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Abstract : Studies on the concentration of airborne microorganisms in human medicine as a part of a study on the
nosocomial infections have been conducted properly, but in veterinary medicine, there has been rarely performed in
Korea to the best of study’s knowledge. The purpose of this study was to evaluate the distribution of airborne
microorganisms and to identify their species in different places in the animal hospital to alert the necessity of thorough
cleanliness management. This study evaluated the concentrations of airborne bacteria and fungi in hospital areas, such
as patient waiting room, internal medicine ward, surgical ward and radiological diagnostic ward. The concentration
of bacteria and fungi was significantly lower (p < 0.05) in two operating rooms and higher in the patient waiting room.
The dominant species of bacteria were Micrococcus spp., Staphylococcus spp., and fungi were Penicillium spp.,
Dermatophyte mold. Animal hospitals need to perform proper procedures for disinfection, sterilization, and
environmental cleaning as well as appropriate employee training and monitoring in order to the maximum prevention
of the risk of nosocomial and surgical infections.
Key words : airborne microorganisms, animal hospital, veterinary medicine, surgical area, contamination.

tamination by bioaerosols in a hospital environment could
have highly serious effects on surgical infections in operating rooms; indeed, the incidence of surgical site infections
was the highest among all surgical infections, and air contamination in operating rooms was attributed as the major
cause (7,11). Previous studies have shown that the major air
contaminants in operating rooms were Staphylococcus, Diphteroids, and Micrococcus species, which moved through the
airflow to contaminate clean areas (14).
Nosocomial infection by bioaerosols has been studied continuously in the context of human medicine since 1979 in
Korea (5). However, to the best of this study’s knowledge,
there has been no study about the level of air contamination
by microorganisms in the animal hospitals of South Korea,
and there have only a few such studies in veterinary medicine conducted internationally.
Measurements of the concentration of airborne microorganisms and their isolations in hospitals are important because
they can provide information about the causes of nosocomial
infections and indicate the overall cleanliness of the hospital
environment (18).
The aim of this study was to provide valuable information
to support future studies about the level of airborne microorganism contaminants in animal hospitals particularly the various harmful factors that can affect animals. Therefore, in the
present study, the level of bacterial and fungal contaminants
was investigated at the teaching veterinary hospital of Chungbuk National University. It highlighted the current situations
of microbial contaminants, particularly focusing on surgical
areas that are more sensitive to microbiological contamina-

Introduction
The term bioaerosol refers to an airborne suspension of
live or dead microorganisms, spores of microorganisms in
dormancy, gamete cells and their associated fragments of
microorganisms and the excreta, toxic substances and allergens originating from these organisms (13). In particular, bioaerosols consisting of biological contaminants with bacteria
and fungi are the major causes of infectious diseases, as these
can easily fall and settle onto objects, patients or surgical
sites in the hospital environment, resulting in nosocomial
infections (6,9).
Main transmission pathways of nosocomial infections are
vector-borne and contact transmission by vehicle and airborne spread. In addition, it has been reported that microorganisms that form bioaerosols larger than 10 µm in diameter
are less likely to come through the respiratory tract, whereas
those that are 5-10 µm in diameter are deposited in the upper
respiratory tract causing diseases such as rhinitis, and those
smaller than 5 µm in diameter, corresponding to respiratory
size, can easily pass through the alveoli, causing allergic diseases and other serious diseases (15). In order to study indoor
airborne bioaerosols in hospitals, the microbiological pollution level in the air needs to be monitored. Among all places
in hospitals, it is most important to maintain sterile conditions in operating rooms (7). It has been reported that con†
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tion. Moreover, this study reviewed the cleanliness management practices of the hospital and demonstrated the necessity
of thorough cleanliness management for both animal hospitals and clinics.

Materials and Methods
In this study, the concentration of airborne bacteria and
fungi were measured in the patient waiting room, internal
medicine ward, surgical ward and radiological diagnostic
ward at the teaching veterinary hospital of Chungbuk National
University. There were two operation rooms for neurosurgery and orthopedics, and for general surgery and oncology.
Evaluations were performed separately in the surgical ward
and in other places.
Blood Agar Plate (BAP, BD Co., South Korea) for culturing bacteria, and sabouraud Dextrose Agar (SDA, BD Co.,
South Korea) were used for culturing fungi. The sampling
methods were carried out by a sedimentation method. For the
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sampling of airborne microorganisms, three BAPs and SDAs
were placed on a 0.8-1.0 m high shelf in each place which
was disinfected by 70% Ethanol. A total of 48 plates were
used. All samples were obtained in twice between 5 Am to 7
Am under the conditions that minimized air flow and floating population. The hospital timing starts at 9 Am and cleanup and ventilation start from 7:30 Am so between 5 Am to 7
Am was thought to reflect their air pollution levels well and
suitable to report airborne microorganism contamination.
Therefore, sampling proceeded in that time.
Immediately after completion of the sampling each plate
was sealed with parafilm to prevent the secondary contaminations and was incubated. Incubated plates were observed
every day (5). BAP was incubated 1-2 days at 37oC, and
SDA was incubated 3-5 days at 30oC. The number of the colonies on each plate was determined by the principle of selecting the intermediate of three values measured by three people.
Therefore, the unit was colony forming unit (CFU)/plate.
After counting, streaking was performed from three plates for

Fig 1. The incubated bacteria colony from the different places of surgery in animal medical center. A: waiting room, B: central treatment room, C: internal treatment room, D: surgical treatment room, E: diagnostic radiology room, F: operating room I, G: operating
room II, H: surgery preparation room.

Fig 2. The incubated fungi colony from the different places of surgery in animal medical center. A: waiting room, B: central treatment
room, C: internal treatment room, D: surgical treatment room, E: diagnostic radiology room, F: operating room I, G: operating room
II, H: surgery preparation room.
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Table 1. The concentration of bacteria from the different places
in the animal medical center

Table 3. The concentration of fungi from the different places of
surgery in animal medical center
Total fungi (N = 6)

Total bacteria (N = 6)
Detection
frequency (%)

Site

Mean ± SD
(CFU/plate)

min, max

Detection
frequency (%)

12, 20

100

WR

31.50 ± 6.09*

25, 41

100

07.50 ± 6.89

01, 17

100

CTR

25.83 ± 10.67*

15, 40

100

ITR

06.67 ± 1.75

04, 9

100

ITR

09.50 ± 7.58

02, 18

100

STR

06.17 ± 2.48

03, 9

100

STR

20.83 ± 4.88

14, 26

100

DRR

06.17 ± 2.23

03, 9

100

DRR

11.00 ± 3.29

08, 16

100

OR I

01.83 ± 2.14**

00, 6

83

OR I

02.50 ± 1.05**

01, 4

100

OR II

02.50 ± 1.76**

01, 5

100

OR II

07.33 ± 1.86**

05, 10

100

07.17 ± 4.36

04, 15

100

SPR

15.17 ± 3.54

09, 19

100

site

mean ± SD
(CFU/Plate)

WR

15.83 ± 2.93*

CTR

SPR

min, max

N the number of plates in each site, WR waiting room, CTR central treatment room, ITR internal treatment room, STR surgical
treatment room, DRR diagnostic radiology room, OR I operating
room I, OR II operating room II, SPR surgery preparation room,
*Bacteria concentration is significantly higher in WR as compared
with other sites (p < 0.05). **Bacteria concentration is significantly lower in OR I and OR II as compared with other sites
(p < 0.05).

N the number of plates in each site, WR waiting room, CTR central treatment room, ITR internal treatment room, STR surgical
treatment room, DRR diagnostic radiology room, OR I operating
room I, OR II operating room II, SPR surgery preparation room,
*fungi concentration is significantly higher in WR as compared
with other sites except CTR (p < 0.05), **Fungi concentration is
the significantly lower in OR I and II as compared with other surgical sites (p < 0.05).

culturing a single colony to isolation, based on the judgment
that the colony morphology, size, and the color were same.
Similarly, BAP was incubated for 1-2 days at 37oC, and SDA

was incubated for 3-5 days at 30oC. After completion of the
culturing, isolation was proceeded by gram staining and
VITEK 2 (bioMerieux, Korea).

Table 2. Classification and concentration of identified bacteria from the different places of animal medical center
Concentration (CFU/plate)

Microorganism

WR

CTR

ITR

STR

DRR

OR I

OR II

Coagulase Negative Staphylococcus

34

24

7

13

6

3

4

3

94

Micrococcus spp

17

13

8

7

7

6

8

18

84

Bacillus spp

2

1

1

4

Pseudomonas oryzihabitans

1

2

4

Aerococcus viridans

1
2

Corynebacterium species

SPR

3
4

Total

5
2

6

Moraxella spp

8

8

Aeromonas salmonicida

2

2

31

207

Total

54

40

23

25

13

9

12

WR waiting room, CTR central treatment room, ITR internal treatment room, STR surgical treatment room, DRR diagnostic radiology
room, OR I operating room I, OR II operating room II, SPR surgery preparation room.

Table 4. Classification and concentration of identified fungi from the different places of animal medical center
Microorganism

Concentration (CFU/plate)
WR

CTR

ITR

STR

DRR

OR I

Penicillium spp

60

69

29

34

31

Dermatophyte mold

44

31

20

17

8

Aspergilus spp

3

4

1

2

107

104

40

7

Total

49

51

OR II

SPR

Total

3

1

38

265

2

25

147
10

26

38

422

WR waiting room, CTR central treatment room, ITR internal treatment room, STR surgical treatment room, DRR diagnostic radiology
room, OR I operating room I, OR II operating room II, SPR surgery preparation room.
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The concentration of microorganisms according to each
place were analyzed by Duncan’s multiple range test with
SPSS statistical software (IBM SPSS Statistics Version 22,
SPSS Inc., Chicago, IL) and values which were p < 0.05
were considered statistically significant.

Results
Bacteria
In each site, different colonies were observed (Fig 1). The
concentration of bacteria in patient waiting room, central
treatment room, internal treatment room, surgical treatment
room, diagnostic radiology room, two operating rooms and
surgery preparation room was 15.83 CFU/Plate (Standard
Deviation [S.D]. 2.93), 7.50 CFU/Plate (S.D. 6.89), 6.67 CFU/
Plate (S.D. 1.75), 6.17 CFU/Plate (S.D. 2.48), 6.17 CFU/Plate
(S.D. 2.23), 1.83 CFU/plate (S.D. 2.14), 2.50 CFU/plate (S.D.
1.76) and 7.17 CFU/plate (S.D. 4.36) respectively (Table 1).
Bacteria concentration was significantly higher in the
patient waiting room as compared with other sites. The lowest concentration of bacteria was found in two operating
rooms, and in surgery preparation room was higher than any
other surgical area. There were 8 species of bacteria that grow
on the plate. Among the 207 CFU/Plate, coagulase-negative
Staphylococcus (CNS) was 94 CFU/Plate (45%), Micrococcus spp was 84 CFU/Plate (40%), and Moraxella spp were
8 CFU/plate (4%) (Table 2). Six different types of bacteria
were isolated including Bacillus spp, Pseudomonas oryzihabitans, Aerococcus viridans, Corynebacterium spp, Moraxella
spp and Aeromonas salmonicida.
Fungi
In each site, different colonies of fungi were observed (Fig
2). The concentration of fungi in patient waiting room, central
treatment room, internal treatment room, surgical treatment
room, diagnostic radiology room, two operating rooms and
surgery preparation room were 31.50 CFU/Plate (S.D. 6.09),
25.83 CFU/Plate (S.D. 10.67), 9.50 CFU/Plate (S.D. 7.58),
20.83 CFU/Plate (S.D. 4.88), 11.00 CFU/Plate (S.D. 3.29),
2.50 CFU/plate (S.D. 1.05), 7.33 CFU/plate (S.D. 1.86), and
15.17 CFU/plate (S.D. 3.54) respectively (Table 3).
Fungi concentration is significantly higher in the patient
waiting room as compared with other sites except central
treatment room. There were 3 species of fungus grow on the
plate. Among the 422 CFU/Plate, Penicillium spp was 265
CFU/Plate (63%), Dermatophyte mold was 147 CFU/Plate
(35%), Aspergilus spp was 10 CFU/Plate (2%) respectively
(Table 4). The lowest concentration of fungi was found in
two operating rooms, and in surgical treatment room was
higher than any other surgical area.

Discussion
To understand the overall distribution of airborne microorganisms within the veterinary hospital, we used the sedimentation method to measure airborne microorganisms in the
patient waiting room, central treatment room, internal treatment room, surgery treatment room, and diagnostic radiology room. In order to standardize all environmental factors
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as much as possible (e.g., temperature, relative humidity, size
of the floating population, airflow), the air control system of
each location was stopped, all doors and windows were
closed to isolate the study site from other spaces and all samples were collected between 5 Am and 7 Am, corresponding
to the time before the start of the regular daily consultation
hours.
In the case of bacteria, patient waiting room showed significantly higher bacterial concentration compared with other
sites and operating room I showed the lowest bacterial concentration (1.83 CFU/plate), and the surgery preparation room
showed the highest concentration (7.17 CFU/plate) in the
surgical area. This may be due to that patient waiting room
also serves as the central lobby area in this hospital. Our
findings were similar to a previous study (11), which found
the highest concentrations of airborne microorganisms in the
central lobby areas of human hospitals.
During bacterial identification tests, CNS were isolated
from all locations. CNS is a member of the Staphylococcus
genus, which is a major causative agent of hospital-acquired
infections (HAI), but because CNS are non-pathogenic, they
have been largely neglected from clinical perspectives. However, since the report of a case of CNS infection, there have
been other additional instances involving CNS-related sepsis
following heart surgery and urinary tract infections, emphasizing its significance as the causative agent of HAI (13).
Pseudomonas oryzihabitans, which was isolated from the
patient waiting room and central treatment room, that cause
opportunistic infections in humans and animals with weakened immune systems, specifically, cause sepsis or peritonitis through infection following surgery or through a catheter
(1). Aerococcus viridans, isolated from the internal treatment
room and central treatment room, are widely distributed in
hospital environments and cause osteomyelitis, endocarditis,
meningitis, septic arthritis, and bacteremia in humans (8). All
the bacteria isolated, 45% were Staphylococcus spp., 40%
were Micrococcus spp., and 4% were Moraxella spp. These
results were consistent with the results of a previous study
(16) conducted in human medicine, in which Micrococcus
and Staphylococcus were the most common bacterial species
identified. Micrococcus and Staphylococcus are generally
reported as common air contaminants in hospitals (15). It
was found that 63% of patients that received surgery had the
same Staphylococcus strain at surgical incision sites to that
found in the air of the operating room, which proved that
contaminated air in the operating room during surgery was
the source of contamination in surgical sites (3). S. epidermis, which was detected in operating room I, has received
the most recent attention as a causal pathogen for nosocomial infection (19). This bacterium has the characteristic of
readily forming biofilms on surgical instruments, intravenous catheters, intrapleural catheters, pacemaker electrodes
and urinary tract catheters (20). Therefore, this bacterium
should be closely monitored that usually remains in the epidermis of humans and other mammals, can cause opportunistic infections in patients with low immunity (19).
In the case of fungi, patient waiting room showed significantly higher fungal concentration as compared with other
sites except central treatment room. This result is similar to
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the previous study (11) that showed the highest level of concentration of airborne fungi in the lobby of human medicine
hospitals. Operating room I showed the lowest fungal concentration (2.50 CFU/plate). All the fungi isolated, 63% were
Penicillium spp, 35% were Dermatophyte mold, and 2%
were Aspergillus spp. These proportions are similar to the
results of the previous study (12) who found that Penicillium
was the dominant species. However, unlike the results in
human medicine, overall a higher fungal concentration than
bacterial concentration was identified in the veterinary hospital. Furthermore, in contrast to human medicine studies, the
results of this study showed that a high rate of Dermatophyte
mold, which seems to be consistent with a report indicating
that Dermatophytes were present more than 4-10% in dogs
and more than 20% in cats (4). This fungus has caused the
most common clinical veterinary fungal diseases worldwide.
Therefore, this fungus should also be closely monitored
because it not only capable of high levels of contamination in
keratin structures, including the claws, skin, hair and stratum
corneum of animals and natural environments but also cause
zoonosis, and thus considered to be important for public
health (2).
Among all of the places, operating room I where neurosurgery and orthopedics surgeries are operated showed the significantly lowest concentration of microorganism because of
thorough disinfection and hygiene management. In operating
rooms, exposure of sterile surgical sites to the air has been
proven to result in postoperative infections (10). The postoperative infections can lead to the death of diseased animals
regardless of surgical outcomes. Therefore great attempts
should be made to minimize the concentration of airborne
contaminants in operating rooms throughout hospitals (17).
In the present study, the central treatment room and surgical
treatment room had significantly higher level of fungi than
internal treatment room and diagnostic radiology room. It
looks likely due to the patient shaved hair by using clipper
before surgery. Surgical areas should be wiped with a dry and
wet duster every day, particularly in operating and surgery
preparation rooms, cleaned with diluted hypochlorous sodium
chlorate (available chlorine concentration 4%) and 70% ethanol.
This study had some limitations. The sample collection
was performed only at a one-time point rather than collecting samples over time and in different seasons. In addition,
each specimen was collected only twice, and the number of
samples was small, leading to somewhat high deviations at
some places in the results. Furthermore, the airborne microorganisms were measured through the sedimentation method
owing to the unavailability of the specialized instruments
required for sampling airborne microorganism with the
impinger sampling method, which resulted in a discrepancy
between the units reported in many human medicine studies
(CFU/m3) and those obtained in this study (CFU/plate), leading to difficulty in direct concentration comparisons. Currently, the impinger sampling method using an RCS air
sampler (Biotest Co., Germany) and Cascade air sampler
(Anderson, USA) is commonly used for measuring the concentrations of airborne microorganisms in human medicine.
Furthermore, human medicine has been actively studying
correlations by season, time points, and environmental fac-

tors (temperature, relative humidity, carbon dioxide concentration, odor index, the presence of air conditioning, and
whether or not a fungicide was sprayed) (18). Moreover,
samples are repeatedly collected within a certain period of
time to obtain at least 100 total samples, which facilitates
more reliable statistical evaluations of the study results.
Therefore, animal hospitals also need to perform proper
procedures for disinfection, sterilization, and environmental
cleaning as well as appropriate employee training and monitoring in order to the maximum prevention of the risk of
nosocomial and surgical infections. In addition, all materials
related to treatments, including surgical instruments, must be
fully washed to ensure the removal of organic matter before
disinfection. For further veterinary medicine studies, samples of indoor and outdoor airborne microorganisms should
be accurately classified and isolated according to changes
over time, season, and environmental factors. This would
allow for more effective comparative evaluations with human
medicine studies.
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