increase (76.19%), and may result in totabastic treatment failure in clinical practice.

Most of the antibiotics used on the farm are nbinately used in treating sick birds, as observed
by "], These antibiotics are used by the farmers tolerfabrapid growth of the birds. Thinking
the feeds are meant to fight off infections, howevesearchers have now found out that the use
of antibiotics on farms has led to an increase nhbatic resistant cases of food poisoning
caused bysalmonella bacteria in human.

It is a general believe that the abuse of antitsotby people and individuals has greatly
contributed to the inability of drugs to cure irtieas, moreover, the addition of antibiotics as
low level diet in the feeds of poultry birds maga@lkcause the development of resistant strains of
bacteria, which can end up in people ingestingehesistant strains alalmonella through
handling or eating of such contaminated meats. thatdilly, residual antibiotics have been
detected in drinking water and water used in thiistries® 7, yet this is no law in Nigeria
regulating the use of antibiotics in water treatmend industries. Also, circulation of
counterfeit drugs and indiscriminate outflow of iaitics might have well being a factor
contributing to antibiotic resistan&

This study has shown that ceftriaxone is still thhag of choice againssalmonella enterica
strains, even though the number of isolates produ@sistance against the antibiotics is on the
increase. This proves that the rate and prevalehd4DR Salmonella enterica strains are of a
major concern in developing countriéserefore clinicians and public health practiticneray
face an extensive challenge handling untreataliéetious diseases caused by MBRenterica
strains in the nearest future. Public health andsqmal hygiene remain the major way of
preventing infections due @ enterica.
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