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resistance indices of Listeria spp. from bovine milk, dairy 
products, and clinical samples around Junagadh, Gujarat, India.

Mat e r i a l s a n d Me t h o d s

A total of 350 samples were obtained from dairy farms, 
retailers, and vendors who were chosen randomly. These 

In t r o d u c t i o n

Foodborne infections remain a major public health 
challenge worldwide, with Listeria monocytogenes as a 

highly virulent foodborne pathogen with a human case 
fatality rate of 20-30% (Choi et al., 2018). Alongside L. ivanovii, 
it is one of only two pathogenic species, with the former 
affecting both humans and animals. Its persistence in the 
food chain is due to stress tolerance, growth at refrigeration 
temperatures, and biofilm formation, making eradication 
from food-processing environments difficult (Byun et al., 
2022). Contamination occurs in meat, fish, dairy, vegetables, 
and ready-to-eat foods, with transmission mainly via 
ingestion (Wang et al., 2021). In humans, listeriosis causes 
septicaemia, meningitis, or gastroenteritis (Maurella et al., 
2018), while in animals it leads to encephalitis, septicaemia, 
abortion, and mastitis most notably “circling disease” in 
ruminants (Esposito et al., 2021).

The therapeutic management of listeriosis relies on 
antibiotics with gentamicin in combination with beta-lactams 
such as ampicillin or penicillin, but reports of antimicrobial 
resistance (AMR) in L. monocytogenes have been rising since 
the first cases in 1988 (Wu et al., 2021). Resistance to clinically 
important antibiotics, including multidrug resistance, 
threatens both human and veterinary health (Mpundu et al., 
2021). This underscores the need for continuous monitoring of 
resistant strains to protect food safety and therapeutic efficacy. 
The present study investigated the prevalence and multidrug 
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Ab s t r ac t
The antibiotic resistance profiles of 18 Listeria spp. (5.14%) obtained from a total of 350 (100 bovine milk, 100 milk products and 150 
animal clinical) samples were evaluated using the agar disc diffusion method against 14 commonly used antibiotics in human and 
veterinary medicine. All 18 Listeria isolates exhibited varying levels of resistance to the tested antibiotics. Notably, resistance observed 
in all isolates (100%) against ampicillin, amoxyclav and oxacillin is particularly alarming, as ampicillin remains the primary drug of choice 
for L. monocytogenes infections, suggesting the potential emergence of multi-drug resistant (MDR) strains. Additionally, 77.77% of the 
isolates (14 out of 18) showed resistance to chloramphenicol and cefepime, while 55.55% (10 isolates) were resistant to gentamicin, which 
further underscores the reduced efficacy of commonly used antibiotics. The isolates showing resistance to three or more antibiotics 
were evaluated for the multiple antibiotic-resistant phenotypes (MARPs) and multiple antibiotic resistance (MAR) index. Thirteen L. 
monocytogenes isolates exhibited 12 MARP patterns with sistance to 7-13 antibiotics (MAR index: 0.50-0.92), while five other Listeria spp.  
(2 L. innocua, 0.57%; 3 L. seeligeri, 0.85%) showed 5 patterns resistant to 8-13 antibiotics with MAR index 0.35-0.71, suggesting urgent need 
for stringent monitoring, judicious antibiotic use, and improved food safety measures to prevent the spread of resistant Listeria strains.
Key words: Bovine milk, Listeria monocytogens, MDR strains, Multiple antibiotic resistance (MAR) index, MAR phenotypes. 
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included 100 bovine milk samples (50 each cattle & buffalo), 
25 samples each of cheese, ice cream, curd, and fruit salad. 
Besides these, 50 each mastitic milk, fecal sample, and vaginal 
swab samples were obtained from unorganized dairy farms 
in and around Junagadh city and Veterinary Clinical Complex 
of Veterinary College, Junagadh (Gujarat, India). All samples 
were taken under standard microbiological conditions using 
properly labelled with date, location, and other details in 
sterile sample-collecting containers. The samples were 
then transported to the laboratory for microbiological 
examination and stored within a chillier thermoflask. 

Isolation/Identification of Listeria spp. and In Vitro 
Antimicrobial Susceptibility Profile
This research employed the protocol developed by 
Barbuddhe et al. (2014), which was based on the USDA-FSIS 
method with specific modifications to maximize the process, 
to recover Listeria spp. from a range of samples.

Disc diffusion method of Bauer et al. (1966) was followed 
to determine the antibiotic susceptibility of Listeria isolates 
using 14 different commonly used antibiotics. According to 
the manufacturer’s guidelines, the diameter of the zone of 
inhibition around each disc was measured to determine each 
isolate’s sensitivity or resistance pattern.

Assessing Multiple Antibiotic Resistance Phenotypes 
and MAR index 
Listeria spp. isolates that were resistant to three or more 
antibiotics were screened for multiple antibiotic-resistant 
phenotypes (MARPs) by the method of Iwu and Okoh (2020). 
The multiple antibiotic resistance (MAR) index of the isolates 
was calculated using the formula: MAR index = a/b, where “a” 
represents the number of antibiotics to which the isolate is 
resistant, and “b” represents the total number of antibiotics 
tested (Krumpermans, 1983).

Re s u lts a n d Di s c u s s i o n

Prevalence of Listeria spp.
Eighteen out of 350 (5.14%) samples, ranging from milk, 
milk products, and clinical specimens, were positive for 
various Listeria species. Among these, two samples (0.57%) 
represented L. innocua, three samples (0.85%) represented 
L. seeligeri, and thirteen samples (3.71%) represented L. 
monocytogenes (Table 1).

Overall prevalence of Listeria spp. in the present study 
(5.14%) was in good confirmity with the findings (6.56% and 
6.75%) of Sarangi et al. (2009) and Hassen et al. (2025), while 
other studies (Jamali et al., 2015) reported much higher rates 
of prevalence (32.5%). Conversely, prevalence was 2.7% 
observed by Suryawanshi et al. (2023). 

The 6.0% occurrence of L. monocytogenes in raw milk 
found was consistent with report of Biswas et al. (2018). 
Kayode and Okoh (2022) documented 40% occurrence 
rates of L. monocytogenes. Contrarily, Suryawanshi et al. 
(2023), and Hassen et al. (2025) found L. monocytogenes with 
the prevalence of 1.14% and 5.8%, pointing towards the 
heterogeneity of Listeria contamination in various studies.

The prevalence of 2% for L. innocua in raw milk found in 
this study concurred with other studies (Sarangi et al., 2009), 
while higher prevalence rate 12.7% was found by Tahoun et 
al. (2017). Conversely, Hassen et al. (2025) reported a quite 
low prevalence of 0.9%. The occurrence of 2.0% L. seeligeri 
noted in raw milk was higher than 0.1% and 1.04% recorded 
by Borena et al. (2022) and Hassen et al. (2025).

Antibiogram Profile of the Listeria Isolates
All 18 of the Listeria isolates in this study exhibited different 
levels of resistance to antibiotics (Table 2). As ampicillin 
remains the preferred drug of choice for treatment of 
infections due to L. monocytogenes, the observation that all 
isolates (100%) were resistant to ampicillin, amoxyclav, and 
oxacillin is particularly alarming and creates the likelihood of 
the development of multi-drug resistant (MDR) strains. The 
presence of 55.55% (10/18 isolates) resistant to gentamicin 
and 77.77% (14/18) to cefepime and chloramphenicol 
further confers the reduced efficacy of the widely used 
antibiotics. 27.77% (5/18) of the isolates exhibited resistance 
to ciprofloxacin, linezolid, and clindamycin. Also, Table 
2 indicates that 4 isolates (22.22%) were tetracycline-
resistant, 3 isolates (16.66%) were erythromycin-resistant, 
and 2 isolates (11.11%) were rifampicin-resistant. These 
results indicate varying degrees of acquired resistance 
mechanisms among the Listeria isolates, which can be 
influenced by the inappropriate use of antibiotics in 
clinical settings, food production, or agriculture. These 
findings suggest the necessity for persistent monitoring, 
antimicrobial stewardship, and other treatment strategies 
for the prevention of drug-resistant Listeria infections and 

Table 1: Prevalence of Listeria spp. from milk, milk products, and clinical bovine specimens

Type of sample Sample
analyzed

Positive
samples

Positive sample for Listeria spp. (%)
Overall prevalence

L. monocytogenes L. innocua L. seeligeri

Bovine milk 100 10 (10%) 6 (6.0%) 2 (2.0%) 2 (2.0%)

5.14%
Milk products 100 5 (5%) 4 (4.0%) 0 1 (1.0%)

Clinical samples 150 3 (2%) 3 (2.0%) 0 0

Total 350 18 (5.14%) 13 (3.71%)  2 (0.57%) 3 (0.85%)
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public health protection since they align with global reports 
of escalating AMR among Listeria spp.

Most of the Listeria spp. isolates, such as L. monocytogenes, 
showing 100% resistant to ampicillin in this study, concurred 
well with Mohamed et al. (2022), who reported resistance 
of Listeria spp. to ampicillin up to 93%. Swetha et al. (2021) 
reported 100% resistance of Listeria spp. to rifampicin, higher 
than the present study, while Elavarasi et al. (2023) found 
91.7% resistance. In contrast, Aksoy et al. (2018) observed 
complete sensitivity. For chloramphenicol, the 77.77% 
resistance observed here was much higher than 16.66% 
reported by Sonar (2010). 

In this study, Listeria spp. overall showed 55.55% sensitivity 
to erythromycin, lower than 83.33% reported by Sonar 
(2010), but comparable to Jamali et al. (2015) with 16.66% 
resistance. Doxycycline sensitivity of L. monocytogenes 
(100%) was consistent with Warke (2022), who also reported 
100% sensitivity in L. monocytogenes, whereas Abdeen et 
al. (2021) reported higher resistance (64.4%). Gentamicin 
sensitivity of overall Listeria spp. was only 5.55%, markedly 
lower than 52-58% recorded by Sonar (2010) and Jamali et 
al. (2015). Listeria isolates in this study were less sensitive to 
ciprofloxacin than that (83.33%) reported by Sonar (2010), 
though resistance was lower than the several studies 
and comparable to Abdeen et al. (2021) (29.4%). Linezolid 
resistance aligned with Elavarasi et al. (2023) (44%), while 
sensitivity level reported by Malakar et al. (2020) (38.46%) 
was consistent with the present study.

In this study, Listeria isolates in general showed 22.22% 
resistance and 38.88% sensitivity to tetracycline, lower 
than complete sensitivity reported by Warke et al. (2019), 

but within the 25-70% sensitivity range noted by others. 
Resistance rate was reported higher than the Jamali et al. 
(2015) in present study, and clindamycin sensitivity was 
69.23%, that is below 90-100% recorded by Zeinali et al. 
(2017) and Biswas et al. (2018), but higher than that of 41.66% 
recorded by Sonar (2010). Clindamycin resistance (15.38%) 
in this study was lower than 25% noted by Sonar (2010). 
Sensitivity to meropenem was lower than reports of total 
sensitivity by Sambyal et al. (2017) and Shourav et al. (2020). 
No isolates were sensitive to amoxiclav. All isolates were 
resistant to oxacillin, consistent with Borena et al. (2022) 
and Mohamed et al. (2022), but contradicted Shourav et al. 
(2020), who reported full sensitivity. In the current study, out 
of total 18 Listeria isolates majority were L. monocytogenes, 
and therefore the pattern of sensitivity/resistance to different 
antibiotics tested remain same for overall isolates as well  
as L. monocytogenes, whereas the isolates of L. innocua and 
L. seeligeri were only 2 and 3, hence their sensitivity pattern 
was of least significance.

MAR Phenotypes and MAR Index
Tables 3 and 4 list details of the MARPs and MAR indices 
for L. monocytogenes and other Listeria species isolated 
from dairy food, animal clinical specimens, and bovine 
milk, respectively. Thirteen L. monocytogenes strains in 
this study were resistant to 7-13 antibiotics by exhibiting 
12 different MARP patterns. Their MAR indices ranged from 
0.50 to 0.92. The five Listeria spp. isolates had five different 
MARP patterns, with MAR indices between 0.35 and 0.71 
and resistance to 8-13 antibiotics. Isolates of intermediate 
resistance were counted as resistant for MAR index 

Table 2: Sensitivity (S) and resistance (R) pattern of Listeria spp. isolated from milk, milk products, and clinical bovine specimens

Sr. No. Antimicrobial discs

Overall Listeria spp.
(n=18)

L. monocytogenes
(n=13)

     L. innocua
           (n=2)

L. seeligeri
(n=3)

S (%) R (%) S (%) R (%) S (%) R (%) S (%) R (%)

1. Ampicillin (AMP) 0 18 (100) 0 (0) 13 (100) 0 (0 ) 2 (100) 0 (0 ) 3 (100)

2. Rifampicin (RIF) 14 (77.77) 2 (11.11) 11(84.61) 0 (0 ) 1 (50.0) 0 (0 ) 2 (66.66) 1 (33.33)

3. Chloramphenicol (C) 0 14(77.77) 0 (0) 10 (76.92) 0 (0) 2 (100) 0 ( 0) 2 (66.66)

4. Erythromycin (E) 10 (55.55) 3 (16.66) 7 (53.84) 3 (23.07) 1 (50.0) 0 ( 0) 2 (66.66) 0 ( 0)

5. Cefepime (CPM) 0 14 (77.77) 0 (0 ) 10 (76.92) 0 (0) 2 (100) 0 ( 0) 2 (66.66)

6. Doxycycline (DO) 18 (100) 0 13 (100) 0 (0 ) 2 (100) 0 ( 0) 3 (100) 0 ( 0)

7. Gentamicin (GEN) 1 (5.55 ) 10 (55.55) 1 (7.69) 6 (46.15) 0 (0 ) 2 (100) 0 (0 ) 2 (66.66)

8. Ciprofloxacin (CIP) 7 (38.88) 5 (27.77) 5 (38.46) 4 (30.76) 1 (50.0) 0 (0 ) 1 (33.33) 1 (33.33)

9. Linezolid (LZ) 6 (33.33) 5 (27.77) 5 (38.46) 2 (15.38) 0 (0 ) 2 (100) 1 (33.33) 1 (33.33)

10. Tetracycline (TE) 7 (38.88) 4 (22.22) 7 (53.84) 2 (15.38) 0 (0 ) 1 (50) 0 (0 ) 1 (33.33)

11. Clindamycin (CD) 11 (61.11) 5 (27.77) 9 (69.23) 2 (15.38) 1 (50.0) 1 (50) 1 (33.33) 2 (66.66)

12. Meropenem (MRP) 16 (88.88) 0 12 (92.30) 0 (0) 2 (100) 0 (0 ) 2 (66.66) 0 (0 )

13. Amoxyclav (AMC) 0 18 (100) 0 (0 ) 13 (100) 0 (0 ) 2 (100) 0 (0 ) 3 (100)

14. Oxacillin (OX) 0 18 (100) 0 ( 0) 13 (100) 0 (0 ) 2 (100 0 (0 ) 3 (100)
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calculation purposes. As per Maurice et al. (2018), isolates 
from risky settings that involve high antibiotic exposure 
are more likely to possess a MAR index of more than 0.2, 
whereas those from sources involving comparatively lower 
risks and limited antibiotic usage are implied by MAR index 
values below 0.2.

Several studies have reported high MAR indices in L. 
monocytogenes, indicating significant antibiotic exposure. 
Iwu and Okoh (2020) observed MAR indices of 0.2-0.8, 
while Marian et al. (2012) and Wong et al. (2012) found 
values above 0.2 in most isolates, linking them to high-
risk sources. Matyar et al. (2010) reported MAR indices of 
0.23-0.38 in foodborne isolates, with resistance to multiple 
antibiotics. Similarly, Usman et al. (2016) found 88.9% of 
dairy isolates had MAR indices >0.2, some as high as 0.9, 
confirming widespread multidrug resistance in food and 
environmental sources.

The MAR index analysis values above 0.2 indicated high-
risk sources with heavy antibiotic exposure (Krumperman, 
1983). All 18 Listeria isolates in this study had MAR indices 

>0.2, suggesting their origin from environments with 
extensive antibiotic use and supporting the survival of 
multidrug-resistant strains. These findings highlight the 
threat of antibiotic-resistant Listeria in milk, dairy products, 
and animal clinical samples, stressing the need for strict 
antibiotic stewardship and surveillance to prevent their 
spread through the food chain.

Co n c lu s i o n

The findings of current study revealed the prevalence of 
Listeria spp., to the extent of 5.14% (18/350) in bovine milk, 
milk products and clinical samples. The isolation of multidrug-
resistant Listeria spp., particularly L. monocytogenes, 
underscores a significant public health risk. High MAR 
indices observed in all isolates indicate substantial antibiotic 
exposure and classify them as high-risk sources. The findings 
highlight the urgent need for stringent monitoring, judicious 
antibiotic use, and improved food safety measures to prevent 
the spread of resistant Listeria strains.

Table 3: Distribution of MAR phenotypes and MAR index among L. monocytogenes isolates

Source Sample ID Multiple Antibiotic Resistance Phenotypes (MARPs) MAR index

Bovine milk

CM114 AMP, C, CPM, GEN, CIP, LZ, TE, AMC, OX 0.64

CM115 AMP, C, CPM, GEN, CIP, AMC, OX 0.50

CM119 AMP, RIF, C, E, CPM, GEN, AMC, OX 0.57

CM120 AMP, C, E, CPM, CD, AMC, OX 0.50

BM123 AMP, C, CPM, GEN, LZ, TE, CD, AMC, OX 0.64

BM150 AMP, C, E, CPM, GEN, CIP, AMC, OX 0.57

Milk products

CH214 AMP, C, CPM, GEN, CIP, LZ, TE, AMC, OX 0.64

CH220 AMP, C, E, CPM, GEN, CIP, LZ, AMC, OX 0.64

IC228 AMP, C, CPM, GEN, LZ, TE, AMC, OX 0.57

CU283 AMP, RIF, C, E, CPM, GEN, CIP, LZ, TE, CD, MRP, AMC, OX 0.92

Animal
clinical  samples 

F110 AMP, C, CPM, GEN, CIP, CD, AMC, OX 0.57

F112 AMP, C, CPM, GEN, LZ, AMC, OX 0.50

MM307 AMP, C, E, CPM, GEN, CIP, LZ, TE, AMC, OX 0.71

CM= Cow milk, BM=Buffalo milk, CH= Cheese, IC = Ice cream, CU = Curd, F= Faecal sample, MM= Mastitic milk 

Table 4:  Distribution of MAR phenotypes and MAR index among Listeria spp. other than L. monocytogenes

Source Sample ID Multiple Antibiotic Resistance Phenotypes (MARPs) MAR index

Bovine milk

CM202 AMP, C, CM, GEN, LZ, TE, CD, AMC, OX 0.35

BM206 AMP, C, CPM, GEN, LZ, TE, AMC, OX 0.57

BM302 AMP, RIF,C, E, CPM, GEN, CIP, LZ, TE, CD, AMC, OX 0.57

CM304 AMP, RIF, C, E, CPM, GEN, CIP, LZ, TE, CD, MRP, AMC,OX 0.71

Milk products CU317 AMP, C, CPM, GEN, CIP, TE, AMC, OX 0.42

CM= Cow milk, BM=Buffalo milk, CH= Cheese, IC = Ice cream, CU = Curd, F= Faecal sample, MM= Mastitic milk 
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