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Abstract– The present study was undertaken to get an idea regarding incidence of hospital acquired
infections from inanimate objects in veterinary hospitals to animals. In this study, a total of180 samples were
collected twice daily immediately after opening and closing of hospital thrice in a week for a period of two
and half months from different areas in the hospitals such as chairs in the waiting area, general examination
of 180 Tables in outpatient ward and injection ward. Samples were collected using wet swabs in 4 cm2 area
from selected places and analyzed for total viable count and presence of pathogens i.e., Escherichia coli,
Staphylococcus spp and Salmonella spp. The total viable count in different places of hospital environment
ranges from 52.96 x103cfu/cm2/ml to 113.60x103cfu/cm2/ml. Out of 180 samples collected from three different
places of veterinary hospital, 89, 103 and 94 samples shown positive for Escherichia spp, Salmonella spp and
staphylococcus spp respectively. The incidence was 40% and 58.8% for Escherichia coli, 44.4% and 70% for
Salmonella spp,38.8% and 65.5% for Staphylococcus spp in the morning and evening samples respectively.
The Regular microbiological surveillance of veterinary hospitals is required to detect and control of
infectious agents, educating animal care workers, animal attendants on best hygienic practices could help
in reducing risk of getting nosocomial infections.

INTRODUCTION

Hospital acquired infections (HAI’S) are also known
as nosocomial infections, are infections acquired
during the process of hospitalization are inherent
risks in fields of human and veterinary practice
(Stull et al., 2015). Among the pathogens, bacteria are
common pathogens followed by fungi and viruses
(Sikora et al., 2022). Pet animals can be infected with
pathogens during the process of hospitalization,
which creates threat to animal as well as public
health. Severe threats may be caused when
multidrug-resistant bacteria involved (Keck et al.,
2020)

Public health issues involve spreading of
pathogens to hospital staff, other animals in contact
and animal attendants. Animals suffering from

hospital acquired infection increases stay in hospital
which leads to economic loss to pet owners, some of
the pets will suffer from permanent health
consequences leading to death (Keck et al., 2020).
Regular practice of general infection prevention
measures can reduce HAI’s dramatically. Direct (by
physical contact), indirect (through infected objects
from hospitals), and airborne infections via droplet
or inhalation are the most common methods of
transmission. Transmissions via blood and food are
quite rare (Milton et al., 2015)

Various scientists reported certain HAI bacterial
infections like Methicillin-Resistant Staphylococcus
aureus, Clostridium difficile, Multi drug resistant
Escherichia coli, Salmonella spp (Milton et al., 2015)
fungal infections like Candida spp., Aspergillus spp.,
Mucorales, Fusarium spp (Perlroth et al.,2007)
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parasitic infections like Toxoplasma gondii,
plasmodium spp, Babesia spp, Demodex
folliculorum/Demodex brevis, Giardia spp,
Cryptosporidium spp (Fürnkranz and Walochnik,
2021), viral infections like Hepatitis B, C. influenza,
and rotavirus (Ahmed Khan et al., 2017). Numerous
documented nosocomial outbreaks with various
aetiologies in veterinary hospitals for both large and
small animals have led us to think that nosocomial
infections are significant issues in veterinary
medicine (Dallap Schaer et al., 2010). Sufficient
information not available about common HAI from
veterinary dispensaries in India, so present was
undertaken

MATERIALS AND METHODS

Sample collection: A total of 180 samples were
collected aseptically using wet swabs from   4 cm2

area of three places such as chairs in the waiting area
(CWA), general examination tables (GET) in
outpatient ward, and injection ward (IWT) of
Veterinary Clinical Complex, College of Veterinary
Science, P V Narsimha Rao Telangana Veterinary
University, Hyderabad, Telangana. The collected
samples were carried to laboratory for further
analysis in ice box.
Frequency of sample collection: The samples were
collected thrice in a week i.e., on Monday and
Friday, Saturday. The samples were collected
immediately after opening and closing of the
hospital (twice) from three selected places for a
period of two and half months.
Preparation of media: Different culture media like
plate count agar (Total viable count), Eosin
Methylene Blue Agar (Escherichia coli), Mannitol Salt
Agar (Staphylococcus spp), Brilliant Green Agar
(Salmonella spp) were prepared as per the
manufacturer’s instructions. Nine ml phosphate
buffer blanks were prepared. Then the culture
medias and phosphate buffer blanks were sterilized
at 116 0C (15 lbs for 15 mins)

Processing of samples: one ml of phosphate buffer
saline (pbs) in which sample was mixed   transferred
to nine ml of pbs test tube which makes 1:10 dilution
and so on up to 105dilutions. One ml of 103 dilution
was used for enumeration of total viable count
(TVC) and pathogens. One ml of aliquot spread on
the petridish and sufficient quantity of respective
media was poured and allowed to spread uniformly.
The plates were incubated at 37 0C  ± 0.5 for 24-48
hours. Colonies on each plate having 30-300 colonies
were counted by using a digital colony counter.
Based on colony characteristics, colonies were
picked and subcultured on different selective media
for presence of specific pathogens i.e., Escherichia coli,
Staphylococcus spp and Salmonella spp. Gram
staining and common biochemical tests such as the
coagulase test, IMViC tests (indole, methyl red,
Voges-Proskauer, citrate utilization), urease test,
oxidase test, catalase test, nitrate reduction test, and
triple sugar iron agar test were used to identify and
confirm the pathogen.
Statistical analysis: The results obtained in the
present study were subjected to analysis through
software (Version ,16; SPSS) by applying one way
ANOVA. The treatment means were ranked using
Duncan’s multiple range test with significance at 5%
level (Duncan, 1955). All the statistical procedures
were done as per Snedecor and Cochran (1994).

RESULTS AND DISCUSSION

The total viable counts of samples collected from the
three places of veterinary hospital during morning
and afternoon time are depicted in the Table 1.

The total viable count in samples collected before
opening the veterinary hospital at morning time
from general examination tables were significantly
(P<0.05) lower when compared with chairs in
waiting area and injection ward table and
significantly (P<0.05) higher total viable counts
observed in samples collected from the IWT.

TVC in samples collected before closing the

Table 1. Cfu/cm2/ml

Time of collection General Chairs in Injection SEM P N
examination waiting area ward table
table (GET)   (CWA) (IWT)

After opening of Veterinary 52.96c ±3.26 64.16b ±3.14 75.13a±3.89 2.18 0.001 30
Hospital (Mean ± SE)
Before closing of Veterinary 91.66b ± 4.49 109.26a±5.52 113.60a±4.94 3.02 0.006 30
Hospital (Mean ± SE)

*The values obtained are from the 3rd serial ten-fold dilution of sample
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Table 2.

Sample type Before opening of hospital Before closing of hospital
E. coli Salmonella Staphylococcus E Coli Salmonella Staphylococcus

General Examination 10 (33.3%) 13 (43.3%) 11 (36.6%) 15 (50%) 19 (63.3%) 21 (70%)
Table(GET)
Chair in Waiting Area (CWA) 14 (46.6%) 18 (60%) 9 (30%) 17 (56.6%) 20 (66.6%) 18 (60%)
Injection Ward Table (IWT) 12 (40%) 9 (30%) 15 (50%) 21 (70%) 24(80%) 20 (66.6%)

veterinary hospital at afternoon time from GET were
significantly lower when compared with CWA and
IWT. The TVC were comparable between CWA and
IWT.

The number of Pathogenic bacteria present in the
samples collected from the three locations of
veterinary hospital before opening and closing of
hospital are presented in the Table 2.

Out of 180 samples collected from three different
places of veterinary hospital, 89, 103 and 94 samples
shown positive for EscherichiaSpp, Salmonella spp
and staphylococcus sps respectively. 36 and 53
samples for Escherichia spp, 40 and 63 samples for
Salmonella sps and 35 and 59 samples for
staphylococcus spp were positive among all collected
samples immediately after opening and closing of
hospital respectively.

The incidence of E.coli, Salmonella and
Staphylococcus has been increased at the time of
closing of hospital compared with opening of
hospital. The incidence of E.coli on GET as morning
time was 33.3% which has been increased to 50% at
the time of closing similarly the incidence of
Salmonella and Staphylococcus was 43.3% and 36.6%
respectively on GET  has been increased to 63.3%

Fig 1. Representing number of samples positive for three bacteria (Escherichia spp, Salmonella
Spp, Staphylococcus spp)

and 70% respectively.
The incidence of E.colion CWA was 46.6%

immediately after opening of hospital which has
been increased to  56.6% at the time of closing.
Similarly, the incidence of Salmonella and
Staphylococcus was 60% and 30% respectively on
CWA has been increased to 66.6% and 60%
respectively.

The incidence of E. coli, Salmonella spp,
Staphylococcus spp on IWT was 40%,30% and 50%
respectively has been increased to 70%,80% and
66.6% respectively.

Gizaw et al. (2016) reported that lowest bacterial
contamination (480 cfu/m3) in the air of hospital
wards at 8:00am (at the time of opening) which has
increased to 1468cfu/m3 (at 2pm) indicating three
times increase due to flow of patients as well as
accompanying people, Similar increase was noticed
in TVC from morning to evening on all the three
places in present study. Fekadu and Getachewu
(2013) also observed in a surgical ward that a count
of 3.3xcfu/m3 at the opening time, which has been
increased almost three times (9.7x103cfu/m3) at
4:00pm. In the present study also TVC counts from
all the three places has been doubled the counts at
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closing time of veterinary hospitals. Lower TVC
counts of 4.8x102 to 1.4x103cfu/m3 was reported by
Gizaw et al. (2016), whereas Feakadu and
Getachewu (2015) reported higher counts of
9.7x103cfu/m3 from Jima university specialized
hospital than the counts observed in the present
study. The counts on all the three surfaces both at
morning and evening are higher than the
recommendation (1000cfu/m3) of WHO expert
group. The higher TVC in the present study might
be due to contaminated pets and owners and
activities like grooming, roaming and etc. in the
hospital (Gizaw et al., 2016).

The incidence of E.coli, Salmonella, Staphylococcus
spp on three places (GET, CWA, IWT) were high
compared to the incidence reported by Suchitra et al.
(2008 . The incidence of E.coli and Salmonella was
high in CWA both at morning and evening whereas
Staphylococcus sps was high on IWT in the morning
and evening which might be due to contamination
from the animals . The counts of the pathogens were
low on GET Table where in pets were examined for
short time, but their incidence has been increased
evening due to many numbers of patients handling
during working time (Wenzel et al., 1981).

Low incidence of 14% and 9% Staphylococcus
aureus on hospital furniture was reported by
Middleton et al. (2005) and Loeffler et al. (2005). Boag
et al. (2004) and O’Mahony et al. (2005) observed
increase on Staphylococcus counts on various
surfaces of veterinary hospitals due to handling of
companion animals. An increase in Salmonella
incidence in veterinary hospital furniture and tables
was observed by Cummings et al. (2014). An
incidence of 2.2% and 11.9% of Salmonella spp in
veterinary hospital environment was reported by
Alinovi et al. (2003) and Burgess et al. (2004)
respectively which was very less than incidence
observed in the present study both morning and
evening.

Aksoy et al. (2010) reported 55.8% incidence of
Staphylococcus which was slightly higher than the
incidence (60-70%) observed on the three tables -at
the time of closing hospital, in the present study.

CONCLUSION

Regular microbiological surveillance of veterinary
hospitals is required to detect and control of
infectious agents. Educating animal care workers,
animal attendants on best hygienic practices could
help in reducing risk of getting nosocomial

infections.
Further scope of research:  There is scope for
molecular examination of pathogens to identify the
strains and study of antibiotic resistance of the
isolates.
Conflict of interest: The authors declare that they
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ACKNOWLEDGMENTS

The authors are thankful to College of Veterinary
Science, P.V. Narsimha Rao Veterinary University,
Hyderabad for providing facilities to conduct this
study.

REFERENCES

Ahmed Khan, H., Fatima Kanwal, Baig and Riffat
Mehboob, 2017. Nosocomial infections:
Epidemiology, prevention, control and surveillance.
Asian Pacific Journal of Tropical Biomedicine. 7(5): 478-
482, ISSN 2221- 1691, https://doi.org/10.1016/
j.apjtb.2017.01.019.

Aksoy, E., Boag, A., Brodbelt, D. and Grierson, J. 2010.
Evaluation of surface contamination with
staphylococci in a veterinary hospital using a
quantitative microbiological method. J Small Anim
Pract. 51(11): 574-80. doi: 10.1111/j.1748-
5827.2010.00994.x. PMID: 20973785.

Alinovi, C.A., Ward, M.P., Couëtil, L.L. and  Wu, C.C. 2003.
Detection of Salmonella organisms and assessment
of a protocol for removal of contamination in horse
stalls at a veterinary teaching hospital. J. Am. Vet.
Med. Assoc. 223(11): 1640-1644. http://dx.doi. org/
10.2460/javma.2003.223.1640

Boag, A., Loeffler, A. and Lloyd, D.H. 2004. Methicillin
resistant Staphylococcus aureus in small animal
practice. Vet. Rec. 154: 366–371.

 Burgess, B.A., Morley, P.S. and Hyatt, D.R. 2004.
Environmental surveillance for Salmonella enteric in
a veterinary teaching hospital. J. Am. Vet. Med. Assoc.
225(9): 1344-1348. http://dx.doi. org/10.2460/
javma.2004.225.1344

Cummings, K.J., Rodriguez-Rivera, L.D., Katharyn, J.M.,
Karin, H., Martin, W., Patrick, L.M., Craig, A., Lorin,
D.W. and Gillian, A.P. 2014. Salmonella enterica
Serovar Oranienburg Outbreak in a Veterinary
Medical Teaching Hospital with Evidence of
Nosocomial and On-Farm Transmission. Vector-Borne
Zoonotic Dis. 14(7): 496-502

DallapSchaer BL, Aceto Hand Rankin SC. 2010. Outbreak
of salmonellosis caused by Salmonella enterica
serovar Newport MDR-AmpC in a large animal
veterinary teaching hospital. J. Vet. Intern. Med. 24(5):
1138-1146. http://dx.doi.org/10.1111/ j.1939-
1676.2010.0546.x PMid:20584143.

Duncan, D. B. 1959. Multiple range and multiple F tests.



550 GAJULA ET AL

Biometrics. 15(1): 1-11.
Fekadu SandGetachewu B. 2015. Microbiological

assessment of indoor air of Teaching hospital wards:
a case of Jimma University specialized hospital.
Ethiop J Health Sci. 25:2. doi: 10.4314/ejhs.v25i2.3.

Fürnkranz, U. and Walochnik, J. 2021. Nosocomial
Infections: Do Not Forget the Parasites! Pathogens.
10: 238. https://doi.org/10.3390/pathogens10020238

Gizaw Z, Gebrehiwot M andYenew C.2016. High bacterial
load of indoor air in hospital wards: the case of
University of Gondar teaching hospital, Northwest
Ethiopia. Multidiscip Respir Med. 5(11):24.doi:
10.1186/s40248-016-0061-4. PMID: 27382463; PMCID:
PMC4932712.

Keck, N., Antoine Dunie-merigot, Mélody Dazas, Edouard
Hirchaud, Stéphanie Laurence, Béatrice Gervais,
Jean-Yves Madec and Marisa Haenni, 2020. Long-
lasting nosocomial persistence of chlorhexidine-
resistant Serratia marcescens in a veterinary hospital.
Veterinary Microbiology. 245: 108686, ISSN03781135,
https://doi.org/10.1016/j.vetmic.2020.108686.

Loeffler, A., Boag, A.K., Sung, J., Lindsay, J.A.,
Guardabassi, L., Dalsgaard, A. and Lloyd, D.H. 2005.
Prevalence of methicillin-resistant Staphylococcus
aureus among stas and pets in a small animal referral
hospital in the UK. J. Antimicrobial. Chemo. 56(4): 692–
697. http://dx.doi.org/10.1093/jac/dki312
PMid:16141276

Middleton, J.R., Fales, W.H., Luby, C.D., Oaks, J.L.,
Sanchez, S., Kinyon, J.M. and Hartmann, F. 2005.
Surveillance of Staphylococcus aureus in veterinary
teaching hospitals. J. Clin. Microbiol. 43(6): 2916-2919.
http:// dx.doi.org/10.1128/JCM.43.6.2916-2919.2005
PMid:15956418 PMCid:PMC1151956

Nevalainen, A. and Morawaska, L. 2009. Biological agents
in indoor environments. Assessment of health risks.
Work conducted by a WHO Expert Group between
2000-2003. World Health Organization, Copenhagen,
Denmark

O’Mahony, R., Abbott, Y., Leonard, F.C., Markey, B.K.,

Quinn, P.J., Pollock, P.J. and Rossney, A.S. 2005.
Methicillin-resistant Staphylococcus aureus (MRSA)
isolated from animals and veterinary personnel in
Ireland. Vet. Microbiol. 109(3-4): 285-296. http://
d x . d o i . o r g / 1 0 . 1 0 1 6 / j . ve t m i c . 2 0 0 5 . 0 6 . 0 0 3
PMid:16026939

Perlroth, J., Choi, B. and Spellberg, B. 2007. Nosocomial
fungal infections: epidemiology, diagnosis, and
treatment. Med Mycol. 45(4) : 321-46. doi: 10.1080/
13693780701218689. PMID: 17510856.

Prince Milton, A. A., Govindarajan Bhuvana Priya,
Manivasagam Aravind, Swain Parthasarathy, Mani
Saminathan, Jeeva, K. and Agarwal, R.K. 2015.
Nosocomial Infections and their Surveillance in
Veterinary hospitals. Adwances in Animal and
Veterinary Sciences. http://dx.doi.org/10.14737/
journal.aavs/2015/3.2s.1.24.

Sikora, A. and Zahra, F. 2022. Nosocomial Infections.  In:
Stat Pearls [Internet]. Treasure Island (FL): Stat Pearls
Publishing; 2022 Jan–. PMID: 32644738.

Snedecor, G. W. and Cochran, W. G. 1994. Statistical
Methods. 8th Edition, Iowa State University Press,
Ames.

Stull, J.W. and Weese, J.S. Hospital-associated infections
in small animal practice. Vet Clin North Am Small
Anim Pract. 2015. Mar;45(2):217-33, v. doi: 10.1016/
j.cvsm.2014.11.009. Epub 2015 Jan 2. PMID: 25559054;
PMCID: PMC7132463.

Suchithra, S,  Srikanth, Padma, Merline Sheela, Appavoo,
Steinberg and Ralf, 2008. Study of the Indoor Air
Quality in Hospitals in South Chennai, India -
Microbial Profile. Indoor and Built Environment. 17.
435-441. 10.1177/1420326X08095568.

Wenzel, R.P., Osterman, C.A., Donowitz, L.G., Hoyt, J.W.,
Sande, M.A., Martone, W.J. and Miller, G.B. 1981.
Identification of procedure-related nosocomial
infections in high-risk patients. Rev. Infect. Dis. 3(4):
701–707. http://dx.doi.org/10.1093/clinids/3.4.701
PMid:6951236.


