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Abstract
Objective This study aimed to investigate the presence of ESKAPE organisms on the hands of students working in 
the intensive care unit (ICU) at a veterinary academic hospital.

Methods A cross-sectional study was conducted among students working in an ICU at a veterinary academic 
hospital in South Africa. Students were sampled before the start of the ICU shift using a modified glove-juice method. 
Standard microbiological techniques and a series of polymerase chain reaction (PCR) assays were used to identify and 
characterize the bacteria. All the isolates were tested for resistance against a specific panel of antibiotics using the disk 
diffusion method. Proportions of bacterial species and their antimicrobial-susceptibility profiles were calculated.

Results At screening, all the veterinary students (n = 62) carried at least one of the ESKAPE organisms on their hands. 
Escherichia coli was the most isolated organism (76%, 47/62), followed by  P. aeruginosa (48%, 30/62), A. baumannii 
(47%, 29/62), E. faecium (35%, 22/62), K. pneumoniae (27%, 17/62), and S. aureus (24%, 15/62). A reduced proportion 
of isolates were recovered from the samples, E. coli (26%, 12/47), E. faecium (23%, 5/22), P. aeruginosa (43%, 13/30), A. 
baumannii (24%,7/29), K. pneumoniae (41%, 7/17), and S. aureus (20%, 3/15). Most of the organisms showed a high 
proportion of resistance to at least one antibiotic. Multidrug resistance was reported among just over half (56%, 5/9) 
of E. coli, 40% (2/5) of E. faecium, 100% (13/13) of P. aeruginosa, and 33% (1/3) of S. aureus isolates.

Conclusion Students working in the ICU carry several organisms belonging to the ESKAPE group of organisms 
before contact with patients. Moreover, MDR resistance was common among this group of organisms. The findings of 
the present study underscore the importance of infection prevention and control (IPC) strategies to help reduce the 
likelihood of the spread of these organisms to personnel, owners, family members, and patients.
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Introduction
Effective hand hygiene has been shown to reduce the 
transmission of hospital-acquired infections (HAIs) 
in both human and animal healthcare facilities [1–4]. 
However, available evidence indicates that hand hygiene 
compliance among healthcare workers (HCWs) in vet-
erinary medicine remains low [5–7]. This heightens the 
risk of transmission of infectious diseases and zoonotic 
organisms within the veterinary hospital setting [2, 8, 9]. 
In addition to low hand hygiene compliance, patient-to-
patient contact, and contact with contaminated surfaces 
have also been shown to increase the transmission of 
organisms associated with HAIs [3, 10–12].

Enterococcus faecium, Staphylococcus aureus, Klebsi-
ella pneumoniae, Acinetobacter baumannii, Pseudomo-
nas aeruginosa, and Enterobacter species (ESKAPE) are 
the leading cause of HAIs in the intensive care unit (ICU) 
of both human [13, 14] and animal hospitals [15–17]. 
Moreover, infections associated with these organisms 
are less responsive to commonly used antibiotics result-
ing in limited treatment options and poor patient prog-
nosis, especially in under-resourced developing countries 
[10–12, 18]. Additionally, some of these organisms can 
survive in hospital environments for longer, thus remain-
ing a source of infection to susceptible individuals [11, 
12, 16].

The intensive care unit (ICU) remains a high-risk area 
for infections associated with ESKAPE organisms due 
to the poor health status of the patients, the high antibi-
otic usage, the higher prevalence of invasive procedures, 
the use of indwelling devices, and the higher frequency 
of contact between patients and HCWs [12, 19]. Addi-
tionally, asymptomatic patients and persons are difficult 
to identify which also makes them a source of contami-
nation and infection [20]. Hand hygiene compliance 
remains the most effective strategy to reduce the risk of 
transmission of organisms associated with HAIs in hos-
pital settings [5, 21, 22]. This study investigated the pres-
ence of ESKAPE organisms on the hands of students 
working in the ICU at a veterinary academic hospital 
prior to contact with patients. The results shed light on 
the importance of hand hygiene compliance in the ICU 
setting.

Materials and methods
Study area
The study was conducted at a veterinary teaching hos-
pital in South Africa. The faculty to which the hospital 
belongs has five departments: Veterinary tropical dis-
eases, Paraclinical sciences, Companion animal clini-
cal studies (CACS), Production animal clinical studies, 
and Anatomy and physiology. This study focuses on the 
ICU servicing the Department of CACS. The Depart-
ment has three sections: small animal surgery, small 

animal medicine, and outpatient. All patients from these 
sections requiring critical care are referred to the same 
ICU, excluding those with contagious infectious diseases 
like canine parvovirus, which are admitted to a separate 
isolation ward. The study was done during routine clini-
cal rotations of veterinary students: morning (08h00 to 
12h00) and night shifts (20h00 to 08h00).

Study population
A cross-sectional study design was adopted in this study. 
Final-year students during their clinical rotation in the 
ICU between September 2022 and March 2023 were 
sampled. The students were randomly selected based on 
the shift lift on different days as they entered the ICU at 
the start of the shift. Each student was sampled once.

Sample collection
The study used the glove-juice technique which is well 
documented in human medicine studies [18, 23]. This 
method is more sensitive compared to the imprint 
method as it allows for the quantification of the entire 
bacterial load on the hands of the HCWs [24–26]. To 
sample for the presence of ESKAPE organisms, the dom-
inant hand of each participant was inserted into a ster-
ile latex-free glove containing 20 ml buffered phosphate 
water (PBW) and massaged for one minute as described 
by Trick et al. [27] and Matuka et al. [23]. After massag-
ing, the fluid was aseptically retrieved and pipetted into 
sterile 15  ml tubes then transported on ice within an 
hour to the veterinary public health (VPH) laboratory of 
the faculty of veterinary science for further processing.

Screening
Samples brought to the laboratory in PBW were incu-
bated in a shaker at 200 RPM at 37  °C. Since the incu-
bation period was for different bacteria, the time ranged 
from 16 to 24 h. After enrichment, 100 µl aliquot of the 
overnight broth was spread on horse blood agar and 
incubated aerobically at 37  °C for 16–24  h. Following 
incubation, the plates were assessed for bacterial growth 
and then prepared for specific bacteria identification 
using the PCR test.

Identification of ESKAPE bacteria using polymerase 
reaction chain
DNA extraction
From the blood agar plates with growth, the bacterial col-
ony was harvested using a sterile loop in preparation for 
extraction of genomic Deoxyribose nucleic Acid (DNA) 
using the boiling method as previously described [28]. A 
loopful of the culture sweep was suspended in 1000 µL of 
sterile FA buffer (BactoTM FA Buffer, Becton and Dick-
son &Company) in a 1.5 mL Eppendorf tube, vortexed 
and centrifuged at 12,000 rpm for 5 min. The supernatant 
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was discarded, and the bacterial pellet was re-suspended 
in 1000 µL of sterile FA buffer and centrifuged. This pro-
cess was repeated twice. After the last centrifugation 
cycle, the supernatant was discarded completely. The pel-
let was re-suspended in 500 µL of sterile distilled water, 
boiled for 20  min on a heating block, cooled on ice for 
10 min, and then stored at -200C for further processing.

Polymerase chain reaction
The extracted genomic DNA was used as a template to 
determine the presence of each of the ESKAPE organ-
isms using polymerase chain reaction (PCR). Primers tar-
geting specific genes for identifying different bacteria and 
PCR cycling conditions were used (Table  1). Briefly, for 
each PCR reaction of 25 µL, the following components 
were added: 2.5 µL of 10X Thermopol reaction buffer, 
2.0 µl of 2.5 mM dNTPs (deoxynucleotide triphosphates), 
0.25  µl of 100 mM MgCl2, 1.6  µl of each primer (0.64 
µM final concentration), 1U of Thermus aquaticus poly-
merase (Taq) DNA Polymerase (New England BioLabs® 
Inc.) and 5  µl of DNA lysate template. Positive controls 
included DNA from the ATCC strains E. coli (25922), 
S. aureus (25923), K. pneumoniae (700603), E. faecalis 
(29212), and P. aeruginosa (27853). Sterile nuclease-free 
water was used as a negative control. All PCR reagents 
were supplied by New England BioLabs (NEB, USA), 
except for the primers, which were sourced from Inqaba 
Biotec (South Africa) and Integrated DNA Technologies 
(IDT) (San Diego, USA).

A Veriti™ (Applied Biosystems®, USA) or a C1000 
TouchTM (Bio-Rad, USA) thermal cycler was used for 
all PCR reactions. Thereafter, the PCR products were 
electrophoresed on 2% (w/v) agarose gels in TAE (Tris–
acetate–ethylenediamine tetra acetic acid) buffer, stained 
with ethidium bromide (0.05 mg/µl) for 15 min, and visu-
alized under ultraviolet (UV) light with a Gel Doc system 
(Bio-Rad, USA).

Single colony streaking
To differentiate each bacterium, samples that were PCR 
positive for any of the ESKAPE bacteria during the initial 
screening were streaked onto differential media to obtain 
single colonies. Staphylococcus aureus and A. baumannii 
were streaked on blood agar, P. aeruginosa on Cetramide 
agar, and E. faecium, E. coli and K. pneumoniae were 
streaked on MacConkey agar. The plates were then incu-
bated at 37  °C for 16–24  h. Five single colonies of each 
organism were selected from each plate and multiplied 
separately on Luria Bertani (LB) agar (DifcoTM Becton 
and Dickson & Company) for purification. The plates 
were then incubated at 37 °C for 16–24 h. Following the 
incubation, genomic DNA was extracted from the colo-
nies, and PCR was performed on the colonies using the 
same primers as described above to identify them.

Antimicrobial sensitivity
All the identified isolates were tested against a panel of 
antibiotics using the disk diffusion method to determine 
their susceptibility profile following the Clinical and Lab-
oratory Standards Institute (CLSI) guidelines (Table  2) 
[35].

Antimicrobial resistance testing was performed on 
Mueller Hinton agar (MHA) (Oxoid, UK) as described 
by the CLSI [35]. Bacterial suspensions of individual pure 
colonies of 0.5 McFarland were prepared in 0.85% physio-
logical saline. A sterile cotton swab was used to inoculate 
MHA plates to achieve confluent growth. Antimicro-
bial discs were placed on the inoculated plates using an 
Oxoid disk dispenser and incubated aerobically at 37  °C 
for 16–24 h. Each organism was tested against different 
panels of antibiotics using disks obtained from Oxoid 
Company as outlined in Table 2. Escherichia coli (25922), 
S. aureus (25923), K. pneumoniae (700603), E. faecalis 
(29212), and P. aeruginosa (27853) were used as reference 
strains. The results of the antibiogram were classified as 
susceptible, resistant, or intermediate according to CLSI 

Table 1 Nucleotide sequences used as primers in the PCR reaction to identify ESKAPE organisms
Organism Gene Primer sequences (5’-3’) Amplicon size a(bp) Reference
Enterococcus faecium sodA bF:  G A A A A A A C A A T A G A A G A A T T A T 215 [29]

cR:  T G C T T T T T T G A A T T C T T C T T T A
Staphylococcus aureus Stpahy-sau bF:  A A T C T T T G T C G G T A C A C G A T A T T C T T C A C G 108 [30]

cR:  C G T A A T G A G A T T T C A G T A G A T A A T A C A A C A
Klebsiella pneumoniae RcsA bF:  G G A T A T C T G A C C A G T C G G 176 [31]

cR:  G G G T T T T G C G T A A T G A T C T G
Acinetobacter baumannii gryB bF:  C A C G C C G T A- A G A G T G C A T T A 490 [32]

cR:  A A C G G A G C T T G T C A G G G T T
Pseudomonas aeruginosa 16 S rRNA bF:  A A T A C C T T G C T G T T T T G A C G T T A C 295 [33]

cR:  T C A G T G T C A G T A T C A G T C C A G G T G
Escherichia coli gadA bF:  G A T G A A A T G G C G T T G G C G C A A G 373 [34]

cR:  G G C G G A A G T C C C A G A C G A T A T C C
aBase pairs, bForward primer, cReverse primer
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criteria [35]. However, the intermediate readings were re-
classified as resistant for the purpose of data analysis.

Results
Isolated organisms
Sixty-two (n = 62) students gave consent to be sampled, 
and all the students who participated in the study, carried 
at least one of the ESKAPE organisms on their hands. 
Escherichia coli (76%) was the most identified organism 
and S. aureus (24%) was the least identified during the 
screening. A reduced proportion of isolates were recov-
ered from single colony streaking (Table 3).

Antimicrobial susceptibility profile
All the isolated ESKAPE organisms exhibited a high pro-
portion of resistance to at least one antibiotic. Among 
the E. coli isolates, resistance was high to ampicillin 
(89%), cefotaxime (67%), and tobramycin (56%). While 
two of the three S. aureus isolates exhibited resistance 
to penicillin G (67%). Most K. pneumoniae isolates were 
resistant to ampicillin (86%) and none were resistant to 
ceftazidime, gentamycin, and imipenem. Acinetobacter 
baumannii isolates exhibited resistance to ampicillin-sul-
bactam (50%) and one isolate showed resistance to imi-
penem (25%). All P. aeruginosa isolates showed resistance 
to ampicillin, penicillin-G, and ampicillin-sulbactam, 
three of the isolates were resistant to imipenem (23%), 
and two to tobramycin (15%). Enterococcus faecium iso-
lates were resistant to penicillin-G (60%) and two (40%) 
to ciprofloxacin erythromycin, and ampicillin (Table 4).

Multidrug-resistant organisms
Only E. coli, P. aeruginosa, E. faecium, and S. aureus 
had isolates that were resistant to at least one antibiotic 
in three or more antibiotic classes and thus considered 
MDR (Table 3).

Discussions
This is the first study in South Africa to investigate the 
occurrence of ESKAPE organisms from the hands of 
HCWs in a veterinary hospital and their antimicrobial 
susceptibility profiles. During screening, at least one of 

Table 2 Panel of antibiotics tested against the ESKAPE organisms isolated from the hands of healthcare workers in the intensive care 
unit
Antibiotics Enterococcus 

faecium
Staphylococ-
cus aureus

Klebsiella 
Pneumoniae

Acinetobacter 
baumannii

Pseudomonas 
aeruginosa

Esch-
erich-
ia 
coli

Ampicillin (10 µg) ✓ ✓ ✓ ✓
Penicillin-G (10 µg) ✓ ✓ ✓
Cefotaxime (30 µg) ✓ ✓ ✓ ✓
Tobramycin (10 µg) ✓ ✓ ✓ ✓
Ciprofloxacin (5 µg) ✓ ✓ ✓ ✓ ✓
Ceftazidime (30 µg) ✓ ✓ ✓ ✓
Ampicillin-sulbactam (10/10µg) ✓ ✓ ✓ ✓
Gentamicin (10 µg) ✓ ✓ ✓ ✓ ✓ ✓
Imipenem (10 µg) ✓ ✓ ✓ ✓ ✓ ✓
Trimethoprim-sulfamethoxazole 
(25 µg)

✓ ✓ ✓

Amikacin (30 µg) ✓
Oxytetracycline (30 µg) ✓ ✓ ✓
Erythromycin (15 µg) ✓ ✓
Chloramphenicol (30 µg) ✓ ✓ ✓
Linezolid (30 µg) ✓
Oxacillin (1 µg) ✓
Tetracycline (30 µg) ✓ ✓ ✓
Total antibiotics 9 11 9 8 11 9

Table 3 The proportions of bacteria isolated from the hands of 
students before contact with patients in the intensive care unit at 
a veterinary academic hospital; South Africa

Isolates Resistant Isolates
Bacterial organism Screening

% (n/N)d
Recov-
ered
% (n/N)

AMRb % 
(n/N)

MDRc 
% (n/N)

Enterococcus faecium 35 (22/62) 23 (5/22) 80 (4/5) 40 (2/5)
Staphylococcus aureus 24 (15/62) 20 (3/15) 67 (2/3) 33 (1/3)
Klebsiella pneumoniae 27 (17/62) 41 (7/17) 100 (7/7) 0 (0/7)
Acinetobacter 
baumannii

47 (29/62) 24 (7/29) 57 (4/7) 0 (0/7)

Pseudomonas 
aeruginosa

48(30/62) 43 (13/30) 100 
(13/13)

100 
(13/13)

Escherichia coli 76 (47/62) 26 (12/47) 100 (9/9) 56 (5/9)
bAntimicrobial resistance, cMultidrug resistance, d n = number positive for the 
pathogen, N = total number tested
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the ESKAPE organisms was isolated from the hands of 
students before entering the ICU. The presence of these 
organisms is concerning as they are known to cause 
opportunistic infections and are responsible for most 
HAIs [11, 12, 36–40]. Moreover, these organisms have 
zoonotic potential and can be transmitted between 
humans and animals, posing a health threat to suscep-
tible individuals [16, 40]. The high prevalence of antimi-
crobial resistance observed among the isolates is also a 
matter of public health concern. The danger caused by 
these organisms to public health is exacerbated by the 
fact that they can adapt and survive in hospital environ-
ments [13, 40].

The presence of these organisms on the hands of stu-
dents before patient contact may indicate that the stu-
dents are not adhering to hand hygiene compliance 
measures [5, 41]. Moreover, hand hygiene compliance has 
been shown to be higher after patient contact suggesting 
HCWs are more likely to protect themselves rather than 
the patient [42]. Therefore, hand hygiene compliance 
must be emphasized at the veterinary academic hospital 
looking at the five moments of hand hygiene.

Escherichia coli, Klebsiella pneumoniae, and Enterococcus 
faecium
In the current study, E. coli was isolated from 76% of stu-
dents working in the ICU. This is consistent with other 
studies that reported E. coli from the fingertips of HCWs 
in a human hospital [23] and the hands of HCWs in a 
veterinary hospital [43]. Klebsiella pneumoniae and E. 
faecium were also isolated in this study. A study done in 

a small animal hospital in Korea [11] also reported the 
occurrence of these organisms on the hands of HCWs. Of 
interest is that K. pneumoniae and E. faecium have been 
isolated from equipment and the hospital environment 
in other studies [16, 44]. The presence of these pathogens 
on environmental surfaces has been associated with fae-
cal contamination [11, 12, 43].

Staphylococcus aureus, Acinetobacter baumannii, and 
Pseudomonas aeruginosa
Staphylococcus aureus and A. baumannii are commen-
sals on the skin of humans and animals as well as human 
nasal cavities [45]. They are among the most prevalent 
opportunistic organisms in both human and veterinary 
hospitals [13]. Humans remain important reservoirs for 
the transmission of these organisms [46]. Similar find-
ings have also been observed by other studies that inves-
tigated these organisms from the hands of HCWs [12, 23, 
47, 48].

Concerning P. aeruginosa, to our knowledge, this is 
the first study to report the occurrence of P. aeruginosa 
in the hands of HCWs in veterinary medicines, previous 
reports were on veterinary clinical cases and the envi-
ronmental samples [17, 49]. The use of alcohol-based 
hand rubs and gels remains the most effective method 
of reducing the transmission of S. aureus, A. baumannii, 
and P. aeruginosa in hospital settings [23, 46, 50].

Antimicrobial resistance
The resistance in this study was high among the ESKAPE 
organisms isolated. Resistance against β-lactams was 

Table 4 Antimicrobial resistance profile of ESKAPE organisms isolated from hand samples of students working at a veterinary 
academic hospital, in South Africa
Antibiotics Enterococcus 

faecium
% (n/N)

Staphylococcus 
aureus
% (n/N)

Klebsiella 
Pneumoniae
% (n/N)

Acinetobacter 
baumannii
% (n/N)

Pseudomonas 
aeruginosa
% (n/N)

Esch-
erichia 
coli
% (n/N)

Ampicillin 40 (2/5) 86 (6/7) 100 (13/13) 89 (8/9)
Penicillin-G 60 (3/5) 67 (2/3) 100 (13/13)
Cefotaxime 14 (1/7) 25 (1/4) 69 (9/13) 67 (6/9)
Tobramycin 14 (1/7) 0 (0/4) 15 (2/13) 56 (5/9)
Ciprofloxacin 40 (2/5) 0 (0/3) 14 (1/7) 0 (0/4) 0 (0/13)
Ceftazidime 0 (0/7) 25 (1/4) 0 (0/13) 44 (4/9)
Ampicillin-sulbactam 14 (1/7) 50 (2/4) 100 (13/13) 33 (3/9)
Gentamicin 0 (0/5) 0 (0/3) 0 (0/7) 25 (1/4) 69 (9/13) 22 (2/9)
Imipenem 0 (0/5) 0 (0/3) 0 (0/7) 25 (1/4) 23 (3/13)
Trimethoprim-sulfamethoxazole 0 (0/5) 0 (0/3) 69 (9/13)
Amikacin 0 (0/13)
Oxytetracycline 33 (1/3) 0 (0/7) 0 (0/4)
Erythromycin 40 (2/5) 33 (1/3)
Chloramphenicol 0 (0/5) 0 (0/3) 11 (1/9)
Linezolid 0 (0/3)
Oxacillin 0 (0/3)
Tetracycline 40 (2/5) 33 (1/3) 44 (4/9)
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observed among Enterococcus faecium, S. aureus, K. 
pneumoniae, P. aeruginosa, and E. coli isolates which is 
consistent with what other studies have reported [51, 52]. 
Resistance to imipenem in one A. baumannii and three 
P. aeruginosa isolates was concerning in this study, given 
that imipenem is considered a high priority critically 
important antibiotic by the World Health Organization 
(WHO) [17, 37, 51, 53]. Regarding trimethoprim-sulfa-
methoxazole, although the antibiotic may show activ-
ity in vitro for Enterococcus spp., it is not effective in the 
treatment of infections associated with these organisms 
[35]. Notwithstanding, K. pneumoniae, A. baumannii, 
and E. coli seem sensitive to the ampicillin-sulbactam 
combination, therefore, may be considered as one of the 
treatment options.

Multidrug resistance was observed among E. coli, P. 
aeruginosa, E. Faecium, and S. aureus isolates. This was 
expected in light of reports by various studies that have 
demonstrated that ESKAPE organisms tend to exhibit 
high levels of resistance against commonly used antibi-
otics including the last resort antibiotics [40, 51, 53]. Ng 
et al. [54] also isolated MDR A. baumannii and MDR E. 
coli from doorknobs, labcoats, stethoscopes, and weigh-
ing scales. The observed MDR among these organisms 
implies the heightened likelihood of treatment failure 
among patients if they contracted HAIs [12, 52, 55].

Conclusion
Students carried on their hands bacteria associated with 
HAIs and zoonotic diseases. These bacteria exhibited a 
high prevalence of resistance to the β-lactams antibiotics 
and two of them were resistant to imipenem. Therefore, 
veterinary hospitals should prioritize pathogen surveil-
lance to control the spread of MDR organisms. Since 
these organisms are opportunistic and likely to survive 
in harsh environments, adherence to hand hygiene and 
other IPC practices at the veterinary academic hospital is 
recommended.

Acknowledgements
The authors express their gratitude to all the healthcare workers at the 
veterinary academic hospital for allowing us to conduct this study. We would 
also like to thank the Veterinary Public Health (VPH) laboratory for their 
assistance. Additionally, the authors would like to extend their appreciation to 
the National Research Foundation for providing the scholarship funding for 
the program.

Author contributions
DCS, JWO, MK, and DNQ contributed substantially to the study’s conception 
and design. MNM and DCS were involved in the development of laboratory 
work protocols. DCS was involved in the acquisition, initial analysis, 
interpretation of data, and drafting of the article. All the authors were involved 
in the extensive review of the manuscript. All the authors read and approved 
the final version of the manuscript.

Funding
There was no external funding received for this study.

Data availability
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The Faculty of Veterinary Science Research Ethics Committee, Faculty of 
Humanities Research Ethics Committee (Project number: REC009-21), 
and Faculty of Health Sciences Research Ethics Committee (Reference 
No:187/2022) approved this study. Students were informed of the study 
during their clinical orientation week and gave consent before participating. 
All the data was kept anonymous for confidentiality.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 8 March 2024 / Accepted: 8 October 2024

References
1. Pittet D, Allegranzi B, Sax H, Dharan S, Pessoa-Silva CL, Donaldson L, et al. 

Evidence-based model for hand transmission during patient care and the 
role of improved practices. Lancet Infect Dis. 2006;6:641–52.

2. Nakamura RK, Tompkins E, Braasch EL, Martinez JG Jr, Bianco D. Hand hygiene 
practices of veterinary support staff in small animal private practice. J Small 
Anim Pract. 2012;53:155–60.

3. Allegranzi B, Pittet D. Role of hand hygiene in healthcare-associated infection 
prevention. J Hosp Infect. 2009;73:305–15.

4. Willemsen A, Cobbold R, Gibson J, Wilks K, Lawler S, Reid S. Infection control 
practices employed within small animal veterinary practices—A systematic 
review. Zoonoses Public Health. 2019;66:439–57.

5. Sebola DC, Boucher C, Maslo C, Qekwana DN. Hand hygiene compliance in 
the intensive care unit of the Onderstepoort Veterinary Academic Hospital. 
2019;1-16.

6. Schmitt K, Zimmermann ABE, Stephan R, Willi B. Hand hygiene evaluation 
using two different evaluation tools and hand contamination of veterinary 
healthcare workers in a Swiss companion animal clinic. Vet Sci. 2021;8.

7. Schmidt JS, Hartnack S, Schuller S, Kuster SP, Willi B. Hand hygiene compli-
ance in companion animal clinics and practices in Switzerland: an observa-
tional study. Vet Rec. 2021;189.

8. Shea A, Shaw S. Evaluation of an educational campaign o increase hand 
hygiene at a small animal veterinary teaching hospital. J Am Vet Med Assoc. 
2012;240:61–4.

9. Anderson MEC. Contact precautions and hand hygiene in veterinary clinics. 
Veterinary Clin North Am - Small Anim Pract. 2015;45:343–60.

10. Weber KL, Lesassier DS, Kappell AD, Schulte KQ, Westfall N, Albright NC et 
al. Simulating transmission of ESKAPE pathogens plus C. Difficile in relevant 
clinical scenarios. BMC Infect Dis. 2020;20.

11. Yang Baek J, Kim SH, Kang B-J, Youn H-Y. Antimicrobial susceptibility and 
distribution of multidrug-resistant organisms isolated from environmental 
surfaces and hands of healthcare workers in a small animal hospital. Jpn J Vet 
Res. 2018;66:193–202.

12. Pendleton Jack N, Gorman Sean P, Gilmore Brendan F. Clinical relevance of 
the ESKAPE pathogens. Expert Rev Anti Infect Ther. 2013;11:297–308.

13. Asokan GV, Ramadhan T, Ahmed E, Sanad H. WHO global priority pathogens 
list: a bibliometric analysis of medline-pubmed for knowledge mobiliza-
tion to infection prevention and control practices in Bahrain. Oman Med J. 
2019;34:184–93.

14. Anastasiades P, Pratt TL, Rousseau LH, Steinberg WH, Joubert G. Staphylococ-
cus aureus on computer mice and keyboards in intensive care units of the 
Universitas Academic Hospital, Bloemfontein, and ICU staff’s knowledge of its 
hazards and cleaning practices. South Afr J Epidemiol Infect. 2009;24:22–6.

15. Ghosh A, Dowd SE, Zurek L. Dogs leaving the ICU carry a very large multi-
drug resistant enterococcal population with capacity for biofilm formation 
and horizontal gene transfer. PLoS ONE. 2011;6:e22451.



Page 7 of 7Sebola et al. BMC Veterinary Research          (2024) 20:475 

16. Sebola DC, Oguttu JW, Kock MM, Qekwana DN. Hospital-acquired and zoo-
notic bacteria from a veterinary hospital and their associated antimicrobial-
susceptibility profiles: A systematic review. Front Vet Sci. 2023;9.

17. Santaniello A, Sansone M, Fioretti A, Menna LF. Systematic review and meta-
analysis of the occurrence of eskape bacteria group in dogs, and the related 
zoonotic risk in animal-assisted therapy, and in animal-assisted activity in the 
health context. Int J Environ Res Public Health. 2020;17:3278.

18. De La Rosa-Zamboni D, Ochoa SA, Laris-González A, Cruz-Córdova A, 
Escalona-Venegas G, Pérez-Avendaño G, et al. Everybody hands-on to 
avoid ESKAPE: Effect of sustained hand hygiene compliance on healthcare-
associated infections and multidrug resistance in a paediatric hospital. J Med 
Microbiol. 2018;67:1761–71.

19. Aksoy E, Boag A, Brodbelt D, Grierson J. Evaluation of surface contamination 
with staphylococci in a veterinary hospital using a quantitative microbiologi-
cal method. J Small Anim Pract. 2010;51:574–80.

20. Murphy CP, Reid-Smith RJ, Boerlin P, Weese JS, Prescott JF, Janecko N, et al. 
Escherichia coli and selected veterinary and zoonotic pathogens isolated 
from environmental sites in companion animal veterinary hospitals in south-
ern Ontario. Can Vet J. 2010;51:963–72.

21. Wright J, Jung S, Holman RC, Marano NN, McQuiston JH. Infection control 
practices and zoonotic disease risks among veterinarians in the United States. 
Am Veterinary Med Association. 2008;232:1864–72.

22. Lau T, Tang G, Mak K, Leung G. Moment-specific compliance with hand 
hygiene. Clin Teach. 2014;11:159–64.

23. Matuka DO, Binta B, Carman HA, Singh T. Staphylococcus aureus and 
Escherichia coli levels on the hands of theatre staff in three hospitals in 
Johannesburg, South Africa, before and after handwashing. South Afr Med J. 
2018;108:474.

24. Monistrol O, Liboria López M, Riera M, Font R, Nicolás C, Escobar MA, et al. 
Hand contamination during routine care in medical wards: The role of hand 
hygiene compliance. J Med Microbiol. 2013;62:623–9.

25. Larson E, Aiello A, Bastyr J, Lyle C, Stahl J. Assessment of two hand hygiene 
regimens for intensive care unit personnel. Crit Care Med. 2001;29:944–51.

26. Visalachy S, Kumar K, Kopula SS, Sekar U. Carriage of multidrug resistant 
bacteria on frequently contacted surfaces and hands of health care workers. J 
Clin Diagn Res. 2016;10:18–20.

27. Trick WE, Vernon MO, Hayes RA, Nathan C, Rice TW, Peterson BJ, et al. Impact 
of ring wearing on hand contamination and comparison of hand hygiene 
agents in a hospital. Clin Infect Dis. 2003;36:1383–90.

28. Monday SR, Beisaw A, Feng PCH. Identification of Shiga toxigenic Esch-
erichia coli seropathotypes A and B by multiplex PCR. Mol Cell Probes. 
2007;21:308–11.

29. Jackson C, Fedorka-Cray P, Barret B. Use of a genus-and species-specific multi-
plex PCR for identification of enterococci. J Clin Microbiol. 2004;42:3558–65.

30. Morot-Bizot SC, Talon R, Leroy S. Development of a multiplex PCR for the 
identification of Staphylococcus Genus and four staphylococcal species 
isolated from food. J Appl Microbiol. 2004;97:1087–94.

31. Dong D, Liu W, Li H, Wang Y, Li X, Zou D et al. Survey and rapid detection of 
Klebsiella pneumoniae in clinical samples targeting the rcsA gene in Beijing, 
China. Front Microbiol. 2015;6.

32. Higgins PG, Wisplinghoff H, Krut O, Seifert H. A PCR-based method to dif-
ferentiate between Acinetobacter baumannii and Acinetobacter genomic 
species 13TU. Clin Microbiol Infect. 2007;13:1199–201.

33. Tajbakhsh E, Tajbakhsh S, Khamesipour F. Isolation and Molecular Detection 
of Gram Negative Bacteria Causing Urinary Tract Infection in patients referred 
to Shahrekord Hospitals, Iran. Iran Red Crescent Med J. 2015;17.

34. Doumith M, Day MJ, Hope R, Wain J, Woodford N. Improved multiplex PCR 
strategy for rapid assignment of the four major Escherichia coli phylogenetic 
groups. J Clin Microbiol. 2012;50:3108–10.

35. Clinical and Laboratory Standards Institute (CLSI). Performance standard for 
antimicrobial susceptibility testing. 30th ed. CLSI supplement M100. Wayne, 
PA: Clinical and Laboratory Standards Institute; 2020.

36. De Oliveira DMP, Forde BM, Kidd TJ, Harris PNA, Schembri MA, Beatson SA et 
al. Antimicrobial resistance in ESKAPE pathogens. Clin Microbiol Rev. 2020;33.

37. Mulani MS, Kamble EE, Kumkar SN, Tawre MS, Pardesi KR. Emerging strategies 
to combat ESKAPE pathogens in the era of antimicrobial resistance: A review. 
Front Microbiol. 2019;10.

38. Comerlato CB, de Resende MCC, Caierão J, d’Azevedo PA. Presence of viru-
lence factors in Enterococcus faecalis and Enterococcus faecium susceptible 
and resistant to Vancomycin. Mem Inst Oswaldo Cruz. 2013;108:590–5.

39. Dotto G, Berlanda M, Pasotto D, Mondin A, Zambotto G, Menandro ML. Pets 
as potential carriers of multidrug-resistant enterococcus faecium of signifi-
cance to public health. New Microbiol. 2018;41:168–72.

40. Walther B, Tedin K, Lübke-Becker A. Multidrug-resistant opportunistic patho-
gens challenging veterinary infection control. Vet Microbiol. 2017;200:71–8.

41. Salama MF, Jamal WY, Al Mousa H, Al-AbdulGhani KA, Rotimi VO. The effect of 
hand hygiene compliance on hospital-acquired infections in an ICU setting 
in a Kuwaiti teaching hospital. J Infect Public Health. 2013;6:27–34.

42. World Health Organization. WHO guidelines on hand hygiene in health care: 
first global patient safety challenge Clean Care is Safer Care. 2009.

43. Sanchez S, Stevenson MAMC, Hudson CR, Maier M, Buffington T, Dam Q, et 
al. Characterization of multidrug-resistant Escherichia coli isolates associated 
with nosocomial infections in dogs. J Clin Microbiol. 2002;40:3586–95.

44. Feng Y, Wei L, Zhu S, Qiao F, Zhang X, Kang Y, et al. Handwashing sinks as the 
source of transmission of ST16 carbapenem-resistant Klebsiella pneumoniae, 
an international high-risk clone, in an intensive care unit. J Hosp Infect. 
2020;104:492–6.

45. Rodríguez-hernández M, Pachón J, Pichardo C, Cuberos L, Ibáñez-martínez J, 
García-curiel A et al. Imipenem, doxycycline and amikacin in monotherapy 
and in combination in Acinetobacter baumannii experimental pneumonia. J 
Antimicrob Chemother. 2000;55:493–501.

46. Fournier PE, Richet H. The epidemiology and control of Acinetobacter bau-
mannii in health care facilities. Clin Infect Dis. 2006;42:692–9.

47. Loeffler A, Pfeiffer DU, Lloyd DH, Smith H, Soares-Magalhaes R, Lindsay JA. 
Methicillin-resistant Staphylococcus aureus carriage in UK veterinary staff and 
owners of infected pets: new risk groups. J Hosp Infect. 2010;74:282–8.

48. Pandey R, Mishra SK, Shrestha A. Characterisation of eskape pathogens with 
special reference to multidrug resistance and biofilm production in a Nepal-
ese hospital. Infect Drug Resist. 2021;14:2201–12.

49. Eliasi UL, Sebola D, Oguttu JW, Qekwana DN. Antimicrobial resistance pat-
terns of Pseudomonas aeruginosa isolated from canine clinical cases at a 
veterinary academic hospital in South Africa. J S Afr Vet Assoc. 2020;91.

50. Traub-Dargatz JL, Weese JS, Rousseau JD, Dunowska M, Morley PS, Dargatz 
DA. Pilot study to evaluate 3 hygiene protocols on the reduction of bacterial 
load on the hands of veterinary staff performing route equine physical 
examinations. Can Vet J. 2006;47:671–6.

51. Argudín MA, Deplano A, Meghraoui A, Dodémont M, Heinrichs A, Denis O et 
al. Bacteria from animals as a pool of antimicrobial resistance genes. Antibiot-
ics. 2017;6.

52. LaBauve AE, Wargo MJ. Growth and laboratory maintenance of Pseudomonas 
aeruginosa. In: Curr Protoc Microbiol. 2012;Chapter 6 SUPPL.25.

53. Theelen MJP, Wilson WD, Byrne BA, Edman JM, Kass PH, Mughini-Gras L, et 
al. Differences in isolation rate and antimicrobial susceptibility of bacteria 
isolated from foals with sepsis at admission and after ≥ 48 hours of hospital-
ization. J Vet Intern Med. 2020;34:955–63.

54. Ng S, Saleha A, Bejo S, Dhaliwal G. Occurrence of multidrug-resistant Acineto-
bacter baumannii and Escherichia coli in veterinary healthcare facilities in 
Klang Valley. Malaysia. 2016;28:12–6.

55. Landman D, Bratu S, Kochar S, Panwar M, Trehan M, Doymaz M, et al. Evolu-
tion of antimicrobial resistance among Pseudomonas aeruginosa, Acineto-
bacter baumannii and Klebsiella pneumoniae in Brooklyn, NY. J Antimicrob 
Chemother. 2007;60:78–82.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	Occurrence and characterization of ESKAPE organisms on the hands of veterinary students before patient contact at a veterinary academic hospital, South Africa
	Abstract
	Introduction
	Materials and methods
	Study area
	Study population
	Sample collection
	Screening
	Identification of ESKAPE bacteria using polymerase reaction chain
	DNA extraction
	Polymerase chain reaction


	Single colony streaking
	Antimicrobial sensitivity
	Results
	Isolated organisms
	Antimicrobial susceptibility profile
	Multidrug-resistant organisms

	Discussions
	Escherichia coli, Klebsiella pneumoniae, and Enterococcus faecium
	Staphylococcus aureus, Acinetobacter baumannii, and Pseudomonas aeruginosa
	Antimicrobial resistance

	Conclusion
	References


