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Abstract

Background Extensively drug-resistant (XDR) Salmonella enterica serovar Typhi (S. Typhi) poses a grave threat to pub-
lic health due to increased mortality and morbidity caused by typhoid fever. Honey is a promising antibacterial agent,
and we aimed to determine the antibacterial activity of honey against XDR S. Typhi.

Methods We isolated 20 clinical isolates of XDR S. Typhi from pediatric septicemic patients and determined the
minimum inhibitory concentrations (MICs) of different antibiotics against the pathogens using the VITEK 2 Compact
system. Antimicrobial-resistant genes carried by the isolates were identified using PCR. The antibacterial efficacy of
five Pakistani honeys was examined using agar well diffusion assay, and their MICs and minimum bactericidal concen-
trations (MBCs) were determined with the broth microdilution method.

Results All 20 isolates were confirmed as S. Typhi. The antibiogram phenotype was confirmed as XDR S. Typhi with
resistance to ampicillin (> 32 ug/mL), ciprofloxacin (>4 ug/mL), and ceftriaxone (>4 ug/mL) and sensitivity to
azithromycin (< 16 pg/mL) and carbapenems (< 1 pg/mL). Molecular conformation revealed the presence of blagy,.;,
Sull, gnrs, gyrA, gyrB, and blacty15 genes in all isolates. Among the five honeys, beri honey had the highest zone of
inhibition of 7-15 mm and neem honey had a zone of inhibition of 7-12 mm. The MIC and MBC of beri honey against
3/20 (15%) XDR S. Typhi isolates were 3.125 and 6.25%, respectively, while the MIC and MBC of neem were 3.125 and
6.25%, respectively, against 3/20 (15%) isolates and 6.25 and 12.5%, respectively, against 7/20 (35%) isolates.

Conclusion Indigenous honeys have an effective role in combating XDR S. Typhi. They are potential candidates for
clinical trials as alternative therapeutic options against XDR S. Typhi isolates.
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Background

Typhoid fever is a fatal disease caused by Salmonella
enterica serovar Typhi (S. Typhi), which is usually trans-
mitted via contaminated food and water. It results in an
extended hospital stay, an additional financial burden,
and high mortality among vulnerable individuals [1]. The
World Health Organization (WHO) has estimated that
11 to 20 million people are infected with S. Typhi, among
whom, 128,000 to 161,000 die every year [2]. The heavi-
est burden of typhoid fever is reported in South Asia and
Africa due to the unavailability of clean drinking water
and fragile health systems [3]. The rate of incidence of
typhoid fever in Pakistan stands at 493.5/100,000 indi-
viduals per year [4].

The first case of ceftriaxone resistance in S. Typhi was
reported in Bangladesh in 1999 [5]. The first epidemic of
extensively drug-resistant (XDR) S. Typhi was reported
in Hyderabad, Sindh Province, Pakistan, in 2016 [6]. Sev-
eral S. Typhi pathogens are resistant to antibiotics nor-
mally recommended for the treatment of typhoid fever,
including ampicillin, ceftriaxone, chloramphenicol, cip-
rofloxacin, and sulfamethoxazole/trimethoprim, and
are only sensitive to azithromycin (oral antibiotic) and
carbapenems (injectable antibiotic) [7]. However, even
cases of azithromycin resistance have been reported from
Bangladesh [8], Nepal [9], and India [10]. Multidrug-
resistant (MDR) S. Typhi pathogens frequently carry the
plasmid-mediated bla .1, dhfR7, sull, and catAl genes
and extensively drug-resistant (XDR) S. Typhi carry parE
and blacrx. 15 antimicrobial resistance genes (ARGs)
[11]. A recent Pakistani study revealed the spread of
MDR (50.1%) and XDR (33%) S. Typhi in pediatric sep-
ticemic patients [12]. These XDR strains have also been
reported in other parts of the world with a travel history
to Pakistan, including the United States [13], the United
Kingdom [14], Australia [15], Denmark [16], and Canada
[17].

The WHO has classified S. Typhi as a high-priority
pathogen against which new treatment options are
urgently needed [18]. Honey is well recognized for its
anti-inflammatory and antibacterial properties against
various MDR pathogens. Several factors contribute to the
antimicrobial properties of honey, including methylgly-
oxal, an acidic pH, 40 — 75% sugar contents, high osmotic
effects, and the presence of bacteriostatic and bacteri-
cidal factors, including antioxidants, hydrogen peroxide,
lysozyme, phosphates, polyphenols, flavonoids, phenolic
acid, immuno-regulating properties, and trace elements
[19, 20]. Unlike traditional antibiotics, honey promotes
the growth of bifidobacteria and lactobacilli in the stom-
ach rather than interfering with the growth of beneficial
gastric bacteria. Indigenous Pakistani honey has rarely
been studied for its antibacterial properties against

Page 2 of 10

Gram-negative bacteria, particularly XDR S. Typhi [21].
Therefore, in this study, we aimed to determine the anti-
bacterial activity of native honey against the molecularly
characterized clinical isolates of XDR S. Typhi harboring
several drug-resistant genes.

Materials and methods

Study design and setting

This study was prospectively conducted at the Depart-
ment of Microbiology of Government College Uni-
versity, Faisalabad, Pakistan. Clinical isolates of XDR
Salmonella Typhi were obtained from a tertiary care
hospital in Lahore, Pakistan, between October 2021 and
February 2022. The study was ethically approved by the
Ethical Review Committee (ERC) of the university and
conducted in accordance with the World Medical Asso-
ciation’s Declaration of Helsinki.

Collection of samples

Bacterial isolates were collected from suspected septice-
mic pediatric patients. Briefly, blood samples (1-3 mL)
obtained from children were cultured in pediatric BD
BACTEC" blood culture bottles and placed in the BD
BACTEC™ blood culture automated instrument (BD,
Pont-de-Claix, France) for up to five days. The instru-
ment detected bacterial growth during incubation, and
the positive samples were further cultured for identifica-

tion of bacteria.

Isolate confirmation

The bacterial isolates were sub-cultured on Salmonella
Shigella agar (SSA), and the plates were incubated at
37 °C overnight in an aerobic environment. The isolates
were first identified by bacterial morphology, Gram stain-
ing, oxidase, and biochemical reactions and confirmed
by the compact VITEK 2 system (bioMérieux, Marcy-
I'Etoile, France). Twenty clinical isolates of XDR S. Typhi
obtained from the clinical settings were preserved in 15%
glycerol at -80 °C.

Minimum inhibitory concentrations of antibiotics

against S. Typhi

The minimum inhibitory concentration (MIC) against S.
Typhi isolates was determined for ampicillin, trimetho-
prim/sulfamethoxazole, third-generation cephalosporin
(ceftriaxone), chloramphenicol, ciprofloxacin, azithro-
mycin, imipenem, and meropenem using the VITEK 2
Compact system (bioMerieux, Marcy-I'Etoile, France).
Furthermore, the MIC of azithromycin was obtained
with broth microdilution assay as described by the Clini-
cal and Laboratory Standards Institute guidelines [22].
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Molecular identification of XDR S. Typhi genes

Bacterial DNA was extracted with a commercial DNA
extraction kit (Qiagen, Manchester, United Kingdom),
and ARGs were detected using molecular techniques.
The primer sequences used for molecular identification
of ARGs are listed in Table 1. We used Phusion High-
Fidelity DNA Polymerase (Thermo Fisher Scientific Inc.,
Waltham, United States) for PCR amplification of the
ARGs [11]. The amplification process began with dena-
turation of DNA at 95 °C for 4 min followed by 30 cycles
of denaturation at 95 °C for 30 s, annealing at 55 °C for
35 s, and extension at 72 °C for 7 min on a T100 ther-
mal cycler (Bio-Rad, Hercules, USA). The PCR products
were run on 1.5% agarose gel with SYBR Safe (Invitrogen,
Waltham, United States) gel stain in conjunction with
the positive and negative controls [23]. The gene prod-
ucts were compared to GeneRuler 100 bp DNA Ladder
(Thermo Fisher Scientific Inc., Waltham, United States).
The amplified ARGs were observed on the transillumi-
nator (Fisher Scientific International, Inc., Hampton,
United States), and a PCR cleanup kit was used to clean
the amplified products before sequencing [24]. The DNA
sequence data were analyzed using the National Center
for Biotechnology Information (NCBI) database.

Collection of indigenous honeys

Five native honeys of different botanical origins—beri
honey (Ziziphus mauritiana), neem honey (Azadirachta
indica), sidr honey (Ziziphus spina-christi), orange
honey (Citrus sinensis), and mustard honey (Brassica
nigra)—were collected from different geographic loca-
tions in Pakistan and their effects against XDR S. Typhi
were studied. Samples were collected from commercial
bee producers. The identification of the plant source of
the honey samples was based on geographic location,
flowering plant, flavor, season, and color of each honey.
Samples (250 g) of each honey in sterile containers were
obtained directly from the beekeeper and placed in the
dark at room temperature.

Table 1 The primers sequences used for molecular identification
of antibiotic resistance genes [11]

Gene Forward primers (5’- 3') Reverse primers (5'- 3")
pltB TAAACCATGATAGACTGG GAAAGTTACGGTTATACC
blacry.qs GATGTGCAGCACCAGTAAAG  AACGATATCGCGGTGATCT
Sull GTATTGCGCCGCTCTTAGAC AGGGTTTCCGAGAAGGTGAT
blaren4 AACCCTGGTAAATGCTTC GTATATATGAGTAAACTTGG
qnrs TATAATGGTAGTCTAGCCC GATGTGTGATTTTAAACG
qgnrA CTTTGAATCCGGGATACAG TTCCATAGACAAGAAAAAGG
qnrB GAAAAGGGTAAAATAACGG CATCATGATGCCCTGGCCAG
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Agar well diffusion assay of honeys

The antibacterial activity of the natural honeys against
XDR S. Typhi was assessed using agar well diffusion
analysis as described previously [25]. In brief, a bacte-
rial suspension (0.5 McFarland) was prepared and inoc-
ulated on to a plate of Mueller Hinton agar (MHA). Six
wells were made in MHA with a sterile 6-mm cork borer.
Each indigenous honey was serially diluted (v/v%) in dis-
tilled water to 50, 40, 30, 20, and 10% in separate sterile
test tubes. We added 120 pL of each honey dilution into
the respective wells in MHA. The plates were aerobically
incubated at 37 °C for 18-20 h. The zone of inhibition
(mm) of each well was measured using vernier calipers.
The assay was performed in triplicate.

Determination of minimum inhibitory concentration

of honeys

Broth microdilution assays were performed to determine
the MICs (v/v) of the different honeys against XDR S.
Typhi isolates in 96-well microtitration plates (Thermo
Fisher Scientific Inc., Waltham, United States) [25]. We
prepared a 0.5 McFarland bacterial suspension by mix-
ing bacterial colonies in 3 mL sterile normal saline. We
added 100 pL of sterile nutrient broth to each of wells
1-12 of the microtiter plate, and 100 pL of 0.5 McFarland
bacterial suspension was added to each of wells 1-10.
The last two wells were used for the positive and negative
controls. The negative control well contained only 100
uL of honey. Later, 100 pL of 50% honey was added into
the first well and was double diluted in the succeeding
wells to 25, 12.5, 6.25, 3.125, 1.56, 0.78, 0.39, 0.195, and
0.0975%. The plates were aerobically incubated overnight
in an incubator shaker at 37 °C. MIC (%v/v) was calcu-
lated by comparing the positive and negative control
wells. The procedures were executed in triplicate.

Determination of minimum bactericidal concentration

of honeys

The minimum bactericidal concentration (MBC) was
determined by counting the colony-forming unit on
the nutrient agar plates. After determining the MIC,
10 pL of bacterial suspension was taken from each well
of the microtitration plate and inoculated on to nutri-
ent agar. The plates were aerobically incubated for 24 h
at 37 °C. The colony count of each plate was determined
and scored as bacterial growth. All procedures were per-
formed in triplicate [25].

Results

Antimicrobial susceptibility of XDR S. Typhi

Twenty isolates from pediatric septicemic patients were
confirmed as S. Typhi. Antimicrobial susceptibility
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testing showed that the MICs (pg/mL) of ampicillin
(>32 pg/mL), co-trimoxazole (>4/76 ug/mL), cipro-
floxacin (>4 pg/mL), and ceftriaxone (>4 pg/mL) were
higher against all 20 isolates. All isolates were sensitive to
oral azithromycin (<16 ug/mL) (Table 2).

Molecular confirmation of XDR S. Typhi

Molecular confirmation using PCR showed that the iso-
lates were simultaneously positive for multiple ARGs. All
MDR and XDR S. Typhi isolates harbored the resistance
genes pltB, blacry vy blarpm.y qnrs, qnrA, qnrB, and
Sull (Table 3).

Agar well diffusion assay for XDR S. Typhi

The agar well diffusion assay showed different zones of
inhibition for the five honeys (Fig. 1). The maximum inhi-
bition zones against XDR S. Typhi isolates were observed
for beri honey. Beri honey displayed an inhibition zone
of 7-15 mm. One isolate showed an inhibition zone of
15 mm, followed by two isolates with 14 mm, one with
13 mm, and three with 12 mm. The zone of inhibition for
neem honey ranged from 7 to 12 mm, with two isolates
showing a zone of inhibition of 12 mm, two of 11 mm,
and five of 10 mm. Furthermore, sidr honey had an inhi-
bition zone ranging from 7 to 12 mm, with three isolates
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exhibiting an inhibition zone of 12 mm, two of 11 mm,
and two of 10 mm. However, orange honey and mus-
tard honey showed comparatively small inhibition zones
(Table 4).

MICs of indigenous honeys against XDR S. Typhi isolates
The broth microdilution assay was used to determine the
MICs (v/v%) of native honeys. We found that 3/20 (15%)
of the XDR S. Typhi isolates were inhibited by beri honey
at a low concentration of 3.125%, followed by 9/20 (45%)
at 6.25% and 7/20 (35%) at 12.5%. Neem honey inhibited
3/20 (15%) isolates at a concentration of 3.125%, 7/20
(35%) at 6.25%, and 4/20 (20%) at 12.5%. Furthermore,
sidr honey inhibited 2/20 (10%) of the isolates at a con-
centration of 3.125%, followed by 10/20 (50%) at 6.25%
and 4/20 (20%) at 12.5%. Orange honey also inhibited
2/20 (10%) XDR isolates at a concentration of 3.125%, fol-
lowed by 10/20 (50%) at 6.25% and 6/20 (30%) at 12.5%.
Mustard honey inhibited 4/20 (20%) of XDR isolates at a
concentration of 6.25%, followed by 6/20 (30%) at 6.25%
and 6/20 (30%) at 12.5% (Table 5 and Fig. 2).

MBC of indigenous honey against XDR S. Typhi
The MBC is the first growth-free dilution on an agar
plate. Beri honey killed 3/20 (15%) XDR S. Typhi

Table 2 Minimum inhibitory concentration (MIC; ug/mL) of antibiotics against XDR S. Typhi isolates

S.Typhi isolates MIC breakpoint of antibiotics

AMP SXT (a4 CRO AZM IPM MEM
<8to>32 <2/38to>4/76 <1to>4 <1to>4 <16to>32 <1to>4 <1to>4
ST-1 >32 >4/76 >4 32 8 0.5 0.5
ST-2 >32 >4/76 >4 >64 4 0.25 0.5
ST-3 >32 >4/76 >4 >4 4 0.5 0.25
ST-4 >32 >4/76 >4 16 4 0.5 0.5
ST-5 >32 >4/76 >4 16 2 0.25 0.5
ST-6 >32 >4/76 >4 >4 2 0.5 0.5
ST-7 >32 >4/76 >4 >4 8 0.25 0.5
ST-8 >32 >4/76 >4 >4 2 0.5 0.5
ST-9 >32 >4/76 >4 >64 2 0.25 0.25
ST-10 >32 >4/76 >4 16 2 0.5 0.5
ST-11 >32 >4/76 >4 8 4 0.25 0.5
ST-12 >32 >4/76 >4 8 4 0.5 0.5
ST-13 >32 >4/76 >4 8 2 0.25 0.5
ST-14 >32 >4/76 >4 >64 8 25 25
ST-15 >32 >4/76 >4 >4 2 0.5 0.5
ST-16 >32 >4/76 >4 16 4 0.5 0.25
ST-17 >32 >4/76 >4 32 8 0.5 0.5
ST-18 >32 >4/76 >4 >4 8 0.5 0.5
ST-19 >32 >4/76 >4 >4 4 0.25 0.5
ST-20 >32 >4/76 >4 >4 8 0.5 0.5

AMP Ampicillin, SXT Co-trimoxazole, CIP Ciprofloxacin, CRO Ceftriaxone, AZM Azithromycin, IPM Imipenem, MEM Meropenem
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Table 3 Molecular confirmation of resistance genes in XDR S. Typhi
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Fig. 1 The zones of inhibition (mm) of honey against XDR S. Typhi using the agar well diffusion assay. The figure illustrates the variable zones of

inhibition of (a) beri, (b) neem, (c) sidr, (d) orange and (e) mustard honey. The arrows indicate examples of inhibition zones

isolates at a low concentration of 6.25%, 9/20 (45%)
isolates at 12.5%, and 7/20 (35%) isolates at 25%. Neem
honey killed 3/20 (15%) isolates at a concentration of
6.25%, 7/20 (35%) isolates at 12.5%, and 4/20 (20%) iso-
lates at 25%. Sidr honey killed 2/20 (10%) isolates at a
concentration of 6.25%, 10/20 (50%) isolates at 12.5%,
and 4/20 (20%) isolates at 25%. Orange honey also
killed 2/20 (10%) XDR S. Typhi isolates at a concentra-
tion of 6.25%, 10/20 (50%) isolates at 12.5%, and 6/20
(30%) isolates at 25%. Mustard honey killed 4/20 (20%)
XDR S. Typhi isolates at a concentration of 12.5%, 6/20
(30%) isolates at 12.5%, and 6/20 (30%) isolates at 25%
(Table 5 and Fig. 3).

Discussion

The emergence of XDR S. Typhi is a serious global pub-
lic health issue, particularly in developing countries in
Africa and Asia. These pathogens only cause human
infections and are also related to systemic infections,
especially in vulnerable individuals [26]. In this study,
all isolates of S. Typhi were identified from blood cul-
ture samples obtained from children under 5 years of
age. These patients had sepsis with high-grade fever
and high pulse and heart rates. Nearly similar results
were obtained in an earlier study on sepsis in children in
Lahore, Pakistan, which reported an S. Typhi prevalence
of 10% among children suspected of septicemia [12].
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Table 4 Antibacterial activity (zone of inhibition; mm) of five indigenous honeys against XDR S. Typhi

(2023) 23:42
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XDR S. Typhi isolates  Beri honey Neem honey Sidr honey Orange honey Mustard honey
ST-1 10£20 1M£23 8+20 6£20 5+19
ST-2 14£2.7 1023 8+19 10£27 6124
ST-3 15£20 9+13 8£1.9 624 624
ST-4 9+13 12421 717 5£19 5£19
ST-5 14+£20 1022 12+£1.0 9425 6422
ST-6 8+16 7£19 8+17 7+24 5420
ST-7 12+£12 1021 12+22 7£23 5420
ST-8 10£1.7 6£23 9+£22 7£20 5£20
ST-9 7£2.1 10£24 10£1.9 7E£1.7 717
ST-10 8+2.1 7£22 8420 8421 7£19
ST-11 13+20 1M£23 1M£20 8+20 5+18
ST-12 12+£27 9423 9419 8427 54+18
ST-13 10£20 9+£22 7£19 8424 7£20
ST-14 9+13 12421 717 9+£19 6£19
ST-15 9+13 8£22 11£1.0 8£25 5£15
ST-16 10+16 8+19 7E£17 8124 6+19
ST-17 12£12 10£2.1 12+22 9423 5£25
ST-18 10£1.7 7£23 4422 8420 6+18
ST-19 7421 7+£24 10+1.9 6+£24 5+17
ST-20 1M£21 8+22 3£20 7£2.1 6£20

Table 5 Minimum inhibitory concentrations (MICs) and minimum bactericidal concentrations (MBCs) (v/v%) of indigenous honeys
against XDR S. Typhi isolates

XDR S. Typhi Beri honey Neem honey Sidr honey Orange honey Mustard honey
isolates

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC
ST-1 12.5 25 25 50 6.25 125 125 25 25 50
ST-2 125 25 25 50 25 50 6.25 125 125 25
ST-3 6.25 125 125 25 6.25 125 6.25 125 25 50
ST-4 125 25 6.25 12.5 6.25 125 3.125 6.25 6.25 125
ST-5 3.125 6.25 6.25 125 125 25 6.25 125 6.25 125
ST-6 6.25 125 25 50 6.25 125 6.25 12.5 25 50
ST-7 3.125 6.25 25 50 3.125 6.25 125 25 6.25 12.5
ST-8 6.25 125 6.25 125 6.25 125 125 25 125 25
ST-9 6.25 125 3.125 6.25 6.25 125 6.25 125 25 50
ST-10 125 25 125 25 25 50 6.25 12.5 12.5 25
ST-11 125 25 25 50 25 50 6.25 125 25 50
ST-12 125 25 125 25 25 50 125 25 25 50
ST-13 25 50 125 25 3.125 6.25 6.25 125 25 50
ST-14 6.25 125 6.25 125 125 25 25 50 125 25
ST-15 6.25 12.5 6.25 12.5 6.25 12.5 25 50 25 50
ST-16 3.125 6.25 6.25 125 6.25 125 6.25 125 125 25
ST-17 6.25 125 25 50 12.5 25 125 25 6.25 125
ST-18 125 25 6.25 125 6.25 125 3.125 6.25 25 50
ST-19 6.25 12.5 3.125 6.25 6.25 125 12.5 25 12.5 25
ST-20 6.25 125 3.125 6.25 125 25 6.25 125 25 50
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Fig. 2 The microtitration plates show different concentrations of honey used against XDR S. Typhi isolates. a The plate shows the minimum

b) 50 25 12.5 6.25 3.125 1.56 0.78 0.39 0.1950.0975 -ve +ve

inhibitory concentration (MIC) of beri honey at different serial dilutions against XDR S. Typhi in wells 1 to 10, positive control in well 11, and negative
control in well 12. b MIC of neem honey at different serial dilutions against XDR S. Typhi from wells 1 to 10, negative control in well 11, and positive

control in well 12

Fig. 3 Determination of minimum bactericidal concentration using agar plating at different concentrations (a) 50%; (b) 25%; (c) 12.5; (d) 6.25% of

honey

Antimicrobial resistance is a serious global problem,
and 10 million people may die by 2050 if it is left unad-
dressed [27]. S. Typhi has progressively become MDR
and XDR to several classes of antibiotics, including to
antibiotics in the first, second, and third generations [11,
28]. All S. Typhi isolates in this study were confirmed as
XDR S. Typhi with resistance to ampicillin, quinolones,
fluoroquinolones, and third-generation cephalosporin
and sensitivity to only azithromycin and carbapenems.
Likewise, in the first identified case of XDR S. Typhi, the
isolate was resistant to third-generation cephalosporin
and sensitive to only azithromycin and carbapenem [6].
Several studies have documented the spread of MDR and
XDR S. Typhi pathogens in Pakistan and other parts of
the world with a travel history to Pakistan [7, 13—-15, 29].
MDR and XDR S. Typhi are resistant to several antibiotic
classes due to the acquisition of ARGs, including sull,

qnrs, gyrA, gyrB, and blacry 5 It is widely known that
the plasmid-mediated blacryxy.15 gene, which has been
transmitted to S. Typhi from other Enterobacterales,
makes S. Typhi XDR [30]. The presence of MDR and
XDR pathogens is primarily due to the overuse of antibi-
otics. Azithromycin is one of the drugs excessively used
during the COVID-19 pandemic globally [31-33], and
the emergence of S. Typhi resistant to azithromycin has
been reported in different parts of the world [9, 34].

The emergence of antimicrobial resistance throughout
the world, in combination with the increasing unavaila-
bility of active antimicrobial agents against MDR isolates,
necessitates the development of alternative antibiotic
strategies. Several molecules and natural extracts have
been studied for their potential as new therapeutic weap-
ons in the fight against antibiotic resistance. The essen-
tial oil of propolis diminishes the biomass of the biofilm
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and destroys its structural integrity, thereby impairing
cell viability [35]. It has been demonstrated in labora-
tory experiments that Juniperus extracts have antibacte-
rial and antifungal properties [36]. It has been found that
essential oils significantly inhibit the formation of bio-
films on food surfaces [37]. Many natural products with
antimicrobial properties, particularly honey, are being
studied for potential topical application due to the need
for more effective therapeutic approaches [38]. Numer-
ous studies conducted on honey, including manuka
honey, have established its antibacterial nature against
Gram-positive and Gram-negative resistant pathogens
[25, 39, 40]. Interestingly, microorganisms are incapa-
ble of developing resistance to honey, in contrast to the
widespread resistance to synthetic antibiotics. The chem-
ical composition of honey is an important attribute that
may account for its antimicrobial nature. In general, all
honeys demonstrate antioxidant activity against patho-
gens as well as polyphenols, flavonoids, and vitamin C
[19, 41]. However, research from Turkey, the United
States, and Iran indicates that the stability of honey
compounds, such as antioxidant capacity and phenolics,
may change over time [42—-44]. Our results showed that
beri honey has a large zone of inhibition against XDR S.
Typhi isolates, followed by neem honey and sidr honey.
At the same time, the lowest activity was noted in mus-
tard honey. No information is available to date on the
antibacterial activity of Pakistani honey against XDR S.
Typhi pathogens. However, a previous study conducted
in Lahore on the antimicrobial properties of beri honey
against MDR S. Typhi showed significant antibacterial
activity (11-15%) [21]. Recently, a study from Saudi Ara-
bia also reported that different honey samples showed
zones of inhibition ranging from 19 to 25 mm against S.
Typhi isolates. As a topical agent, manuka honey can be
used effectively to treat conditions such as atopic der-
matitis, blepharitis, rhinosinusitis, and cutaneous ulcers
[45]. In a clinical trial in Pakistan, beri honey progres-
sively reduced the bacterial load and effectively healed
wounds [46]. In another study, manuka honey showed a
zone of inhibition of 7.4 mm against NDM-1-producing
Gram-negative blood isolates [47]. We found that beri
and neem honeys inhibited and killed some S. Typhi iso-
lates at concentrations of 3.125 and 6.25%, respectively.
In an Indian study, Apis indica honey showed bacteri-
cidal activity at a concentration of 3% (v/v) against S.
Typhi [48]. In a Pakistani study, manuka honey inhibited
and killed the NDM-1 producing Klebsiella pneumo-
niae at a concentration of 30% v/v [25]. A recent study
from the USA reported an MIC range of 21-27% for
manuka honey against the Enterobacterales [49]. Previ-
ously published data suggested that cinnamaldehyde,
carvacrol, and honey inhibit the expression of exoS and
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ampC antibiotic resistance genes in MDR P. aeruginosa.
Additionally, cinnamaldehyde inhibits pathogenic bacte-
rial growth by disrupting electron transport chains. The
beneficial properties of these compounds can make them
effective agents for overcoming antibiotic resistance [50].
Additionally, honey contains secondary metabolites such
as phenolic compounds, which may contribute to its anti-
bacterial properties. These include syringic acid, which
stresses cell membranes; p-coumaric inhibits binding
to bacterial DNA; apigenin, chrysin, kaempferol, and
galangin, which inhibit the synthesis of bacterial pepti-
doglycans and ribosomes [51]. The antibacterial activ-
ity of honey is influenced mainly by its physiochemical
parameters, such as an acidic pH and osmotic pressure,
which are the primary factors responsible for its antibac-
terial properties. However, other factors are also strongly
linked to the antibacterial capabilities of honey, such as
its hydrogen peroxide content and other non-corrosive
components, such as methylglyoxal, the antimicrobial
peptide bee defensin-1, polyphenols, and other com-
pounds from bees [52]. In the developing world, honey
can be one of the best remedies for skin and stomach
pathogens such as S. aureus, E. coli, and S. Typhi. It is
readily available at low prices. Our study demonstrates
the value of indigenous honeys as antimicrobial agents
and the need for further investigations of other types of
honey against a variety of antimicrobial-resistant patho-
gens. Due to time and resource constraints, the study had
some limitations, including the lack of ability to detect
the stability of each honey, and the inability to determine
the contents of local honey by high-performance liquid
chromatography (HPLC).

Conclusion

We report isolates of XDR S. Typhi resistant to ampicil-
lin, ciprofloxacin, and ceftriaxone, with high MICs, and
sensitive only to azithromycin and carbapenems. Com-
pared to other native honeys, beri (Ziziphus mauritiana)
honey and neem (Azadirachta indica) honey show a
potential antibacterial effect, with low MICs and MBCs,
against XDR S. Typhi isolates carrying pitB, blacry p.15
blatpy., qnrS, qnrA, gqnrB, and Sull genes. As antimi-
crobial-resistant pathogens are rising, natural remedies
for treating various bacterial infections may offer the
most promising solutions after in vitro and in vivo clini-
cal trials are conducted to demonstrate their efficacy. The
spread of XDR S. Typhi pathogens poses a risk due to
the possibility that drug-resistance genes may be passed
between S. Typhi and other strains of bacteria, result-
ing in highly drug-resistant pathogens. It is possible to
prevent the spread of XDR S. Typhi by improving hand
hygiene and the safety of drinking water and food and
vaccination.
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e Ciprofloxacin

CRO Ceftriaxone
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IPM Imipenem

MEM Meropenem

Acknowledgements
Not applicable.

Authors’ contributions

HE, MS, MUQ and KJ conceptualized and optimized the work. HE, MUQ,
MS, NR, AA, MWA and SNAB performed experiments. BBZM, YA and SY
performed analysis and interpreted the data. MS, KJ, AA, MWA, BBZM and
YA drafted the original manuscript. HE, MUQ, SNAB and SY performed
editing of the manuscript. All authors read and approved the final
manuscript.

Funding
This research received no external funding.

Availability of data and materials
All the data supporting the findings are presented in the manuscript.

Declarations

Ethics approval and consent to participate

The study was ethically approved by the Ethical Review Committee (ERC)
of the Government College University Faisalabad, Pakistan, and conducted
in accordance with the World Medical Association’s Declaration of Helsinki.
Informed consent was obtained from a parent or legal guardian before col-
lecting a blood sample.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

"Department of Clinical Laboratory Sciences, College of Applied Medical
Sciences, Jouf University, Sakaka 72388, Saudi Arabia. 2Institute of Microbiol-
ogy, Faculty of Life Sciences, Government College University Faisalabad,
Faisalabad 38000, Pakistan. >School of Biological and Behavioural Sciences,
Queen Mary University of London, London E1 4NS, UK. *Department of Chem-
istry, Government College University Faisalabad, Faisalabad 38000, Pakistan.
*Department of Clinical Laboratory Sciences, College of Applied Medical
Sciences, Shagra University, Shagra 15273, Saudi Arabia. 6Departmem of Clini-
cal Laboratory Sciences, College of Applied Medical Sciences, Jouf University,
Qurayyat 75911, Saudi Arabia. Department of Pharmaceutical Chemistry,
College of Pharmacy, Jouf University, Sakaka 72388, Al Jouf, Saudi Arabia.
8School of Public Health, LKS Faculty of Medicine, HKU-Pasteur Research Pole,
The University of Hong Kong, Hong Kong, China.

Received: 24 October 2022 Accepted: 31 January 2023
Published online: 08 February 2023

Page 9 of 10

References

1.

2.

20.

21

Crump JA. Progress in typhoid fever epidemiology. Clin Infect Dis.
2019;68(1):54-9.

WHO. Typhoid. World Health Organization (WHO). https://www.who.int/
news-room/fact-sheets/detail/typhoid. 2018. Accessed 24 Oct 2022.
Bhutta ZA, Gaffey MF, Crump JA, Steele D, Breiman RF, Mintz ED, et al.
Typhoid fever: way forward. Am J Trop Med Hyg. 2018;99(3):89-96.
Fatima M, Kumar S, Hussain M, Memon NM, Vighio A, Syed MA, et al. Mor-
bidity and mortality associated with typhoid fever among hospitalized
patients in Hyderabad District, Pakistan, 2017-2018: retrospective record
review. JMIR Public Health Surveill. 2021;7(5): e27268.

Saha SK, Talukder SY, Islam M, Saha S. A highly ceftriaxone-resistant
Salmonella typhi in Bangladesh. Pediatr Infect Dis J. 1999;18(4):387.
Klemm EJ, Shakoor S, Page AJ, Qamar FN, Judge K, Saeed DK, et al. Emer-
gence of an extensively drug-resistant salmonella enterica Serovar Typhi
clone harboring a promiscuous plasmid encoding resistance to fluoro-
quinolones and third-generation Cephalosporins. mBio. 2018;9(1):e00105.
Zakir M, Khan M, Umar MI, Murtaza G, Ashraf M, Shamim S. Emerging
Trends of Multidrug-Resistant (MDR) and Extensively Drug-Resistant
(XDR) Salmonella Typhi in a Tertiary Care Hospital of Lahore, Pakistan.
Microorganisms. 2021;9(12):2484.

Ahsan S, Rahman S. Azithromycin resistance in clinical isolates of Salmo-
nella enterica Serovars Typhi and Paratyphi in Bangladesh. Microb Drug
Resist. 2019;25(1):8-13.

Duy PT, Dongol S, Giri A, Nguyen To NT, Dan Thanh HN, Nhu Quynh NP,
et al. The emergence of azithromycin-resistant Salmonella Typhi in Nepal.
JAC Antimicrob Resist. 2020;2(4):dlaa109.

. Carey ME, Jain R, Yousuf M, Maes M, Dyson ZA, Thu TNH, et al. Spontane-

ous emergence of azithromycin resistance in independent lineages of
Salmonella Typhi in Northern India. Clin Infect Dis. 2021,72(5):e120-7.

. Kim C, Latif |, Neupane DP, Lee GY, Kwon RS, Batool A, et al. The molecular

basis of extensively drug-resistant Salmonella Typhi isolates from pediat-
ric septicemia patients. PLoS ONE. 2021;16(9): e0257744.

. Qamar MU, Ambreen A, Batool A, Rasool MH, Shafique M, Khan A, et al.

Molecular detection of extensively drug-resistant Salmonella Typhi and
carbapenem-resistant pathogens in pediatric septicemia patients in
Pakistan - a public health concern. Future Microbiol. 2021;16:731-9.

. Chatham-Stephens K, Medalla F, Hughes M, Appiah GD, Aubert RD, Caidi

H, et al. Emergence of extensively drug-resistant Salmonella Typhi infec-
tions among travelers to or from Pakistan—United States, 2016-2018.
MMWR Morb Mortal Wkly Rep. 2019;68(1):11.

. Godbole GS, Day MR, Murthy S, Chattaway MA, Nair S. First report of CTX-

M-15 Salmonella Typhi from England. Clin Infect Dis. 2018;66(12):1976~7.

. Ingle DJ, Andersson P, Valcanis M, Wilmot M, Easton M, Lane C, et al.

Genomic epidemiology and antimicrobial resistance mechanisms
of imported typhoid in Australia. Antimicrob Agents Chemother.
2021,65(12):01200-e1221.

. Engsbro AL, Jespersen HSR, Goldschmidt MI, Mollerup S, Worning P, Ped-

ersen MS, et al. Ceftriaxone-resistant Salmonella enterica serotype Typhi
in a pregnant traveller returning from Karachi, Pakistan to Denmark, 2019.
Eurosurveillance. 2019;24(21):1900289.

. Wong W, Rawahi HA, Patel S, Yau Y, Eshaghi A, Zittermann S, et al. The first

Canadian pediatric case of extensively drug-resistant Salmonella Typhi
originating from an outbreak in Pakistan and its implication for empiric
antimicrobial choices. IDCases. 2019;15: €00492.

. Tacconelli E, Carrara E, Savoldi A, Harbarth S, Mendelson M, Monnet DL,

et al. Discovery, research, and development of new antibiotics: the WHO
priority list of antibiotic-resistant bacteria and tuberculosis. Lancet Infect
Dis. 2018;18(3):318-27.

. Nolan VC, Harrison J, Cox JAG. Dissecting the antimicrobial composition

of honey. Antibiotics. 2019;8(4):251.

da Silva PM, Gonzaga LV, Biluca FC, Schulz M, Vitali L, Micke GA, et al.
Stability of Brazilian Apis mellifera L. honey during prolonged storage:
physicochemical parameters and bioactive compounds. LWT Food Sci
Technol. 2020;129:109521.

Hussain MB, Hannan A, Akhtar N, Fayyaz GQ, Imran M, Saleem S, et al.
Evaluation of the antibacterial activity of selected Pakistani honeys
against multi-drug resistant Salmonella typhi. BMC Complement Altern
Med. 2015;15(1):32.


https://www.who.int/news-room/fact-sheets/detail/typhoid
https://www.who.int/news-room/fact-sheets/detail/typhoid

Ejaz et al. BMC Complementary Medicine and Therapies

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

(2023) 23:42

CLSI. Performance standards for antimicrobial susceptibility testing. 32nd
ed. Wayne, PA USA: Clinical and Laboratory Standard Institute (CLSI); 2022.
Ejaz H, Alzahrani B, Hamad MFS, Abosalif KOA, Junaid K, Abdalla AE, et al.
Molecular analysis of the antibiotic resistant NDM-1 gene in clinical
isolates of Enterobacteriaceae. Clin Lab. 2020;66(3):409-17.

Ejaz H, Younas S, Abosalif KOA, Junaid K, Alzahrani B, Alsrhani A, et al.
Molecular analysis of blaSHV, blaTEM, and blaCTX-M in extended-spec-
trum B-lactamase producing Enterobacteriaceae recovered from fecal
specimens of animals. PLoS ONE. 2021;16(1): e0245126.

Qamar MU, Saleem S, Toleman MA, Sagalein M, Waseem M, Nisar MA,

et al. In vitro and in vivo activity of Manuka honey against NDM-1-pro-
ducing Klebsiella pneumoniae ST11. Future Microbiol. 2018;13(1):13-26.
Qamar FN, Yousafzai MT, Dehraj IF, Shakoor S, Irfan S, Hotwani A, et al.
Antimicrobial Resistance in Typhoidal Salmonella: Surveillance for
Enteric Fever in Asia Project, 2016-2019. Clin Infect Dis. 2020;71(Suppl
3):5276-84.

O'Neill J. Review on Antimicrobial Resistance. UK Government and Well-
come Trust. https://www.who.int/news-room/fact-sheets/detail/typhoid.
2016. Accessed 24 Oct 2022.

Dyson ZA, Klemm EJ, Palmer S, Dougan G. Antibiotic Resistance and
Typhoid. Clin Infect Dis. 2019;68(Suppl 2):5165-70.

Butt MH, Saleem A, Javed SO, Ullah |, Rehman MU, Islam N, et al. Rising
XDR-typhoid fever cases in Pakistan: are we heading back to the pre-
antibiotic era? Front Public Health. 2022;9:794868.

Jacob JJ, Pragasam AK, Vasudevan K, Veeraraghavan B, Kang G,

John J, et al. Salmonella Typhi acquires diverse plasmids from other
Enterobacteriaceae to develop cephalosporin resistance. Genomics.
2021;113(4):2171-6.

Butler CC, Dorward J, Yu L-M, Gbinigie O, Hayward G, Saville BR, et al.
Azithromycin for community treatment of suspected COVID-19 in people
at increased risk of an adverse clinical course in the UK (PRINCIPLE):

a randomised, controlled, open-label, adaptive platform trial. Lancet.
2021,397(10279):1063-74.

Shaikh H. Excessive Use of Azithromycin in Pakistan amidst the Covid
pandemic. J Pak Med Assoc. 2021;71(10):2489.

Bogdani¢ N, Mocibob L, Vidovi¢ T, Soldo A, Begovac J. Azithromycin
consumption during the COVID-19 pandemic in Croatia, 2020. PLoS ONE.
2022;17(2): e0263437.

Igbal J, Dehraj IF, Carey ME, Dyson ZA, Garrett D, Seidman JC, et al. A race
against time: reduced azithromycin susceptibility in Salmonella enterica
Serovar Typhi in Pakistan. mSphere. 2020;5(4):e00215-20.

Yuan J, Yuan W, Guo Y, Wu Q, Wang F, Xuan H. Anti-Biofilm Activities of
Chinese Poplar Propolis Essential Oil against Streptococcus mutans.
Nutrients. 2022;14(16):3290.

Spengler G, Gajdacs M, Donadu MG, Usai M, Marchetti M, Ferrari M, et al.
Evaluation of the antimicrobial and Antivirulent potential of essential
oils isolated from Juniperus oxycedrus L. ssp. macrocarpa aerial parts.
Microorganisms. 2022;10(4):758.

Rossi C, Chaves-Lépez C, Serio A, Casaccia M, Maggio F, Paparella A.
Effectiveness and mechanisms of essential oils for biofilm control

on food-contact surfaces: an updated review. Crit Rev Food Sci Nutr.
2022,62(8):2172-91.

Vaou N, Stavropoulou E, Voidarou C, Tsigalou C, Bezirtzoglou E. Towards
advances in medicinal plant antimicrobial activity: a review study on
challenges and future perspectives. Microorganisms. 2021;9(10):2041.
Green KJ, Lawag IL, Locher C, Hammer KA. Correlation of the antibacte-
rial activity of commercial manuka and Leptospermum honeys from
Australia and New Zealand with methylglyoxal content and other phys-
icochemical characteristics. PLoS ONE. 2022;17(7): €0272376.

Mandal MD, Mandal S. Honey: its medicinal property and antibacterial
activity. Asian Pac J Trop Biomed. 2011;1(2):154-60.

Combarros-Fuertes P, Fresno JM, Estevinho MM, Sousa-Pimenta M, Tor-
nadijo ME, Estevinho LM. Honey: another alternative in the fight against
antibiotic-resistant bacteria? Antibiotics (Basel). 2020;9(11):774.
Aljuhaimi F, Ozcan MM, Ghafoor K, Babiker EE. Determination of physico-
chemical properties of multifloral honeys stored in different containers. J
Food Process Preserv. 2018;42(1): e13379.

Wang X, Gheldof N, Engeseth N. Effect of processing and storage on
antioxidant capacity of honey. Food Chem Toxicol. 2004,69(2):fct96-101.

45.

46.

47.

48.

49.

50.

Page 10 of 10

Zarei M, Fazlara A, Alijani N. Evaluation of the changes in physicochemical
and antioxidant properties of honey during storage. Funct Foods Health
Dis. 2019;9(9):593-605.

Wadi MA. In vitro antibacterial activity of different honey samples against
clinical isolates. Biomed Res Int. 2022;2022:1560050.

Yousaf |, Ishaq I, Hussain MB, Inaam S, Saleem S, Qamar MU. Antibacte-
rial activity of Pakistani Beri honey compared with silver sulfadiazine on
infected wounds: a clinical trial. J Wound Care. 2019;28(5):291-6.

Qamar MU, Saleem S, Arshad U, Rasheed MF, Ejaz H, Shahzad N, et al.
Antibacterial efficacy of Manuka honey against New Delhi Metallo-
B-Lactamase producing gram negative bacteria isolated from blood
cultures. Paki J Zool. 2017;49(6):1937-2341.

Mandal S, DebMandal M, Pal NK, Saha K. Antibacterial activity of

honey against clinical isolates of Escherichia coli, Pseudomonas aer-
uginosa and Salmonella enterica serovar Typhi. Asian Pac J Trop Med.
2010;3(12):961-4.

Girma A, Seo W, She RC. Antibacterial activity of varying UMF-graded
Manuka honeys. PLoS ONE. 2019;14(10): e0224495.

Mohammadzamani Z, Khorshidi A, Khaledi A, Shakerimoghaddam

A, Moosavi GA, Piroozmand A. Inhibitory effects of Cinnamaldehyde,
Carvacrol, and honey on the expression of exoS and ampC genes in
multidrug-resistant Pseudomonas aeruginosa isolated from burn wound
infections. Microb Pathog. 2020;140: 103946.

51. Almasaudi S. The antibacterial activities of honey. Saudi J Biol Sci.
2021;28(4):2188-96.

52. Scepankova H, Saraiva JA, Estevinho LM. Honey health benefits and uses
in medicine. In: Bee products-Chemical and biological properties. New
York City: Springer International Publishing; 2017. p. 83-96.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://www.who.int/news-room/fact-sheets/detail/typhoid

	Antibacterial efficacy of indigenous Pakistani honey against extensively drug-resistant clinical isolates of Salmonella enterica serovar Typhi: an alternative option to combat antimicrobial resistance
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Materials and methods
	Study design and setting
	Collection of samples
	Isolate confirmation
	Minimum inhibitory concentrations of antibiotics against S. Typhi
	Molecular identification of XDR S. Typhi genes
	Collection of indigenous honeys
	Agar well diffusion assay of honeys
	Determination of minimum inhibitory concentration of honeys
	Determination of minimum bactericidal concentration of honeys

	Results
	Antimicrobial susceptibility of XDR S. Typhi
	Molecular confirmation of XDR S. Typhi
	Agar well diffusion assay for XDR S. Typhi
	MICs of indigenous honeys against XDR S. Typhi isolates
	MBC of indigenous honey against XDR S. Typhi

	Discussion
	Conclusion
	Acknowledgements
	References


