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			Abstract |  The health of laboratory animals is one of the key components of ensuring the quality of research results. Microbiological status uncertainty creates risks not only for scientific research, but can also pose a danger to the researchers themselves. In this paper we present the results of the assessment of microbiological quality of laboratory animals from some universities and academic institutes in Almaty city, Kazakhstan. This is the first time that such work, involving several institutes, has been carried out. To do this, several pathogenic bacteria and viruses from the Federation of European Laboratory Animal Science Associations (FELASA) were selected. The main methods of testing biological samples from laboratory mice and rats were realtime polymerase chain reaction and enzyme-linked immunosorbent assay. A high prevalence of some pathogens among conventional laboratory animals used by some academic institutes and universities of Almaty has been shown. Rodentibacter pneumotropicus has been detected in the SPF animals, while no other pathogens from the FELASA list have been detected. The obtained results show the importance of not only regular health monitoring, but also the need to improve the quality of care and well-being of laboratory animals in some facilities of the Almaty city. 
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			Introduction

			 

			Among laboratory animals, mice and rats are the most common species used in scientific research. However, it is difficult to estimate the number of their use and the level of well-being in some countries (Kim et al., 2017; Rydell-Törmänen and Johnson, 2019; Carbone, 2021). Their anatomy, physiology, behavior, health, biological needs etc. are well studied (Frohlich, 2020).  It should also be noted that the care conditions and the quality of the used laboratory animals affect the research results.  For example, enriching the habitat and ensuring the natural behavior of rodents improves the research results (Bayne and Würbel, 2014; Cait et al., 2022).  Another factor ensuring the research quality is preservation of the laboratory animal health (Fahey and Olekszak, 2015). For that purpose, recommendations for monitoring the laboratory animal health have been developed by the Federation of European Laboratory Animal Science Associations (FELASA) (FELASA et al., 2014). Studies of the quality and prevalence of infections among laboratory animals are regularly conducted and reports are published in different countries (Seok et al., 2005; Manjunath et al., 2015; Rodrigues et al., 2017). For example, it is noted that the quality of laboratory animals from manufacturers is higher than from academic institutes (Pritchett-Corning et al., 2014). There are different methods of testing for pathogens, depending on the type of pathogen, the prevalence among the animal colony, the sensitivity, type and quality of the tested samples (Henderson et al., 2013; Compton, 2020). Therefore, the goal of this research was to study the spread of some pathogens among laboratory mice and rats from universities, academic institutes and one SPF animal manufacturer in Almaty. The National Scientific Center of Especially Dangerous Infections (NSCEDI) was reconstructed under the ISTC and EU project in 2014.  SPF animals were received from Envigo+ (Netherlands) in the same year.  One of the conditions was saving animals’ lives after sampling. For this research it was acceptable to use realtime polymerase chain reaction (rt-PCR) for testing of samples of feces and mouth swabs (Henderson et al., 2013). In addition, blood sera of mice and rats for antibodies to viruses was examined by using the ELISA method as part of the annual health monitoring in NSCEDI (Manjunath et al., 2015). 

			 

			Materials and methods

			 

			Ethical Statement

			The study protocol was reviewed and approved at the IACUC meeting of the National Scientific Center of Especially Dangerous Infections (No. 86/2 dated March 17, 2020).

			 

			Sample collection

			Samples of feces and mouth swabs were obtained from adult mice (n = 10) and rats (n = 10) aged 2.5-3 months from the vivaria of three universities, two academic institutes and from one SPF animal manufacturer (NSCEDI). Samples were delivered and tested on the same day. The animals were not killed and remained in the facility.

			 

			Serum (500 μL) from mice and rats from NSCEDI was collected after inhalation euthanasia with 70% carbon dioxide.

			 

			DNA extraction for rt-PCR assay

			500 μL of the Inhibitex Buffer (Qiagen, Netherlands) was added to each fecal sample and mouth swab and incubated for 15 minutes at 70 ° C (Sanyo, Japan). DNA isolation was performed according to the kit protocol (QIAamp® DNA Mini Kit, USA). The DNA concentration was determined on the Qubit 4 fluorometer (Thermo Fisher Scientific, USA) using reagents (Thermo Fisher Scientific, USA). The DNA concentration in the samples ranged from 1.17 to 33.4 ng per μL.

			 

			rt-PCR assay

			The Clostridium piliforme, Helicobacter spp, Mycoplasma pulmonis, Streptococcus pneumoniae, Streptococcus b-haemolyticus, Rodentibacter pneumotropicus (formerly known as Pasteurella pneumotropica (Adhikary et al., 2017), Mouse parvovirus NS1, Mouse parvovirus VP2, Minute virus of mice, Kilham rat virus and Rat parvovirus VP2 (Belki-Biotechnologies, Novosibirsk, Russia) kits were used in the rt-PCR. DNA amplification was carried out with 20 μL of the reaction mixture. The kit positive control (Belki-Biotechnologies, Novosibirsk, Russia) was used. Purified  water served as a negative control. Amplification program: 5 min pre-incubation at 95° C followed by 40 cycles of 15 sec at 95° C, 25 sec at 62° C, and the luminosity readout for 25 sec at 62° C. Melting curve plotting was at temperatures from 65° C to 95° C with a step of 0.5° C in 5 seconds.

			 

			ELISA

			Serum samples were analyzed for antibodies to the following viruses: Mouse Hepatitis Virus, Mouse rotavirus (EDIM), Theiler’s murine encephalomyelitis virus and Murine norovirus – mice; and Rat minute virus, Pneumonia virus of mice, Rat coronavirus, Rat Theilovirus – rats.  Positive and negative controls were used from the kits. The study was carried out accord ing to the manufacturer’s instructions (BBTLAB, Russia), optical density was measured on a Wellwash AC plate reader (Thermo Fisher, USA).

			 

			Data analysis

			The data collected from the study were analyzed using Graph pad Prism software (GraphPad Prism version 6.0, San Diego, CA, USA). For positive outcomes, a 95% confidence interval was estimated at p 0.05 (Hazra, 2017). 

			 

			Results and discussion

			 

			Study on the health of laboratory animals in academic institutions and universities in Kazakhstan is being conducted for the first time. Samples for the study came from the vivaria of three universities, two academic institutes and one SPF animal manufacturer.  Minimal information on animal care conditions was collected and summarized in Table 1.

			 

			Unfortunately, not all academic institutes and universities in Almaty keep laboratory animals in individually ventilated cages (IVC). Open-air cages (OAC) are practiced at one university and one institute, and animal feeding is carried out using natural feeds (grain, milk protein and feed additives). Preferred species and the microbiological status of laboratory animals also differ, and often lower quality animals are chosen. 

			Table 1: Care conditions of laboratory rodents in academic institutes, universities and SPF animal manufacturer in Almaty city 

			
				
					
					
					
					
				
				
					
							Facility
							Animals and health status
							Care condition 
							Diet
					

					
							
							University 1

						
							
							Mice and rats, conventional

						
							
							IVC

						
							
							Standardized and natural feed

						
					

					
							
							University 2

						
							
							Mice and rats, conventional

						
							
							OAC

						
							
							Natural feed

						
					

					
							
							University 3

						
							
							Mice, SPF

						
							
							IVC

						
							
							Standardized feed

						
					

					
							
							Institute 1

						
							
							Rats, conventional

						
							
							OAC

						
							
							Natural feed

						
					

					
							
							Institute 2

						
							
							Mice and rats, SPF

						
							
							IVC

						
							
							Standardized feed

						
					

					
							
							Manufacturer (NSCEDI)

						
							
							Mice and rats, SPF

						
							
							IVC

						
							
							Standardized feed

						
					

				
			

			

			IVC - individually ventilated cage; OAC – open-air cage.

			 

			The prevalence of various mice and rats pathogens in these institutions of Almaty was also analyzed. To do this, FELASA recommendations for assess the microbiological status and health of animals were used, and several pathogens from the FELASA list were selected for which test kits were available (FELASA et al., 2014). We believe that the identification of even a few pathogens from the FELASA list can show the level of spread of pathogenic microorganisms among animals kept at Almaty facilities. Table 2 shows the sample test results for bacterial infections and Table 3 for viral pathogens.

			 

			Universities and institutes keeping conventional mice and rats have shown a high prevalence of both bacterial and viral pathogens.  And regardless of the care method, OAC or IVC. For them, all tested samples were positive. On the contrary, wide data confidence interval for University 3 and manufacturer NSCEDI (95% C. I. 1-7 and 3-9, respectively) indicates a low accuracy in assessing the prevalence of pathogens in the population (Hazra, 2017).

			 

			The most common causative agent was R. pneumotropicus. This bacterium is an opportunistic pathogen that is dangerous especially for atypical immunodeficient mice.  Immunocompetent mice are vectors, and infection has no clinical manifestations (Kawamoto et al., 2011). R. pneumotropicus can be transmitted through direct contact between animals, but is poorly transmitted through contaminated bedding (Scharmann and Heller, 2001; de Bruin et al., 2016). Unlike another pathogen M. pulmonis, which can be transmitted both vertically in utero and horizontally through a contact or an aerosol (Otto et al., 2015). Therefore, detection of R. pneumotropicus is unlikely to be associated with poor hygiene at NSCEDI and University 3. It is also known that M. pulmonis is detected more often than R. pneumotropicus among mice and rats from academic, industrial and government institutes in various countries (McInnes et al., 2011; Hansen et al., 2019). Therefore, it can be assumed that a small number of mice was initially contaminated by R. pneumotropicus, and the infection spread inside the NSCEDI colony as a result of animal breeding. This is confirmed by detection of R. pneumotropicus during regular monitoring of animal health at NSCEDI.  Another common pathogen is the group of bacteria Helicobacter spp.  It should be noted that S. pneumoniae, S. b-haemolyticus and C. piliforme were not found in the samples. However, their prevalence in animal colonies, as a rule, is not great (Pritchett-Corning et al., 2009).

			 

			It is obvious that conventional laboratory animals have a high prevalence of pathogens (Manjunath et al., 2015; Carriquiriborde et al., 2020). This cannot but raise concerns about the conditions of animal care and well-being. I would like to note that the results were shared with the staff of a particular facility, where the tests turned out to be positive. RT-PCR method has shown high efficiency in screening for pathogenic microorganisms, due to its high sensitivity, and allows performing tests without killing the animal (Henderson et al., 2013; Compton, 2020).  Therefore, we did not use the so-called sentinel animals, but the pathogens were determined directly from live animals from the colony. This is also important because it is not always possible to identify all pathogenic microorganisms in animals using the technology for soiled-bedding sentinel animals (Mailhiot et al., 2020).  

			 

			Combining individual ELISA with PCR allows you to more fully assess the health status of animals. However, the ELISA requires sufficient serum. This method is suitable for routine pathogen prevalence studies. This approach has been used in the only SPF animal manufacturer in Kazakhstan, where animal health is monitored quarterly. Table 4 shows the test results of blood sera from mice and rats for antibodies to some viral pathogens.

			 

			All tested serum samples from mice and rats from NSCEDI were negative for some viral pathogens significant in health monitoring (FELASA et al., 2014).  

			 

			Perhaps due to the low prevalence of these viral pathogens, the probability of their detection was not high in SPF animal colonies, with the exception of Murine norovirus. The prevalence of this virus is 32%. However, it is not always possible to identify by ELISA (Pritchett-Corning et al., 2009).  

			 

			Table 2: Prevalence of bacterial pathogens among mice and rats of vivarium institutes in Almaty city diagnosed by using rt-PCR

			
				
					
					
					
					
					
				
				
					
							Facility
							Mice
							Rats
					

					
							No. positive / Total No. (C.I. )
							Pathogens*
							No. positive / Total No.
							Pathogens
					

					
							
							University 1

						
							
							10/10

						
							
							R. pneumotropicus, and Helicobacter spp.

						
							
							10/10

						
							
							R. pneumotropicus, M. pulmonis and Helicobacter spp.

						
					

					
							
							University 2

						
							
							10/10

						
							
							R. pneumotropicus, M. pulmonis and Helicobacter spp.

						
							
							10/10

						
							
							R. pneumotropicus, M. pulmonis and Helicobacter spp.

						
					

					
							
							University 3

						
							
							4/10 (1-7)

						
							
							R. pneumotropicus

						
							
							-

						
							
							-

						
					

					
							
							Institute 1

						
							
							10/10

						
							
							R. pneumotropicus, M. pulmonis and Helicobacter spp.

						
							
							10/10

						
							
							R. pneumotropicus, M. pulmonis and Helicobacter spp.

						
					

					
							
							Institute 2

						
							
							0/10

						
							
							no

						
							
							0/10

						
							
							No

						
					

					
							
							Manufacturer (NSCEDI)

						
							
							6/10 (3-9)

						
							
							R.  pneumotropicus

						
							
							0/10

						
							
							no

						
					

				
			

			

			C.I. - confidence interval; *Rodentibacter pneumotropicus, Helicobacter spp, Clostridium piliforme, Mycoplasma pulmonis, Streptococcus pneumoniae, Streptococcus b-haemolyticus, 

			 

			Table 3: Prevalence of viruses among mice and rats of vivarium institutes in Almaty city diagnosed by using rt-PCR method

			
				
					
					
					
					
					
				
				
					
							Facility
							Mice
							Rats
					

					
							No. positive / Total No.
							Pathogens*
							No. positive / Total No.
							Pathogens*
					

					
							
							University 1

						
							
							10/10

						
							
							all

						
							
							10/10

						
							
							all

						
					

					
							
							University 2

						
							
							10/10

						
							
							all

						
							
							10/10

						
							
							all

						
					

					
							
							University 3

						
							
							0/10

						
							
							no

						
							
							-

						
							
							-

						
					

					
							
							Institute 1

						
							
							10/10

						
							
							all

						
							
							10/10

						
							
							all

						
					

					
							
							Institute 2

						
							
							0/10

						
							
							no

						
							
							0/10

						
							
							no

						
					

					
							
							Manufacturer (NSCEDI)

						
							
							0/10

						
							
							no

						
							
							0/10

						
							
							no

						
					

				
			

			

			*Mouse parvovirus NS1, Mouse parvovirus VP2, Minute virus of mice, Kilham rat virus and Rat parvovirus VP2.

			 

			Table 4: ELISA results of mice and rat blood sera from SPF animal manufacturer (NSCEDI)

			
				
					
					
				
				
					
							Pathogen
							No. positive / Total No.
					

					
							
							Mice

						
					

					
							
							Mouse Hepatitis Virus

						
							
							0/10

						
					

					
							
							Mouse rotavirus (EDIM)

						
							
							0/10

						
					

					
							
							Theiler’s murine encephalomyelitis virus

						
							
							0/10

						
					

					
							
							Murine norovirus

						
							
							0/10

						
					

					
							
							Rats

						
					

					
							
							Rat minute virus

						
							
							0/10

						
					

					
							
							Pneumonia virus of mice

						
							
							0/10

						
					

					
							
							Rat coronavirus

						
							
							0/10

						
					

					
							
							Rat Theilovirus

						
							
							0/10

						
					

				
			

			

			 

			Conclusion

			 

			The present study provides the first published data on the prevalence of certain pathogens in colonies of laboratory animals in an institution in Almaty city. Our results show a high prevalence of FELASA-regulated pathogens among conventional laboratory animals. In contrast, the care and 

			 

			 

			use of SPF animals in IVC protected animals from infection with pathogens. However, the results are limited. Longer studies are needed, involving more facilities in Kazakhstan, which keep and use laboratory animals. 

			 

			Acknowledgements

			 

			The work was carried out within the framework of the STP “Development and scientific substantiation of public health technologies, biological safety for the impact on the prevention of dangerous infectious diseases” for 2021-2023 of the Ministry of Health of the Republic of Kazakhstan, IRN BR11065207.

			 

			Conflict of interest

			 

			The authors declared no potential conflict of interest.

			 

			novelty statement

			 

			The article presents for the first time the results of the spread of some infectious agents in the colonies of laboratory animals of universities and academic institutions in Almaty.

			 

			authors contribution

			 

			Rinat Islamov, Dinara Turegeldieva, and Altyn Rysbekova designed and wrote the article. Kuralay Sarmantayeva, and Victor Semenuyk performed research. All authors have read and approved the final manuscript.

			 

			References

			 

			Adhikary S, Nicklas W, Bisgaard M, Boot R, Kuhnert P, Waberschek T, Aalbaek B, Korczak B, Christensen H (2017). Rodentibacter gen. Nov. Including rodentibacter pneumotropicus comb. Nov., rodentibacter heylii sp. Nov., rodentibacter myodis sp. Nov., rodentibacter ratti sp. Nov., rodentibacter heidelbergensis sp. Nov., rodentibacter trehalosifermentans sp. Nov., rodentibacter rarus sp. Nov., rodentibacter mrazii and two genomospecies. Int. J. Syst. Evol. Microbiol. 67: pp. 1793-1806.

			Bayne K, Würbel H (2014). The impact of environmental enrichment on the outcome variability and scientific validity of laboratory animal studies. Rev Sci Tech. 33: pp. 273-80. https://doi.org/10.20506/rst.33.1.2282.

			Cait J, Cait A, Scott RW, Winder CB, Mason GJ (2022). Conventional laboratory housing increases morbidity and mortality in research rodents: results of a meta-analysis. BMC Biol. 20: p. 15. https://doi.org/10.1186/s12915-021-01184-0.

			Carbone L (2021). Estimating mouse and rat use in American laboratories by extrapolation from Animal Welfare Act-regulated species. Sci Rep. 11: p. 493. https://doi.org/10.1038/s41598-020-79961-0.

			Carriquiriborde M, Milocco S, Laborde, JM, Gentil F, Maschi F, Principi G, Rogers E, Cagliada M, Ayala M, Carbone C (2020). Microbiological contaminations of laboratory mice and rats in conventional facilities in Argentina. Revista Argentina de microbiologia. 52: pp. 96-100.  https://doi.org/10.1016/j. ram.2019.05.003.

			Compton SR (2020). PCR and RT-PCR in the Diagnosis of Laboratory Animal Infections and in Health Monitoring. J Am Assoc Lab Anim Sci. 59: pp. 458-468.  https://doi.org/10.30802/AALAS-JAALAS-20-000008.

			de Bruin WC, van de Ven EM, Hooijmans CR (2016). Efficacy of Soiled Bedding Transfer for Transmission of Mouse and Rat Infections to Sentinels: A Systematic Review. PLoS One. 11: e0158410. https://doi.org/10.1371/journal.pone.0158410.

			Fahey JR, Olekszak H (2015). An Overview of Typical Infections of Research Mice: Health Monitoring and Prevention of Infection. Curr Protoc Mouse Biol. 5: pp. 235-245. https://doi.org/10.1002/9780470942390.mo150023.

			FELASA working group on revision of guidelines for health monitoring of rodents and rabbits, Mähler Convenor M, Berard M, Feinstein R, Gallagher A, Illgen-Wilcke B, Pritchett-Corning K, Raspa M (2014). FELASA recommendations for the health monitoring of mouse, rat, hamster, guinea pig and rabbit colonies in breeding and experimental units. Lab Anim. 48: pp. 178-192. https://doi.org/10.1177/0023677213516312.

			Frohlich J (2020). Rats and Mice. Ferrets, Rabbits, and Rodents. 2020: pp. 345-367. https://doi.org/10.1016/B978-0-323-48435-0.00025-3.

			Hansen AK, Nielsen DS, Krych L, Hansen CHF (2019). Bacterial species to be considered in quality assurance of mice and rats. Lab Anim. 53: pp. 281-291. https://doi.org/10.1177/0023677219834324.

			Hazra A (2017). Using the confidence interval confidently. J Thorac Dis. 9: pp. 4125-4130. https://doi.org/10.21037/jtd.2017.09.14. 

			Henderson KS, Perkins CL, Havens RB, Kelly MJ, Francis BC, Dole VS, Shek WR (2013). Efficacy of direct detection of pathogens in naturally infected mice by using a high-density PCR array. J Am Assoc Lab Anim Sci. 52: pp. 763-72. 

			Kawamoto E, Sasaki H, Okiyama E, Kanai T, Ueshiba H, Ohnishi N, Sawada T, Hayashimoto N, Takakura A, Itoh T (2011). Pathogenicity of Pasteurella pneumotropica in immunodeficient NOD/ShiJic-scid/Jcl and immunocompetent Crlj:CD1 (ICR) mice. Exp Anim. 60: pp. 463-70. https://doi.org/10.1538/expanim.60.463.

			Kim JE, Nam JH, Cho JY, Kim KS, Hwang DY (2017). Annual tendency of research papers used ICR mice as experimental animals in biomedical research fields. Lab Anim Res. 33: pp. 171-178. https://doi.org/10.5625/lar.2017.33.2.171.

			Mailhiot D, Ostdiek AM, Luchins KR, Bowers CJ, Theriault BR, Langan GP (2020). Comparing Mouse Health Monitoring Between Soiled-bedding Sentinel and Exhaust Air Dust Surveillance Programs. J Am Assoc Lab Anim Sci. 59. pp. :58-66. https://doi.org/10.30802/AALAS-JAALAS-19-000061.

			Manjunath S, Kulkarni PG, Nagavelu K, Samuel RJ, Srinivasan S, Ramasamy N, Hegde NR, Gudde RS (2015). Sero-Prevalence of Rodent Pathogens in India. PLoS One. 10: e0131706. https://doi.org/10.1371/journal.pone.0131706.

			McInnes EF, Rasmussen L, Fung P, Auld AM, Alvarez L, Lawrence DA, Quinn ME, del Fierro GM, Vassallo BA, Stevenson R (2011). Prevalence of viral, bacterial and parasitological diseases in rats and mice used in research environments in Australasia over a 5-y period. Lab Anim (NY). 40: pp. 341-50. https://doi.org/10.1038/laban1111-341.

			Otto GM, Franklin CL, Clifford CB (2015). Biology and Diseases of Rats. Laboratory Animal Medicine. 2015: pp. 151-207. https://doi.org/10.1016/B978-0-12-409527-4.00004-3. 

			Pritchett-Corning KR, Cosentino J, Clifford CB (2009). Contemporary prevalence of infectious agents in laboratory mice and rats. Lab Anim. 43: pp. 165-73. https://doi.org/10.1258/la.2008.008009.

			Pritchett-Corning KR, Prins JB, Feinstein R, Goodwin J, Nicklas W, Riley L; Federation of Laboratory Animal Science Associations; American Association for Laboratory Animal Science (2014). AALAS/FELASA Working Group on Health Monitoring of rodents for animal transfer. J Am Assoc Lab Anim Sci. 53: pp. 633-40. PMID: 25650968.

			Rodrigues DM, Moreira JCO, Lancellotti M, Gilioli R, Corat MAF (2017). Murine norovirus infection in Brazilian animal facilities. Exp Anim. 66: pp. 115-124. https://doi.org/10.1538/expanim.16-0027.

			Rydell-Törmänen K, Johnson JR (2019). The Applicability of Mouse Models to the Study of Human Disease. Methods Mol Biol. 1940: pp. 3-22. https://doi.org/10.1007/978-1-4939-9086-3_1.

			Scharmann W, Heller A (2001). Survival and transmissibility of Pasteurella pneumotropica. Lab Anim. 35: pp. 163-166. https://doi.org/10.1258/0023677011911543; 

			Seok S, Park J, Cho S, Baek M, Lee H, Kim D, Yang K, Jang D, Han B, Nam K, Park J (2005). Health surveillance of specific pathogen-free and conventionally-housed mice and rats in Korea. Exp Anim. 54: pp. 85-92. https://doi.org/10.1538/expanim.54.85.

		

	OEBPS/image/785.png
OPEN 8 ACCESS Journal of Animal Health and Production

Research Article

Gheck for
updates.

Assessment of the Spread of Certain Pathogens Among Laboratory
RodentsatUniversitiesand AcademicInstitutesof Almaty, Kazakhstan

RiNAT IsLaMoV*, DINARA TUREGELDIEVA, ALTYN RYSBEKOVA, KURALAY SARMANTAYEVA, VICTOR
SEMENUYK

National Scientific Center of Especially Dangerous Infections named after M. Aikimbayev, 14 Zhahanger St.,
050054, Almaty, Kazakhstan

Abstract | The health of laboratory animals is one of the key components of ensuring the quality of research results.
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