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Abstract

Aminoglycosides discovered 80 years ago are still the drug of choice for combating a range of infections, including those caused by multiple
drug-resistant (MDR) strains of bacteria. These bactericidal antibiotics are nephrotoxic and ototoxic and often not permitted for therapeutic use
in animals and birds. This study analyzed the comparative in vitro antimicrobial activity of amikacin and gentamicin on 517 isolates of potentially
pathogenic bacteria isolated from environment and food samples (53), reference strains (11) and from clinical samples (453) of defined ailments in
animals (299), humans (85), and birds (69). Gentamicin inhibited 77.37%, and amikacin inhibited 73.11% of the isolates. Of 378 strains of bacteria
susceptible to amikacin 13.76% were resistant to gentamicin, and of the 400 strains susceptible to gentamicin 18.50% were resistant to amikacin.
A significant (p <0.001) correlation between carbapenem resistance and amikacin (r, 0.264) and gentamicin (r, 0.31) resistance was apparent.
Susceptibility to gentamicin and amikacin varied among different bacteria like Alcaligenes spp. (15.38%, and 23.08%), Enterococcus spp. (37.50%,
and 37.50%), Escherichia spp. (27.13%, and 24.03%), Klebsiella spp. (1.58%, and 21.05%), Pantoea agglomerans (24.14%, and 31.03%), Proteus spp.
(28.57%, and 78.57%), Pseudomonas spp. (15.38%, 26.92%), Salmonella enterica ssp. enterica serovars (16.67%, and 16.67%), Staphylococcus spp.
(18.81%, and 24.75%), and Streptococcus spp. (34.69%, and 44.90%), respectively. Source of the bacterial strains also affected the susceptibility
viz.,, 13.33% and 46.67% of E. coli isolates from poultry birds were resistant to gentamicin and amikacin, respectively but none of the E. coli isolated
from infections in pigs was resistant to gentamicin or amikacin. Bacteria associated with eye, gastrointestinal tract and genital tract infections
were more often resistant to amikacin than those associated with otitis and septicaemia. Proteus, Staphylococcus and Streptococcus species strains
showed more resistance to amikacin than to gentamicin but the difference was statistically insignificant (p, >0.05). A wide variation in susceptibility
of bacterial strains of different species causing various types of infections in animals and birds under different husbandry practices suggests that
antimicrobial susceptibility should be conducted before the use of amikacin or gentamicin in therapeutics.

INTRODUCTION antibiotic molecules disrupt the outer cell membrane causing
leakage of intracellular contents and eventually bacterial cell

first death [4].

Streptomycin  was the aminoglycoside isolated
in 1943 from Streptomyces griseus followed by neomycin
(from Streptomyces fradiae). Though neomycin had better
antimicrobial action against aerobic G-ve bacteria than

streptomycin, due to its high toxicity its systemic use was

Aminoglycosides are often recommended for the treatment
of life-threatening infections by G-ve bacteria including
complicated skin, bone or soft tissue infections, urinary tract

formidable. Gentamicin, isolated in 1966 from Micromonospora
purpura, brought a breakthrough in the treatment of
G-ve bacterial infections and then came semisynthetic
aminoglycosides amikacin isepamicin, dibekacin, arbekacin
and tobramycin [1,2]. Aminoglycosides are strong bactericidal
antibiotics and their bactericidal action cannot be fully explained
through their commonly understood action through inhibition of
protein synthesis via irreversible binding to the 30s ribosome.
Their bactericidal activity is mainly attributable to their action
on bacterial cell membranes [3]. Aminoglycocides being potent

infection (UTI), septicaemia, peritonitis and other severe intra-
abdominal infections, severe pelvic inflammatory disease,
endocarditis, mycobacterium infection, neonatal sepsis, and
eye and ear infections [1]. In earlier clinical studies gentamicin
has been reported to be a little superior to amikacin, in the
treatment of enteric infection, bacteraemia, urinary tract
infections, pneumonia and serious soft tissue infections yielding
favourable outcomes in 78% and 77% cases, respectively [5].
Evidence suggests that there is no appreciable difference in their
nephrotoxic and ototoxic effects [5, 6]. In a early small study on 30
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human UTI patients, gentamicin and amicacin had no appreciable
difference in the therapeutic outcome [7]. Another study on
1000 bacterial isolates reported better antimicrobial action of
gentamicin than amikacin against enterobacteria, Haemophilus
influenzae and Staphylococcus aureus while amikacin was more
active against Klebsiella and Providencia species isolates [8].

Inanimals, use ofaminoglycosides is notrecommended unless
required for life-saving purposes and systemic use of amikacin
and other aminoglycoside antibiotics in animals is mainly avoided
due to their nephrotoxicity and ototoxicity [9]. However, in cats,
gentamicin appeared to cause more histological renal tissue
change than amikacin [10]. In an experimental study in guinea
pigs on severity of the cochlear damage, it was the maximum due
to gentamicin followed by amikacin, streptomycin, and netilmicin,
but the difference in ototoxicity was statistically insignificant
between different aminoglycosides [11]. In another study on
rabbits, of the four aminoglycosides (tobramycin, sisomicin,
amikacin and gentamicin) in the therapy of experimental E.
coli meningitis sisomycin had marginally better bactericidal
action than the other three aminoglycosides [12]. Despite all these
observations and indications, aminoglycosides are extensively
used in veterinary medicine in treatment of for treatment of
bacteraemia, gastrointestinal tract infections, and respiratory and
urinary tract infections in many animal species [13]. However,
the use of aminoglycosides in animals is not recommended [14]
without antimicrobial susceptibility testing (AST) but is almost
impracticable in most of developing and poor countries where
AST is sparsely available for humans. Though systemic use is
rare in food animals in horses and other companion animals
aminoglycosides (amikacin and gentamicin) are commonly
used to treat septicaemia, respiratory tract infection, peritonitis,
metritis, osteomyelitis, leptospirosis, nocardiosis, meningitis,
wound infections, joint infections, endometritis, and UTIs caused
by ESBL E. coli [14]. Although aminoglycosides have no synergy
with f-lactam antibiotics [15], they are rarely used alone and
mostly prescribed in combination with B-lactam antibiotics
[14]. Aminoglycosides as topical use preparation of gentamicin,
neomycin and framycetin are often used as drug of choice for the
treatment of eye, ear and skin infections in animals and humans
[14,16]. Though amikacin and gentamicin belong to the same
class of aminoglycosides, it has been suggested earlier that there
is no cross-resistance for the two drugs [17]. However, resistance
to streptomycin was much higher than resistance to gentamicin
in most of the common pathogens affecting animals in the EU.
About 2% of the Enterococcus spp., Salmonella enterica, and E.
coli isolates from animal cases in the EU are reported resistant
to gentamicin and the resistance levels were higher in isolates
from conventional broilers [14]. Enterococcus faecium and E.
faecalis isolates were rarely resistant to gentamicin [16]. With the
rampant use of aminoglycosides in humans and animals, there is
an imminent risk of the emergence of zoonotic pathogens either
due to clonal selection of resistant Mycobacterium tuberculosis,
Enterobacteriaceae members and Enterococcus spp., or through
horizontal transfer of resistance (R) factors at high frequency
among members of Enterobacteriaceae, E. faecium and E.
faecalis [14].

To determine the susceptibility of bacteria to aminoglycosides
measurement of minimum inhibitory concentration is the
method of choice but in most of the clinical laboratories disk
diffusion assays are the method of choice and breakpoints for
amikacin applicable to E. coli and P. aeruginosa isolates from
dogs, foals, adult horses, Staphylococcus spp. isolates from dogs, S.
aureus isolates from foals and adult horses, Streptococcus spp.
isolates from dogs, Streptococcus equi subsp. zooepidemicus and
subsp. equi isolates from foals and adult horses are available
for long but results may be misleading [18]. In vitro tests may
indicate the susceptibility of E. faecalis, E. faecium, E. gallinarum,
E. casseliflavus to aminoglycosides but are rarely of therapeutic
utility, and as per CLSI guidelines they should not be reported
as susceptible to aminoglycosides [18]. Gentamicin and other
aminoglycosides’ resistance has more commonly been reported
from many countries in E. coli, and Staphylococcus species
especially methicillin-resistant (MRS) isolates from human
clinical cases than those isolated from dairy and other domestic
animals [14]. Therefore, in the present analytical study, we
attempted to understand gentamicin and amikacin susceptibility
patterns amongbacterial isolates from clinical samples of humans,
animals, birds causing infection and from their environment.

MATERIALS AND METHODS
Microbial strains in the study

For the study antimicrobial susceptibility tests data of 517
isolates with known sources and with defined ailments and
tested for amikacin, gentamicin, carbapenem susceptibility as per
CLSI criteria [18], and extended-spectrum {-lactamase (ESBL)
production was retrieved from the Division of Epidemiology Data
resources for the last four years (2019-2022). The repository
data on bacterial isolates included only those strains which were
isolated and identified (Table 1) through conventional methods
and confirmed either through specific polymerase reaction, gene
sequencing MALDITOF-MS or both.

Detection of extended-spectrum f-lactamase (ESBL)
production by Gram-negative bacterial strains

For this purpose E-test was performed using E-strips
(Biomeriux India Ltd.) carrying two gradients of ceftazidine and
cefotaxime with and without clavulanic acid on Mueller Hinton
agar plates as per the recommendations of the E-strip producer
[19,20].

Carbapenems, gentamicin (30 pg) and amikacin (30
ng) susceptibility assay

The disk diffusion assay tests were performed and
interpreted as per CLSI [18] guidelines. The disks of imipenem
(10 pg), meropenem (10 pg) and ertapenem (5 pg) were used
for determining susceptibility to carbapenems, bacteria resistant
to any of the three carbapenems was considered carbapenem-
resistant (CR). All antimicrobial disks and media used in the
study were procured from Difco-BBL (USA).
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Table 1: Amicacin (Ak), gentamicin (G), carbapenems (Imipenem, meropenem,
Ertapenem, IME) and extended spectrum {-lactam antibiotics (cefalosporins) in

Types of bacteria

bacteria isolated from different clinical and environmental samples. Gram-positive 200 0 31 | 46 | 57
Bacterial species and isolates included in  Isolates Resistant to Gram-negative 317 59 | 48 | 7182
the study tested  ESBL IME G Ak Oxidase-positive 80 8 |17 9 14
Acinetobacter (A. calcoaceticus baumannii 10 0 5 3| 2 Oxidase-negative 437 41 62 108 125
complex 6, A. lwoffii 2, A. schindleri 2) Oxidase-negative Gram-negative 248 41 31 | 62 69
Aerococcus (A. sanguinicola 2) 2 0 00 0 Oxidase-negative Gram-positive 189 0 31 46 | 56
Aeromonas (A. bestiarum 1, A. caviae 1, A. popoffii 7 3 1 11 Oxidase-positive Gram-negative 69 18 17 | 9 13
1, A. salmonicida 2, A. schubertii 1, A. sobria 1) Oxidase-positive Gram-positive 11 0 0 0 1
Aggregatibacter actinomycetemcomitans 1 1 0 0 0 0 Source of bacteia Strains | ESBL | IME Ak
Alcaligenes (A. denitrificans 6, A. faecalis 7) 13 6 7 2|3 Clinical 453 49 64 102 116
Bacillus (B. cereus 2, B. mycoides 1, B. subtilis 7) 10 0 0 10 Environment (Surface drag swabs 4, drinking
Bordetella avium 10 10 0 0 0 0 water 5, BAS machine scanner swabs 26, Holy 3 9 10 |14 | 19
Brevibacillus laterosporus 2 2 0 0 00 basil leaves 4, marketed urine 1, milk 9;
Brucella abortus 3 3 2 0o/ 1 0 pond water 4)
Burkholderia cepacia 3 3 0 2 0|1 Reference 11 1 5 1| 4
Chrysomonas luteola 1 1 0 1 0|1 Buffaloes 15 2 1 45
Citrobacter freundii 6 6 3 00 2 Cattle 62 13 8 | 3 11
Cronobacter sakazaki 2 2 0 0 11 Deer (spotted deer 12, Chinkara 1) 13 1 0 11
Edwardsiella hoshiniae 1 1 0 0 0 0 Dogs 86 8 15 |25 19
Enterobacter (E. cloacae 1, E. taylorae 3) 4 0 0 0|1 Elephants 2 1 0
Enterococcus (E. casseliflavus 2, E. faecalis 7, E. 24 0 7199 Goats 2 0 0
faecium 15) Hamster 1 0 0
Erwinia mallotivora 1 1 0 0 0 0 Horses 52 4 6 10 14
Escherichia (E. coli 12('3', E. fegusonii 2, E. 129 20 9 |35 31 Humans 85 11 12 |22 24
hermanii 1) Lions 22 13 /10 0
Ewingella Americana 1 0 0 0 0 Mithuns 14 0 0 10 10
Hafnia alvei 2 2 0 0 0|0 Monkeys 2 0 2 112
Klebsiella (K. oxytoca 4, K. pneumoniae 15) 19 6 1 6 | 4 Mules 4 0 0 0
Kluyvera ascorbata 1 1 0 0 00 Pigs 23 0 5 1
Koserella trabulsii 1 1 0 0 0|0 Pigeon 1 0 1 1
Lysinibacillus sphaericus 9 9 0 0 0|1 Poultry birds 43 0 5 6 12
Micrococcus luteus 1 1 0 00 0 Sanctuary birds (Crane 12, Peacock 6) 18 7 5 5 4
Moraxella (M. catarrhalis 1, M. osloensis 1) 2 1 1 11 Swamp Buffalo 6 0 0 3| 4
Morganella morganii 1 1 0 E 111 Strains of bacteria associated with Strains | ESBL IME| G Ak
Paenibacillus (P. amylolyticus 1, P. larvae 1) 2 0 0o 0 0
Abortions (7 cattle, 2 buffaloes; A.
Pantoea agglomerans 29 29 7 2 7 9 . . .
bestiarum 1, A. schubertii 1, Aggregatibacter
Pasteurella (P. canis 1, P. multocida 2) 3 1 0101 actinomycetemcomitans 1, Brucella abortus 3, E. 9 7 1 2 4
Pectobacterium cyperipedii 4 4 1 0 02 coli 1, Pantoea agglomerans 1, Proteus
Proteus (P. mirabilis 121,)}7. penneri 1, P. vulgaris 14 3 8 | 411 mirabilis 1)
Pseudomonas (P. aeruginosa 15, P. Abscess, wounds and other pyogenic infections
i i . (1 Buffalo, 5 cattle, 12 deer, dog 19, horse 16, 6 77 6 5 |15 18
pseudolacaligenes 6, P. stutzeri 1, P. testosteronii 26 4 7 417
1 human, 4 mules)
Raoultella terrigena 3 3 0 2 11 Ear infections (3 dogs, 4 elephants, 2 humans) 11 2 0, 0
Salmonella enterica ssp. enterica 12 12 0 1 2| 2 Eye infections (5 dogs, 6 swamp buffaloes) 1 0 0 515
Serratia (S. entemophila 1, S. marcescens 1, S. s 0 o l1lo Gastrointestinal tract infections (2 cattle, 11
odorifera 1, S. plymuthica 1, S. rubideae 1) dogs, 4 humans, 2 monkeys, 12 pigs, 4 poultry 35 1 11 | 9 |13
Staphylococcus (S. arlettae 1, S. aureus 11, S. birds)
capitis ssp. capitis 6, S. capitis ssp. urealyticus 4, Genital tract infections (6 cattle, 3 dogs, 4 27 3 1 112 | 14
S. carnosus 1, S. caseolyticus 2, S. chromogenes horses, 14 mithuns)
10, S. cohnii ssp. cohnii 4, S. cohnii ssp. urealyticus 101 0 6 | 19| 25 Mastitis (2 buffaloes, 31 cattle, 2 goats) 35 7 7 3 6
1, S. delphini 1, S. epidermidis 10, S. felis 7, . Pyrexia (7 cattle, 2 horse, 9 humans) 18 0 2 23
haemolyticus 19, 5. hyicus 5, S. intermedius 9, S. Respiratory tract infections (1 buffalo, 2 dogs, 4
lentus 1, S. lugdunensis 3, S. sacchrolyticus 1, S. horse, 21 humans) 28 4 5 316
saprophyticus 1, S. schleiferi 3, §. warneri 1) Septicemic deaths (9 buffaloes, 1 cattle, 1 deer,
Streptococcus (. agalactiae 1, . bovis 1, S. 3 dogs, 1 hamster, 17 horses, 1 human, 22 lions,
dysgalactiae 1, S. milleri 13, S. mitior 1, S. 19 o | 181722 11 pigs, 1 pigeon, 39 poultry birds, 18 sanctuary 124 9 16 24 25
pneumoniae 2, S. porcinus 6, S. pyogenes 23, S. birds)
suis 1)
Vribrio alginolyticus 1 1 0 o0 o Urinary tract infections (3 cattle, 25 dogs, 8 78 10 15 | 27| 22
Xenorhabdus (X, bovienii 1, X. poinarii 1) 2 1 0 10 horses, 42 humans)
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Statistical analysis

Data of all 517 strains included in the study along with
their source of isolation, association with specified ailment,
and susceptibility to amikacin, gentamicin, carbapenems and
ESBL production ability was line-entered in an Excel sheet
and analyzed using Chi-square statistics to understand the
significance of the different associations. For analysis, only those
sets were compared where strain numbers or cases were 2 6.
To determine the relationship among susceptibility to different
antibiotics Pearson correlation was done in MS Excel 2007.

FINDINGS (RESULTS)

The in-vitro susceptibility study on 517 isolates of bacteria of
different origins and associated with different types of infections
revealed that gentamicin inhibited more number of bacterial
isolates (77.37%) than amikacin (73.11%). Both the antibiotics
failed to inhibit 65 (12.57%) of the isolates. However, of the 378
strains of bacteria susceptible to amikacin 52 (13.76%) were
resistant to gentamicin, and of the 400 strains susceptible to
gentamicin 74 (18.50%) were resistant to amikacin. Correlation
analysis of zones of bacterial growth inhibition produced by
amikacin and gentamicin revealed a strong (p, <0.001) correlation
(r, 0.45) in their antimicrobial activity. Paired t-test analysis
of the zone of inhibition by amikacin and gentamicin revealed
acceptance of the null hypothesis that there is no significant
difference between the susceptibility of microbes to gentamicin
and amikacin. A significant relationship (p <0.001) between
carbapenem resistance and amikacin (r, 0.264) and gentamicin
(r, 0.31) resistance was evident.

Susceptibility to gentamicin and amikacin varied among
different bacteria (Table 1) viz.,, Alcaligenes spp. (15.38%,
23.08%), Enterococcus spp. (37.50%, 37.50%), Escherichia spp.
(27.13%, 24.03%), Klebsiella spp. (1.58%, 21.05%), Pantoea
agglomerans (24.14%, 31.03%), Proteus spp. (28.57%, 78.57%),
Pseudomonas spp. (15.38%, 26.92%), Salmonella enterica
ssp. enterica serovars (16.67%, 16.67%), Staphylococcus spp.
(18.81%, 24.75%), and Streptococcus spp. (34.69%, 44.90%),
respectively were resistant to gentamicin and amikacin. About
13.33% and 46.67% of E. coli isolates from poultry birds were
resistant to gentamicin and amikacin, respectively but none of the
E. coliisolated from infections in pigs was resistant to gentamicin
or amikacin.

Though there was no significant difference in susceptibility
to amikacin and gentamicin for bacterial strains of different
species and causing different ailments, it was evident that where
G+ve bacteria were the cause of infection, and isolates from
bacterial infections of cattle and pigs significantly (p, <0.025)
more number of isolates were susceptible to gentamicin than to
amikacin. However, on bacterial isolates from clinical samples
from sick lions, amikacin was the better (p, <0.001) antibiotic
than gentamicin. Of the 22 isolates of bacteria from infections in
lions (A. calcoacetus-baumanii complex 1, Enterobacter cloacae
1, Enterococcus casseliflavus 2, E. coli 16, P. agglomerans 1, P.
vulgaris 1), 10 were resistant to gentamicin (4. calcoaceticus-

baumanii 1, E. coli 8, P. vulgaris 1) were resistant to gentamicin
and none of the isolates was amikacin-resistant. Of the 19 strains
of Klebsiella species, six were resistant to gentamicin and only
four to amikacin. Similarly of the 129 isolates of E. coli 35 and 31
were resistant to gentamicin and amikacin, respectively.

Higher proportions of carbapenem-resistant bacteria
were (p, <0.001) resistant to gentamicin and amikacin but no
significant association (p, 0.98) was apparent with respect to
their ESBL production ability. Though for most of the bacteria,
ESBL production and susceptibility to gentamicin or amikacin
were not significantly (p, >0.05) associated, ESBL E. coli were
significantly (p, 0.004) more often susceptible to gentamicin (but
not to amikacin) than non-ESBL E. coli. Oxidase-positive bacteria
were significantly more susceptible to amikacin (p, 0.04) and
gentamicin (p, 0.01), than oxidase-negative bacteria. However,
no such difference was evident with respect to ESBL production
and CR. The bacterial isolates from environmental samples were
more often (p, 0.04) producers of ESBL than those isolated from
clinical sample.

Bacterial isolates from clinical infections in lions were
significantly more susceptible to amikacin than those infected
buffaloes, cattle, dogs, deer, pigs, birds, mithuns and swamp
buffaloes. On the other hand significantly (p, <0.05) more of
the bacterial isolates causing infections in mithuns and swamp
buffaloes were amikacin-resistant than those infecting other
animals. Among all, isolates of Bacillus spp. and Bordetella avium
were the most susceptible to amikacin and Proteus spp. strains
were often resistant to amikacin. Significantly (p, <0.05) higher
proportion of the isolates from genital tract infections (not
abortions) were resistant to amikacin than isolates associated
with other infections (Table 2).

More often (p, <0.05) bacteria causing genital tract, urinary
tract and eye infections were more resistant to gentamicin than
those associated with other infections. Among all, B. avium
isolates were the most susceptible to gentamicin (similar to
amikacin) and Enterococcus species strains were the most often
gentamicin-resistant ones (Table 2).

Carbapenem resistance was more common among bacterial
isolates causing gastrointestinal tract ailments followed by
those associated with UTIs. Among all, isolates belonging to
Acinetobacter, Alcaligenes, Enterococcus, Proteus, Pseudomonas
and Streptococcus species were often resistant to one or more
carbapenem antibiotics than B. avium, Bacillus, Citrobacter,
Escherichia, Klebsiella, Lysinibacillus sphaericus, Pantoea
agglomerans, Salmonella, and Staphylococcus species strains
(Table 2)

Bacteria isolated from clinical cases in deer and mithuns
were more often ESBL producers than those associated with
infections in other animals. Bacterial isolates from abortion
and mastitis were among the most common pathogens having
ESBL production ability. More number of bacterial isolates
belonging to Aeromonas, Alcaligenes, Citrobacter and Klebsiella
species produced ESBL and only a few of the Acinetobacter spp.,
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sources to amikacin and other antimicrobials

Sanctuary birds Deer, mithuns
i . Abscess and wounds, eye infections,
Gastrointestinal i X K .
R i genital tract infections, mastitis,
infections R .
septicemic deaths,
Mastitis Abscess and wounds,

Urinary tract infections

Abscess and wounds, genital tract
infections

Bacillus, Bordetella avium, Citrobacter,
Escherichia, Klebsiella, Lysinibacillus

Significantly (p, <0.05)
Antibiotic = more resistant isolates Than isolates from (of)
from (of)
Oxidase- negative Oxidase-positive
Buffaloes Lions
Cattle Lions
Dogs Lions
Horses Lions
Humans Lions
Mithuns Catt.le, deer, dogs-, horses, humans., lions,
pigs, poultry birds, sanctuary birds,
Pigs Lions
Poultry birds Lions
Sanctuary birds Lions
Swamp buffaloes Cattle, deer, dogs, horse?, humans, lions,
sanctuary birds
Eye infections Abscess and \{voun.ds, ear infections,
septicemic deaths
Gastrointestinal . X . X
Amikacin infections Ear infections, septicemic deaths
Abscess and wounds, ear infections,
Genital tract infections | mas.titis, pyre?(ia, r_ESpiratory n_ﬂaCt
infections, septicemic deaths, urinary
tract infections
Urinary tract infections Ear infections
Citrobacter Bacillus, Bordetella avium
Enterococcus Bacillus, Bordetella avium
Pantoea agglomerans Bacillus, Bordetella avium
Acinetobacter, Aeromonas, Alcaligenes,
Bacillus, Bordetella avium, Citrobacter,
Enteroccus, Escherichia, Klebsiella,
Proteus Lysinibacillus sphaericus, Pantoea
agglomerans, Pseudomonas, Salmonella
enterica ssp. enterica, Staphylococcus,
Streptococcus
Streptococcus Bacillus, Bordetella avium, Escherichia,
Staphylococcus
Oxidase negative Oxidase positive
Buffaloes Cattle, pig
Dogs Cattle, pigs
Horses Cattle
Humans Cattle, pigs
Lions Cattle, horses, pigs, poultry birds
Mithuns Buffaloes, cattle, d(?gs, horses, humans,
pigs
Sanctuary birds Cattle, pigs
Swamp buffaloes Cattle, pigs, poultry birds
Abscess and wounds, ear infections,
Gentamicin Eye infections mastitis, pyrexia, respiratory tract
infections, septicemic deaths
Abscess and wounds, ear infections,
Genital tract infections mastitis, pyrexia, respiratory tract
infections, septicemic deaths
Abscess and wounds, ear infections,
Urinary tract infections mastitis, pyrexia, respiratory tract
infections, septicemic deaths
Enterococcus Bordetell(lz avium, Lysinibacillus
sphaericus, Staphylococcus
Klebsiella Bordetella avium
Streptococcus Bordetella avium, Staphylococcus

B-lactamase
production

Acinetobacter .
sphaericus, Pantoea agglomerans,
Salmonella, Staphylococcus
Carb Bacillus, Bordetella avium, Citrobacter,
arbapenem-
i p i Escherichia, Klebsiella, Lysinibacillus
resistance Alcaligenes )
sphaericus, Pantoea agglomerans,
Salmonella, Staphylococcus
Escherichia, Klebsiella, Pantoea
Enterococcus
agglomerans, Salmonella, Staphylococcus
Bacillus, Bordetella avium, Citrobacter,
Escherichia, Klebsiella, Lysinibacillus
Proteus .
sphaericus, Pantoea agglomerans,
Salmonella, Staphylococcus
Escherichia, Pantoea agglomerans,
Pseudomonas,
Staphylococcus
Bacillus, Bordetella avium, Escherichia,
Streptococcus Klebsiella, Lysinibacillus, Pantoea
agglomerans, Staphylococcus
Environmental Clinical
Buffaloes Mithuns, pigs, poultry
Dogs, horses, lions, mithuns, pigs,
Cattle
poultry
Dogs, horses, lions, mithuns, pigs,
Dear
poultry, swamp buffaloes
Dogs Horses, Pigs, poultry birds
Horses Poultry birds
Humans Mithuns, pigs, poultry
. Dogs, horses, lions, mithuns, pigs,
Sanctuary birds
poultry, swap buffaloes
Abscess and wounds, eye infection,
. gastrointestinal infections, genital tract
Abortion i K i R R
infections, pyrexia, RTIs, septicemic
deaths, urinary tract infections
- Eye infecti 3 trointestinal
Extended. Ear infection .ye in .ec ions, g'as ro.m estinal
spectrum infections, septicemic deaths

Mastitis

Abscess and wounds, eye infections,
gastrointestinal infections, genital tract
infection, septicemic deaths

RTI infections

Gastrointestinal infections

Urinary tract infections

Gastrointestinal infections, septicemic
deaths

Aeromonas

Acinetobacter, Bordetella avium,
Salmonella enterica ssp. enterica

Alcaligenes

Acinetobacter, Bordetella avium,
Escherichia, Pseudomonas, Salmonella
enterica ssp. enterica

Citrobacter

Acinetobacter, Bordetella avium,
Escherichia, Salmonella enterica ssp.
enterica

Klebsiella

Acinetobacter, Bordetella avium,
Salmonella enterica ssp. enterica
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Bordetella avium, and Salmonella enterica ssp. enterica strains
produced ESBL (Table 2).

DISCUSSION

Amikacin and gentamicin are two commonly used antibiotics
in animals, especially in companion animals in India [21]. The
detection of gentamicin and amikacin resistance in 23.97% and
22.60% of the isolates from companion animals (dogs, horses),
was comparable to gentamicin and amikacin resistance in
bacteria causing infections in human beings, 25.8% and 28.24%,
respectively. Though more elaborate studies are required,
it may be speculated that some kind of clonal selection may
exist in many of the bacteria isolated from animals or humans
in the present study that were of zoonotic potential [14]. The
occurrence of gentamicin and amikacin resistance in 17.48%
and 27.18% of the isolates from dairy (cattle, buffaloes and
goats), and 13.95% and 27.18% of the isolates from poultry
birds, respectively was a bit lower than in bacterial isolates
from companion animals and humans but was much lower than
those bacteria isolated from semi-domestic swamp buffaloes
and mithuns where 65% and 70% of the bacteria isolated were
resistant to gentamicin and amikacin, respectively. However,
the resistance to aminoglycosides detected in bacterial isolates
in India seems to be much higher than that reported in most of
the other countries [14,16], but the data compared seems to be
much older from other countries and some recent observations
made globally needs to be analysed. But this explanation is
contradicted by the facts that earlier studies on humans [1,5],
reported the effectiveness of amikacin and gentamicin was
77-78% and is quite comparable to the resistance pattern
observed in the present study (71.76 to 74.2%). Therefore, more
systematic studies on a comparable number of isolates from
humans and different animals are required. The high level of
amikacin (70%), and gentamicin (65%), resistance in bacteria
isolated from semi-domestic animals is of high concern as these
animals may spread AMR pathogens in the environment of a
larger geographical area. The AMR traits might be persisting in
the semi-domestic animals due to some clonality or something
else, needs more elaborate molecular studies on AMR in bacterial
isolates from semi-domestic animals, interestingly, despite the
high occurrence of aminoglycoside resistance none of the isolates
from semi-domestic animals had either carbapenem resistance
or produced ESBL. However, the observation of a significantly
high occurrence of amikacin and gentamicin resistance in strains
of semi-domestic mithuns (Bos frontalis) and swamp buffaloes
(Bubalus bubalis kerebau) and also in wild animals and birds than
in isolates of cattle and pig origin could not be substantiated with
available literature but aminoglycoside resistance has rampantly
reported in bacteria causing lethal infections in zoo and wild
animals and birds [22, 23].

The observations revealed that 25.11% and 26.84% of isolates
belonging to members of Enterobacteriaceae were resistant to
gentamicin and amikacin and observations corroborate earlier
studies on a large number of bacteria [8], indicating better but
insignificantly different activity of gentamicin than amikacin.

However, in contrast to other members of Enterobacteriacea
Klebsiella species isolates were more susceptible to amikacin
(78.95%) than to gentamicin (68.42%) similar to earlier
observations [8].

The study indicated that gentamicin was significantly (p,
0.003) more effective on ESBL E. coli than on non-ESBL E. coli
and a similar trend but statistically insignificant was observed
for amikacin (>25% non-ESBL E. coli and 15% of ESBL E. coli
were resistant, indicating the utility of aminoglycosides to treat
infections caused by ESBL E. coli. The observations are in line of
observations in many of the EU nations [14].

Of the 24 isolates of enterococci, nine each were resistant
to amikacin and gentamicin and seven to carbapenems too.
Carbapenem resistance in enterococci is commonly reported
despite being susceptible to penicillin and penicillin derivatives
due to the presence of variant or overproduced penicillin-
binding proteins [24], and carbapenem-resistant enterococci
have commonly been reported causing infections in animals and
inhabiting their environment [25,26]. Though enterococci are
often reported as resistant to aminoglycosides [27], some studies
reported susceptibility of E. faecium and E. faecalis isolates to
gentamicin [16]. Enterococci isolates were significantly more
often resistant to aminoglycosides than isolates of other bacteria
and this may be attributed to intrinsic and acquired resistance
in enterococci [24]. A total of 29.17% of the enterococci were
carbapenem-resistant. The observations are in concurrence with
earlier reports [24,28]. In the study, seven strains were resistant
to both gentamicin and amikacin but two strains each were
resistant to only one of the two antibiotics. A similar variation
in susceptibility to different aminoglycosides in strains of
enterococci has commonly been reported [24].

Among all the bacteria tested, Proteus strains were the
most resistant to amikacin (78.57%), which may be due to fast
acquisition of transmissible amikacin resistance by Proteus
species [29,30]. Though amikacin was suggested to be one of the
best antibiotics for treating infections caused by MDR strains of
Proteus species strains in 20" centry [31], it seems to be useless
now. In the present study, gentamicin was significantly more
effective on Proteus strains inhibiting 71.43% of the isolates
than amikacin (21.43%) and observations further confirm the
therapeutic utility of gentamicin for infections by Proteus species
strains [32].

Bacteria causing eye infections and genital tract infections
were more often resistant to gentamicin as well as amikacin
than bacteria causing, abscess, wound, ear, and respiratory tract
infections, and septicaemia; this may be of serious concern as at
one time amikacin was considered as gold standard treatment
for the treatment of genital tract infections [33], and still now
aminoglycoside preparations are often recommended for
treatment of ophthalmic and genital tract infection in humans
[34,35]. Besides, bacteria causing gastrointestinal infections in
animals and birds were more resistant to amikacin than those
isolated from cases of ear infections and septicaemia is also
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of concern as bacteria present in excreta may contaminate
environment and water bodies [26].

CONCLUSIONS, LIMITATIONS AND RECOMMEN-
DATIONS

This analytical study concludes that amikacin and
gentamicin resistance is common among bacteria causing
infections in animals too despite the fact that therapeutic use
of aminoglycosides is restricted in animals and birds. Further,
the preferred use of aminoglycosides in the treatment of eye
infections and genital tract infections appears to be erroneous
as bacteria isolated from eye and genital tract infections were
not only more resistant to amikacin but also to gentamicin
than bacteria causing other infections. The major limitation of
the study is non-equitable numbers of the isolates of different
bacteria and of different sources compared for efficacy of the
amikacin and gentamicin. Another limitation is, the study
analysed in-vitro susceptibility data while it is known fact that
in-vivo or therapeutic outcome sometimes may not match with
in-vitro observations. The study recommends that looking at the
wide variation in the susceptibility of bacterial strains of different
species causing various types of infections in animals and birds
under different husbandry practices suggests that antimicrobial
susceptibility should be conducted before the use of amikacin or
gentamicin in therapeutics.
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