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RESUMO
A contaminagdo microbiana em biotérios ¢ perigosa para humanos e animais. Portanto, os
padrdes sanitarios devem sempre ser mantidos para evitar a contaminagdo microbiana nessas
mnstalacdes. Este estudo teve como objetivo avaliar o nivel de contaminacdo do ar e da 4gua e
identificar o microrganismo isolado de um biotério de roedores localizado na Universidade
Federal de Uberlandia, Minas Gerais, Brasil. Unidades formadoras de colonias (UFC) por
mililitro foram usadas para monitorar quantitativamente a agua, enquanto UFC por metro
ctbico foi usado para o ar. A identificacdo microbiana de colonias isoladas foi realizada para
monitoramento  qualitativo. O numero médio total de microrganismos na dgua variou de 0,015
+0,022 0,999 £0,91 UFC/mL. O numero de microrganismos no ar variou de 9,1 £4,6 a351,56
+ 158,2 UFC/m?. Quarenta e um microrganismos identificados nas amostras do biotério de
roedores eram potencialmente patogénicos e/ou oportunistas tanto para animais quanto para
humanos. Concluindo que tanto as amostras de dgua quanto de ar apresentaram contaminagao
de microrganismos potencialmente patogénicos e oportunistas que podem prejudicar tanto
roedores quanto humanos. Com base em nossas observagoes, padrdes sanitarios especificos
adequados para essas instalagdes devem ser desenvolvidos para controlar a contaminagio
microbiana, o que evitarda zoonoses € garantird confiabilidade nos resultados cientificos dos

experimentos com animais.

Palavras-chave: dgua, ar, biotério, roedores, fungos, bactérias, microbios






ABSTRACT
Microbial contamination in animal facilities is hazardous for both humans and animals. Hence,
sanitary standards should always be maintained to prevent microbial contamination in these
facilities. This study aimed to evaluate the level of air and water contamination and identify the
isolated microbial of rodent facility located at the Federal University of Uberlandia, Minas
Gerais, Brazil. Colony forming units (CFU) per millliter was used for quantitatively
monitoring water, while CFU per cubic meter was used for air. Microbial identification of
isolated colonies was performed for qualitative monitoring. The total mean number of
microorganism in water ranged from 0.015 £+ 0.02 to 0.999 + 0.91 CFU/mL. The number of
microorganism i ar ranged from 9.1 + 4.6 to 351.56 + 158.2 CFU/m’. Forty-one
microorganisms identified in the samples of the rodent facility were potentially pathogenic
and/or opportunistic for both animals and humans. Concluding that both water and air samples
showed contamination of potentially pathogenic and opportunistic microorganisms that can
harm both rodents and humans. On the basis of our observations, specific sanitary standards
suitable for these facilities should be developed for controlling microbial contamination, which

will prevent zoonosis and ensure reliability in scientific results of animal experiments.

Key words: waterborne, airborne, rodent facility, fungi, bacteria, microbial
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BIOTERISMO

Por mais de um século o bioterismo, pratica do uso de modelos animais em pesquisas
cientificas, ocorre devido a constante modernizagdo ¢ evolugdo das ciéncias biomédicas,
humana e veterinaria. Contudo, por muito tempo essa pratica ocorreu sem que houvesse a
devida preocupagdo ética e de qualidade sanitiria, onde os animais eram utilizados como
mstrumentos de trabalho, ndo havendo a estrutura adequada, condigdes higiénicas ou
tremamento para realizacdo das atividades (ANDRADE; PINTO; OLIVEIRA, 2002).

No Brasil, o marco que regulamentou a utilizagio de animais em pesquisas cientificas
ocorreu através da Lei Arouca, Lei n® 11.794/2008 de 15 de julho de 2009. O Decreto
presidencial dispde sobre a criagdo e a utilizacdo de animais em atividades de ensino e pesquisas
cientificas em todo o territério nacional. Para garantr o cumprimento das diretrizes da Lei
Arouca foram criados os orgdos: o Conselho Nacional de Controle da Experimentacdo Animal
(CONCEA); e o Sistema de Cadastro das Instituicoes de Uso Cientifico de Animais (Ciuca).
Foram também definidas as normas para fincionamento das Comissdes de Eticas em Uso de
Animais (CEUAs), com objetivo de garantir o atendimento ético e humanitirio do uso de
animais para fins cientificos (BRASIL, 2008).

Atualmente, animais de laboratorio sdo aqueles criados e produzidos sob condigdes
ideais e mantidos em um ambiente controlado, onde ocorre acompanhamento genético e
microbiologico. Os animais na natureza ndo satisfazem as exigéncias necessarias para
experimentagdo biologica, pois ndo sdo submetidos a nenhum tipo de controle (ANDRADE;
PINTO; OLIVEIRA, 2002).

A tUnica forma de garantia da manutencdo dos padrdes de boa qualidade sanitaria ¢ a
constante vigilancia, visando o bem estar do funciondrio de um biotério e, consequentemente,
do animal por ele manipulado, e avangos confidveis nas pesquisas que utilizam esses animais.
Por isso biotérios, como os de roedores, sdo planejados e projetados obedecendo regulamentos,
legislagdes e padrdes criados para suprir as necessidades dos animais e pesquisas cientificas la
conduzidas, como instalacdes e equipamentos (MAJEROWICZ, 2019; POLITIL
MAJEROWICZ; CARDOSO; PIETRO et al., 2008).

Portanto, resumindo, um biotério ¢ uma instalagdo com caracteristicas proprias, que
atende as exigéncias dos animais onde sdo criados ou mantidos, proporcionando bem-estar e

saude para que os animais possam se desenvolver e reproduzr, respondendo satisfatoriamente

aos testes neles realizados (ANDRADE; PINTO; OLIVEIRA, 2002).
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CONTAMINANTES AMBIENTAIS MICROBIOLOGICOS

A contammagdo bioldégica ¢ um fator que obstaculiza a obtencdo da boa qualidade
laboratorial (ANVISA, 2019), a forma com que a contamina¢do pro microrganismos € suas
toxinas ocorre no ambiente varia, ¢ quando detectada necessita de investigacdo. Quando
relacionado a contaminagdo do ar, o predominio encontrado ¢ a ocorréncia por bioaerossois,
gerados no ambiente externo e carreadas para o mterior pelo fluxo de pessoas, sistemas de
ventilagdes ou portas e janelas (MIRSKAYA; AGRANOVSKI, 2018; ZHOU; LAI; TONG;
LEUNG et al., 2020).

A exposicdo continua dos funciondrios e animais a possiveis endotoxinas e exotoxinas
bacterianas compromete o sistema imune, causando doencas respiratorias e gastrointestinais
como enfisema pulmonar e inflamagdes ntestinais, dentre outras, portanto, a presenca de
bactérias também deve ser investigada (LAI; HANG; ZHANG; SUN et al, 2016). Os
microrganismos mais comuns encontrados em amostras de ar sdo as bactérias Bacillus spp.,
Staphylococcus spp., Micrococcus spp., Pseudomonas spp. € Enterococcus spp., € os fungos
Penicillium spp., Aspergillus spp., Cladosporium spp. e Fusarium spp. (VIANI; COLUCCI;
PERGREFFI; ROSSI et al., 2020).

Uma outra fonte ambiental que ¢ afetada por contaminagdo microbiologica ¢ a agua,
quando contaminada com fezes pode causar graves doengas ao homem e aos animais como
coOlera e febre tifoide, devido a isso a auséncia de coliformes fecais se tornou um marcador para
verificar a seguranca da dgua (LECLERC; MOSSEL; EDBERG; STRUIJK, 2001; NOWICKI;
DELAURENT; DE VILLIERS; GITHINJI et al, 2021). No entanto, a presenca de outras
bactérias e fungos na agua ndo pode ser ignorado, pois também possuem potencial patogénico,
principalmente em organismos imunossuprimidos. A capacidade que algumas bactérias e
fungos tem de formar biofilmes e se estabelecer mesmo em condigdes pobres de nutrientes €

uma das principais caracteristicas responsaveis pela contaminacdo na agua (EDSTROM;

CURRAN, 2003; KAUFFMANN-LACROIX; COSTA; IMBERT, 2016).

BIOSSEGURANCA EM BIOTERIOS

O desenvolvimento das atividades em biotérios deve sempre ser realizada de acordo
com as boas praticas, normas e biosseguranca. Sendo um conjunto de medidas e procedimentos
voltados para prevengdo, controle, minimizacdo ou eliminacdo de riscos provenientes das
atividades que possam comprometer a saide do homem, do animal, do meio ambiente ou da
qualidade das pesquisas realizadas (TEIXEIRA; VALLE, 2010). Biotérios sdo classificados de

acordo comaclasse de risco dos agentes biologicos que sao manipulados ali, sendo eles nivel
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de biosseguranga animal 1 (NBA-1) onde o trabalho envolve agentes biologicos caracterizados
e conhecidos por ndo provocarem doengas em humanos sadios; nivel de biosseguranca animal
2 (NBA-2) que usa agentes bioldgicos com risco individual moderado e baixo risco para a
populagdao; nivel de biosseguranga animal 3 (NBA-3) que utiliza agentes que apresentam
potencial elevado de transmissao por aerossdis e risco de provocar doencas fatais; e nivel de
biosseguranga animal 4 (NBA-4) com agente bioldgicos de potencial patogénico desconhecido
representando alto risco individual e coletivo (BRASIL, 2006).

Além das normas de biosseguranga a serem seguidas existem recomendagdes de
controle de qualidade para biotérios, como da “Federation of European Laboratory Animal
Science Associations” (FELASA), onde o monitoramento microbiologico da saude dos animais
¢ recomendado para assegurar validez e reprodutibiidade dos dados (FELASA, 2014). No
entanto ndo existe nenhum tipo de regulamentacdo ou lei para controle de qualidade do

ambiente dos biotérios no Brasil

OBJETIVOS
Objetivo geral

Avaliar a presenca de contaminantes bacteriologicos e fingicos no ar e na dgua da Rede

de Biotério de Roedores (REBIR) da Universidade Federal de Uberlandia (UFU).

Objetivos especificos

e Coletar amostras de agua e ar do REBIR.

e Determinar a quantidade de Unidades Formadoras de Colonias (UFC) por mL de
bactérias e fungos presentes na agua da rede de abastecimento, filtrada e estéril do
REBIR.

e Determinar a quantidade de Unidades Formadoras de Colonias (UFC) por m? de
bactérias e fungos presentes no ardas salas de criacdo e alojamento do REBIR.

e Isolar eidentificar os fungos e bactérias encontradas.
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Abstract

Microbial contamination in animal facilities is hazardous for both humans and animals. Hence,
sanitary standards should always be maintained to prevent microbial contamination in these
facilities. This study aimed to evaluate the level of air and water contamination and identify the
isolated microbial of rodent facility located at the Federal University of Uberlandia, Minas
Gerais, Brazil. Colony forming units (CFU) per millliter was used for quantitatively
monitoring water, while CFU per cubic meter was used for air. Microbial identification of
isolated colonies was performed for qualitative monitoring. The total mean number of
microorganism in water ranged from 0.015 + 0.02 to 0.999 + 0.91 CFU/mL. The number of
microorganism i air ranged from 9.1 + 4.6 to 351.56 + 158.2 CFU/n?. Forty-one
microorganisms identified in the samples of the rodent facility were potentially pathogenic
and/or opportunistic for both animals and humans. Concluding that both water and air samples
showed contamination of potentially pathogenic and opportunistic microorganisms that can
harm both rodents and humans. On the basis of our observations, specific sanitary standards
suitable for these facilities should be developed for controlling microbial contamination, which
will prevent zoonosis and ensure reliability in scientific results of animal experiments.

Key words: waterborne, airborne, rodent facility, fungi, bacteria, microbial
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Introduction

Biological contamination in facilities used for housing animals mntended for scientific
research hinders the achievement and maintenance of good laboratory quality. (Majerowicz
2019) Constant vigilance of microbial presence is required, as the presence of microorganisms
in these environments can cause serious diseases in humans and animals, and may negatively
affect the quality of research conducted using these animals. (Felasa 2014, Majerowicz 2019)
Therefore, Brazilian animal facilities are designed to comply with regulations, legislation, and
standards created to meet the needs of animal and scientific research. (Politi et al. 2008, Brasil
2008)

Quality control programs aimed at maintaining animal health have been designed,
(Felasa 2014) however, the environment of animal facilities also has to comply with the quality
control standards, as water and air are sources of microbiological contammation. (Cincinelli
and Martellini 2017, Dawson and Sartory 2000, Kauffmann—Lacroix et al. 2016, Rao et al
1996, Strickland and Shi 2021, Zhou et al 2020) Although known to be sources of
contamination, Brazilian legislation does not define specific standards for environmental
quality control of animal facilities.

Indoor air contammation occurs via bioaerosols, which, in most cases, are generated in
the external environment and carried inside by people, ventilation systems, or doors and
windows. (Mirskaya and Agranovski 2018, Zhou et al. 2020) The continuous exposure of
employees and animals to possible bacterial endotoxins and exotoxins compromises the
immune system, causing respiratory and gastrointestinal diseases such as pulmonar y
emphysema and intestinal inflammation. (Lai etal 2016)

Feces-contammated water can cause serious diseases mn humans and animals, such as
cholera and typhoid fever. Hence, the absence of fecal coliforms is used as a marker to verify

the safety ofwater. (Boelee etal 2019, Leclerc et al. 2001, Nowicki et al. 2021) However, the
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presence of fungi in water cannot be ignored, as they may be pathogenic, especially in
mmmunosuppressed organisms. The ability to form biofims on surfaces and thrive even in
nutrient-poor places are primarily responsible for bacterial and fungal contamination in water.
(Kauffimann—Lacroix et al. 2016, Edstrom and Curran 2003) Fungi belonging to the genus
Aspergillus spp. are mainly responsible for disease outbreaks, and its dissemmation is related
not only to transmission by contaminated water, but also via airr through bioaerosols.
(Kauffimann-Lacroix etal 2016)

Several studies have reported the identification of pathogenic and other fungi and
bacteria in animal facilities for rodents, (Carriquirborde et al. 2020, Na et al. 2010, Kunstyr et
al. 1997) and quality control recommendations for ensuring the health of rodents have been
implemented; however, these parameters do not cover the entire environment of the animal
facilities. (Felasa 2014, Na et al. 2010, Mailhiot et al. 2020) Information regarding monitoring
and mamntenance of the microbiological quality of air and water is currently available, (Dawson
and Sartory 2000, Kim et al. 2018, Leclerc et al. 2001, Edstrom and Curran 2003, Westall et al.
2015) which is essential for formulating ways of detecting and controlling infections caused by
pathogenic and opportunistic microorganisms in animal facilities. (Schlapp et al 2018,
Cincinelli and Martellini 2017, Mansfield et al. 2010, K unstyr et al. 1997, Ooms et al. 2008,
Westall etal 2015)

For minimizing occupational risks, ensuring scientific quality, and identifying possible
contammation points, we aimed to evaluate the presence of bacteriological and funga 1

contaminants in the air and water of arodent facility used for scientific research in this study.
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M aterials and M ethods

Characterization of the rodent facility

The rodent facility in the present study has a total area of 733 n?, divided into several

rooms. The floor plan of the evaluated rooms and their surroundings are shown in Figure 1. Air
circulation i the rooms is through common air conditioning. Employees circulating in the
breeding area wear disposable and sterile clothing, gloves and caps. The animals are kept in
individual ventilation racks with HEPA filter (Tecniplast SpA, Buguggiate, Varese, Italy),
which are changed annually, at40-60% humidity, 20+1°C,and light and dark (12/12) cycles.
The rodent’s cage is sterilized together with the wood shavings, and they receive feed and
filtered and sterilized water ad libitum. Cleaning and changing the cages is carried out weekly.
The cleaning and disinfection of the facility is carried out in cycles of 6 months using
Vikon's solution (Antec International, Sudbury, Suffolk, Unted Kingdom) and 6 months using
hypochlorite (Uzzi Quimica Itda, Uberlandia, Minas Gerais, Brazl) in order to avoid microbial

resistance.

Collection and sampling locations

All samples were obtained from the Central Animal Facility of the Animal Facility
Network of the Federal University of Uberlandia, Minas Gerais, Brazil. Air samples were
collected from three 6 x 6 n? breeding rooms, which were designated in this study as breeding
room 1 (BR1), BR2, and BR3. In addition, they were also collected from two 6 x 4 nm? housing
rooms (HR), HR1 and HR2 (Fig. 1). External atmospheric air samples were used as external
control (EC) and were collected from the surroundings of the rodent facility. Water samples
were collected at specific points as follows: pomnt (1) water supply system (drinking water,

DW), (2) post-filtration water (filtered water, FW), and (3) water sterilized by saturated steam
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under pressure (sterile water, SW). All air and water samples were assessed m triplicate and at

three different time points, once a month for three months.

Microbiological evaluation of water

The microbiological content of water was evaluated using the total count of bacteria and
fungi per milliliter according to the methodology recommended by “American Public Health
Association”. (APHA 2012) For evaluating bacterial presence, 500 mL water was collected
from each collection point in sterile flasks and subsequently fitered using a 0.22 um pore
membrane (Millipore®). The membrane was placed in a Petri dish containing Reasoner's 2A
agar (R2A, Difco, Detroit, MI, USA) for determining the total count of aerobic bacteria,
mannitol agar (MA, Difco) for the recovery of Staphylococcus sp, cetrimide agar (CA, Difco)
for Pseudomonas sp, and MacConkey Agar (MCA, Difco) for enterobacteria, and incubated at
37°C for 24 h i a bacteriological mcubator. After the incubation period, the colony forming
units per milliliter (CFU/mL) was determined (R2A).

The presence of yeasts was evaluated by collecting 1000 mL of water from each
collection point and filtering with a 0.45 um pore membrane (Millipore®). The membrane was
placed in a Petri dish containing Sabouraud dextrose agar (SDA, (Difco) supplemented with
chloramphenicol (30 mg/100 mL) (Sigma, St. Louis, MO, USA). The plates were incubated in
a biochemical oxygen demand (BOD) incubator at 30°C for 48 h for fungal growth and
subsequent enumeration of CFU/mL and re- incubated for 7 days to verify the development of
yeasts.

The presence of filamentous fungi was evaluated in a similar way to that carried out for
yeasts, the only change being the incubation time. After filtration the plates were incubated in

BOD for two to three weeks, being examined from the second day, to verify the development
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of filamentous fungi. The samples obtained from point 1 (water supply network) were treated

with 1 mL 1.8% sodium thiosulfate per liter to remove residual chlorine. (APHA 2012)

Microbiological assessment of air

Microbiological quality of air was evaluated using the total count of bacteria and fungi
per cubic meter. Briefly, a one-stage air sampler (MAS-100, Merck KGaA, Darmstadt,
Germany) was placed in the center of all the five rooms evaluated (BR1, BR2, BR3, HRI, and
HR2) at a height of approximately 1.5 m from the ground, and the sampler was programmed to
collect 500 L of air for 5 min after impacting the Petri plates (90 mm), as the device allows
aspiration ofparticles with diameter greater than 1 um.

Tryptic soy agar (TSA, Difco) was used for determining the total count of aerobic
bacteria, MA (Difco) for the recovery of Staphylococcus sp, CA (Difco) for Pseudomonas sp,
and MCA (Difco) for enterobacteria. After the plates were incubated for 24 h at 37°C i a
bacteriological incubator, the CFU/m* was determined using the conversion table of the device
used, as recommended by the manufacturer.

The air collection procedure for determming the presence of fungi in air was the same
as that used for bacteria, except that SDA (Difco) supplemented with chloramphenicol (30
mg/100 mL) (Sigma) was used. For yeast the plates were incubated in BOD incubator at 30°C
for 48 h for fingal growth and subsequent enumeration of CFU/m?® and re- incubated for 7 days
to verify the development of yeasts. For filamentous fungi the plates were incubated n BOD
for two to three weeks, being examined from the second day, to verify the development of
flamentous fungi. The device's conversion table was used to determme the CFU/n?.
Identification of isolated microorganis ms

The bacterial and yeasts strains found in the air and water samples were isolated and

later identified using matrix assisted laser desorption-ionization-time of flight mass
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spectrometry (MALDI-TOF MS). Briefly, the microbial culture was suspended n 300 pL
distilled water, to which 900 pL of 99.5% alcohol was added and centrifuged at 13,000 rpm for
2 min. After centrifugation, the supernatant was discarded, 20 pL of 70% formic acid was
added, and the solution was vortexed. After vortexing, 20 pL. of acetonitrile was added and
centrifuged for two min at 13,000 rpm. Then, aliquots of the supernatant were analyzed using
mass spectrometry (MALDI- TOF, Bruker MALDI Biotyper 4.0). The criteria established for
identification were: > 2.0 for species and < 1.7 for genus. (Tarumoto etal 2016)

The isolated filamentous fungi were identified based on the morphological observation
of the colony using giant and microscopic colony techniques, as well as microculture on potato

agar (Difco). (Campbell etal 2013, Larone 2011, Samson etal 2007, Silva et al. 2011)

Statistical analysis

Statistical analyzes were based on microbial count (CFU/mL). All results are expressed
as mean + standard deviation (SD) of the three collections performed. Data were analyzed using
jamovi software (version 2.0) and R: A Language and environment for statistical computing
(version 4.0). The data obtained were analyzed by negative binomial regression followed by
post-hoc comparisons of groups using Bonferroni corrections, where P < 0.05 was considered

statistically significant, with the level of significance set at o = 0.05.

Results

The results of the quantitative evaluation of microorganisms in water are show n in
Figure 2. The means ofthe number ofbacteria present n DW, FW, and SW ranged from 0.223
+ 0.05 to 0.999 = 0.91 CFU/mL, while that fungi ranged from 0.015 + 0.02 to 0.147 + 0.21
CFU/mL. No statistical difference was found regarding the count of microorganisms between

the DW, FW and SW, nor between the bacteria and fungi (Table 1).
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The results ofthe quantitative evaluation of microorganisms in air are shown in Figure
3. The means of the number of bacteria present in air (Figure 3 A) were 132.00+99, 130.11 +
77.0,and 351.56£158.2 CFU/m? in BR1, BR2 and BRE3, respectively, and 51.44 +15.01 and
41.00 £10.5 CFU/m?® in HR1 and HR2, respectively. The mean number of fungi in the air of
BR1, BR2, BR3, HR1, and HR2 were 12.56 £8.9, 12.78 + 8.6,36.33 £25.8, 10.78 + 7.7, and
9.11+4.6 CFU/m?® respectively (Figure 3 B). In the EC, 72.11+10.04 CFU/m?® bacteria (Figure
3 A)and 13.11 £4.47 CFU/m? fungi (Figure 3 B) were detected.

More bacteria than fungi were found in the air of the animal facility (P = 0.001). In the
air was a significant increase in microorganisms in the 3 breeding rooms (BR1, BR2 and BR3)
compared to rooms HR1 and HR2 (P = < 0.05), when compared to the other rooms, BR3 had
an increase in relation to the others (BR1, BR2, HR1 and HR2 - P = < 0.05), and rooms BR3
(P =0.001) HRI (P = 0.049) and HR2 (P =0.001) had an increase in microorganisms compared
to EC (Table 2).

In total, 44 species, including bacteria, yeasts, and filamentous fungi, were isolated and
identified i this study (Table 3). Among these, 14 species were found only in water samples,
20 in air samples, and 10 were found in both water and air samples. Fifty-three microorganisms
were found in water and 79 in air.

Discussion

In the present study, we analyzed the presence of microorganisms in three types of water
used in the animal facility for rodents: DW, FW, and SW. As Brazlian legislation has not set
specific standards for the microbiological quality of water in animal facilities, the legal criteria
defining the control and surveillance of water quality for human consumption and its standard
of potability were considered for analyzing the data for drinking water obtained from the water
supply system in this study. (Brasil 2011) Owing to the biomedical character of the facility, the

criteria of the Brazilian Pharmacopoeia were used for analyzing FW and SW. (ANVISA 2019)
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In total, 0.996 = 0.91 CFU/mL bacteria and 0.147 + 0.20 CFU/mL fungi was detected
in the quantitative analysis of DW. The Brazlian legislation for DW uses the absence of fecal
coliform markers as a parameter for microbiological analysis of water, (Brasil 2011) because
of which it impossible to determine whether the quantitative data obtained in this study are in
accordance with normality. However, although no specific method for detecting the presence
of fecal coliforms was used i this analysis, we did not detect fecalcoliforms mn any DW sample
in the MALDI-TOF-based identification of microorganisms in this study.

We detected 0.554 + 0.19 CFU/mL bacteria and 0.096 + 0.10 CFU/mL fungi n FW and
0.223 + 0.05 CFU/mL bacteria and 0.015 £ 0.02 CFU/mL fungi n SW. According to the
Brazilian Pharmacopoeia, FW and SW are considered purified water (produced from DW,
without the addition of any substance), and hence, the recommended monitoring value in which
the total bacterial count is < 100 CFU/mL was used. (ANVISA 2019) Therefore, the data
obtained i the present study for FW and SW are within the expected normal standard. None of
the Brazilian regulations used in this study allowed us to determine whether the data regarding
the quantitative evaluation of fungi present in water were in accordance with normal standard
values.

However, although present in low quantities allowed by the Brazlian legislation (Brasil
2011, ANVISA 2019), 24 microorganisms were isolated and identified in the water samples
(Table 3). Eight of these 24 microorganisms are of clinical importance for humans and animals,
(Quinn et al. 2001, Hirsh and Zee 2003, Carroll et al. 2019) namely, Aspergillus fumigatus
(found n DW and FW), Aspergillus spp. (found n FW and SW), Corynebacterium spp. (found
n FW), Enterobacter cloacae (found m DW and FW), Escherichia coli (found n SW),
Fusarium spp. (found m DW), Staphylococcus aureus (found m DW and FW) and S.

epidermidis (found n SW and FW).
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Raynor et al. (1984) evaluated the FW of an animal facility used for scientific research
and identified three bacteria: Delftia acidovorans (Pseudomonas acidovorans), Achromobacter
spp,.and Cupriavidus pauculus (CDC Group IV C-2).In the present study, D. acidovorans was

also ound n the FW of the rodent facility, which corroborates the resukts of'the previous study.
Similar to that for water of animal facilities, specific Brazlian legislation for
microbiological amalysis of the ar of ammal facilities & hcking. Therefore, two crteria  defined
by the National Agency of Sanitary Monitoring (ANVISA) were used in this study. The first
criterion establishes the reference standard of indoor air quality in artificially air-conditioned
environments for public and collective use and standardizes the maximum recommended values
for fungal presence in air. (Brasil 2003) The second criterion is applicable for biomedical
facilities and acts as a guide for monitoring air quality in the pharmaceutical industry; this
criteria is used for classification of clean areas based on the maximum limit of microorganisms

in air. (ANVISA 2013)

According to ANVISA’s criteria for indoor air quality, the maximum recommended
value for fungi is < 750 CFU/m?® for an I/E ratio < 1.5, where I represents the indoor environment
and E the external control. (Brasil 2003) In the present study, < 750 CFU/m® of fungi was found
mn all five rooms evaluated, as recommended by ANVISA. However, the I/E ratio in BR3 was
2.7, which is higher than that allowed. The I/E ratio was < 1.5 in the other four rooms (BRI,
BR2, HR1, and HR2) (Fig. 2B).

The comparison made between BR3 and EC (P = 0.001) corroborates the result found
in the I/E ratio. However, multiple comparisons also found an increase in the count of
microorganisms in HR1 and HR2 compared to EC (P = 0.049 and 0.001, respectively) and when
performed the I/E ratio of these rooms, they were within the recommended values. This can be

explained by exp(B) BR3 3.403 HR1 0.722 HR2 0.62. The incidence rate of microorganisms
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n BR3 is 3.403 times higher than EC and 0.722 and 0,623 times smaller than EC in HR1 and
HR2, respectively.

The identification of pathogenic fungi such as Aspergillus sp. in the air is also outside
the standard recommended by ANVISA. (Brasil 2003) In the present study, four strains of
Aspergillus sp. were isolated and identified within the rodent facility (Table 3), namely, 4.
clavatus (BR1 and BR2), 4. flavus (BR1, BR2, HR1 and HR2), A. fumigatus (BR1 and BR2),
and Aspergillus spp. (BR2, BR3 and HR1). In the EC samples, strains of 4. flavus (which were
also found in the rooms described above) and A. niger (which were not found in the rooms of
the rodent facility) were detected. These findings suggested that the external environment does
not contribute to Aspergillus sp contamination within the rodent facility, as the strains found in
the nternal and external environments differed.

In the present study, the fungi, Paecilomyces variotii, was isolated and identified in the
air of rooms BR2 and BR3. P. variotii is pathogenic for humans (Carroll et al. 2019) and
opportunistic for animals. (Quinn et al. 2001, Hirsh and Zee 2003) K unstyr et al, (1997)
reported P. variotii in the mternal organs of animals, including rodents, used for scientific
research. The findings ofthis study corroborate these findings.

Literature reviews show that the Brazilian parameter used for defining the presence of
fungi as an air quality marker is also used by other countries, although consensus regarding the
maximum values of fungi permissible in indoor environments is lacking; some guidelines also
emphasize assessment of bacterial presence. (Kim et al. 2018, Rao et al. 1996) In this study, 22
species of bacteria were isolated and identified in air samples from the rooms (Table 3). Among
these, six are potentially pathogenic and opportunistic for humans and animals and are of
clinical significance, namely, Acinetobacter spp. (BR3), Bacillus cereus (BR1, BR2 and HR2),

B. pumilus (BR1, BR3, HR1 and HR2), E. cloacae (BR2), Serratia marcescens (BR2), and S.
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aureus (BRI1). These findings suggested that airborne bacterial contamination is a potential
health hazard for humans and rodents.

Microbiological contamination lLmit is one of the criteria used by ANVISA for
accreditation of clean areas in grades A, B, C, and D in the pharmaceutical industry. This limit
is less than 1 CFU/n? for grade A, 10 CFU/n?® for grade B, 100 CFU/n?® for grade C, and 200
CFU/m? for grade D. (ANVISA 2013) According to these values and the mean results obtained
in this study, the rooms BR1 (132.0 + 99.2 CFU/n?), BR2 (130.11 + 77.0 CFUP) and BR3
(351.56 £ 158 .24 CFU/m?) of the rodent facility were classified as grade D clean area, while
rooms HR1 (51.44 = 15.0 CFU/n?’) and HR2 (41.0 £ 10.5 CFU/n?*) were grade C clean area.

An Argentinian study monitored microbiological contamination in the blood and
internal organs of rats and mice n a facility used for scientific research during 2012-2016,
where most of the strains identified were Proteus spp. and Pseudomonas aeruginosa. During
the study period, the authors did not detect any strain of S. aureus; however, Corynebacterium
kutscheri was detected n 12.97% mice and 21.54% rats (Carriquirborde et al. 2020). In the
present study, bacteria of the same genus, Pseudomonas sp, were identified; P. nitroreducens
was detected n DW and SW, and P. oryzihabitans (BR2), P. putida (HR2), and P. stutzeri
(BR2) were detected in the air samples. Strains of S. aureus were found mn DW and FW and in
air samples from BR2. A strain of Corynebacterium spp. was also found in the FW in the present
study.

The Federation of FEuropean Laboratory Animal Science Associations (FELASA)
recommends that the animal health monitoring program for rodents should investigate the
presence of certain microorganisms, including S. aureus and C. kutscheri. (Felasa 2014) In the
present study, as mentioned above, S. aureus and Corynebacterium spp. were detected in water
samples. Although rodents were not monitored in this study, the presence of these bacteria in

water represents a high risk of infection.
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During an immunological study in mice, Mayeux et al. (1995) discovered A. fumigatus
contamination in animals, which hindered execution of the study. Later, the source of fungal
contamination was tracked to the bedding used; furthermore, 80 CFU/g of the yeast,
Rhodotorula sp, was found in rodent chow. In the present study, 4. fumigatus was found in air
samples (BR1 and BR2) and water samples (DW and FW) of the rodent facility, which are in
agreement with the observations of the previous study. In addition, other strains of Aspergillus
sp were detected in water, namely, Aspergillus spp. (FW and SW) and Aspergillus terreus
(DW). Three strains of Rhodotorula mucilaginosa (DW) were also identified.

Among the 44 species identified in the present study, only one is non-pathogenic and/or
opportunistic for humans and/or animals. Bacillus atrophaeus, found in the air of BR2 (Table
3), is a spore- forming bacteria widely used in biotechnological processes, mainly as a biological
indicator of disinfection and sterilization processes. (Sella et al. 2015) Two microorganisms, A.
niger and Lysinibacillus boronitolerans, were found only in the ar outside the facility.
Therefore, n the present study, 41 species of clinically important microorganisms were
identified in the water and air inside the installation of rodents, which are pathogenic and/or
opportunistic microorganisms capable of causing diseases in humans and animals.

Accurate and reproducible data are the cornerstone of scientific research. Animals are
often used to obtain data, which is vital for research. The immune system ofanimals maintained
under laboratory conditions are sometimes compromised, which renders them susceptible to
pathogenic and opportunistic microorganisms. Infected animals may change the results
obtained and affect scientific research. (Mansfield etal 2010)

Although Brazilian legislation has specified parameters defining the microbiological
quality of water for human consumption, similar legislation for animal facilities is lacking.
Currently, advice regarding indoor air in climate-controlled environments and those for water

and air in the pharmaceutical industry are applied to animal facilities. (Brasil 2003, Brasil 2011,



32

ANVISA 2013, ANVISA 2019) However, scientific facilities, such as the rodent facility in the
present study, need extra viglance for containing microbial contamination, and standards and
control routines based on their specific requirements have to be developed (Politi et al. 2008,
Straumfors et al. 2018). In this context, this is the first Brazlian study that aimed to
quantitatively and qualitatively assess the environmental quality of air and water in a rodent
facility used for scientific experimentation.

The identification of potentially pathogenic and opportunistic microorganisms in this
study highlights the need for creating monitoring norms and standards specific for
environments of animal experimentation. These environments must be reliable and safe for
humans, which will prevent zoonosis and enable generation of reliable scientific results. This
study contributes to the debate on sanitary standards and norms necessary for good practices
that will enable researchers obtain data of desirable quality using animals and ensure that

employees and users of animal facilities are safe.

Conclusion

Despite the lack of Brazlian legislation regarding the microbiological quality of water
and arr in animal facilities, we concluded, based on the data obtained in this study, that the
sanitary standards used by the rodent facility at the Federal University of Uberlandia were
effective in maintaining good microbiological quality of water. However, according to
Brazilian legislation for pharmaceutical industries, the microbiological quality of the ar mn BR3
did not meet the standards of imndoor and climate-controlled environments, and the rodent
facility rooms, BR1, BR2, and BR3, were considered to be of cleaning grade D, while HR1 and
HR2 were of grade C. In total, 41 microorganisms that were identified in the water and air of
the rodent facility were considered potentially pathogenic and/or opportunistic for both animals

and humans. Further investigations are required to define the sources of air and water
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contamination in the facility, and specific sanitary standards for these environments should be

created, which will enable the adoption of control measures that best suit these facilities.

Acknowledgments

This study was supported by grants from Brazlian Agency National Council for

Scientific and Technological Development (CNPq)—307974/2019-7.

Funding
This research did not receive specific funding and was performed as part of the

employment ofthe authors in Federal University of Uberlandia, Minas Gerais, Brazil.

Conflicts ofinterest

There are no conflicts to declare

Author contribution

Luiz M. Silva: survey, writing, review; Mariana B. Santiago: survey, review; Paula
Augusta D. F. Aguiar: conceptualization, review; Salvador B. Ramos: discussion, review;
Murilo V. Silva: discussion, review; Carlos Henrique G. Martins: conceptualization, writing,

discussion, review.

Data availability statement
All the microbiological data used to support the findings of this study are available from

the corresponding author upon request.



34

References

ANVISA 2013. Guia da Qualidade para Sistemas de Tratamento de Ar e Monitoramento
Ambiental na Industria Farmacéutica. In: ANVISA (Ed.), Brasilia, DF: Agéncia
Nacional de Vigilancia Sanitaria.

ANVISA 2019. Farmacopeia Brasileira. In- ANVISA (Ed.), Brasilia, DF: Agéncia Nacional de
Vigilancia Sanitaria.

APHA 2012. Standard methods for the exammation of water and wastewater. Washington, DC:
American Public Health Association

BOELEE E, GEERLING G, VAN DER ZAAN B, BLAUW A AND VETHAAK AD. 2019.
Water and health: From environmental pressures to integrated responses. Acta Trop
193: 217-226.

BRASIL 2003. Orientagdo Técnica elaborada por Grupo Técnico Assessor, sobre Padrdes
Referenciais de Qualidade do Ar Interior, em ambientes climatizados artificialmente de
uso publico e coletivo. In: ANVISA (Ed.), Brasilia, DF.

BRASIL 2008. LEI N°11.794, DE 8 DE OUTUBRO DE 2008., Brasilia, DF.

BRASIL 2011. Dispde sobre os procedimentos de controle e de vigilancia da qualidade da agua
para consumo humano e seu padrio de potabilidade. In: SAUDE, MD (Ed.), Brasilia,
DF.

CAMPBELL CK, JOHNSON EM AND WARNOCK DW 2013. Identification of Pathogenic
Fungi. n. Second ed., Oxford, UK: Wiley-Blackwell.

CARRIQUIRIBORDE M, MILOCCO S, LABORDE JM, GENTIL F, MASCHI F, PRINCIPI

G, ROGERS E, CAGLIADA MDP, AYALA MA AND CARBONE C. 2020.
Microbiological contaminations of laboratory mice and rats in conventional facilities in
Argentina. Rev Argent Microbiol 52: 96-100.

CARROLL KC,PFALLER MA, LANDRY ML, MCADAM AJ, PATEL R, RICHTER SS
AND WARNOCK DW 2019. Manual of Clinical Microbiology. Washington, DC:
Wiley.

CINCINELLI A AND MARTELLINI T. 2017. Indoor Air Quality and Health. Int J Environ
Res Public Health 14.

DAWSON DJ AND SARTORY DP. 2000. Microbiological safety of water. Br Med Bull 56:
74-83.

EDSTROM EK AND CURRAN R. 2003. Quality assurance of animal watering systems. Lab
Anim (NY) 32: 32-35.

FELASA. 2014. FELASA recommendations for the health monitoring of mouse, rat, hamster,
guinea pig and rabbit colonies in breeding and experimental units. Lab Anim 48: 178-
192.

HIRSH DC AND ZEE YC 2003. Microbiologia veterinaria. Guanabara-Koogan, 446 p.

KAUFFMANN-LACROIX C, COSTA D AND IMBERT C 2016. Fungi, Water Supply and
Biofilms. Fungal Biofilms and related infections: Springer, Cham, p.49-61.

KIM KH, KABIR E AND JAHAN SA. 2018. Airborne bioaerosols and therr impact on human
health. J Environ Sci (China) 67: 23-35.

KUNSTYR I, JELINEK F, BITZENHOFER U AND PITTERMANN W. 1997. Fungus
Paecilomyces: anew agent in laboratory animals. Lab Anim 31:45-51.

LAI PS, HANG JQ, ZHANG FY, SUN J, ZHENG BY, SU L, WASHKO GR AND
CHRISTIANI DC. 2016. Imagng Phenotype of Occupational Endotoxin- Related Lung

Function Decline. Environ Health Perspect 124: 1436-1442.
LARONE DH 2011. Medically Important Fungii A Guide to Identification. n. Fifth ed.,
Washington, DC: ASM Press.



35

LECLERC H, MOSSEL DA, EDBERG SC AND STRUIJK CB. 2001. Advances in the
bacteriology of the coliform group: theirr suitability as markers of microbial water safety.
Annu Rev Microbiol 55:201-234.

MAILHIOT D, OSTDIEK AM, LUCHINS KR, BOWERS CJ, THERIAULT BR AND
LANGAN GP. 2020. Comparing Mouse Health Monitoring Between Soiled-bedding
Sentinel and Exhaust Arr Dust Surveillance Programs. J Am Assoc Lab Anim Sci 59:
58-66.

MAJEROWICZ J. 2019. Planning animal facilties for rodents. RESBCAL 7: 9-23.

MANSFIELD KG, RILEY LK AND KENT ML. 2010. Workshop summary: detection, impact,
and control of specific pathogens in animal resource facilities. ILAR J51: 171-179.

MAYEUX P, DUPEPE L, DUNN K, BALSAMO J AND DOMER 1J. 1995. Massive fungal
contamination in animal care facilties traced to bedding supply. Appl Environ
Microbiol 61:2297-2301.

MIRSKAYA E AND AGRANOVSKI IE. 2018. Sources and mechanisms of bioaerosol
generation in occupational environments. Crit Rev Microbiol 44:739-758.

NA YR, SEOK SH, LEE HY, BAEK MW, KIM DJ, PARK SH, LEE HK AND PARK JH.
2010. Microbiological quality assessment of laboratory mice i Korea and
recommendations for quality improvement. Exp Anim 59: 25-33.

NOWICKIS, DELAURENT ZR, DE VILLIERS EP, GITHINJI G AND CHARLES KJ.2021.
The utility of Escherichia coli as a contamination indicator for rural drinking water:
Evidence from whole genome sequencing. PLoS One 16: €0245910.

OOMS TG, ARTWOHL JE, CONROYLM, SCHOONOVERTM AND FORTMAN JD. 2008.
Concentration and emission of airrborne contaminants in a laboratory animal facility
housing rabbits. J Am Assoc Lab Anim Sci 47: 39-48.

POLITI FAS, MAJEROWICZ J, CARDOSO TAO, PIETRO RCLR AND SALGADO HRN.
2008. Caracterizacdo de biotérios, legislagdo e padroes de biosseguranca. Rev Ciénc
Farm Bésica Apl 29: 17-28.

QUINN PJ, MARKEY BK, CARTER ME, DONNELLY WJ AND LEONARD FC 2001.
Veterinary Microbiology and Microbial Disease. Wiley.

RAO CY, BURGE HA AND CHANG JC. 1996. Review of quantitative standards and
guidelines for fungi n indoor air. J Air Waste Manag Assoc 46: 899-908.

RAYNOR TH, WHITE EL, CHEPLEN JM, SHERRILL JM AND HAMM TE, JR. 1984. An
evaluation of a water purification system for use in animal facilities. Lab Anim 18: 45-
51.

SAMSON RA, NOONIM P, MEIJER M, HOUBRAKEN 1J, FRISVAD JC AND VARGA 1.
2007. Diagnostic tools to identify black aspergilli. Stud Mycol 59: 129-145.

SCHLAPP G, FERNANDEZ-GRANA G, AREVALO AP AND CRISPO M. 2018.
Establishment of an environmental microbiological monitoring program in a mice
barrier facility. Annals of the Brazilian Academy of Sciences 90: 3155-3164.

SELLA SR, VANDENBERGHE LP AND SOCCOL CR. 2015. Bacillus atrophaeus: main
characteristics and biotechnological applications - a review. Crit Rev Biotechnol 35 :
533-545.

SILVA DM, BATISTA LR, REZENDE EF, FUNGARO MHP, SARTORI D AND ALVES E.
2011. Identification of fungi of the genus Aspergillus section nigri using polyphasic

taxonomy. Braz J Microbiol 42: 761-773.
STRAUMFORS A, EDUARD W, ANDRESEN K AND SJAASTAD AK. 2018. Predictors for
Increased and Reduced Rat and Mouse Allergen Exposure in Laboratory Animal

Facilities. Ann Work Expo Health 62: 953-965.
STRICKLAND AB AND SHI M. 2021. Mechanisms of fungal dissemination. Cell Mol Life

Sci 78: 3219-3238.



36

TARUMOTO N, SAKAI J, KODANA M, KAWAMURA T, OHNO H AND MAESAKI S.
2016. Identification of Disseminated Cryptococcosis Using MALDI-TOF MS and

Clinical Evaluation. Med Mycol J 57: E41-46.
WESTALL L, GRAHAM IR AND BUSSELL 1J. 2015. A risk-based approach to reducing

exposure of staff to laboratory animal allergens. Lab Anim (NY) 44: 32-38.

ZHOU Y, LAl Y, TONG X, LEUNG MHY, TONGJCK,RIDLEY IA AND LEE PKH. 2020.
Airborne Bacteria in Outdoor Air and Air of Mechanically Ventilated Buildings at City

Scale m Hong Kong across Seasons. Environ SciTechnol 54:11732-11743.



37

Figure legends

Figure 1. Rodent facility floor plan. 1, breeding room 1; 2, breeding room 2; 3, breeding room
3; 4, housing room 1; 5, housing room 2; 6, clean corridors; 7, dirty corridors; 8, area entrance;

9, restrooms and workers' locker room; 10, storage room.

Figure 2. Data presented as mean of colony forming units (CFU) per milliliter of waterborne
bacteria and fungi found in the rodent facility. DW, drinking water; FW, filtered water; SW,
sterile water.

Figure 3. (A) Data presented as mean of colony forming units (CFU) per cubic meter of
arborne bacteria found in the rodent facility. (B) Data presented as mean of CFU per cubic
meter of arborne fungi found in the rodent facility. EC, external control, BR1, breeding room
1; BR2, breeding room 2. BR3, breeding room 3; HR1, housing room 1; HR2, housing room 2.
*Ratio ndoor/external (I/E) =<1.5 CFU/m?



38

Figure 1.
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Table 1. Negative binomial regression analysis of microorganism counts from water

collections.

Comparisons exp(B) SE z p
Bacteria Fungi 1.18e-4 40141.90 -2.25¢4 1.000
DW FW 0.832 32138.20 -5.71e—6 1.000
DW SW 9.86¢e-6 39988.18 -2.88¢e—4 1.000
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Table 2. Analysis of multiple post hoc Bonferroni comparisons of microorganism counts
from air samples.

Comparisons exp(B) SE z p
Bacteria Fungi 7.27 0.459 314 0.001
BR1 BR2 0.944 0.1058 -0.517 1.000
BR1 BR3 0.317 0.0325 -11.218 0.001
BR1 HR1 1.496 0.1705 3.534 0.006
BR1 HR2 1.734 0.1999 4.774 0.001
BR1 EC 1.080 0.1184 0.701 1.000
BR2 BR3 0.336 0.0341 -10.732 0.001
BR2 HR1 1.585 0.1790 4.081 0.001
BR2 HR2 1.837 0.2103 5.315 0.001
BR2 EC 1.144 0.1246 1.238 1.000
BR3 HR1 4.714 0.4880 14.976 0.001
BR3 HR2 5.464 0.5748 16.142 0.001
BR3 EC 3.403 0.3368 12.372 0.001
HR1 HR2 1.159 0.1349 1.269 1.000
HR1 EC 0.722 0.0800 -2.941 0.049
HR2 EC 0.623 0.0700 -4.215 0.001
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Table 3. Microorganisms solated and dentified n the ar and water of the rodent facility and ther possible pathogenicity for humans and anmmmls.

Numbers of microorganisms isolated i air and water samples

Microorganisms

Acinetobacter spp.
Aspergillus clavatus
Aspergillus flavus
Aspergillus fumigatus
Aspergillus niger
Aspergillus spp.
Aspergillus terreus
Bacillus atrophaeus
Bacillus cereus
Bacillus circulans
Bacillus megaterium
Bacillus pumilus
Bacillus thuringiensis
Brevibacillus borstelensis
Candida parapsilosis
Corynebacterium spp.

Delftia acidovorans

Water Air

DW FW SW BR1 BR2 BR3 HRI HR2 EC
0 0 0 0 0 1 0 0 0
0 0 0 1 1 0 0 0 0
0 0 0 1 1 0 1 1 1
1 1 0 2 2 0 0 0 0
0 0 0 0 0 0 0 0 2
0 1 2 0 3 2 1 0 0
1 0 0 0 0 0 0 0 0
0 0 0 0 1 0 0 0 0
2 1 2 1 1 0 0 1 1
0 0 1 0 0 0 0 0 0
0 0 1 0 0 2 0 0 0
1 2 0 2 0 1 1 1 1
0 0 1 0 0 0 0 0 1
0 0 1 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0

Pathogenic to
humans'

O XK K 00O KK KO ZK KKK KOKX

Pathogenic to
animals

o

Z < O zZ2 2z O zZ O O Z O < O < O O
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Numbers of microorganisms isolated in air and water samples

Microorganisms Water Alr Pathogenic to  Pathogenic to
DW FW  SW BRI BR2 BR3 HRI HR2 EC humans' animals*
Enterobacter asburiae 0 1 1 0 0 0 0 0 0 o O
Enterobacter cloacae 2 2 0 0 1 0 0 0 0 Y Y
Escherichia coli 0 0 1 0 0 0 0 0 0 Y Y
Fusarium spp. 1 0 0 0 0 0 0 0 0 Y Y
Lysinibacillus boronitolerans 0 0 0 0 0 0 0 0 1 0] N
Lysinibacillus sphaericus 0 0 0 0 0 0 0 2 0 O N
Paecilomyces variotii 0 0 0 0 1 1 0 0 0 Y O
Pantoea eucrina 0 0 0 1 0 1 0 0 1 0] N
Pantoeaseptica 0 0 0 0 0 0 0 1 0 0] N
Pseudomonas nitroreducens 1 0 1 0 0 0 0 0 0 N N
Pseudomonas oryzihabitans 0 0 0 0 1 0 0 0 0 O N
Pseudomonas putida 0 0 0 0 0 0 0 1 0 0] O
Pseudomonas stutzeri 0 0 0 0 1 0 0 0 0 0] O
Rhodotorula mucilaginosa 3 0 0 0 0 0 0 0 0 Y N
Serratia marcescens 1 0 2 0 1 0 0 0 0 Y O
Staphylococcus aureus 1 3 0 1 0 0 0 0 0 Y Y
Staphylococcus capitis 1 0 0 0 0 0 0 0 0 0] 0
Staphylococcus cohnii 0 0 0 1 0 0 0 0 1 O O
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Numbers of microorganisms isolated in air and water samples

Microorganisms

Staphylococcus epidermidis
Staphylococcus equorum
Staphylococcus gallinarum
Staphylococcus lentus
Staphylococcus nepalensis
Staphylococcus sciuri
Staphylococcus succinus
Staphylococcus warneri

Staphylococcus xylosus

Water Arr

DW FW SW BRI BR2 BR3 HR1I HR2 EC
0 1 3 0 0 0 0 0 0
0 0 0 0 1 0 0 0 0
1 2 1 0 0 0 0 0 0
0 1 0 2 2 3 2 2 1
0 0 0 1 1 0 1 1 0
0 0 0 0 1 3 0 2 0
0 0 0 0 0 1 0 0 0
2 0 0 0 1 0 0 0 0
0 0 0 1 0 0 0 0 2

Pathogenic to
humans'

© O O O O O 0O K

O

Pathogenic to
animals®

© OO0 O 0O O 0

O

DW, drinking water; FW, filtered water; SW, sterile water; BRI, breeding room 1; BR2, breeding room 2; BR3, breeding room 3; HR1, housing
room 1; HR2, housing room 2; EC, external control. ! according to Carrol et al.,(2019). 2 according to Hirsh and Zee, (2003) and Qumnn et al.,
(2001). Y, yes. O, opportunistic. N, no.



