


Evaluation of Hand Hygiene among Students in Veterinary setting 

Abstract
Hand hygiene is a fundamental and cost-effective measure for preventing the transmission of infectious agents in both human and veterinary healthcare settings. The present study aimed to assess hand hygiene among veterinary students in a veterinary clinical setting. A total of 37 samples were collected, including 30 hand swab samples from students attending clinical wards and 7 environmental samples from selected sites such as wards, laboratory areas and milk handling equipment at VCRI, Salem. All samples were subjected to bacteriological analysis using standard plate count method and results were expressed as colony-forming units (CFU). Hand swab samples showed bacterial counts ranging from 0 to 2540 CFU, with a mean of 430 CFU and a median of 130 CFU, indicating generally low to moderate contamination with some variability. In contrast, environmental samples exhibited significantly higher bacterial loads, ranging from 500 to 210,000 CFU, with a mean of 41,600 CFU and a median of 6,700 CFU. The highest contamination was observed in milk handling equipment, followed by the zoonoses laboratory, while comparatively lower counts were recorded in certain clinical wards. Statistical analysis using the Mann–Whitney U test revealed a highly significant difference (p < 0.001) between hand hygiene and environmental contamination levels. The findings suggest that although students demonstrated relatively good compliance with hand hygiene practices, environmental surfaces act as major reservoirs of microbial contamination. In conclusion, the study highlights the importance of integrating effective hand hygiene practices with improved environmental sanitation to minimize infection risks. Regular monitoring, strict disinfection protocols and targeted training programs are essential to enhance hygiene standards and ensure biosafety in veterinary healthcare settings under the One Health framework.
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1. Introduction
Hand hygiene is universally recognized as one of the most effective, simple and economic measures for preventing the transmission of infectious agents in both human and veterinary healthcare settings. Microorganisms are readily transferred through direct contact, particularly via contaminated hands, which serve as a major vehicle for the spread of pathogens. The World Health Organization (WHO) has consistently emphasized that proper hand hygiene practices can significantly reduce healthcare-associated infections (HAIs), which continue to pose a major global public health challenge (WHO, 2009).
In veterinary institutions, the importance of hand hygiene is further heightened due to the close interaction between animals, humans and clinical materials. Veterinary personnel, students and animal handlers are frequently exposed to a wide range of microorganisms, including zoonotic pathogens capable of crossing species barriers. Inadequate hand hygiene practices can facilitate the transmission of bacteria such as Escherichia coli, Staphylococcus aureus and Salmonella, which are commonly associated with both animal and human infections (Gyles, 2009; Scott et al., 1982).
Hands can act as transient carriers of microorganisms, allowing pathogens to spread rapidly between individuals, animals and different clinical procedures. The persistence of microbes on hands, especially in the absence of proper washing or sanitization, increases the risk of cross-contamination and infection. Studies have demonstrated that improper hand hygiene among healthcare workers and students significantly contributes to the spread of infectious agents and compromises biosafety standards.
Given these concerns, quantitative assessment of bacterial load on the hands of individuals in close contact with animals, using colony-forming unit (CFU) enumeration, serves as a reliable indicator of the hygiene status. Evaluating hand contamination levels helps identify gaps in hygiene practices and supports the implementation of targeted interventions to improve compliance. Such assessments are particularly relevant in veterinary settings, where effective hand hygiene is essential to protect both animal and public health within the framework of the “One Health” approach. Hence, the present study was carried out to assess bacterial contamination associated with hand hygiene among students in veterinary clinical setting.
2. Materials and Methods: 
2.1 Sample Collection
A total of 37 samples were collected, comprising 30 hand swab samples from III year students of Veterinary College and Research Institute, Salem, attending clinical wards and 7 environmental samples, including mess facilities (milk can), wards (gynaecology, surgery, small and large animal medicine) and zoonoses laboratory.
Hand swab samples were collected from the dominant hand of each participant, with informed consent and without prior intimation, using sterile cotton swabs moistened with sterile physiological saline. Environmental samples were collected by swabbing a defined surface area (10 cm x 10 cm) using sterile swabs under aseptic conditions. All samples were immediately transported to the laboratory in sterile containers for microbiological analysis.
2.2 Bacteriological Analysis:
Each swab sample was inoculated into sterile diluent (0.9 % NaCl) and subjected to serial dilution as required. Aliquots were plated onto Standard Plate Count agar using the pour plate technique and incubated at 37°C for 24 hours. After incubation, visible colonies were counted and expressed as colony-forming units (CFU).
2.3 Statistical Analysis:
Descriptive statistical parameters, including mean, median and range, were calculated separately for hand hygiene and environmental samples. Due to the non-normal distribution of the data and the presence of outliers, non-parametric statistical methods were applied.
Comparative analysis between hand and environmental samples was performed using the Mann–Whitney U test, with statistical significance considered at p < 0.05. All analyses were conducted using standard statistical procedures.
3. Results:
3.1 Bacterial Load in Hand swab samples
The bacteriological analysis of student hand swab samples (n = 30) revealed a wide variation in microbial load. The total bacterial counts ranged from 0 to 2540 CFU, indicating substantial heterogeneity among individuals (Table 1). The mean bacterial count was approximately 430 CFU, while the median value was 130 CFU, suggesting a skewed distribution influenced by a few high-count samples (Table 2).
A majority of the samples clustered within the lower to moderate contamination range (50–500 CFU), reflecting partial compliance with hand hygiene practices (Table 1). However, the presence of extremely high counts in certain individuals, particularly one sample exceeding 2500 CFU, indicates lapses in effective hand sanitation. Conversely, a few samples showed minimal or no detectable growth, suggesting proper hand hygiene practices in those individuals. Overall, the data exhibited a positively skewed distribution with notable outliers, highlighting inconsistency in hygiene behaviour among students.
3.2 Bacterial Load in Environmental Samples
The environmental samples (n = 7) demonstrated markedly higher levels of bacterial contamination compared to hand swab samples. The counts ranged from 500 to 210,000 CFU (Table 1), with a mean value of approximately 41,600 CFU and a median of 6,700 CFU, indicating a highly skewed distribution due to extreme values (Table 2).
Among the different sampling sites, the milk can exhibited highest bacterial load (210,000 CFU), suggesting significant contamination likely due to inadequate cleaning and the presence of organic residues that support microbial growth. The zoonoses laboratory recorded the second highest count (56,000 CFU), reflecting the high microbial exposure typical of diagnostic and research environments (Table 1).
Moderate levels of contamination were observed in clinical areas such as the surgery ward (6,700 CFU), large animal medicine ward (2,600 CFU) and small animal medicine ward (2,200 CFU), indicating routine exposure to biological materials and possible gaps in surface disinfection practices. In contrast, relatively lower bacterial counts were noted in the gynaecology ward (500 CFU), suggesting comparatively better hygiene maintenance in that area (Table 1).
3.3 Comparative Statistical Analysis
Considering the wide variability and non-normal distribution of the data, bacterial counts were subjected to log₁₀ transformation prior to statistical comparison. The transformed data showed a clear distinction between the two groups. The mean log₁₀ bacterial count for hand hygiene samples was approximately 2.1, whereas the environmental samples exhibited a much higher mean log₁₀ value of approximately 4.3 (Table 2).
Comparative analysis using the Mann–Whitney U test demonstrated a highly significant difference (p < 0.001) between hand hygiene and environmental bacterial loads. This statistically confirms that environmental sources harbour substantially greater microbial contamination than student hands (Table 2).
Table 1. Bacterial load present in different samples
	Type
	Sample
	Bacterial Count X dilution factor
	CFU

	















Hand swab
	S1
	15 × 10
	150

	
	S2
	19 × 10
	190

	
	S3
	38 × 10
	380

	
	S4
	8 × 10
	80

	
	S5
	20 × 10
	200

	
	S6
	13 × 10
	130

	
	S7
	13 × 10
	130

	
	S8
	55 × 10
	550

	
	S9
	42 × 10
	420

	
	S10
	52 × 10
	520

	
	S11
	10 × 10
	100

	
	S12
	7 × 10
	70

	
	S13
	10 × 10
	100

	
	S14
	10 × 10
	100

	
	S15
	27 × 10
	270

	
	S16
	254 × 10
	2540

	
	S17
	4 × 10
	40

	
	S18
	6 × 10
	60

	
	S19
	3 × 10
	30

	
	S20
	1 × 10
	10

	
	S21
	4 × 10
	40

	
	S22
	1 × 10
	10

	
	S23
	0 × 10
	0

	
	S24
	2 × 10
	20

	
	S25
	3 × 10
	30

	
	S26
	34 × 10
	340

	
	S27
	8 × 10
	80

	
	S28
	37 × 10
	370

	
	S29
	5 × 10
	50

	
	S30
	3 × 10
	30

	


Environmental sites
	Mess
	152 × 100
	15,200

	
	OG ward
	5 × 100
	500

	
	Surgery ward
	67 × 100
	6,700

	
	Small animal ward
	22 × 100
	2,200

	
	Large animal ward
	26 × 100
	2,600

	
	Zoonoses lab
	56 × 1000
	56,000

	
	Milk can
	210 × 1000
	210,000



Table 2. Comparative analysis of Hand swab and environment samples
	Parameter
	Students
	Environment

	Mean (CFU)
	430
	41,600

	Median (CFU)
	130
	6,700

	Range
	0–2540
	500–210,000

	Log₁₀ Mean
	2.1
	4.3

	Statistical Test
	Mann–Whitney U

	p-value
	< 0.001
	Significant



4. Discussion:
The present study evaluated bacterial contamination associated with hand hygiene and environmental surfaces in a veterinary clinical setting, revealing notable differences in microbial load between the two groups. The findings demonstrated that student hand swab samples generally exhibited low to moderate levels of contamination, whereas environmental samples harboured significantly higher bacterial counts, with statistical analysis confirming a highly significant difference (p < 0.001).
Hand hygiene samples showed relatively lower bacterial loads, with counts ranging from 0 to 2540 CFU and a positively skewed distribution. The presence of several samples with minimal or negligible counts suggests that students practiced effective hand hygiene, particularly after clinical exposure. This trend indicates an increased awareness and compliance with recommended handwashing protocols following interaction with animals and clinical environments. Although some variability was observed, with a few higher counts reflecting occasional lapses, the overall pattern suggests that clinical exposure reinforces hygiene behaviour and improves compliance. Similar observations have been reported in previous studies, where increased awareness and training significantly enhanced hand hygiene practices among healthcare and veterinary students (Bloomfield et al., 2007). The World Health Organization also emphasizes that proper hand hygiene is one of the most effective measures to prevent healthcare-associated infections (WHO, 2009).
However, the effectiveness of hand hygiene practices is also closely linked to the availability and accessibility of infrastructure. Inadequate tap facilities, irregular water supply, or limited access to soap within wards may hinder consistent handwashing practices, even among trained individuals. Ensuring the provision of functional handwashing stations equipped with clean running water and appropriate cleansing agents is therefore essential to sustain and further improve hygiene compliance in clinical settings.
In contrast, environmental samples exhibited markedly higher bacterial loads, ranging from 500 to 210,000 CFU. The elevated contamination levels observed in environmental sites highlight their role as persistent reservoirs of microorganisms. Among these, the milk handling equipment (milk can) recorded the highest bacterial count, indicating inadequate sanitation and the accumulation of organic matter that promotes bacterial growth and biofilm formation. This finding is particularly important in the context of dairy hygiene, as contaminated equipment can serve as a major source of milk spoilage and transmission of foodborne pathogens. Previous studies have reported that insufficient cleaning of milking utensils contributes to high microbial loads, including pathogens such as E. coli and Salmonella (Oliver et al., 2005).
The zoonoses laboratory also exhibited high bacterial counts, likely due to frequent handling of infectious materials and samples. Laboratory environments are known to harbour diverse microbial populations, especially when biosafety practices are inconsistently followed. The Centers for Disease Control and Prevention (CDC, 2020) has highlighted that contaminated laboratory surfaces can facilitate indirect transmission, underscoring the need for strict adherence to disinfection protocols.
Moderate levels of contamination observed in clinical areas such as surgery and animal wards further indicate that environmental surfaces remain potential sources of nosocomial infections in veterinary practice. These findings align with earlier reports identifying hospital environments as reservoirs for opportunistic pathogens such as S. aureus (Gyles, 2009). In this context, the effectiveness of routine disinfection practices in the wards warrants further investigation. Evaluating the efficacy of commonly used disinfectants against the prevailing microbial load is essential, as improper dilution, inadequate contact time, or the use of less effective agents may contribute to persistent contamination. Periodic monitoring and validation of disinfection protocols would therefore help ensure optimal microbial control.
The significant difference observed between hand hygiene and environmental contamination underscores the effectiveness of hand hygiene practices among students, particularly following clinical exposure. However, it also highlights that environmental contamination remains a major concern, necessitating improved sanitation measures, enhanced infrastructure for hand hygiene, and systematic evaluation of disinfection practices to reduce microbial burden and minimize the risk of infection transmission.
5. Conclusion:
The present study revealed significantly lower bacterial loads on student hands compared to environmental surfaces, indicating good hand hygiene compliance. However, environmental sites acted as major reservoirs of contamination, emphasizing the risk of infection transmission. The findings highlight the need to improve sanitation practices, particularly for frequently used equipment and clinical areas. Adequate tap facilities, continuous water supply and easy access to soap are essential to sustain effective hand hygiene. Additionally, the efficacy of disinfectants used in wards should be regularly evaluated to ensure proper microbial control. A combined approach involving hygiene compliance, infrastructure improvement, and validated disinfection is crucial for infection prevention.
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