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ABSTRACT: Due to the high prevalence of typhoid fever and
the periodic nature of Salmonella infections despite the various
antimicrobial agents used to treat these infections, the need to
open up new strategies for antimicrobial susceptibility rather
than the MIC alone arises. This study determines the time-kill
curves using four different antimicrobial agents: Gentamicin,
Ceftriaxone, Cloxacillin, and Ofloxacin at different
concentrations of 1x, 2x, and 4x of their respective MICs. The
finding of this study reveals that at 1x MIC, all the antimicrobial
agents used, except for Gentamicin, show non-bactericidal
activity against the isolates after eight hours of exposure. This
study suggests that analyzing the time-kill curves in typhoid fever
treatment will help determine the appropriate dose to treat the
infection.
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INTRODUCTION

Over the past decade, several strains (types) of Salmonella typhi have become resistant to
multiple antibiotics. The percent of Salmonella typhi infections non susceptible to
ciprofloxacin reached 74% in 2017, severely limiting treatment options. Salmonella
typhi causes an estimated 5,700 infections and 620 hospitalizations each year in the United
States. Worldwide, an estimated 11 to 21 million infections occur each year. Typhoid fever
requires treatment with antibiotics, which is complicated by increasing resistance (CDC, 2016).

The relatively long incubation period of typhoid fever suggests that S. typhi can evade or
suppress detection by the innate immune system during the initial stages of infection (Crump et
al., 2004). Typhoid fever is a systemic febrile illness that requires prompt antibiotic treatment.
Worldwide, approximately 12—27 million cases of typhoid fever occur annually (Mogasale et
al., 2004). In the United States, approximately 350 culture-confirmed cases are reported to
CDC each year. Most U.S. patients report having traveled internationally within the preceding
30 days. Over the past several decades, the emergence of Typhi that is multidrug-resistant
(MDR) to historically used first-line antibiotics, such as Chloramphenicol, Ampicillin, and
Trimethoprim-sulfamethoxazole, led to the use of fluoroquinolones (e.g. Ciprofloxacin) as the
first-line treatment (Crumpet al., 2015). However, since the early 2000s, increasing
fluoroquinolone non-susceptibility (intermediate or full resistance to Ciprofloxacin), especially
in South Asia, has led to the use of third-generation cephalosporins (e.g. ceftriaxone) as a
recommended first-line treatment.

Antimicrobial resistance (AMR) is an increasing threat to global health. There are > 14 million
cases of enteric fever every year and > 135,000 deaths (Eibacha et al., 2016). Unfortunately,
AMR is widespread, and patients treated with ineffective antimicrobials show a poor clinical
response and a higher rate of complications and deaths, as well as prolonged fecal shedding,
which sustains transmission and induces secondary cases (Arndt et al., 2014). Hence, this study
focused on in vitro analysis of time-kill curves of some antimicrobial agents against Salmonella

typhi.

MATERIALS AND METHODS
Preparation of Inoculum

Isolates of Salmonella typhi were isolated from patients attending the laboratory unit of Wudil
General Hospital, Kano, Nigeria. These were clinical isolates from the stools of patients who
were attending the hospital. Isolates were further confirmed following standard laboratory
procedures as described by theAmerican Public Health Association (2018).

Determination of Bacterial Growth Curve

Growth curves of the isolates of Salmonella typhi were determined by modifying the method
described by Shrivastava et al. (2017) and Foerster et al. (2015) using spectrophotometry. In
this method, the spectrophotometer (Spectrophotometer 20D Techmel & Techmel USA) was
power on, allowed to warm up for ten (10) minutes and set up to a wavelength of OD600nm.
5 mL of uninoculated sterile nutrients broth media were pipetted into a clean cuvette and the
machine was blanked by setting it to 0 ABS with this sample. Two to three colonies of a 20 h
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grown on SSA of the organism studied were suspended in 50 mL prewarmed (37°C) nutrients
broth gently shaken to ensure homogenization. Immediately after inoculating, a 5 mL sample
of the inoculated media was pipetted into a clean cuvette and placed in the blanked
spectrophotometer, and the OD reading was recorded. This reading was recorded at the time
“0” and repeated at 60 minute intervals until the absorbance no longer increased. The procedure
was performed in duplicate and the readings were plotted on a graph with Time on the X-axis
and OD on the Y-axis. Only lag, log, and stationary phases were included in the analysis, and
the decline phase was excluded.

Preparation of Antibiotics Stock Solutions

A stock solution of the four antibiotics used based on their activity against the isolates
(Gentamicin, Ceftriaxone, Cloxacillin, and Ofloxacin) were prepared as follows: 10 mg of
intravenous gentamicin and ceftriaxone solutions per ml was dissolved in sterile distilled water
to a concentration of 25 mg/ml while Cloxacillin and Ofloxacin were dissolved in 50% ethanol
to a concentration of 25 mg/ml. Appropriate dilutions of the stock solutions were made in
Mueller Hinton broth immediately before use.

Determination of Minimum Inhibitory Concentration

Macrobroth dilution techniques were employed in determining the MIC of the different
antibiotics used against the isolates, as described by Burkhard et al., (2004). Different
concentrations (0.125, 0.25, 0.50, and 1.0) mg/L of antibiotics were differently prepared by
serial dilutions in the Mueller Hinton broth medium. Each tube was then inoculated with 1ml,
an equivalent of 0.5 McFarland standard turbidity of each of the adjusted bacterial strains. Two
blank Mueller Hinton broth tubes, with and without bacterial inoculation, were used as the
growth and sterility controls. The bacteria-containing tubes incorporated with the antibiotics
were incubated aerobically at 37°C for 24 h. After the incubation period, the tubes were
observed for the MICs by checking the concentration of the first tube in the series (ascending
antibiotic concentrations) that showed no visible trace of growth. The first tube in the series
with no visible growth after the incubation period was taken as the MIC.

Determination of Time-Kill Assay

Time-kill curve analyses were performed through the modification of the method described by
Tsuji et al. (2008) and Appiah et al. (2017). Concentrations equal to MIC, twice the MIC, and
four times the MIC of the antibiotics were prepared with sterilized Mueller Hinton agar. An
inoculum size of 1.0x105 CFU/mL (CFU was achieved by diluting 0.5 McFarland inoculum
into 1000 volumes of distilled water) was added and incubated at 37°C. The antimicrobials
examined were Gentamicin (Pharmax India, Pvt. Ltd), Ceftriaxone (Shanxi Zhongbao
Shuguang Pharmaceutical Co. Ltd., China), Ofloxacin (Impulse Pharma Pvt. Ltd., India), and
Cloxacillin (Sigma Aldrich, China). Aliquots of 1.0 mL of the medium were taken at time
intervals of 0, 2, 4, 6, and 8 h inoculated aseptically into 20 mL nutrients agar and incubated at
37°C for 24 h. A control test was performed for the organisms without the reference antibiotic.
The colony forming unit (CFU) of the organisms was determined after the incubation.
Antimicrobials were considered bactericidal when a >3log10 decrease in CFU/mL was reached
compared with the initial inocula. The procedure was performed in duplicate and a graph of
the CFU/mL was plotted against time.
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RESULTS

The bacterial quantified growth curve of S. Typhi shown in figure 1 revealed that the isolates
reach their plateau at 16 h of incubation while S. aureus attained its plateau at 15 h of
incubation. This confirmed the binary multifiable growth of the isolates in the absence of
antimicrobials.
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Fig. 1. Quantification of Bacterial Growth Curve Using Spectrophotometer

Table 1 shows the minimum inhibitory concentrations of the Gentamicin, Ceftriaxone,
Cloxacillin, and Ofloxacin antibiotics against S. Typhi. The MIC of Gentamicin against the
isolates was found to be 0.250 mg/ml, Ceftriaxone has an MIC of 0.125 mg/ml, Cloxacillin has
an MIC of > 1, and lastly, Ofloxacin has an MIC of 0.250mg/ml.

Table 1: Minimum Inhibitory Concentration of Antibiotics Use against the Isolates

Antibiotics Salmonella Typhi
Gentamicin 0.250 (mg/ml)
Ceftriaxone 0.125 (mg/ml)
Cloxacillin >1 (mg/ml)
Ofloxacin 0.250 (mg/ml)
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All the antimicrobial agents used show a non-bactericidal effect against S. Typhi except for
Gentamicin at 1x the MIC. Also, in all four cases, the bactericidal effect increases with the
duration of exposure.

Time-kill curves for four antimicrobials were made (Gentamicin, Ceftriaxone, Cloxacillin, and
Ofloxacin) against the isolates (Fig. 2). Similar to the effect of Gentamicin (Fig. 2a),
Ceftriaxone (Fig. 2b) exhibited rapid killing during the first two hours of the assay for
concentrations above the MIC. Cloxacillin (Fig. 2c) and Ofloxacin (Fig. 2d) showed little effect
from O hours to 4 hours; however, after that, the growth rate decreased rapidly. Bactericidal
effects were considered by reduction greater than 3Logl0 in colony-forming units per
milliliters compared to the initial inocula.
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Fig. 2a: Time Kill kinetics of Gentamicin antibiotic against Salmonella Typhi; means
compared to control showed a significant statistical difference using one way ANOVA at
p <0.05
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Fig. 2b: Time Kill kinetics of Ceftriaxone antibiotic against Salmonella typhi; means
compared to control showed a significant statistical difference using one way ANOVA at

p <0.05
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Fig. 2c: Time kill kinetics of Cloxacillin antibiotic against Salmonella typhi; means
compared to control showed a significant statistical difference using one way ANOVA at
p <0.05
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Fig. 2d: Time kill kinetics of Ofloxacin antibiotic against Salmonella typhi; means
compared to control showed a significant statistical difference using one way ANOVA at
p <0.05

DISCUSSION

In this study, a standardized in vitro time-kill curve assay was developed and the resulting data
were used to suggest the appropriate method in the evaluation of antimicrobial treatment
options in vitro, as one of the tools that are urgently needed to support tackling the problem of
antimicrobial-resistant S. typhi (Ao et al., 2010).

The established time-kill assay will function well with different chemotherapeutic agents,
including highly effective ones. The assay time was limited to eight hours and growth in the
absence of antimicrobials was highly consistent and exponential for the strain. The analysis of
time-kill data confirmed the robust bactericidal effects of gentamicin and ceftriaxone.

Gentamicin is a member of aminoglycoside antibiotics with a broad-spectrum activity against
Gram-negative and Gram-positive bacteria in combination with other antibiotics. The effective
bactericidal activity shown against S. typhi is within the expectation in vitro but because
Gentamicin and other aminoglycosides have difficulty penetrating tissues or cells, they are less
likely to be effective for facultative intracellular pathogens like S. typhi (Mogasale et
al., 2014). However, when dealing with multi-drug resistance S. typhi and other likable critical
situations, gentamicin can be suggested for a prescription (Chen et al., 2013).

According to NCCLS MIC cut-offs for most of the Enterobacteriaceae, the MIC of Gentamicin
was found to be < 1 mg/ml. This conformed with our finding that the MIC of the strain of S.
typhi used is 0.250 mg/ml and it does not exceed the antibiotic breakpoint. In addition, this
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current study found that Gentamicin showed a bactericidal effect on the tested S. typhi isolates
at very low concentrations (0.250 mg/mL) throughout the established time-Kkill curves.

Ceftriaxone is a third-generation cephalosporin that is widely used in the treatment of invasive
Salmonella infections (Kariuki et al., 2015). A lot of studies reported the Salmonella resistance
to a variety of cephalosporin antibiotics including Ceftriaxone; this resistance to ceftriaxone
serves as an alarming challenge in the treatment of Salmonella infections as reported by
Salmon-Rousseau et al. (2016). Salmonella typhi is one of the serovars of Salmonella that are
spread worldwide and are associated with resistance in both humans and animals (Arlet et
al., 2006; Eng et al., 2015). However, the particular strain isolated in this study shows a high
degree of susceptibility to Ceftriaxone; this indicates that the gene responsible for Ceftriaxone
resistance is absent or inactive.

Ofloxacin is also an extensive spectrum of fluoroquinolone antibiotics; several studies report
the weakened activity of Ofloxacin against Salmonella, indicating an acquired gene for
Ofloxacin resistance (Kariuki et al., 2015). Chau et al. (2007) reported a reduced susceptibility
to fluoroquinolones that is predominantly associated with point mutations in gyrA. However,
the strain used in this study was found to be susceptible to Ofloxacin, indicating a non-mutation
in gyrA.

Moreover, results obtained on exposing this strain of S. typhi show significant less activity.
This is no surprise since Cloxacillin is a second-generation penicillin with a narrow spectrum,
which works by inhibiting the cell wall synthesis of most bacteria. This nature of the activity
is more peculiar to inhibiting the growth of Gram-positive bacteria (Reis et al., 2011).

Although, results obtained in vitro do not always conform to in vivo effect but of course, we
assumed a replica; therefore, the use of Ceftriaxone, Ofloxacin, and Gentamicin in the
treatment of typhoid fever needs a critical clinical consideration before operation to avoid the
misuse and overuse of antimicrobial agents, and accelerate the development of new treatment
options against salmonellosis.

Over the past decade, several strains (types) of Salmonella typhi have become resistant to
multiple antibiotics. One recently emerging strain of extensively drug-resistant
(XDR) Salmonella typhi is resistant to all but two antibiotic classes recommended for treatment
(macrolides and carbapenems). Since 2016, an ongoing outbreak of XDR typhoid fever has
sickened more than thousands of people in Nigeria.

Nigeria Center for Disease Control and other health agencies are working with public health
partners across the globe, including Primary Health Care Management Boards, to strengthen
prevention efforts, including vaccination.

As S. typhi continues to be prevalent, with an estimated incidence of 33 million infections each
year in the developing countries of Africa, like Nigeria, the South African republic, and other
sub-Saharan countries, an efficient antibiotic is necessary for individuals with typhoid fever.
Ideally, therapy should begin after clinical diagnosis has been made, and no antimicrobial
sensitivity testing reports should be used.

Therefore, the growth of antibiotic resistance in epidemic strains in poor countries—Ilike
Chloramphenicol, Ampicillin, and Trimethoprim is of great concern. Ampicillin and
Trimethoprim have been coded with plasmids of about 100 MDa of the H1 incompatibility
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group (inc H1) in all multiresistant bacteria that are resistant to Chloramphenicol (Rowe et
al., 1997).

In Tajikistan, there was a large epidemic of multiresistant strains spreading through polluted
water in 1997 (Murdoch et al., 1998), and contaminated ice cream in the Philippines in the
early 1990s was affected by a big multiresistant S. typhi outbreak (Superable et al., 1994).
More than 6000 cases were documented in the waterborne outbreak of Tajikistan and the
emergence of reduced Ciprofloxacin susceptibility was alarming (Threlfall et al., 2001).

In many cases, Ciprofloxacin-resistant bacteria (MIC: 512 mg—1) was also resistant to nalidixic
acid. Moreover, Cloxacillin, Ampicillin, and Trimethoprim were also significantly reduced to
over 50% of the isolates with decreased sensitivity to Ciprofloxacin. Several individuals with
reduced Ciprofloxacin susceptibility did not react to fluoroquinolone antimicrobial therapy.
Ceftriaxone was the alternate antibiotic most often utilized in these cases (Threlfall, 2000).

CONCLUSION

The establishment of a time-kill curve assay could be used for in vitro evaluation of new and
existing antimicrobials agents against Salmonella typhi and other strains of bacteria as a new
strategy to fight antimicrobial drugs resistance.

The method of time-Kkill curves explored in this study are more standardized in evaluating the
activity of antimicrobial agents against S. typhi; hence, more strains of S. typhi have to be
screened with a variety of antimicrobial agents using this method in our clinical settings.
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