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Abstract

Antimicrobial resistance (AMR) is critical situation for human and animal health worldwide. The
inappropriate antimicrobial use is one of the risk factors of AMR. Intriguingly, an increase of antimicrobial
resistance bacteria was recently evident in companion animals. Since such circumstance strongly implied the
contribution of inappropriate antimicrobial use in veterinary clinics and hospitals to the problems, this study
aimed to categorize and evaluate antimicrobials prescribed in the Veterinary Teaching Hospital in Thailand.
From 6,200 animal patients, there were total 8,093 antimicrobial prescriptions for animal treatments.
The antimicrobials were prescribed for parenteral administrations 3,346 prescriptions (41.3%) and oral
administrations 4,747 prescriptions (58.7 %), respectively. During 2012-2015, the most antimicrobial prescriptions
were enrofloxacin (33.9%, P<0.001) with significantly difference from amoxicillin/clavulanate (24.1%) and
doxycycline (15.2%). Enrofloxacin was highest prescribed in both parenteral and oral administrations (41.2% and
28.8%, respectively). Surgical procedure was topmost of parenteral antimicrobial prescriptions (16.5%, P<0.05),
especially for neutering cases, followed with gastrointestinal system (14.6%) and dermatological system (9.5%).
The most oral antimicrobial prescriptions were used for treatments of dermatological system (16.3%,
P<0.05), gastro-intestinal system (11.1%) and surgical procedures (8.9%). These study revealed the pattern of
antimicrobial use in companion animals to fulfill the associated picture with AMR problem in Thailand, and
underline requirement of better solving plan based on one health approach with more concern of antimicrobial

use in veterinary fields.
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INTRODUCTION

The antimicrobials have been highly used in both
human and animals. The previous data showed the
increasing of antimicrobial consumption by 36%
between 2000 and 2010 (Van Boeckel et al., 2014). For
decades, the incidences of AMR have become critical
problem in food-producing animals (Gould, 2009;
Wilcox, 2009). Pathogenic bacteria can develop the
antimicrobial resistance through several biological
mechanisms such as gene mutations, over-expression of
efflux pumps, and protection of the drug target sites by
protein modification (Munita and Arias, 2016). The
antimicrobial resistance gene carried bacteria have been
recently isolated from companion animals (Guardabassi
et al., 2004). In 2009, isolations of extended P-lactamase
producing (ESBL) Escherichia coli, methicillin-resistant
Staphylococcus aureus (MRS A), and methicillin-resistant
S. pseudintermedius (MRSP) were surprisingly archived
among healthy dogs and cats (Murphy et al., 2009). In
Thailand, ESBL-producing Enterobacteriaceae in fecal
carriage from healthy stray dog, household dog and
shelter dog samples were reported (62%, 8% and 70.1%,
respectively). Furthermore, the MRSA and some
antimicrobial resistance E. coli were also presented.
(Boonmasawai et al., 2017, Boonmasawai et al., 2018).
Since inappropriate antimicrobial prescriptions in human
are well regarded as a major contributor to antimicrobial
resistance development, (Castro-Sinchez et al., 2016;
Granov et al., 2016), inappropriate antimicrobial
prescriptions should contribute to the antimicrobial
resistance in companion animals, as well. The
veterinarians, one of the key prescriber also have
much effects on AMR problem (Zhuo et al., 2018).
By means of this, this study aimed to address the

antimicrobial prescriptions in companion animals from

the Veterinary Teaching Hospital in Thailand during
2012-2015. The expected data will show the pattern
of antimicrobial prescription in each year and the
antimicrobial use in each group of clinical problems.
These gathering data of antimicrobial use have been
required for weaving the overall picture of AMR problem
and leading to rational antimicrobial guidelines in

veterinary fields.

METHODOLOGY

This study was a retrospective cohort study that
randomly collected the data of antimicrobial prescription
by veterinarians for companion animals from outpatient
department (OPD) cards. These animal patients obtained
medications between January 1%, 2012 to December
31,2015 at Prasu-Arthorn Veterinary Teaching Hospital,
Faculty of Veterinary Science, Mahidol University,
Thailand. The general information of the patients;
sex, breed, age, weight and living places was recorded.
The medical history of patient was summarized and then
categorized into 13 groups according to major clinical
problem as following gastrointestinal system (G),
respiratory system (R), dermatological system (D), urinary
system (U), cardiovascular system (CV), reproductive
system (RP), neurological system (NU), sensory organs
(SO), musculoskeletal system (MU), neoplasm (Neo),
surgical procedure (S), blood parasite infection (BP) and
other cases (O), accordingly (Nelson and Couto, 2014).
All the antimicrobial prescription data by veterinarians
were descriptive analyzed by IBM SPSS Statistics
23.0. The significance of differences between groups was
evaluated using the Chi-square test (significance level

set at P < 0.05)
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RESULTS

The number of records in each year was 2,400,
1,400, 1,200 and 1,200 cases, respectively (2012 -2015).
The animal patients were living in Bangkok (52.4%,
3,247 cases), Nakhon Pathom (19.5%, 1,211 cases),
Nonthaburi (15.1%, 939 cases) and other provinces
(13%, 803 cases). The species of animals were dogs (77%,
4,776 cases), cats (18.3%, 1,135 cases), and other species
such as rabbit, ferret, bird, chicken, hamster, guinea pig,
turtle, snake, etc. (4.7%, 289 cases). From 6,200 animal
patients, there were 2,930 females (47.3%) and 3,193 males
(51.5%). Some bird, turtle and snake were not identified
the sexual status (77 animals, 1.2%). The age 57.8 month
(range: 1-264 months) and weight 10.3 kg (range: 0.02-62
kg) were averages of all.

There were total 8,093 antimicrobial prescriptions
by veterinarians for animal treatments. The antimicrobials
were prescribed for parenteral administrations 3,346
prescriptions (41.3%) and oral administrations 4,747
prescriptions (58.7%), respectively. Some patients
received one or more parenteral prescriptions and oral
prescriptions at the same time (Table 1). The three
order prescribed antimicrobials every year during
2012-2015 were enrofloxacin, amoxicillin/clavulanate
and doxycycline (Figure 1). From total prescribed
antimicrobials, the first order prescribed antimicrobial
was also enrofloxacin (33.9%, P<0.001) with significantly
difference from the second and third order prescribed
antimicrobials. By classification according to molecular
structure and antimicrobial mechanisms, the fluoro-
quinolone (40.2%): enrofloxacin, marbofloxacin
norfloxacin and ciprofloxacin was frequency prescribed
when compared with others (P<0.05) (Figure 2).

The parenteral prescriptions of antimicrobials

were shown in figure 3. Enrofloxacin (41.2%, P<0.001)

was mostly chosen by veterinarians with significantly
difference from amoxicillin/clavulanate (28%) and
marbofloxacin (8.7%). By oral administration, the
enrofloxacin was the chosen one for animal treatments
(28.8%, P<0.05) more than doxycycline (25.9%) and
the combination of amoxicillin and clavulanate (21.4%)
(Figure 4).

The topmost clinical problems of animal patients
receiving antimicrobial injections were during surgical
procedure (16.5%, n=552) (Table 2). The parenteral
antimicrobial using for pre-operative antimicrobial
prophylaxis in neutering cases had the highest rate
(47.1%, n=260). The percentage of antimicrobial uses
for treatment of orthopedic and reproductive cases before
and after surgery were comparable (13.2%, n=73), the
remaining cases were eye surgical procedure, gastrotomy,
perineal hernia. etc. Within surgical group, the most
injected antimicrobials were enrofloxacin (P<0.05),
amoxicillin/clavulanate and cefazolin (29%, 26.3% and
25.7%, respectively). In gastrointestinal system (14.6%,
n=488), by 83.9% of animals had diarrhea symptoms. The
data revealed that parenteral enrofloxacin was mostly used
to cure animals in this group (P<0.001), followed
with amoxicillin/clavulanate and trimethoprim/
sulfamethoxazole (63.4%, 13.3% and 12.6%, respectively).
In dermatological system, bacterial infection was the
major causes of veterinarian treatment decisions (55.7%,
n=177). The bite-open wound also highly found (28.3%,
n=90). Other causes of dermatological symptom were
allergy and skin mass, etc. The parenteral amoxicillin/
clavulanate was highly chosen to treat bacterial
dermatological infection (52.3%) (P<0.05), followed
with enrofloxacin and marbofloxacin (27.6% and 7.2%,

respectively).
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According to the clinical signs, the most oral
antimicrobial prescriptions were used for treatments of
dermatological system (16.3%, n=774, P<0.001),
gastrointestinal system (11.1%, n=527) and surgical
procedure (8.9%, n=422) (Table 3). The veterinarians
determined to use oral antimicrobials for animals with
bacterial infection on skin (34%, n= 263) such as skin
abscess, pyoderma, etc. The oral antimicrobials for
bite-open wound treatments often prescribed to animals
(16.7%, n=129). The most oral prescribed antimicrobials
of which were cephalexin (38.4%, P<0.05), amoxicillin/
clavulanate acid (22.3 %), and enrofloxacin (12.7 %).

The symptom of patients in gastrointestinal
system located in stomach and small intestine (81.6%,

n=430), dental and buccal cavity (13.8%, n=73) and large

intestine and anus (4.6%, n=24). The most oral prescribed
antimicrobials of which were enrofloxacin (27.6%,
P<0.05), trimethoprim/ sulfamethoxazole (27.3 %) and
amoxicillin/clavulanate (11.8 %).

Like the parenteral prescriptions, oral prescriptions
for preoperative antimicrobial prophylaxis for neutering
cases had the highest rate in surgical procedure (15.2%,
n=64). The oral antimicrobials were also highly given
after surgical procedure of infectious reproductive
system such as canine and feline pyometra (13.3%,
n=56) and tumor (11.8%, n=50). The most oral prescribed
antimicrobials of which were cephalexin (29.7%),
enrofloxacin (26.2%) and amoxicillin/clavulanate

1.5 %).
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Figure 1 The third most antimicrobial prescriptions from the Veterinary Teaching Hospital OPD records in 2012
(n=3,278), 2013 (n=1,910), 214 (n=1,422) and 2015 (n=1,483), Percentage of antimicrobial prescriptions calculated
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Figure 2 The antimicrobial prescriptions for animal treatments in the Veterinary Teaching Hospital during 2012 - 2015,
Percentage of antimicrobial prescriptions calculated from total 8,093 prescriptions.
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Figure 3 The percentage of parenteral antimicrobial prescriptions for animal treatments in the Veterinary Teaching
Hospital during 2012 - 2015 (Total prescriptions =3,346).
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Figure 4 The percentage of oral antimicrobial prescriptions for animal treatments in the Veterinary Teaching Hospital
during 2012 - 2015 (Total prescriptions =4,747).

Table 1 The number of animals and antimicrobial prescriptions for oral and parenteral administration in the Veterinary
Teaching Hospital during 2012 - 2015, n=number of antimicrobial prescriptions.

Antimicrobial prescriptions Year
2012 2013 2014 2015
I 2 Oral animals n animals n animals n animals n
parenteral  parenteral
v - - 522 522 241 241 210 210 173 173
v - 73 146 61 122 14 28 5 10
v v 33 99 49 147 7 21 3 9
v - v 739 1478 351 702 194 388 272 544
- - v 1033 1033 698 698 775 775 747 747

Sum 2400 3278 1400 1910 1200 1422 1200 1483
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Table 2 The third most parenteral antimicrobial prescriptions according to the clinical sign categorization (Total

prescriptions =3,346).

Categorized Prescriptions The most prescribed antimicrobials

clinical signs n (%) 1 (%) 2! (%) 3 (%)
S 552 (16.5) Enro (29.0)  Amoxiclav (26.3) Cefazolin (25.7)
G 488 (14.6) Enro (63.4)  Amoxiclav (13.3) Sulfa-Tri (12.6)

D 318 9.5) Amoxiclav ~ (52.3) Enro (27.6) Marbo (7.2)

U 311 9.3) Enro (58.8)  Amoxiclav (28.1) Marbo (7.7)
O 281 (8.4) Enro (50.8)  Amoxiclav (20.7) Marbo (11.0)
MU 264 (7.9) Amoxiclav  (44.0) Enro (27.6) Cefazolin (12.5)

R 248 (7.4) Enro (41.1)  Amoxiclav (38.4) Marbo 9.1)
RP 221 (6.6) Enro (60.4) Marbo (18.3)  Amoxiclav  (16.2)
SO 218 (6.5) Enro 47.2) Cefazolin (16.6)  Amoxiclav ~ (15.0)
CvV 144 4.3) Enro (47.6) Marbo (19.8)  Amoxiclav  (19.0)

BP 117 3.5) Oxytetra (56.2) Enro (34.3) Marbo 5.7)
NEO 104 3.1) Enro (43.3)  Amoxiclav (35.6) Marbo (76.7)
NU 80 2.4) Enro (51.4) Amoxiclav (21.4) Marbo (10.0)

Table 3 The third most oral antimicrobial prescriptions according to the clinical sign categorization (Total

prescriptions =4,747).

Categorized Prescriptions The most prescribed antimicrobials

clinical signs n (%) 1 (%) 2! (%) 3 (%)
D 774 (16.3)  Cephalexin  (38.4) Amoxiclav  (22.3) Enro 12.7)
G 527 (11.1) Enro (27.6) Sulfa-Tri (27.3)  Amoxiclav  (11.8)
S 422 (8.9) Cephalexin  (29.7) Enro (26.2)  Amoxiclav  (21.5)

BP 418 (8.8) Doxy (88.4) Enro 3.3) Marbo (0.6)
R 413 8.7) Amoxiclav ~ (35.5) Enro (21.6) Doxy (15.2)
MU 370 (7.8) Amoxiclav ~ (20.4) Cephalexin  (18.6) Doxy (18.1)
0O 361 (7.6) Doxy (26.1) Enro (13.6)  Amoxiclav  (13.6)

U 347 (7.3) Enro (33.9)  Amoxiclav (17.8) Doxy 9.7)
SO 328 (6.9) Enro (33.6) Cephalexin  (21.6) Doxy (16.2)
NEO 285 (6.0) Amoxiclav  (32.9) Enro (22.1) Doxy 201
RP 209 “4.4) Enro (25.9) Amoxiclav (8.4) Doxy (6.9)
Ccv 199 4.2) Doxy (32.3) Enro (21.7)  Amoxiclav ~ (11.0)
NU 94 (2.0) Enro (25.6) Doxy (18.4)  Amoxiclav  (16.0)

List of Abbreviation (Figures 1-4 and Tables 2-3) Ampi, ampicillin; Amoxi, amoxicillin; Amoxiclav, amoxicillin/clavulanate;

Azithro, azithromycin; Clinda, clindamycin; Cipro, ciproflocxacin; Doxy, doxycycline; Enro; enrofloxacin; Genta, gen-

tamicin; Marbo, marbofloxacin; Norflox, norfloxacin; Oxytetra, oxytetracycline; Pen-strep, Penicillin Streptomycin mix-

tures; Sulfa-Tri, Trimethoprim/sulfamethoxazole.



Journal of Applied Animal Science Vol.12 No.1 January-April 2019 33

DISCUSSION

From our study, the antimicrobial prescriptions
for companion animals in Thailand were firstly recorded
and categorized. The most prescribed antimicrobials by
veterinarians were enrofloxacin. After the diagnostic
procedure, the influenced factors of antimicrobial
prescriptions were the results of antimicrobial suscep-
tibility test, veterinarian experiences and the situation of
antimicrobial resistance problems. The availability and
convenience of antimicrobials in each country were also
significant (De Briyne et al., 2013). Therefore, the reasons
of highest uses of enrofloxacin might relate to its excellent
broad spectrum antimicrobial activities against Gram-
negative and Gram positive microbes, beside it has
several approved veterinary formulations by in both oral
and parenteral dosage forms (FDA, 2018). In Japan, the
legal product of enrofloxacin was mostly prescribed by
veterinarians for companion animal treatments (Tanaka
etal.,2017). All prescriptions of enrofloxacin preparations
in our study were the approved veterinary formulations.

Enrofloxacin is the recommended antimicrobials
indicated for urinary tract and respiratory infections in
dogs and cats (Weese et al., 2011). The surveillance of
pathogenic bacteria in Europe during 2008-2010 showed
that E. coli (52.5%), Staphylococcus spp. (13.6%) and
Enterococcus spp. (13.3%) commonly isolated from
urinary tract of dogs and cats had high susceptibility to
enrofloxacin (Wong et al., 2015; Moyaert et al., 2017).
The amoxicillin/clavulanate susceptibility in dogs was
likewise high (98.0%), but E. coli had trend to resistant
to amoxicillin/clavulanate in cats (Moyaert et al., 2017).
Thus amoxicillin/clavulanate was suggested to use
against Gram positive, whereas fluoroquinolones were
the recommended option for Gram negative in dogs

(Rampacci et al., 2018). The data from our study showed

the lower uses of amoxicillin/clavulanate comparing
with other countries. (Fig. 2-3). The most prescribed
antimicrobials in England and Wales in 2011 were -lactam
antimicrobials (76%) and combinations of amoxicillin
and clavulanate (36%) (Radford et al., 2011), as high
as USA (Fowler et al., 2015).

The doxycycline was prescribed as the third most
used antimicrobials might because it still had high
therapeutic efficacy against coagulase-positive
staphylococci in dogs (Bean and Wigmore, 2016) and
Gram-negative urinary tract infections (UTIs) in dogs
and cats (Rampacci et al., 2018). Doxycycline are also
suggested to use as a first-line option for secondary
bacterial upper respiratory infections (RTIs) (Lappinet
al., 2017). The major pathogen isolated bacteria from
canine RTIs was Staphylococcus intermedius (Morrissey
et al., 2016). But Staphylococcus spp. isolated from
dogs in South Africa during 2007-2012 showed the
increasing trend of enrofloxacin resistance. In contrast,
the bacterial resistance to doxycycline and amoxicillin/
clavulanate significantly decreased (Qekwana et al.,
2017). Moreover, doxycycline is frequently chosen for dog
treatments because of its other antimicrobial activity for
canine blood parasites such as Ehrlichia canis (Fourie
et al., 2015; Shropshire et al., 2018) and Hepatozoon
canis (Roopali et al., 2017).

When considering the reasons of antimicrobial
prescriptions, the major clinical problems that were
mentioned to prescribe antimicrobials were not much
difference. The infectious dermatitis was the major
clinical sign of dogs and cats from 25 European countries
in 2014 that was mentioned to antimicrobial uses
(De Briyne et al., 2014). The isolated feline and canine
dermatological pathogens were highly susceptible to

penicillin, ampicillin, amoxicillin/clavulanate and
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fluoroquinolones (Ludwig et al., 2016). The old
antibiotics, penicillin were still prescribed in Europe (33%
in dogs and 37% in cats), following by cephalosporins
and fluoroquinolones (De Briyne et al., 2014). From our
study, the injectable penicillin (as penicillin/streptomycin
preparation) was less given (0.7%)%), while the uses of
oral penicillin were not found any record in OPD cards.
Because of penicillin narrow spectrum, commonly
reported drug hypersensitivity and the highly development
of B-lactamases-producing bacteria (Wright, 1999),
the more efficacy and higher pharmacokinetic property
[-lactam antimicrobials were chosen by veterinarian such
as ampicillin and cephalosporin in consequence. The
isolated bacteria from dog RTIs in Europe still showed
Therefore the high ampicillin-susceptibility (Morrissey
et al., 2016). In contrast, the previous reports in Thailand
showed that the isolated Gram positive and negative bac-
teria from dog RTIs revealed the resistance to ampicillin
(Boonmasawai et al., 2017, Boonmasawai et al., 2018).
The surgical antimicrobial prophylaxis to prevent
the infectious complications is usually performed in
animal hospitals. (Hardefeldt et al., 2017) There were
frequent prescribed antimicrobials for parenteral
administration in surgical procedure from our study with
enrofloxacin, amoxicillin/clavulanate and cefazolin.
Compared with dog patients in UK, the parenteral
amoxicillin/clavulanate and second generation
cephalosporins such as cefuroxime were high frequency
used in preoperative prophylaxis (Gosling and Martinez-
Taboada, 2018). The parenteral short half-life cephalosporin
such as cefazolin and cefoxitin are generally used as single
preoperative dose (Allegranzi et al., 2016). Because
all surgical procedures always coincide with high risk of
infection as well as the potential risks of antimicrobial
resistance (Ierano et al., 2017), the prolongation of

antimicrobial uses continuously up to several days

after surgery might leads to serious concerns for the risk
of antimicrobial resistance (Cai et al., 2016).

The increasing of ESBL-producing E. coli can
be found from food-producing animals. The ESBL-
producing E. coli, MRSA, and MRSP were also found
among healthy dogs and cats which close to human
(Michael et al., 2017; Boonmasawai et al., 2017;
Boonmasawai et al., 2018). While, fluoroquinolone
resistance increased in Enterobacteriaceae causing
community acquired or healthcare associated urinary
tract infections and intra-abdominal infections, exceeding
50% in some parts of the world, particularly in Asia
(Dalhoff et al., 2019). The strong correlation between the
antimicrobial resistant proportion and antimicrobial use
was widely observed. The irrational use of antimicrobial
agents has an impact on the emergence and dissemination
of AMR. The results of highly selective pressure
cause further increasing of the last-line antimicrobial
consumption. (Wushouer et al., 2015). The antimicrobial
prescription surveillance in companion animals in
Thailand should be investigated furthermore. Because the
rational drug use (RDU) of antimicrobials by responsible
veterinarian is critically important for balancing the
optimum therapeutic outcome and animal safety. Base on
one health concept, the good knowledge, strong attitudes
and high-level perceptions of veterinarians as prescriber
can drive the improvement of antimicrobial prescribing in
practices (Visschers et al., 2016; Asante et al., 2017;
Schneider et al., 2018). The essential medicine policies
are required to reduce inappropriate antimicrobial use
(Holloway et al., 2016). RDU guidelines in companion
animals must be equipped for animal treatments.
Therefore, the additional data from veterinary fields are
urgently required for fulfill the overall pictures to

understand and solving AMR problem in Thailand.
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