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ABSTRACT

Background: Salmonella enterica serotype typhi is a causative agent of enteric fever (typhoid). The study was aimed
at seeing why the S. #yphi showing in vitro susceptibility to ceftriaxone required longer treatment for defervescence. We
observed phenotypic change characterized by bipolar staining (safety-pin appearance) in the bacilli. We also observed
bacilli forming elongated (filamentous forms). We hypothesize a possible association between this structural change in
the cell-wall and the resistance pattern of S. #yphi.

Methods: The study was conducted in a rural hospital with tertiary care facilities. Blood cultures were performed in
cases of all the patients with suspected sepsis. The blood cultures were performed on an automated BACT/Alert 3D
system. Identification and drug susceptibility of the bacterial isolates are done on VITEK 2. The study comprised 25
blood culture-positive typhoid cases in the last three months.

Results: We observed that gram-stained smears made from positive blood culture bottles revealed conspicuous changes
in staining pattern of the bacilli. The bacilli showed Bipolar staining (safety pin appearance) of Salmonella enterica
serotype typhi under the oil immersion objective.

Conclusion: This is the first observational study to investigate the phenotypic change in the staining properties of S.
typhi. We hypothesize that this change in staining pattern is associated with structural changes in the bacterial cell wall,

which is responsible for S. typhi altered response to antibiotic therapy.
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INTRODUCTION

Salmonella is a genus of gram-negative bacilli of the
family Enterobacteriaceae. It has two species Salmonella
enterica and Salmonella bongarii. S. enterica is further
divided into six subspecies that contain over 2600
serotypes.’? Salmonella species are non-spore-forming,
mostly motile with peritrichous flagella, measuring 0.7-1.5
um in diameter and 2-5 um in length.> The Centers for
Disease Control and Prevention (CDC) is currently using
the Salmonella nomenclature system suggested by the
World Health Organization (WHO) Collaborating Centre
as a nomenclature system- species: Salmonella enterica

serotype typhi.

The evolution of drug resistance in Salmonella typhi is a
great public health concern. Multi-drug resistance (MDR)
that emerged in 1990 is defined, in the case of S. #yphi, as
resistance to Chloramphenicol, Amoxicillin, and Co-
cotrimoxazole.* This was followed by a decreased
susceptibility to fluoroquinolones and high-level
fluoroquinolone resistance emerged and spread throughout
the world.*

Clinicians relied more on third-generation cephalosporins
and Azithromycin. Recently there have been reports of
Ceftriaxone resistant S. typhi isolates from different parts
of the world. Ceftriaxone resistant in S. #yphi is because of
the acquisition of blaCTX-M.?
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Clinicians in Vadodara, during recent upsurge of typhoid
cases, experienced that even in cases of Ceftriaxone
susceptible S. t#yphi infections the patients required
prolonged treatment (up to two weeks) to achieve
defervescence.

Gram stained smear made directly from positive blood
culture bottle revealed a peculiar change in the staining
pattern of S. #yphi. Instead of uniform gram-negative
bacilli, they appeared safety-pin like (exhibiting bi-polar
staining). Additionally, some bacilli displayed elongated,
filamentous forms. This observation raised our curiosity
and the present work was carried out on subsequent blood
cultures flagged positive in cases of suspected enteric
fever.

METHODS
Study design

The prospective observational study was carried out at
Parul Sevashram Hospital, a NABH-accredited tertiary
care hospital in Vadodara, after obtaining ethical approval.
Over a three-month period from June 2024 to August
2024, blood cultures were performed on patients suspected
of having sepsis. A total of 1,582 blood culture bottles
were processed at the central clinical laboratory, with 352
testing positive.

Blood culture sample collection

Blood samples were collected in specialized (FA+/ PF+)
aerobic blood culture bottles, with volumes of 7-10 ml for
adult patients and 2-3 ml for pediatric patients. The
automated BACT/ALERT 3D system processed the blood
culture bottles over five days.

Procedure

All blood culture-positive bottles were sub-cultured on
MacConkey agar, blood agar, and nutrient agar plates. For
clinically suspected typhoid cases with high-grade fever,
abdominal discomfort with a change in bowel habits, and
a negative malaria blood smear, additional cultures were
performed on SS agar and XLD agar, followed by
incubation at 37°C.

Morphological analysis

A smear was prepared from each positive blood culture
bottle, and gram staining was performed. The slides were
examined under oil immersion light microscopy (1000x
magnification) by two independent experienced
microbiologists.

Observations regarding morphology, gram reaction, and
the presence of characteristic staining patterns (e.g.,
bipolar appearance) were recorded for each isolate.

Identification of bacteria

Colony morphology was analyzed after an 18-24 hours
incubation period. The VITEK 2 system was used for
identification of bacterial isolates and antimicrobial
susceptibility testing, utilizing the GN ID card for
identification and the AST405 card for susceptibility
testing. Antibiotic susceptibility reports were interpreted
based on CLSI guidelines.

All the blood culture positive S. typhi isolates were further
confirmed by antisera.

RESULTS

Over the course of three months, a total of 1,582 blood
culture bottles were collected at the central clinical
laboratory. Of these, 352 (22.2%) tested positive. Notably,
25 (7.1% of positive cultures) of these positive blood
cultures were identified as S. fyphi. Recently, our city
(Vadodara) experienced a sudden upsurge in the cases of
typhoid and the cases were more severe requiring
prolonged antibiotic treatment. All confirmed typhoid
cases were aged between 18-25 years and from Vadodara
(Table 1).

Table 1: Demographic data of patients.

Characteristics N

Patient age (years)

16-20 11
21-25 14
Gender

Male 17
Female 8

The susceptibility pattern of all the isolates is shown in
Table 2.

The antibiotic susceptibility pattern revealed that only 1
out 25 strains was resistant to Ceftriaxone while rest were
all susceptible.

Figure 1: Gram-stained smear from positive blood
culture of S. #yphi, showing bipolar (safety-pin)
appearance and filamentous forms in oil immersion
field (100X).
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We observed that gram’s-stained smears prepared from
blood culture positive bottles, revealed conspicuous
changes in the morphology of bacilli. All S. typhi bacilli
showed bipolar staining (safety pin appearance) under the
oil immersion objective (Figure 1) and some isolates
presented with filamentous forms (Figure 2).

Table 2: Antimicrobial resistance pattern of S. typhi
isolated from blood cultures.

Antimicrobial agents (S(;;l)s‘twe ?;)s)lstance
Ar.nox1c1111n-clavulan1c 100 0
acid

Amikacin 100 0
Ciprofloxacin 75 25
Ceftriaxone 95 5
Colistin 100 0
Cefuroxime 91 9
Cefuroxime axetile 91 9
Ertapenem 100 0
Cefepime 97 3
Fosfomycin 100 0
Gentamicin 100 0
Imipenem 100 0
Meropenem 100 0
Cefoperazone-salbactum 100 0
Trimethoprim/

Sulfamethoxazole A L
Tigecycline 100 0
Piperacillin-Tazobactum 100 0

Figure 2: Enlarged figure of S. zyphi revealing Bipolar
staining.

DISCUSSION

Salmonella, a genus within the family Enterobacteriaceae,
comprises gram-negative, rod-shaped bacteria. Blood
cultures are generally performed on indoor patients who
are suspected to have sepsis. Typhoid fever is one of the
few causes of septicemia for which blood cultures are
recommended, even for outpatients. In the first week of
fever, blood culture yield is best for the diagnosis of

typhoid. When the blood culture instrument flags for
positive blood culture, the blood culture bottle is taken out
and a few drops of the blood in inoculated on culture media
and incubated. The Identification and the susceptibility of
the isolate in done next day after the growth on the culture
media. A smear is also made from the positive blood
culture bottle and stained with Gram stain. The bacterial
morphology is read to get the probable pathogen
identification. We observed the change in the appearance
of the bacilli in stained smear; we conducted this study on
subsequent positive cultures. We hypothesize a link
between emerging phenotypic changes in bacilli and their
evolving tolerance to antibiotics, which necessitates
prolonged antibiotic therapy.

Recent trends in S. typhi bacteremia

The temporal change in trends of antimicrobial resistance
in S. typhi bacteremia has been observed in the state of
Gujarat in the last few months. Cephalosporins have been
the mainstay of management of MDR S. #yphi infections
for the past several years.® Perhaps cephalosporins failed
as empirical therapy in a substantial number of cases as we
observed a rise in ESBL XDR S. #yphi infections in recent
outbreaks.

Also, especially the children required longer hospital stays
due to delayed fever defervescence. Average days for fever
defervescence were observed to be 6-8 days of intravenous
therapy. Prolonged fever in most children was observed to
be due to immune dysregulation or exaggerated immune
response as we ruled out other causes, such as persistent
bacteremia, deep-seated abscesses, or secondary
infections. Culture-proven S. typhi bacteremia was also
observed in children who were vaccinated with 2 doses of
typhoid conjugate vaccine. Relapse and complications
were observed in those who were treated with
inappropriate antibiotics and for inadequate duration.
Distant complications such as osteomyelitis and
spondylodiscitis were also observed in children treated for
enteric fever.

Animal experiments have proved that antibiotic therapy
sometimes is not enough to eliminate some bacterial
population refractory to antibiotics.”® Such bacterial
population shows phenotypic change that enables then
survive in the host tissue and cause relapses and chronic
infections. Mechanism of this is still not clearly
understood.  Multiple  mechanisms can  induce
antimicrobial tolerance in vitro, but the in vivo relevance
remains unclear.’

Any changes in the outer membrane of gram-negative
bacteria like changes in the hydrophobic properties or
changes in the porins or any other change leads to
antibiotic resistance.® This property of gram-negative
bacteria, which is lacked by Gram positive bacteria, has
made gram negative bacteria showing more resistance to
antibiotics.”!°
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Traditionally, a bipolar staining pattern was used for
probable identification of Burkholderia species especially
pseudomallei in blood culture in patients with community-
acquired pneumonia or B. cepacia in case of VAP.!! The
other bacilli having similar staining patterns include
Yersinia pestis and Fransisella tularences. Research has
shown that bacteria can acquire antibiotic resistance
through alterations in cell shape alone.!?!3

Furthermore, a study by Yang et al revealed that beta-
lactam antibiotics trigger a four-stage process of cell lysis
in E. coli, consisting of elongation, bulge formation, bulge
stagnation, and ultimately, cell lysis.!* The occurrence of
Salmonella typhimurium L-forms, often detected in
patients following p-lactam antibiotic treatment, is
associated with chronic infections. Due to their cell wall
deficiencies, these L-forms display increased tolerance to
cephalosporins, which normally target bacterial cell walls,
thereby complicating treatment efforts.!*

Since the 1990s, it has been well-established that a crucial
aspect of the pathogenesis of Burkholderia pseudomallei
is its remarkable ability to persist and thrive within both
phagocytic and non-phagocytic cells. This intracellular
survival is a significant factor contributing to its virulence
and the complexity of infections it causes.'”> Our recent
observations suggest a compelling association between
this phenotypic characteristic and the acquisition of
specific virulence factors by S. typhi.

This discovery not only sheds light on the mechanisms
underlying its survival strategies but also opens up exciting
new avenues for genotypic studies. Such research aims to
uncover the precise factors that enable these strains to
survive and propagate within host cells, ultimately
enhancing our understanding of their pathogenic potential
and informing future therapeutic approaches.

CONCLUSION

This is the first observational study regarding the
phenotypic change in the staining property of S. typhi. We
hypothesize an association between the phenotypic change
and change in the behaviour of typhoid infections. We
suggest further studies in S. #yphi antibiotic resistance
pattern in vivo due to some configurational changes in the
cell-wall and to make necessary changes in the guidelines
for the treatment of typhoid to tackle the menace.
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