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ABSTRACT

Background

Enteric fever caused by Salmonella enterica serovar Typhi (S.
Typhi) is an important public health problem in developing
countries like India." The emergence of resistance to
fluoroquinolones has reduced the therapeutic options
available. Currently, the uniform laboratory interpretation of

ciprofloxacin and azithromycin susceptibility remains unclear.

Aims
To study the antibiogram of S. Typhi isolates with special
in-vitro

emphasis on activity of ciprofloxacin and

azithromycin.

Method

We evaluated the antimicrobial susceptibility pattern of 16 S.
Typhi isolates from January 2012 to June 2013. We also
method, the
minimum inhibitory concentration (MIC) of ciprofloxacin and

determined by Epsilometer-test (E-test)

azithromycin against these isolates and compared them with
their corresponding disc diffusion sizes.

Results

Fifteen (93.75 per isolates sensitive to

chloramphenicol, 14 (87.5 per cent) were sensitive to co-

cent) were

trimoxazole. All isolates were resistant to nalidixic acid. MICs

for ciprofloxacin ranged from 6ug/ml to 15ug/mland
corresponding zone diameters ranged from 15mm to
26mm. MIC and zone diameters for ciprofloxacin had
significant negative correlation. MICs for azithromycin
ranged from 3ug/ml to 24ug/ml, corresponding zone
diameters ranged from 13mm to 19mm. However, MIC
and zone diameters for azithromycin had no significant
negative correlation.

Conclusion

The widespread emergence of resistance to
fluoroquinolones and reappearance of sensitivity to first-
line drugs has reinforced the need for antibiotic recycling.
There is a need to have uniform laboratory testing
guidelines for testing susceptibility to ciprofloxacin and

azithromycin for S. Typhi isolates.
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What this study adds:

1. What is known about this subject?
There is a changing trend in the susceptibility pattern of S.
worldwide  with resistance to

Typhi emerging

fluoroquinolones.

2. What new information is offered in this study?

There was reappearance of sensitivity to first-line drugs
and emergence of nalidixic acid-resistant S. Typhi (NARST)
isolates.

3. What are the implications for research, policy, or
practice?

There is an urgent need for uniform laboratory testing
guidelines for interpreting susceptibility of S. Typhi against
ciprofloxacin and azithromycin.
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Background

Enteric fever caused by Salmonella enterica serovar Typhi (S.
Typhi) is an important public health problem in developing
countries like India. Globally, the World Health Organization
(WHO) has estimated the annual incidence of typhoid fever as
21.7 million cases, while the estimated crude incidence of
typhoid fever for Southeast Asia alone is 110/100,000 persons
per year."?

Drug resistance to Salmonella has been on the rise in India
with the emergence of nalidixic acid-resistant S. Typhi (NARST)
isolates. This, along with the emergence of resistance to third-
and fourth-generation cephalosporins, has diminished the
therapeutic options available to newer quinolones, extended
spectrum tigecycline, and

cephalosporins, azithromycin,

1,3-6
carbapenems.

Though there are various studies proving the clinical efficacy
of azithromycin as a potential therapeutic option,7’8 the lack of
interpretative guidelines for testing the sensitivity of
Salmonella isolates against azithromycin has hampered
establishing its efficacy in laboratories. In addition, the
prospect of emerging resistance to azithromycin amongst
Salmonella isolates’ has made it imperative for laboratories to
conduct more studies on this aspect. This prospective study
was undertaken to evaluate the antibiotic susceptibility
pattern of S. Typhi isolates from Pondicherry, India, with a
special emphasis on comparing the MIC of azithromycin and
with  disc
azithromycin and ciprofloxacin respectively.

ciprofloxacin diffusion zone diameters of

Method

We studied a collection of 16 S. Typhi strains isolated from
blood samples of febrile patients received at the Department
of Microbiology, Mahatma Gandhi Medical College and
Research Institute over a period of one-and-a-half years from
January 2012 through June 2013.

Blood samples were collected and introduced in to brain
heart infusion broth, which was then incubated aerobically at
37°C. Subcultures were then made on both blood agar and
MacConkey agar 24h and 72h after collection. Identification of
the isolates were done using biochemical tests and specific
antisera (Central Research Institute, Kasauli, India) using
standard methods.” Isolates which were indole negative,
methyl-red positive, Voges-Proskauer negative, citrate
negative, urease negative, TSI-K/A with slight H,S, ornithine
and lysine decarboxylase positive, arginine dihydrolase
negative, glucose, mannitol, xylose and d-tartrate fermenting

without production of gas, and sucrose and lactose non-

fermenting, were presumptively identified as S. Typhi.
They were further confirmed by serotyping.

All isolates were subjected to susceptibility testing against
chloramphenicol (30ug), nalidixic acid (30ug), ampicillin
(10upg), co-trimoxazole (1.25/23.75ug), ceftriaxone (30ug),
ciprofloxacin (5ug), and azithromycin (15ug) (Hi-Media,
India), by
technique.11 This uses a bacterial suspension of 0.5
McFarland turbidity inoculated onto the surface of a
Mueller-Hinton agar plate (Hi-Media, Mumbai, India).

Mumbai, Kirby-Bauer’s disc  diffusion

The MICs of azithromycin and ciprofloxacin were
determined by E-test strips (Himedia, Mumbai, India)
(Figure 1). These were set up simultaneously with the disc
diffusion test, using the same 0.5 McFarland organism
suspension on Mueller-Hinton agar (Hi-Media, Mumbai,
India) and
Staphylococcus aureus ATCC 25923 and Escherichia coli
ATCC 25922 were used as controls for the disc diffusion
and MIC testing, respectively.

incubated under the same conditions.

Figure 1. MIC determination of Salmonella enterica
serovar Typhi for:
(a) azithromycin

(b) ciprofloxacin by E-test
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Spearman’s rank correlation coefficient and regression
coefficient (by linear regression) between disc diffusion and
MIC was calculated for ciprofloxacin and azithromycin,
respectively, taking MIC as a dependent variable and zone
diameter by disc diffusion as an independent variable. Two-
tailed P values were calculated for the correlation and

regression coefficients.

A P value of 0.05 or below was considered significant and a P
value of 0.05 < P < 0.10 was considered marginally significant.
12,13
Data
analysis was undertaken using the Statistical Package for
Social Sciences (SPSS) version 16 for Windows (Chicago, USA).

A P value of > 0.10 was considered not significant.

Results

A total of 16 S. Typhi isolates were tested. Of these, 15 (93.75
per cent) isolates were sensitive to chloramphenicol, 14 (87.5
per cent) were sensitive to co-trimoxazole (Table 1). Only one
of the isolates, obtained from the blood sample of a three-
year-old girl, exhibited multidrug resistance, i.e. resistance to
ampicillin, co-trimoxazole, and chloramphenicol. All isolates
(n=16, 100 per cent) were resistant to nalidixic acid.

Table 1: Resistance pattern of Salmonella isolates to

different antimicrobials tested

Antimicrobial Sensitive | Intermediate | Resistant
N % N % N %

Co-trimoxazole 14 | 87.5 0 0 2 | 125

Chloramphenicol | 15 | 93.75 0 0 1 6.25

Nalidixic acid 0 0 0 0 16 | 100

Ciprofloxacin 0 0 13 | 81.25 | 3 | 18.75

By disc diffusion

method

Ciprofloxacin 0 0 15 [ 93.75| 1 | 6.25

By E- test

Ceftriaxone 15 | 93.75 1 6.25 0 0

Ampicillin 15 | 93.75 0 0 1| 6.25

Comparison of MIC with disk diffusion zone diameter of
ciprofloxacin

MIC for ciprofloxacin ranged from 6pug/ml to 15ug/ml and the
corresponding zone standardised regression coefficient (Beta)
for MIC for given value of zone diameter was 0.6467
(P = 0.0068, significant). MIC values for ciprofloxacin were
obtained as 0.38ug/ml for seven (43.75 per cent) isolates, 0.5
pg/ml for eight (50 per cent) isolates and one (6.25 per cent)
isolate had MIC value of 32ug/ml.

The zone diameters for ciprofloxacin disc were detected to be
21-30mm in 13 (81.25 per cent) isolates and only three (18.75
per cent) isolates had zone < 20 mm, while the diameters

varied from 15mm to 26mm. MIC and zone diameters for
ciprofloxacin had significant negative correlation

(r=-0.5382; P =0.032, consideredsignificant).

Comparison of MIC with disk diffusion zone diameter of
azithromycin

MIC for azithromycin ranged from 2pg/ml to 14ug/ml and
corresponding zone standardised regression coefficient
(Beta) for MIC for given value of zone diameter was —
0.4364 (P = 0.091, marginally significant). MIC values for
azithromycin were obtained as 3—4ug/ml for four (25 per
cent) isolates, 6-8ug/ml for 10 (62.5 per cent) isolates,
and two (12.5 per cent) isolates had MIC values of
24pg/ml (Table 2).

The zone diameters for azithromycin disc were detected
to be > 15mm for 13/16 (81.25 per cent) and only 3/16
(18.75 per cent) isolates had zone < 15mm, while the
diameters varied from 13mm to 19mm (Table 2).
However, MIC and zone diameters for azithromycin had
no significant negative correlation (r = -0.143; =0.598).

Table 2: Azithromycin MIC values and zone diameters in
S. Typhi isolates (n=16)

MIC values | Zone diameter (mm) Number(s)
(ng/ml)

3 15 1

4 16,17,16 3

6 16,17,16,16,13,17,16 7

8 15,17,19 3

24 14,14 2

Discussion

In our study, all but one S. Typhi isolate was sensitive to
ampicillin, chloramphenicol, and ceftriaxone with one
isolate exhibiting multidrug resistance. Most isolates were
also susceptible to co-trimoxazole. A similar study from
North India showed high sensitivity of Salmonella isolates
to first-line agents like chloramphenicol, co-trimoxazole,
and amoxycillin.13However, they did not report any MDR
Salmonella isolates. A previous study from Pondicherry
showed 66 per cent of the S. Typhi isolates to be
susceptible to first-line antimicrobials, while 22 per cent
were multidrug resistant." A more recent study from
South India using 322 Salmonella isolates also showed
similar results, wherein all the isolates in that study were
sensitive to ceftriaxone and chloramphenicol, 290 isolates
(90 per cent) were sensitive to ampicillin and 306 (95 per
cent) were sensitive to co-trimoxiazole."*
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All isolates were resistant to nalidixic acid in our study. The
high rates of nalidixic acid resistance have also been noted in
other studies from various parts of India (Garg et al. reported

95.2 per cent NARST, Chowdhary et al. reported 91.9 per cent
NARST).** However, in sharp contrast to these findings, Afzal
et al. from Pakistan reported only 23.7 per cent NARST

. 15
isolates.

The latest Clinical and Laboratory Standards Institute (CLSI)
guidelines have made modified recommendations to use
separate ciprofloxacin interpretative criteria for all Salmonella
spp. For disc diffusion method, the modified zone sizes are:

— 2 31lmm-—sensitive, 21-30mm—intermediate, and <

20mm—resistant.™!

The MIC interpretive criteria are: < 0.06ug/ml- sensitive, 0.12—

0.5-intermediate and 21-resistant. According to these
modified guidelines, 81.25 per cent of the isolates were
categorised as intermediate susceptible. Interpretation of
zone diameters as per these latest CLSI guidelines indicates
that 81.25 per cent of

intermediate. MIC results of these isolates, when interpreted

isolates were ciprofloxacin
as per the latest CLSI guidelines, showed 93.75 per cent of the
isolates to be ciprofloxacin intermediate. The difference in
results by these two methods was statistically significant (P <
0.0001), proving that MIC method was better than disc
diffusion intermediate

method for determination of

susceptibility.

MIC has the power to predict efficacy in vivo. Also, an increase
in MIC not detected by disc diffusion tests is documented to
result in delayed response and serious complications.l"”16
However, if the results of the current study are interpreted as
per the latest European Committee on Antimicrobial
Susceptibility Testing (EUCAST) guidelines,”” more than
0.06pg/ml is to be taken as resistant, in which case, all the S.
Typhi isolates in our study (100 per cent) will be resistant to
ciprofloxacin by MIC method. It states that there is clinical
evidence to indicate a poor response in systemic infections
caused by Salmonella spp. with low-level ciprofloxacin
resistance (MIC > 0.06mg/L). However, it dissuades disc
diffusion testing with a ciprofloxacin 5ug disc as it will not
reliably detect low-level resistance in Salmonella spp. Instead,
it recommends the use of pefloxacin 5ug disc to screen for
ciprofloxacin resistance in Salmonella spp. However, we could
not test our isolates additionally with pefloxacin due to cost

constraints.

This variation in interpretation criteria for the same drug by
different guideline agencies needs to be addressed, so that
there is uniformity in reporting sensitivity, intermediate
susceptibility or resistance to S. Typhi isolates. Previous

studies on efficiency of azithromycin against S. Typhi have
relied mainly on clinical criteria and less on laboratory
criteria. This could be due to lack of definitive laboratory
MIC breakpoints or due to the pharmacodynamics of
azithromycin, whereby clinical success is reported despite
peak serum levels of 0.4 mg/mL following a 500mg oral
dose. This is far less than laboratory-reported mic.?°
is the high

intracellular concentrations achieved by azithromycin of
19,21,22

The reason for therapeutic response

up to 50 to 100 times that in serum.

Despite this, continuing treatment without taking in to
consideration the laboratory MIC results is fraught with
problems. Although S. Typhi is a predominately
intracellular bacteria, it is estimated that one-third of
bacterial cells in the blood are extracellular.”® If such
are exposed to sub-optimal
azithromycin, treatment failure and development of

isolates levels of
. 19 . . A .
resistance can result.” Even if azithromycin is used only in

treatment of MDR-strains, these strains are more likely to
have a higher extracellular concentration.”

Alternatively, laboratories need to contribute by
addressing the following issues. Reproducibility of results
is of relevance as studies have shown variation in MIC
related to media pH and inoculum size,”* and there are
also some differences between MIC results reported with
E-test strips and agar dilution methods.” Therefore,
ensuring the uniformity of methods employed when
testing is necessary. To achieve this, it is imperative for
the international guideline agencies to develop universally
MIC breakpoints for

acceptable azithromycin

susceptibility testing.

Although no MIC breakpoints are suggested, the latest
EUCAST guidelines comment that for wild type S. Typhi
isolates, azithromycin susceptibility can be assessed with
MIC sleg/L,17 while CLSI does not recommend use of
azithromycin for Salmonella isolates. MIC of <16ug/ml
and a zone diameter of > 15 mm could be considered as
criteria for in vitro susceptibility to azithromycin as has
been concurred from various studies in India, including in
this study.lg"18

In accordance with these guidelines, detection of
resistance for azithromycin correlates well with the MIC
method [two isolates (12.5 per cent)] and disc diffusion
method [three isolates (18.75 per cent)]. However, it is
difficult to comment about the susceptibility of the
remaining isolates to azithromycin, as 13 (81.25 per cent)
of the isolates tested had a MIC between 4-8ug/ml.
Furthermore, the small size of the study sample and cost
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This further
emphasises the need for more multi-centric studies on this

constraints have limited further analysis.
subject and also the need to establish uniform performance
standards for disk susceptibility testing for interpreting
azithromycin susceptibility against S. Typhi. This would help to

improve consistency between reporting laboratories.

Conclusion
To conclude, due to the emergence of nalidixic acid-resistant
S.  Typhi (NARST)
fluoroquinolones,

and widespread resistance to

particularly ciprofloxacin, our results
suggest the prescription of first-line drugs like ampicillin, co-
trimoxazole, and chloramphenicol against S. Typhi. This
reinforces the potential need for antimicrobial recycling,
wherein antibiotics that have a markedly reduced effect may
be withdrawn from clinical use for a period so that they may

regain their efficacy.26
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