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Monitoring of antibiotic resistance in bacteria
isolated from laboratory animals
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The drug resistance of microorganisms isolated from laboratory animals never treated with antibiotics is
being reported consistently, while the number of laboratory animals used in medicine, pharmacy,
veterinary medicine, agriculture, nutrition, and environmental and health science has increased rapidly in
Korea. Therefore, this study examined the development of antimicrobial resistance in bacteria isolated
from laboratory animals bred in Korea. A total of 443 isolates (7 species) containing 5 Sphingomonas
paucimobilis, 206 Escherichia coli, 60 Staphylococcus aureus, 15 Staphylococcus epidermidis, 77
Enterococcus faecalis, 27 Citrobacter freundii, 35 Acinetobacter baumannii were collected from the nose,
intestine, bronchus and reproductive organs of ICR mice and SD rats. Of these species, Acinetobacter
baumannii and Enterococcus faecalis showed significant antimicrobial resistance according to the
minimum inhibition concentration (MIC) in E-test. In case of Acinetobacter baumannii, several isolates
showed MIC values 16-128 pg/mL for cefazolin and cefoxitin, and higher resistance (128-512 pg/mlL) to
nitrofurantoin than that of standard type. Resistance to cefazolin, cefoxitin and nitrofurantoin was
detected in 17.14, 20.00, and 8.57% of the Acinetobacter baumannii isolates, respectively. In addition,
44.1% of the Enterococcus faecalis isolates collected from the laboratory animals were resistant to
oxacillin concentration of 16-32 ug/mL range, while MIC value of standard type was below oxacillin
concentration of 6 pg/mL. These results suggest that in rodent species of laboratory animals, Acinetobacter
baumannii are resistance to cefazolin, cefoxitin and nitrofurantoin, whereas those of Enterococcus faecalis
were resistance to oxacillin.
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Various antibiotics have been administered to animals
in order to accomplish a range of purposes including
growth promotion, prophylaxis and therapy. These
administrations lead to the appearance and accumulation
of novel resistance bacteria in their flora [1]. In
particular, the large number of drug-resistance organisms
found in farm animals is a major cause of resistance in
human and other animals [2]. Of the various type
animals, laboratory animals showed a low incidence of
drug resistance because antibiotics have not been used

for the breeding of laboratory animals for a long time
[3]. Furthermore, the bacterial isolates from laboratory
animals showed a different pattern of drug resistance
from those in the human population [4]. Therefore, it is
important to isolate and characterize antibiotic-resistant
bacteria from laboratory animals to prevent microbial
contamination of the facility and improve the efficiency
of post-operative care in a laboratory. This study
monitored the development of antibiotics resistance in
bacteria isolated from laboratory animals, which had
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never been treated with antibiotics.

The animal protocol used in this study was reviewed
and approved based on the ethical procedures and
scientific care by the Korea FDA-Institutional Animal
Care and Use Committee (PNU-IACUC; Approval
Number 1101KFDAO07). Adult ICR mice and SD rats
were handled in an accredited Korea Food & Drug
Administration (Korea FDA) animal facility in
accordance with the AAALAC International Animal
Care policies (Accredited Unit-Korea Food and Drug
Administration: Unit Number-000996). All animals
were given a standard irradiated chow diet (Purina Mills,
Seoungnam, Korea) ad libitum, and maintained in a
specific pathogen-free state under a strict light cycle
(light on at 06:00 h and off at 18:00 h) at 22+2°C and 40-
60% relative humidity.

A total of 443 isolates of 7 species microorganisms
were collected from representative infection organs,
such as the nose, intestine, bronchus and reproductive
organs, of 24 laboratory animals (12 ICR mice and 12
SD rats) bred in Korea FDA facility using streak plate
methods. After isolation of each colony on conventional
bacteria media, isolates were identified with Vitek2
compact autoanalyzer system manufactured by BioMerieux
(NC, USA). All identification procedures were performed
according to manufacturer’s manual and applicated
Vitek2-GPI and -GNI cards for testing. From identification
results, ID results with a single acceptable identification
were accepted as suggested ID results. Furthermore, the
species of isolates identified by Vitek2 system were
conformed with the biochemical test using API kit
(BioMerieux).

As listed Table 1, a total of 443 isolates were spread
differentially throughout 7 different bacteria species. The
most prevalent microorganisms were Escherichia coli
(46.6%), Enterococcus faecalis (17.3%), Staphylococcus
aureus (13.6%) and Acinetobacter baumannii (8.0%)
followed by Staphylococcus epidermidis (7.4%), Citrobacter
freundii (6.0%) and Sphingomonas paucimobilis (1.1%).
A larger number of isolates was found in ICR mice than

Table 1. Total of 443 isolates collected from laboratory animals

SD rats, even though the total number of Staphylococcus
epidermidis isolates in rats was higher than that in mice.

The antimicrobial resistances were determined in all
isolates using the minimum inhibition concentration
(MIC) method [5]. All isolates were E-tested for
susceptibility to amikacin, amoxicillin/clavulanic acid,
ampicillin, cefazolin, cefepime, cefotaxime, cefoxitin,
cefbazidime, ciprofloxacin, netilmicin,
nitrofurantoin, nortfloxaci, piperacillin, piperacillin/
tazobactam, tetracycline and oxacillin by E-strip.

Of the 7 species, 2 species (Acinetobacter baumannii
and Enterococcus faecalis) that showed a high incidence

imipenem,

of drug resistance in laboratory animals were selected.
Acinetobacter baumannii belongs to Acinetobacter genus,
and is an opportunistic pathogen responsible for nosocomial
infections and is associated with an elevated human
mortality rate [6]. In addition, most isolates of
Acinetobacter baumannii showed multidrug resistance
because they contained a small genome, islands of alien
DNA, and other cytological and genetic materials [7]. In
this study, the drug resistance of Acinetobacter baumannii
was detected in only three antibiotics, cefazolin, cefoxitin
and nitrofurantoin, among the 16 antibiotics used in the
test. Nitrofurantoin was the most efficient (128-512 pg/
mL), whereas the same percentages of resistance (16-
128 pg/mlL) were found against cefazolin and cefoxitin.
However, Acinetobacter baumannii was not showed any
specific resistance to other antibiotics (Table 2).
Furthermore, nitrofurantoin and cefazolin resistance
appear to be uniform with only slight differences between
the isolates from ICR mice and SD rats. Cefoxitin
resistance, however, was more prevalent in the isolates
from SD rats than in those from ICR mice. In case of the
nitrofurantoin resistance, the resistance carrier of isolates
was never detected in the male SD rats (Table 3). These
results are very different from those of animals
slaughtered for human consumption. Sixteen isolates of
Acinetobacter baumannii isolated from livestock were
sensitive to carbapenems, gentamicin, ciprofloxacin and
piperacillin/tazobactam but were resistant to amoxicillin,

N Escherichia  Sphingomonas Staphylococcus Staphylococcus Enterococcus  Citrobacter  Acinetobacter
Classification . . o ; At : - .
coli paucimobilis aureus epidermidis faecalis freundii baumannii
ICR mice 114 5 32 13 48 17 24
SD rats 92 0 28 20 29 10 1
Subtotal 206 (46.6%) 5(1.1%) 60 (13.6%) 33 (7.4%) 77 (17.3%) 27 (6.0%) 35 (8.0%)
Total 443 (100%)
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Table 2. Resistance pattern of the Acinetobacter baumannii
isolates collected from laboratory mice and rats never treated
with antibiotics

Standard Isolates
Antibiotics Range Range
(ug/mL) S/I/R (ug/mL) S/I/R

Amikacin <16 S 1-2 S
Amoxicillin / Clavulanic <4 s 2.4 s
acid

Ampicillin <8 S 8-16 |
Cefazolin <8 S 16-128 R
Cefepime <8 S 1-2 S
Cefotaxime <8 S 4-8 S
Cefoxitin <8 S 16-128 R
Cefbazidime <8 S 2-4 S
Ciprofloxacin <1 S 0.1-0.3 S
Imipenem <4 S 0.5-2 S
Netilmicin <8 S 0.5-2 S
Nitrofurantoin <32 S 128512 R
Norfloxaci <2 S 1-2 S
Piperacillin <16 S 8-16 S
Piperacillin/Tazobactam <16 S 2-4 S
Tetracycline <4 S 1-2 S

The abbreviations used in the table represent the degree of drug
resistance, S: sensitive, I: intermediate, R: resistance

cefradine, trimethoprim and chloramphenicol [8]. On the
other hand, the isolates of Acinetobacter baumannii
isolated from laboratory animals were sensitive only to
cefazolin, cefoxitin and nitrofurantoin. Therefore, these
findings showed that Acinetobacter baumannii isolated
from laboratory animals were a bacterium which were
resistant to treatment by the novel range of antibiotics.

Oxacillin resistance was also detected in Enterococcus
Jaecalis among 7 species isolated from laboratory animals.
Enterococcus  faecalis could cause life-threatening
infections in the nosocomial environment of humans,

where the naturally high levels of antibiotic resistance
found in Enterococcus faecalis contribute to its
pathogenicity [9]. Enterococcus faecalis is resistant to
many commonly used antimicrobial agents (amino-
glycosides, aztreonam, cephalosporins, clindamycin,
semisynthetic penicillins [nafcillin and oxacillin], and
trimethoprim-sulfamethoxazole). Resistance to vancomycin
in Enterococcus faecalis is becoming increasingly
widespread [10,11]. The treatment options for vancomycin-
resistant Enterococcus faecalis include linezolid and
daptomycin; ampicillin is preferred if the bacteria are
susceptible [12]. In this study, the isolates of
Enterococcus faecalis showed a higher resistance against
oxacillin than that of standard type (Figure 1A), while
Staphylococcus aureus and Staphylococcus epidermidis
were not resisted to treatment by the usual range of
oxacillin (Figure 1B). In addition, the inhibition
concentration of Enterococcus faecalis isolates was the
6-32 pg/mL of oxacillin, but the inhibition concentration
of standard type was below 6 png/mL of oxacillin (Table
4). Furthermore, oxacillin resistance was observed
frequently in Enterococcus faecalis isolated from mice
with 25 (52.00%) isolates of the 48 FEnterococcus
Jaecalis carriers than those of rats (31.00%). The isolates
in female ICR mice (65.00%) and SD rats (35.20%)
showed high levels of resistance compared to those
(42.80% and 25.00%) of male animals (Table 5). These
results are in agreement with previous reports and
provide novel evidence of high levels of oxacillin
resistance in Enterococcus faecalis from ICR mice and
SD rats bred in Korea.

In conclusion, these results firstly showed an evidence
that the drug resistance of microorganisms collected
from laboratory animals had occurred in breeding

Table 3. Incidence of Acinetobacter baumannii resistance to individual drugs

No. of resistant carries / No. of specimen (Frequency)

Antibiotics Laboratory animals
Female Male Total

ICR mice 314 (21.42%) 1/10 (10.00%) 4/24 (16.66%)
Cefazolin SD rat 1/6 (16.66%) 1/5 (20.00%) 2/11 (18.18%)
Total 4/20 (20.00%) 2/15 (13.33%) 6/35 (17.14%)
ICR mice 2/14 (14.28%) 2/10 (20.00%) 4/24 (16.66%)
Cefoxitin SD rat 2/6 (33.33%) 1/5 (20.00%) 311 (27.27%)
Total 4/20 (20.00%) 3/15 (20.00%) 7/35 (20.00%)
ICR mice 114 (7.14%) 1/10 (10.00%) 2/24 (8.33%)
Nitrofurantion SD rat 1/6 (16.66%) 0/5 (0.00%) 1/11 (9.09%)
Total 2/20 (10.00%) 1/15 (6.66%) 3/35 (8.57%)

The incidence of each drug resistance isolates is

represented as frequency (No. of resistance carrier/No. of specimen)
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ATCC5199 1 2

6 ug/mL 32 ug/mL 32 ug/mL
Standard of Isolates of Enterococcus faecalis
Enterococcus faecalis

3 4 5
16 ug/mL 24 pg/mL 32 pg/mL

Isolates of Enterococcus faecalis

ATCC29231
0.1 pg/mL 0.2 pg/mL 0.09 pg/mL
Standard type Isolates of Isolates of

Staphylococcus aureus Staphylococcus epidermidis

Figure 1. MIC test of Enterococcus faecalis resistance to oxacillin. The drug resistance isolates were sensitive in range from 16 to
32 pg/mL of oxacillin, even though the standard microorganism (ATCC 5199) was quite sensitive to more than 6 pg/mL of oxacillin.
(A) Oxacillin resistance of Enterococcus faecalis isolates collected from ICR mice or SD rats. (B) Oxacillin sensitivity of
Staphylococcus aureus and Staphylococcus epidermidis isolates collected from ICR mice or SD rats.

Table 4. Concentration of oxacillin on the resistance of Enterococcus faecalis isolated from laboratory mice and rats never treated
with antibiotics

Cat Enterococcus faecalis Staphylococcus aureus Staphylococcus epidermidis
atego

gory Standard Isolates Standard Isolates Standard Isolates
MIC (ug/mL) <6 16-32 <2 0.2-2 <0.3 0.1-0.3

facility of Korea. Especially, Acinetobacter baumannii ~ SD rats were representative microorganisms having
and Enterococcus faecalis isolated from ICR mice and  resistance against antibiotics.
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Table 5. Incidence Enterococcus faecalis resistance to oxacillin

No. of resistant carrier/No. of specimen

Laboratory (Frequency)
animals
Female Male Total
ICR mice 13/20 12/28 25/48
(65.00%) (42.80%) (52.00%)
SD rats 6/17 3/12 9/29
(35.20%) (25.00%) (31.00%)
Total 19/37 15/40 34/77
(51.30%) (37.50%) (44.10%)

The incidence of oxacillin resistance isolates is represented as
frequency (No. of resistant carrier/No. of specimen)
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