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ABSTRACT

Background: Typhoid fever, being severe systemic illness is controlled in developed world due to
enhanced preventive modalities like sanitation, while it continues to plague the South Asian countries.
Salmonella typhi is the most widespread etiological agent of enteric fever, with a current rise in
Salmonella paratyphiA strains as well.

Aims: To find outinvitro antimicrobial susceptibility patterns of Typhoid Salmonellae isolated from
blood culture confirmed cases of typhoid fever to build an imminent approach to improvise empiric
therapy.

Methods: Atotal of 141 Typhoid Salmonellae were isolated from 5115 blood cultures received from
different departments of Pakistan Institute of Medical Sciences from July 2011 to October 2012. All
isolates were further processed for identification using API & serological tests. Drug susceptibilities
were performed as per CLSI 2012 criteria by Kirby-bauer disc diffusion and MIC’s of selected isolates.
Results:S.typhi (71) &S.paratyphiA (70) were isolated in almost equal. Predominantly males between
11-30 years were affected. Patients between 1-20 years had S.typhi as the predominant organism.
Combined susceptibilities of Typhoid Salmonellae showed Chloramphenicol (70.9%) as the most
sensitive antibiotic, followed by Amoxicillin (70.2%) and SXT (65%). More than 90% of resistance was
seen with Quinolones both in S.typhi and S.paratyphi A. Third generation Cephalosporins (Ceftriaxone)
and Carbapenems revealed 100% sensitivity. Multi Drug Resistant isolates (21.2%) & Extreme Drug
Resistant isolates (12.02%) were all S.typhi. 21% of isolates were B-lactamase producers whereas no
ESBL production was seen. Azithromycin susceptibility was also done but could not be interpreted due
to non-availability of interpretive guidelines.

Conclusions: Reversion of susceptibility pattern of first line anti-typhoid drugs noted, but still don’t
qualify as empirical drugs. At presentthird generation Cephalosporins and Carbapenems are the only
empirical treatment options. Flouroquinolones is no more recommended for the treatment of typhoid
fever. As no interpretive guidelines are available for Azithromycin, so it can be evaluated in future on

the basis of its clinical efficacy in therapeutic trials and available guidelines.
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INTRODUCTION

Typhoid fever is a grave, potentially lethal
multisystem illness caused by Salmonella typhi, and
less often by S. paratyphi A, S. paratyphi B and S.
paratyphi C'. The protean manifestation of the
diseases makes it a true diagnostic challenge. It is an
primeval disease and is thought to be responsible for
the Great Plague of Athens around 426-430 BC?.

Due to the advances in public health, hygiene &
antibiotic treatment, it is almost eradicated in
developed world, but still remains endemic in most of
the developing countries® especially the tropical world
with 80%-90% of burden residing in South East Asian
countries like China, India, Pakistan and Vietnam”.
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According to WHO, global burden of the disease
is 22 million new cases/year and 217,000 to 600,000
deaths/yearG. S. paratyphi A, which previously was
responsible for only about 15-20% cases of typhoid
fever in Asia, is increasingly becoming a pathogen in
India’ probably due to non-availability of vaccination.
Multi drug resistant (MDR) S.typhihas also become
endemic, causing epidemics in many parts of
Southeast Asia®.

Appropriate antimicrobial therapy is known to
reduce significantly in mortality from typhoid fever®.
Chloramphenicol was introduced as an effective cure
of enteric fever during 1948, followed by
Trimethoprim-sulfamethoxazole (Co-trimoxazole) and
Ampicillin in 1962". Before 1970’s typhoid fever
strains were sensitive to all the first line drugs12 but
resistance started developing soon. By 1990, there
were reports of MDR S.typhi strains from India &
Pakistan, Iimitinq the usefulness of conventional anti-
typhoid  drugs™.Hence  Fluoroquinolones  were
introduced for treatment of typhoid fever in 1990'.By
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the year 2000 high level of resistance to the second
line drugs was seen in S.typhi strains, particularly
due to indiscriminate use of antibiotics™ rising up to
90% during the year 2005°.With the development of
Quinolone resistance, third-generation
Cephalosporinswere introduced'®but unfortunately
there are already reports of high-level of resistance to
Ceftriaxone inS. ty7phi andS. paratyphi A, leading to
treatment failures.'” In West a new class of antibiotic,
Azithromycin (macrolide) is currently being used in
children with typhoid fever, showing excellent
therapeutic effects, but it is still under trials.® The
emergence of such high level of resistance in anti-
typhoid drugs and spread of broad-spectrum [3-
lactamase have greatly limited the therapeutic
options, leaving expensive drugs like
Carbapenems&Tigecycline as secondary
antimicrobial drugs.

Pakistan being endemic for the disease, hence
this study was designed to evaluate the cases of
typhoid fever in a tertiary care hospital, in order to
see the changes in the susceptibility profiles and
resistance patterns over a period of time, so as to
find better and targeted treatment options.
Objectives
1. Toisolate TyphoidSalmonellae from blood culture

and find out thecurrentin vitro antimicrobial

susceptibility patterns of clinical isolatesagainst
the in use anti-typhoid drugs.

2. To detect phenotypically the mechanism of
resistance to antimicrobials used in the treatment
of enteric fever.

MATERIALS & METHODS

It was a prospective, non-randomized, descriptive,
observational study conducted from July 2011 to
October 2012 in a clinical setting. A structured
guestionnaire was designed to get relevant data in a
uniform manner. The blood culture samples from out-
patients, wards and emergency department cases at
PIMS, Islamabad were collected under aseptic
conditions in BactecPlus Aerobic/F Culture Vials
(Bactec Dickinson, USA)and incubated in Bactec
9240 Automated Blood culture System. Duplicate
samples from same patients were excluded from the
study. All positive cultures were included in the study
and processed for isolation of pathogens by sub-
culturing on Blood agar and MacConkey agar (Oxoid,
USA) and incubated aerobically at 35+2°C for 18-24
hrs. Pathogens were identified on the basis of their
colonial morphology, color imparting change in
media, Gram staining, biochemical tests (APl 20E)
and serotyping (Remel Europe Ltd U.K) according to
standard methods™. Antimicrobial disc testing,
Minimum Inhibitory Concentration testing (MIC) and

Extended Spectrum B-Lactamase (ESBL) screenin%
were done as per CLSI 2012 recommendations.”
Agar disc diffusion was performed by modified Kirby-
Bauer method. MIC’s of the selected isolates were
recorded using E-strips(Liofilm). Screening of ESBL’s
was done by double disc diffusion method.
Phenotypic detection of B-lactamase production was
done by comparing the disc diffusion results of
Amoxicillin and Amoxicillin-Clavulanic Acid. A Panel
of 10 antibiotics was used to establish the
antibiograms.Quality control was established by
using E.coli 25922, which was within range.
Recommendations for the zone sizes and MIC range
for Azithromycin was taken from BSAC 20127, as
there were no established breakpoints for
Azithromycin in CLSI. Means, percentages and P
value of the present research data were derived. The
graphic representation and statistical analysis were
determined by using SPSS version 16.

RESULTS

According to the inclusion criteria, a total of 141
clinical isolates of TyphoidSalmonellae were obtained
of which 71 were Salmonella typhi& 70 Salmonella
paratyphi A. Male to femaleratio was 1.8:1. Age
ranged from 2-80 years, with a mean of 22 years. It
was established that in age group of less than 20
years, 61% of isolates were S.typhi, contrasting with
the older age group of 21-40 vyears where
S.paratyphiA was the predominant organism (62.8%).

The combined susceptibility profile  of
TyphoidSalmonellae on disc diffusion showed that
the first line drugs were up to 70.9% sensitive, and
Chloramphenicol was the most sensitive of the three.
The percentage sensitivity amongst the second line
drugs i.e.,Nalidixic acid and Ciprofloxacin was only
7.1%. Third generation Cephalosporins and
Carbapenems were 100% sensitive. Azithromycin
was sensitive in 10.6% of cases only following the
criteria of BSAC 2012 (Table I).

1.4-17 % of the S. typhi isolates were resistant
to first line anti typhoid drugs, whereas 42-50% of the
S. paratyphi isolates were resistant to the first line
drugs. (Table: II). Multi drug resistance (MDR) was
defined as isolates resistant to all three first line anti-
typhoid drugs. (i.e., Amoxicillin, Chloramphenicol,
Trimethoprim-sulfamethoxazole) andExtreme drug
resistant (XDR) as isolates resistant to first line and
second line anti typhoid drugs (6 fluorinated
quinolone i.e., Ciprofloxacin). 21.2% MDR’s & 12%
XDR’s were isolated and all were amongst S.typhi.

Minimum inhibitory concentration for all the
antibiotics was performed on selected isolates
according to the selection criteria given in the table
Il
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MIC results along with the interpretive criteria
are shown in table IV. P values were calculated by

Table Il: Percentage resistance in TyphoidSalmonellae by
Disc Diffusion(n=141)

applying Pearson t-test and it was established that | Antimicrobial Styphi (n=71) | S.paratyphi A
the MIC results were in concordance with the disc [ 298Nt __ (n=70)
diffusion results with significant P value <0.00001, mggg::::z 30 | 422% | 1 1.4%
except for A;lthromyC|n. P valiue— 0.011). (Table: Clavulanic acid 8 11.2% 0 0%
V). All the isolates were studied for (-lactamase Trimethoprim-
production.Out of 42 Amoxicillin resistant isolates, 29 | gy itamethoxazole | 35 | 49.2% 12 17.1%
were sensitive to  Amocillin-Clavulanic  acid ["Chloramphenicol 34 47.9% 0 0%
combination, concluding that 20.56% of [ Nalidixic acid 64 90.2% 67 95.8%
TyphoidSalmonellae had B-lactamase production as | Ciprofloxacin 36 50.7% 38 54.3%
the mechanism of resistance to Amoxicillin. No | Ceftazidime 0 0% 0 0%
isolate of Typhoid Salmonellae was ESBL producer. Ceftriaxone 0 0% 0 0%
Imipenem 0 0% 0 0%
Table I: Susceptibility Profile of TyphoidSalmonellae on Azithromycin 60 84.5% 66 94.3%
disc diffusionn= 141(S.typhi=71 &S.paratyphi A=70)
Antibiotics Sensitive | Intermediate | Resistant Table Ill: Selection Criteria for MIC Testing
Amoxicillin 99(70.2) | 11(7.9) 31(21.9) Isolates sensitive to Amoxicilin &
Amoxicillin- A icili resistant to  Chloramphenicol and
Clavulanic acid | 128 (90.8) | 5 (3.5) 8 (5.7) MOXICHIN | Trimethoprim-sulfamethoxazole on disc
Trimethoprim- diffusion.
sulfamethoxaz Isolates sensitive to Chloramphenicol &
ole 92(65.2) |2(15) 47 (33.3) Chloram- resistant to Amoxicillin and
Chloramphenic phenicol Trimethoprim-sulfamethoxazole on disc
ol 100 (70.9) | 7 (4.9) 34 (24.2) diffusion.
Nalidixic acid 10 (7.1) 0(0) 131 (92.9) Trimetho- Isolates sensitive to Trimethoprim-
Ciprofloxacin 10 (7.1) 57 (40.4) 74 (52.4) prim- sulfamethoxazole& resistant to
Ceftazidime 141 (100) | 0(0) 0 (0) sulfamethox | Amoxicillin and Chloramphenicol on disc
Ceftriaxone 141 (100) | 0(0) 0 (0) azole diffusion.
Imipenem 14 (100) 0 (0) 0 (0) Nalidixic All the Nalidixic acid and Ciprofloxacin
Azithromycin 15 (10.6) 0(0) 126 (89.3) acid sensitive isolates on disc diffusion.

Table IV: Comparison of Disc Diffusion and MIC Results of Selected Isolates

Drugs (MIC range of the E- strip) Isolates no (MIC range)ug/ml MIC MIC Interpretation P-value
No. of Isolates 50 90

Amoxicillin Sensitive on disc diffusion | S.typhi =03(0.125-0.19) 0.125 0.19 S <0.00001
(0.016-256ug/ml) 9 S.paratyphi A = 06(0.5-1) 0.75 1 '
Chloramphenicol  Sensitive on disc | S.typhi = 02(1.5-4) 1.5 4 S <0.00001
diffusion (0.016-256ug/ml) 3 S.paratyphi A = 01(4) 4 4 :
Trimethoprim-Sulfamethoxazole S.typhi = 01(0.032) 0.032 0.032 <0.00001
Sensitive on disc diffusion (0.002- | S.paratyphi A= 01(0.012)
32ug/ml) 2 0.012 0.012 <0.00001
NA Sensitive on disc diffusion (0.016- | S.typhi = 07(2-6) 3 6
256ug/ml) 8 S.paratyphi A = 01(3) 3 3 S <0.00001
Ciprofloxacin sensitive isolates on disc | S.typhi = 7 (0.008-0.047) 0.016 0.047 S
diffusion (0.016-256ug/ml) 8 S.paratyphi A=01(0.032) 0.032 0.032 0.00001
Ciprofloxacin intermediate isolates on | S.typhi =7 (0.25-0.5) 0.25 0.5 | '
disc diffusion (0.002-32ug/ml) 9 S.paratyphi A=2 (0.25-0.5) 0.25 0.5
Ceftriaxone Sensitive on  disc | S.typhi = 11(0.023-0.125) 0.047 | 0.064 S <0.00001
diffusion(0.002-32ug/ml) 17 S.paratyphi A=6(0.047-0.067) | 0.047 | 0.064 )
Imipenem Sensitive on disc diffusion S.typhi = 10(0.032-0.094) 0.064 0.064 S <
(0.002-32ug/ml) 11 S.paratyphi A = 1(0.094) 0.094 | 0.094 0.00001
Azithromycin Sensitive on disc diffusion | S:yphi = 07(1.5-8) 4 6 s 0.011
(0.016-256ug/ml) 10 S.paratyphi A = 3(3-6) 6 6 :
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CONCLUSIONS

The study is clear evidence to the fact that the

percentage  of
Salmonellae and

resistance among  Typhoid
the mechanism behind them,

diverge among different population groups both in
Pakistan and at international level. A lot of work has
been done on this subject previously, but as typhoid
is a disease endemic in this region, so this subject
needs continuous work and surveillance in order to
look in to the varying pathogenicity amongst the
typhoid bacilli, so as to formulate new and up dated
guidelines for management.

REFERENCES

1.

10.

11.

12.

Al-sanouri TM, Paglietti B, Haddadin A, Murgia M, Bacciu D,
Youssef M, et al. Emergence of plasmid-mediated multidrug
resistance in epidemic and non-epidemic strains of
Salmonella enterica serotype Typhi from Jordan. J Infect
DevCtries.2008;2 (4): 295-301.

Papagrigorakis MJ, Yapijakis C, Synodinos PN. Typhoid
Fever Epidemic in Ancient Athens In: Paleomicrobiology, Past
Human Infections. Raoult D. and Drancourt M. (Eds),
Springer. 2008; 161-73.

Christie AB. Typhoid and paratyphoid fevers. 4th edition. In:
Christie AB (Eds) Infectious diseases: Epidemiology and
clinical practice. Churchill Livingstone, Edinburgh. 1993; 1:
100-64.

Chau TT,Campbell JI, Galindo CM, Van Minh Hoang N, Diep
TS, Nga TT, et al. Antimicrobial drug resistance of Salmonella
entericaserovartyphiin Asia and molecular mechanism of
reduced susceptibility to the fluoroquinolones. Antimicrobial
Agents and Chemotherapy. 2007;51(12): 4315-23.

Nagshetty K,Channappa ST, Gaddad SM et al. Antimicrobial
susceptibility of Salmonella typhi in India. J Infect DevCitries.
2010; 4: 70-73.

Ochiai RL, Acosta CJ, Danovaro-Holliday MC, Baiging D, et
al. A study of typhoid fever in five Asian countries: disease
burden and implications for control. Bull World Health Organ.
2008; 86(4): 260-68.

Ochiai RL, Wang XY,Seidlein LV,Yang J, Bhutta ZA,
Bhattacharaya SK,et al. Salmonella paratyphi A rates, Asia.
Emerg Infect Dis. 2005; 11: 1764-1766.

Crump JA, Luby SP, Mintz ED. The global burden of typhoid
fever. Bull WHO. 2004; 82: 346—-353.

Van den Bergh ET, Gasem MH, Keuter M, Dolmans MV.
Outcome in three groups of patients with typhoid fever in
Indonesia between 1948 and 1990. Tropical Medicine and
International Health. 1999; 4(3): 211-15.

Kidgell C, Reichard U, Wain J, Linz B, Torpdahl M, Dougan
G, et al. Salmonella typhi, the causative agent of typhoid
fever, is approximately 50,000 year old. Infact Genet Evol.
2002; 2 (1): 39-45.

Maddock CR. Ampicillin in the treatment of typhoid fever.
Lancet. 1962; 1 (7235): 918.

Rahman M, Siddique AK, Shoma S, Rashid H, et al.
Emergence of multidrug resistance salmonella with
decreased ciprofloxacin  susceptibility in Bangladesh.
Epidemiol Infect. 2005; 134 (2): 433-38.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Bhan MK, Bahl R, Bhatnagar S. Typhoid and paratyphoid
fever. Lancet. 2005; 366(9487): 749-62.

Robertson FM, Addy ME, Mensah P, Crupper SS. Molecular
characterization of antibiotic resistance in clinical Salmonella
typhi isolated in Ghana. FEMS Microbiology Letters. 2002;
215(2): 249-253.

Umasankar S, Wall RA, Berger J.A case of ciprofloxacin-
resistant typhoid fever. Commun Dis Rep CDR Rev. 1992;
2:139-140.

Threlfall, E.J. and Ward, L.R. Decreased susceptibility to
ciprofloxacin in Salmonella enterica serotype typhi. United
Kingdom. Emerg Infect Dis. 2001; 7: 448-450.

Capoor MR, Rawat D, Nair D, Hasan AS, Deb M, Aggarwal P.
In vitro activity of azithromycin, newer quinolones and
cephalosporins in ciprofloxacin-resistant Salmonella causing
enteric fever. Journal of Medical Microbiology. 2007;56:1490—
94,

Islam MN,Khaleque MA, Siddika M. Efficacyof azithromycin in
the treatment of childhood typhoid fever. Mymensingh Med J.
2007; 16(2):149-153.

Cheesbrough M. (Eds) Biochemical Tests to Identify Bacteria.
District Laboratory Practice in Tropical Countries. Cambridge
University Press UK. 2002: 63.

Wayne, PA.Clinical and Laboratory Standards Institutes.
Performance standards for antimicrobial susceptibility testing;
sixteen informational supplement M. 100-S22 Vol.32
No.3.CLSI, 2012;
BSAC Methods for
Version 11.1 May 2012.
Butt T, Ahmad RN, Salman M, and Kazmi SY. Changing
trends in drug resistance among typhoid Salmonellae in
Rawalpindi, Pakistan. Eastern Mediterranean health journal.
2005; 11 (5/6): 1038.

Abdullah FE, Haider F, Fatima K, Irfan S. Enteric Fever in
Karachi: Current Antibiotic Susceptibility of Salmonella
Isolates. Journal of the College of Physicians and Surgeons
Pakistan. 2012; 22 (3):147.

Mohanty S, Renuka K, Sood S, Das BK, Kapil A. Antibiogram
pattern and seasonality of Salmonella serotypes in a North
Indian tertiary care hospital. Epidemiol Infect. 2006; 134 (5):
961-6.

Mushtaq MA. What after ciprofloxacin and ceftriaxone in
treatment of Salmonella typhi. Pak J Med Sci Jan-March.
2006; 22: 151-54.

Hussain S, Kamran R. An update on susceptibility profiles of
typhoid Salmonellae at a tertiary care hospital. IJP. 2008;6
(2): 71-74.

Dimitrov T, Udo EE, Albaksami O, Kilani AA, Shehab
EMR.Ciprofloxacin treatment failure in a case of typhoid fever
caused by Salmonella enterica serotype Paratyphi A with
reduced susceptibility to ciprofloxacin. Journal of Medical
Microbiology. 2007; 56: 277-9.

Qaiser S, Irfan S, Khan E, Ahsan T, Zafar A. In vitro
susceptibility of typhoid Salmonellae against newer
antimicrobial agents: a search for alternate treatment options.
JPMA. 2011; 61(5): 462-65.

Fabrizio F, Falda A, Caramaschi G, Scalzini A et al.
Salmonella entericaserovartyphi with CTX-M B-lactamase,
Germany. Emerging Infectious Diseases. 2009; 15 (9): 1533-
36.

Peletiri IC and Ibecheozor NKO. The aetiology of enteric fever
in Abuja, north central Nigeria, Afr. J. CIn. Exper. Microbiol.
2012; 13(3):150-55.

Antimicrobial Susceptibility testing.

PJMHS Vol 9,NO. 4, OCT - DEC 2015 1250


http://www.ncbi.nlm.nih.gov/pubmed?term=Gasem%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=10223217
http://www.ncbi.nlm.nih.gov/pubmed?term=Keuter%20M%5BAuthor%5D&cauthor=true&cauthor_uid=10223217
http://www.ncbi.nlm.nih.gov/pubmed?term=Dolmans%20MV%5BAuthor%5D&cauthor=true&cauthor_uid=10223217

