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Abstract 
 
The microbial load in veterinary clinics is an essential topic to be addressed, considering the issue of multiple antibiotic 
resistance of some microbes. A high level of microbial contamination is often associated with a poor-hygiene of spaces, 
instruments or personnel, and with an increased incidence of nosocomial infections. 
This research aims to analyse some microorganisms present in human and animal carriers and the traits of specific 
microflora in the rooms of a private veterinary clinic from Bucharest. The focus was on Staphylococcus, Enterococcus, 
Pseudomonas aeruginosa, and on Enterobacteriaceae family, by using the enrichment techniques, followed by 
isolation of the strains on specific solid media, and biochemical-enzymatic identification, then performing the 
antibiograms. 
Subsequently, through the quantitative method were established the microorganisms in potential carriers, and also the 
viable plate count on different surfaces (in samples collected from the door panel and handle, floor and walls, top and 
bottom surfaces of the consultation rooms’ desks, stethoscopes) and in the air of the rooms (settling plates method and 
Omeliansky-based formula). The results were compared to the reference values in the legislation (Romanian Health 
Ministry Order 961/2016). 
There were detected non-pathogenic Staphylococci, multidrug-resistant Enterococcus strains, Klebsiella pneumoniae, 
Escherichia coli, yeasts and molds. For the air quality, the values (314 to 550 CFU/m3) ranged within the acceptable 
limits. However, concerning the room surfaces and instruments’ contamination, some critical values were noticed. It is 
recommended better disinfection and biosecurity protocols and new technical solutions for minimizing the bacterial 
growth on some critically-used surfaces (Nanoseptic self-cleaning covers/skins). 
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The consultation rooms for animal patients 

usually have a permanent microflora, consisting in 
microorganisms with various origin. This particular 
microflora is represented by different bacteria, 
viruses, and fungi. Some of them represent an 
important cause of nosocomial infections (Keck, N., 
Bernard, F., 2017). The level of microbial 
contamination depends on the efficiency of the 
hygienic measures, applied in order to obtain safe 
spaces for consultation and animal treatments 
(Rankin, S., 2015). In these circumstances, it is 
important to completely understand the origin and 
the types of different microorganisms belonging to 
the veterinary hospital environment. 

The present paper has the following goals:  
1.The detection of some bacteria e.g., 

Staphylococcus, Enterococcus, Pseudomonas 
aeruginosa, Enterobacteriaceae in animal carriers, 
and medical personnel, also their presence on the 
surfaces in medical rooms and on specific medical 
instruments. 
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2.The quantitative evaluation of microbial 
contamination of the air and on different surfaces in 
medical rooms (in the walls’ corners, on the animal 
consultation desks, on the doors, walls, on the 
stethoscopes). 

 

The study focused on monitoring the 
aforementioned goals in consultation rooms or other 
medical rooms for providing various veterinary 
services, and the samples were collected during a 
period of 11 hours, after many cases of sick animals 
were consulted by clinicians. Concerning the 
cleaning and disinfection protocol, in the veterinary 
room in question these actions were performed on a 
daily basis, each morning. 

The laboratory exams and interpretation were 
conducted in the period May-July 2024 within the 
Microbiology and Veterinary Hygiene and 
Environment Protection Departments, Faculty of 
Veterinary Medicine - UASVM of Bucharest, with 
the support of the Institute for Diagnosis and 
Animal Health in the case of the computer-assisted 
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biochemical tests’ results processing and 
interpretation. 

 
MATERIAL AND METHOD 

 
The research protocol implies a detailed 

analysis (by using both microbiological methods 
and hygiene monitoring swabs sampling followed by 
the quantification of the colonies’ number), specific 
materials, tools, culture media etc. being used (table 
1), the working procedures stages and the final 
interpretation were performed according to the 
provisions of the standards in force. 

Various culture media are essential for 
identifying the presence, the type, and the 

importance of pathogens in the biological and non-
biological specimens (table 2). 

In order to enhance the possibility of 
detection for a reduced number of bacteria, it is 
recommended to use specific enrichment liquid 
media, but for the isolation of pathogenic microbes 
there are required solid selective culture media 
(Taşbac B.A., 2018). 

 
To establish the enzymatic profile of bacterial 

strains there were used special semi-solid media, 
and for extending the study of the biochemical traits 
microtesting methods were the first-choice ones 
(Taşbac B.A., 2018; Regnum Prokariotae). 
 
 

 

Table 1 
The laboratory materials used 

 
Incubator (25°C; 35°C) Bunsen burner Peroxide of hydrogen Pasteur pipettes 

Optic light microscope Gram staining method 
reactive Ehrlich-Kovacs reactive Drigalski spatula 

Stereomicroscop Saline solution  
(NaCl 0.9%) 

Antimicrobial  
susceptibility tests Inoculation loops 

Colonies counting device Egg yolk potassium tellurite Erlenmeyer flask Petri dishes 

Mechanical Vortex Oxidase reagent Wassermann test tubes Sterile cotton swabs 

Test tubes Enzymatic kits: API 20E, 
API Staph Graduated pipettes The microscope slides 

 
Table 2  

Culture media used for microbiologic tests 
 

Nutrient agar and broth Levine agar Slanetz - Bartley agar TSI, MIU, SIM agars 
Bayrd-Parker base XLD agar Bile-Esculin agar Simmons citrate agar 
Chapman agar and broth Drigalsky agar Cetrimide agar Muller-Hinton agar 
MacConkey agar (lactose) Condalab agar MOSSEL EE broth Sabouraud chloramfenicol agar 
Coli-IDF agar  BBL Enterococcosel broth  

 
 
Achievement of the first objective (tracking 

the bacteria in animal carriers, medical personnel, 
on the surfaces of medical rooms, on specific 
instruments and devices), begins with the samples’ 
collection. Initially, there were identified the most 
relevant clinic rooms’ spaces, and also the animal 
and medical personnel’s sampling points, for 
maximizing the relevance of the exams. 

In the case of non-biological specimens’ 
collection, there were selected the surfaces of the 
rooms most susceptible for high microbial load, 
usually the ones inadequately cleaned and 
disinfected (the chosen sampling points were the 
following: sample 1=wall corner 1, sample 2=wall 
corner 2; sample 3=wall corner 3; sample 4=wall 
corner 4; sample 5=upper surface of the 
consultation desk; sample 6=the centre of the floor; 
sample 7=bottom surface of the consultation desk; 
sample 8=door handle; sample 9=the door panel; 
sample 10=the stethoscope; sample 11=the lower 
areas of the walls). 

Prior to sampling, the cotton swabs were 
immersed in sterile saline solution under a Bunsen 
burner protection. Then, by using the wetted swabs, 
standard areas of 100 cm2, delimited by a sterile 
template, were firmly rubbed in three directions 
(horizontal, then vertical and finally diagonal), while 
keep rotating the rod between the fingers. Then, in 
the shortest time, the sample collected by rubbing 
was transferred into 5 ml saline solution, for 
detachment of the microbes from the swabs 
(Vortex). 

For collecting the biological specimens, 
particular election points were approached in animal 
patients and in veterinary staff, by firmly or gently 
rubbing with the cotton swabs (sample 12=the hand 
palm of veterinary surgeon A; sample 13=the palm 
of veterinary surgeon B; sample 14=nasal cavity of 
veterinary surgeon B; sample 15=the hand of 
veterinary nurse C; sample 16=nasal cavity of 
veterinary nurse C; sample 17= the hand of 
veterinary nurse D; sample 18=nasal cavity of 
veterinary nurse D; sample 19=oral cavity for a cat 
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patient; sample 20=perianal area of a cat patient; 
sample 21=periocular area of a cat with 
conjunctivitis; sample 22=a cat patient’s food pad; 
sample 23=ocular area of a dog; sample 24=nasal 
cavity of a dog; sample 25=a dog muzzle; sample 
26=lower and upper lips of a dog; sample 27=oral 
cavity of a dog; sample 28=perianal area of a dog 
patient). After the collection of specimens from 
these animal and human body areas, the swabs 
were immersed into 5 ml of sterile saline solution, 
for a strong detachment of the microbes. 

Most often, the main cause of microbial 
contamination in hospital spaces is represented by 
different carriers, as visitors, animals with various 
conditions, also owners or medical staff: veterinary 
surgeons and nurses (Keck, N., Bernard, F., 2017).  

 
The bacteria identification. The information 

obtained during the analysis was integrated for 
satisfactory results. Because the presumptive 
number of some bacteria can be reduced in case of 
healthy carriers, the enrichment procedures were 
beneficial for our study. Indeed, the special liquid 
selective media offers the possibility to increase the 
important bacterial population, with a simultaneous 
decreasing of other types of microbes. 

Technically, from each sample, after a new 
Vortex mixing, we transferred 1 ml in Chapman 
broth (for Staphylococcus sp.), 1 ml in Mossel EE 
broth (for Enterobacteriaceae), 1 ml in simple 

nutrient broth (for Pseudomonas aeruginosa), and 1 
ml in BBL broth. These special media offer good, 
selective growth conditions for bacteria in question 
(except the simple nutrient broth). The inoculated 
media were incubated at 35°C, in normal 
atmosphere, for 24 hours (figure 1.A). After 
incubation, we analysed the aspect of cultures, 
especially in terms of turbidity and discrete colour 
changes. For the tubes with negative results, we 
continued the incubation (up to four days). 

Tubes with positive reactions were mixed for 
dispersion of the cultures’ microbes, then a drop of 
culture was transferred, by using a sterile loop, on 
the selective special solid media: Chapman and 
Bayrd-Parker agars - for Staphylococcus; lactosed 
MacConkey, Coli-IDF, Levine, XLD, Drigalsky, 
Condalab agars - for Enterobacteriaceae; Cetrimide 
agar - for Pseudomonas aeruginosa; Bile-Esculin, 
Slanetz-Bartley agars – for Enterococcus sp.  

For obtaining isolated and distinctive 
colonies, it is important to streak very thin the 
surface of solid media, because otherwise from the 
primary liquid cultures, even they have genuine 
selective properties, cannot be assured only the 
development of the target bacterial type. 

After a new incubation, in same conditions, 
we analysed the secondary cultures, focused on 
particular colonies belonging to each target 
microbes. 

 
 

     
A B C 

Figure 1: A. Culture media, inoculation stage; B. Micro testing for determining bacterial  
biochemic properties; C. Particular inoculation by using Drigalsky spatula 

 
The characteristics of bacterial colonies are 

highly influenced by the intrinsic microbes’ 
properties (including some enzymatic properties - 
esculin decomposition by Enterococcus, mannitol 
decomposition by Staphylococcus, decomposition 
of lactose, xylose, and hydrogen sulphide 
production by Enterobacteriaceae), and by the 
composition of culture medium. 

The specific colonies were selected and 
transferred on usual nutritive media (nutrient broth 
and agar) for obtaining pure cultures. These 
represent the basis in microbial characterisation by 
conducting different procedures. 

For microscopic morphology exam, there 
were performed smears stained by Gram method, 
which were examined by immersion optic 
microscope. 

The biochemical characterization has a major 
importance, especially for Gram negative bacteria: 
Enterobacteriaceae bacteria present a similar 

morphology, moreover the cultural aspects on 
commonly used media, and sometimes even on 
weak selective and differential solid media, are not 
always conclusive (Regnum Prokaryotae; Taşbac 
B.A., 2018). 

For Staphylococcus the catalase production 
was evaluated, the mannitol decomposition, lipase 
activity, and additionally it was performed an 
extensive microanalysis using Api Staph kit. By 
detailed analysis, there was checked the activity on: 
D-glucose, D-mannose, D-lactose, D-mannitol, D-
melibiose, potassium nitrate, alkaline phosphatise, 
D-saccharose, L-arginine, D-fructose, D-maltose, 
D-trehalose, D-raffinose, D-xylose, xylitol, N-acetyl-
glucosamine, methyl-alfaD-glucopyranoside, urea 
decomposition, and Voges-Proskauer reaction. 

For Enterococcus it was assessed the 
catalase production and the esculin decomposition 
(brown to black colour of the small colonies, and of 
the surrounding culture medium).  
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For Enterobacteriaceae the biochemical 
analysis spectrum was enlarged: oxidase test, 
indole test, sodium citrate utilisation (Simmons 
agar), lactose decomposition, the assimilation of 
saccharose, acid production with/without gas from 
glucose, hydrogen sulphide production, urea 
decomposition, the mobility (TSI, MIU, SIM 
semisolid agars). We enlarged the analysis by micro 
testing method with api20E. There were tracked: 
ONPG test, ADH test (arginine decomposition), 
LDC test (lysine decarboxylation), ODC test 
(ornithine decarboxylation), CIT test (sodium 
citrate), H2S test, urease test, tryptophan 
decomposition, indole test, Voges-Proskauer test, 
the gelatine decomposition, the fermentation of 
glucose, mannose, inositol, sorbitol, rhamnose, 
saccharose, melibiose, amygdaline, arabinose. 

 
The micro testing methods (figure 1.B) 

required the use of supplementary substances, and 
also of the computer-aided analysis, with the 
advantage of an improved identification.  

For Pseudomonas aeruginosa, there were 
selected lactose negative strains (from lactose 
MacConkey agar), corroborated with the colour 
traits on cetrimide agar, and the oxidase test. 

For some enzymatic tests the results were 
obtained immediately - catalase production (using 
peroxide of hydrogen), indole production (using 
Ehrlich-Kovacs reactive), or oxidase test. For 
catalase, there are two possibilities to perform the 
test. From solid culture, there are added in a 
Wassermann test tube few drops of peroxide of 
hydrogen, then the biological material is introduced, 
by using a sterile loop. From liquid cultures, we 
transferred into a Wassermann test tube 1 ml by 
using a sterile Pasteur pipette, consecutively added 
few drops of hydrogen peroxide. A positive result 
corresponds with a local effervescence, usually 
intense. For indole test, the technique is similar with 
the previously one, but it is required to add few 
drops of Ehrlich-Kovacs reactive. For positive 
reaction, after few seconds, a red ring is noticed on 
the surface, and for negative reaction, the ring 
remains yellow-coloured. For oxidase test, we place 
a strip on a microscope slide, and humidify it by 
using a small quantity of sterile saline solution. 
Using mandatory a plastic loop, a large quantity 
from solid culture is transferred on the wiped strip. 
In 30 seconds at most, in case of positive reactions, 
a local purple colour developed (no colour or 
delayed, weak colouring describing the negative 
reactions). 

 
The antimicrobial resistance profiling Usually, 

the pathogenic strains of bacteria express a high 
resistance to antibiotic compounds frequently used 
in therapeutic protocols and, by the contrary, the 
non-pathogenic strains are sensitive (Rankin, S., 
2015; Taşbac B.A., 2018).  

In this regard, the qualitative Kirby-Bauer 
method give details about the strains isolated from 
different samples. 

From pure, fresh bacterial culture (incubation 
24 hours), there were realized decimal dilutions in 
sterile saline solution, and these ones are poured on 
the surface of Mueller-Hinton agar or nutrient agar, 
in Petri dishes. Subsequently, Petri dishes were 
kept in incubator for a partial inoculum desiccation. 
On the inoculated medium, antibiotic discs are 
added. After 15 minutes, Petri dishes are flipped 
and incubated at 35°C, for 24 hours, in normal 
atmosphere. 

The diameter of inhibition zones was 
compared with a standard, in order to obtain the 
conclusive data: Sensitivity (S), Resistance (R) or 
Intermediary sensitivity (I).  

 
2. The indoor environmental hygiene 

quality analysis (assessing hygienogram). The 
second direction was the assessment of the 
microbial contamination in relation with the 
efficiency of sanitation actions (cleaning and 
disinfection) in the clinics’ medical rooms, implying 
the following elements: 

2a. Counting, enumerating the mesophilic 
aerobic bacteria from surfaces, instruments or other 
room components; 

2b. Establishing the contamination degree 
(bacteria, fungi) of the air from the consultation room 
by using the passive method: settling plates 
method, and further conducting a short analysis of 
isolated microbes. 

 
2a objective: There were prepared serial 

decimal dilutions from the samples (collected with 
cotton swabs), in saline sterile solutions. From each 
dilution, there were inoculated volumes of 0.1 ml on 
nutrient agar surface in Petri dishes, evenly 
dispersed on the culture media by using a Drigalsky 
spatula (figure 1.C). 

 
After incubation at 35°C in normal 

atmosphere, for a period of 24-48 hours, there were 
selected the cultures containing numbers between 
15 and 300 isolated colonies. After the colonies’ 
counting, the values were used in a dedicated 
formula: 

 

Number of bacteria cells/cm2 = N x F x D / A 
 

N= number of colonies 
F= the inoculums volume 
D= the reciprocal value of dilution 
A= the area used for collecting the specimens (cm2) 

 
2b objective: The passive method was 

applied - after the preparation of the plates with 
culture media (nutrient agar and Sabouraud 
chloramphenicol agar), they are left uncovered for a 
period of 5 minutes, in different areas inside the 
animal consultation room. Various bacteria-carrying 
particles from the air fall down and cumulate on the 
culture media surfaces due to gravitation. After the 
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exposure time run out, the plates are covered with 
the lids and they are incubated at 35°C, for a period 
of 24-48 hours for bacteria enumeration, and 
respectively at 25°C, in normal atmosphere, for 5 to 
7 days in case of fungi. The colonies’ counting is 
followed by computing the bacterial and fungal 
numbers (TCAM, total count of aerobic mesophilic 
or total viable count per cubic meter and YM - yeast 
and moulds’ count pe cubic meter), by applying the 
Omelianski formula or its derivative provided by the 
Romanian Health Ministry (RHM) Order 961/2016 
(Mitrănescu, E., 2010, RHM, 2016). 

 

Omelianski formula: CFU/m3 = (N x 63662) / (D2 x 
T) 

 
N= number of colonies on the whole surface of Petri 
dish 
63662= Omelianski coefficient 
D= Petri dish diameter (cm) 
T= exposure time (minutes) 

 
RHM formula: CFU/m3 = (10000 x a) / (k x s) 

 
a= number of colonies on Petri dishes 
s= Petri dish surface (63.5 cm2) 
k= exposure time coefficient (with the values of 1 for 5 
minutes exposure; 2 for 10 minutes, 3 for 15 minutes) 

 

By tracking cultural traits and performing 
direct microscopic analysis, there were established 
few characteristics for the developed fungi. For 
yeasts Gram staining method was applied; for 
moulds the adhesive tape application was 
preferred. A transparent sticky tape was applied on 
the rough colonies surface, then immediately 
transferred on a drop of Lügol solution placed on the 
microscope slide. For yeasts it was used immersion, 
and for moulds 10x. 40x microscope zooming lens. 

 
RESULTS AND DISCUSSIONS 

 
Completion of the procedures included in the 

first objective, namely the microorganisms’ 
identification, by using the enrichment techniques, 
led to the following findings (table 3, figure 2): 
• nutrient broth was favourable for general 

bacterial multiplication (samples 1 to 28); 
• Chapman broth negative results after 24 

hours, a single positive reaction after 48 
hours (sample 12), then 17 positive reactions 

(in the tubes inoculated from the samples 1, 
3, 4, 6, 9, 10, 12-18, 21, 24, 26, 27) along the 
third and the fourth day of incubation; 

• Mossel EE broth - five positive reactions 
(samples 4, 13, 20, 25, 28), during 1 to 4 days 
of incubation; 

• BBL Enterococcosel broth - three positive 
reactions (samples 8, 20, 28) - black colour of 
the cultures, with a single one showing a 
positive reaction after 24 hours of incubation. 
 
By performing the selective isolation and the 

biochemical tests, the following results were 
obtained: 
• On cetrimide agar - no pigmented colony, 

distinctive for Pseudomonas aeruginosa; 
• Bayrd-Parker agar - Staphylococcus specific 

small black colonies, with or without a 
lipolytic activity. The extended findings 
obtained by using apiStaph method were: 
Staphylococcus chromogenes (with a low 
identification score, of 45%, in the sample 
27), Staphylococcus xylosus (identification 
score 99.8%, in sample 26), two strains of 
Staphylococcus warneri (82.6% - sample 15, 
respectively 55.8% - sample 17), 
Staphylococcus hyicus (40.2%, sample 3), 
three strains of Staphylococcus epidermidis 
(89.4% - sample 6, 96.3% - sample 12, 
respectively 89.3% - sample 14) 

• Condalab, Coli-IDF, lactose MacConkey, 
Levine, Drigalsky, and XLD agar growing 
revealed various types of isolated colonies. 
The biochemical tests results highlight the 
following: absence of Salmonella and 
Shigella; presence of Raoultella terrigena 
(identification score 71.5%, sample 12), 
Klebsiella pneumoniae spp. pneumoniae 
(95%, sample 4), Escherichia coli type 1 
(98.4%, samples 20, 28), Pantoae spp. 3 
(sample 25); 

• Bile-Esculin agar and Slanetz-Bartley agar 
growing confirms Enterococcus sp. 
 

Table 3 
General results regarding the bacteria presence 

 
 Samples origin 1 2 3 4 
1 Wall corner 1 - + - - 
2 Wall corner 2 - - - - 
3 Wall corner 3 - + - - 
4 Wall corner 4 - + + - 
5 Upper surface of the consultation desk - - - - 
6 Centre of the floor - + - - 
7 Bottom surface of the consultation desk - - - - 
8 The door handle - - - + 
9 The door panel - + - - 
10 The stethoscopes - + - - 
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 Samples origin 1 2 3 4 

11 The lower part of the walls - - - - 
12 The hand - veterinary surgeon (A) - + - - 
13 The hand - veterinary surgeon (B) - + + - 
14 The nasal cavities - veterinary surgeon (B) - + - - 
15 The hand - veterinary nurse (C) - + - - 
16 The nasal cavities – veterinary nurse (C) - + - - 
17 The hand - veterinary nurse (D) - + - - 
18 The nasal cavities - veterinary nurse (D) - + - - 
19 Oral cavity of a cat - - - - 
20 Perianal area of a cat - - + + 
21 Ocular affected area of a cat with 

conjunctivitis - + - - 
22 A cat food pads - - -  
23 Ocular area of a dog - - -  
24 Nasal cavity of a dog - + -  
25 A dog muzzle - - +  
26 Lips of a dog patient - + -  
27 Oral cavity of a dog - + -  
28 Perianal area in a dog - - + + 

1= Pseudomonas aeruginosa         3=Enterobacteria 
2=Staphylococcus                           4=Enterococcus 

 

  
Figure 2 - Bacterial growth culture traits on special 
agars (Enterococcus, Staphylococcus, Klebsiella) 

Figure 3 - Fungal pure cultures;  
moulds’ microscopic findings 

 
It is important to highlight the total absence 

of Pseudomonas aeruginosa, also of pathogenic 
Enterobacteria and of nosocomial associated 
Enterobacteriaceae, as Serratia or Proteus. 

However, the identification of mucous type 
of Enterobacteriaceae (capsulogenetic strains), as 
Raultella terrigena and Klebsiella pneumoniae, and 
also the presence of Escherichia coli, have a real 
significance, because of their capacity to generate 
biofilm, ensuring in this manner a protective barrier 
for themselves and for different other microbes. The 
association between various bacteria enhance the 
general resistance to disinfectants, antibiotic 
compounds and sterilisation procedures in the 
clinical spaces and also for the instruments used in 
veterinary field (Taşbac B.A., 2022). 

Concerning the Gram-positive bacteria, the 
absence of Staphylococcus aureus was notable, but 
the extensive presence (in 17 samples out of 28) of 
different other species, often associated with 
tegument colonization, gives relevant information 
about the hygiene status in the clinical rooms. 

Enterococcus sp. presence, also the presence 
of Enterobacteriaceae - even not with higher 
incidence (only in four samples out of 28), indicated 
the degree of contamination with intestinal flora and 
were a useful index in the interpretation of hygiene 

quality in the clinical-purpose rooms (Taşbac B.A., 
2022). For samples 20 and 28 (samples collected 
from the perianal area of a cat, and of a dog patient 
respectively), both Enterobacteria and 
Enterococcus were identified. 

 
By performing the antibiotic susceptibility 

testing were obtained the antimicrobial-resistance 
profiles for the bacteria in question (Tables 4-6). 

Staphylococcus strains presented a high 
sensitivity range, opposite to Enterococcus strains. 

 

Table 4 
The antibiotic testing results for Staphylococcus 

 Sample 1 Sample 3 Sample 6 
Antibiotic Inhibition zone diameter (mm) 

Tobramycin 26 S 30 S 32 S 
Gentamicin 26 S 30 S 33 S 
Amikacin 30 S 30 S 34 S 
Kanamycin 26 S 28 S 38 S 
Erythromycin 30 S 6 R 24 S 
Azithromycin 32 S 6 R 20 S 
Ertapenem 14 S 6 R 6 R 
Imipenem 40 S 50 S 40 S 
Meropenem 6 R 6 R 6 R 
Bacitracin 16 S 16 S 18 S 
Polymyxin B 19 S 20 S 16 S 
Clindamycin 30 S 30 S 23 S 
Lincomycin 32 S 30 S 25 S 
Tetracycline 24 S 30 S 28 S 
Doxycycline 31 S 30 S 34 S 
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Minocycline 24 S 27 S 28 S 
Oxytetracycline 24 S 28 S 28 S 
Norfloxacin 26 S 34 S 23 S 
Moxifloxacin 36 S 33 S 30 S 
Enrofloxacin 26 S 26 S 24 S 
Nalidixic acid 6 R 6 R 21 S 
Nitrofurantoin 34 S 36 S 36 S 
Fusidic acid 38 S 31 S 44 S 
Rifampicin 40 S 36 S 35 S 

 

Usually, Enterococcus sp. is a multi-resistant 
bacterium, and this was reflected in all the analysed 
strains. Carbapenems (exception Imipenem), were 
non-effective, also most of aminoglycosides, 
polipeptidic antibiotics, cephalosporines (in the I-
IV classes), and Trimetoprim-Sulphametoxazol. 
Only Amoxycillin-Clavulanic acid, Bacitracin, 
Vancomycin, and Furazolidone were efficient 
against analysed strains. 

Table 5 
The antibiotic testing results for Enterococcus 

 Sample 
8 

Sample 
20 

Sample 
28 

Antibiotic Inhibition zone diameter 
(mm) 

Spectinomycin 11 R 6 R 6 R 
Streptomycin 6 R 6 R 6 R 
Kanamycin 11 R 6 R 6 R 
Amikacin 6 R 6 R 15 I 
Gentamicin 6 R 6 R 6 R 
Erythromycine 6 R 6 R 6 R 
Azithromycin 6 R 6 R 28 S 
Meropenem 6 R 6 R 6 R 
Ertapenem 6 R 6 R 6 R 
Imipenem 34 S 30 S 31 S 
Polymyxin B 6 R 6 R 6 R 
Colistin 6 R 6 R 6 R 
Minocycline 6 R 6 R 8 R 
Doxycycline 13 I 10 R 16 S 
Ticarcillin 6 R 6 R 6 R 
Ampicillin/Sulbactam 12 I 6 R 10 R 
Amoxycillin/clavulanic 
acid 

20 S 26 S 24 S 

Cephalothin 6 R 6 R 6 R 
Cephazolin 6 R 6 R 6 R 
Cefuroxime 6 R 6 R 6 R 
Cefaclor 6 R 10 R 6 R 
Cefoxitin 6 R 6 R 6 R 
Cefpodoxime 6 R 6 R 6 R 
Ceftazidime 6 R 6 R 10 R 
Ceftriaxone 6 R 6 R 6 R 
Cefotaxime 6 R 6 R 6 R 
Cefoperazone 14 R 6 R 13 R 
Cefepime 6 R 6 R 6 R 
Cefquinome 6 R 6 R 6 R 
Moxifloxacin 28 S 6 R 28 S 
Levofloxacin 20 S 6 R 21 S 
Enrofloxacin 20 I 6 R 20 I 
Norfloxacin 15 I 6 R 18 S 
Ofloxacin 17 S 6 R 16 S 
Pefloxacin 13 R 6 R 14 R 
Clindamycin 6 R 6 R 6 R 
Lincomycin 6 R 6 R 6 R 
Bacitracin 20 S 14 S 22 S 
Vancomycin 20 S 21 S 25 S 
Fusidic acid 22 I 20 I 24 S 
Furazolidone 26 S 27 S 21 S 

Sulphamethoxazole / 
Trimethoprim 

6 R 11 R 6 R 

 
Enterobacteriaceae presented miscellaneous 

traits, but Escherichia coli type 1 from the sample 
28 corresponds to a high and multiple resistance, 
being noticed only susceptibility to the following 
antibiotics classes: Amikacin and Gentamicin 
(aminoglycosides), Colistin, fluoroquinolones, and 
chemotherapeutic substances - Furazolidone and 
Nitrofurantoin. This bacterial strain, isolated from 
the perineal area of a dog, can contribute to 
contamination of the medical spaces, and represents 
a real hazard for nosocomial infections. For the 
Enterobacteriaceae analysed strains, it was found 
that the majority of cephalosporines (class I-class 
IV) are ineffective. 

 
Table 6 

The antibiotic testing results for Enterobacteriaceae 
 Sample 

13 
Sample 

20 
Sample 

25 
Sample 

28 
Antibiotic Inhibition zone diameter (mm) 

Streptomycin 16 S 16 S 20 S 6 R 
Spectinomycin 26 S 20 S 20 S 9 R 
Amikacin 22 S 22 S 28 S 24 S 
Gentamicin 20 S 20 S 23 S 22 S 
Kanamycin 22 S 23 S 23 S 6 R 
Erythromycine 6 R 6 R 6 R 6 R 
Azithromycin 6 R 6 R 6 R 6 R 
Colistin 21 S 18 S 21 S 20 S 
Florfenicol 30 S 26 S 30 S 6 R 
Doxycycline 22 S 6 R 20 S 6 R 
Minocycline 16 I 6 R 20 S 11 R 
Oxytetracycline 20 S 6 R 17 I 6 R 
Oxacillin 6 R 6 R 6 R 6 R 
Penicillin G 6 R 6 R 6 R 6 R 
Piperacillin 26 S 24 S 19 I 6 R 
Ampicillin 6 R 6 R 6 R 6 R 
Ampicillin/ 
Sulbactam 

6 R 6 R 6 R 6 R 

Amoxicillin 6 R 6 R 6 R 6 R 
Amoxicillin / 
Clavulanic acid 

6 R 6 R 6 R 6 R 

Cephalothin 6 R 6 R 6 R 6 R 
Cephazolin 6 R 6 R 6 R 6 R 
Cefuroxime 6 R 6 R 6 R 6 R 
Cefoxitin 6 R 6 R 6 R 6 R 
Cefaclor 11 R 24 S 6 R 6 R 
Cefoperazone 28 S 28 S 22 S 6 R 
Cefpodoxime 24 S 18 I 6 R 6 R 
Ceftazidime 20 S 12 R 6 R 6 R 
Cefotaxime 22 I 18 I 6 R 6 R 
Ceftriaxone 25 S 25 S 18 I 6 R 
Cefquinome 18 R 18 R 6 R 6 R 
Cefepime 18 S 16 I 6 R 6 R 
Lincomycin 6 R 6 R 6 R 6 R 
Clindamycin 6 R 6 R 6 R 6 R 
Norfloxacin 22 S 21 S 26 S 24 S 
Moxifloxacin 21 I 22 I 24 S 24 S 
Enrofloxacin 30 S 26 S 27 S 30 S 
Levofloxacin 28 S 28 S 28 S 28 S 
Ofloxacin 24 S 24 S 28 S 23 S 
Pefloxacin 23 S 22 S 27 S 24 S 
Nalidixique acid 28 S 23 S 30 S 30 S 
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Flumequine 30 S 26 S 30 S 30 S 
Bacitracin 6 R 6 R 6 R 6 R 
Rifampicin 16 R 27 S 20 S 18 I 
Nitrofurantoin 30 S 30 S 22 S 33 S 
Furazolidon 32 S 26 S 28 S 32 S 
Sulphametho-
xazole/ 
Trimethoprim 

6 R 6 R 20 S 6 R 

 
Quantitative exams - hygienogram 
Considering the second objective, the 

analysis of the indoor environmental hygiene 
quality, the results are synthesized below (table 7, 
table 8). 

Table 7 
TCAM values for the non-biological specimens  

(surfaces and components of the medical rooms) 
 Colonies per decimal dilution CFU/cm2 
Sample 1 Dilution 10-2: 1 5 
Sample 5 Dilution 10-2:1 5 
Sample 6 Dilution 10-3: 1 50 
Sample 8 Dilution 10-1: 19 9.5 
Sample 10 Dilution 10-3: 3 150 

 
The results were compared with the 

maximum admitted value (5 CFU/cm2) issued by 
the Romanian Health Ministry Order 961/2016, a 
maximum reference comparable to the ones used in 
the papers of foreign authors or authorities’ 
standards, even in different activity fields (Food 
Standards Scotland, 2020). In sample no. 8 
(collected from the door handle), the obtained result 
of 9.5 CFU/cm2 exceed two times the acceptable 
limit. It is important to remind in this regard that the 
qualitative microbiologic exam of the sample in 
question revealed antibiotic multi-resistant strains 
of Enterococcus sp. Sample 10 (collected from the 
surgeon’s stethoscope) shows a high level of 
contamination (150 CFU/cm2), a completely 
inacceptable situation from biosecurity reason; the 
specific microbial flora including here 
Staphylococcus sp. 

Table 8 
Bacterial contamination of the air  

inside the medical premises  
 

 Colonies per Petri dish CFU/m3 
Sample 1 4 314 
Sample 2 4 314 
Sample 3 4 314 
Sample 4 5 393 
Sample 6 5 393 
Sample 7 7 550 

 
Table 9 

Fungal contamination of the air in the clinic rooms 
 

 Yeast  
count 

Mould 
count 

Corner 1 1 2 
Corner 2 1 0 
Corner 3 0 0 
Corner 4 0 1 
Center of the floor 3 0 
Floor area beneath the desk  0 1 

 
After the assessment of the bacterial 

contamination of the air, the results (table 8) were 
compared to the standards values (Mitrănescu E., 
2010; Romanian Health Ministry, 2016), the 
accepted values range’ being 500 to 1,500 CFU/m3. 
Based on the obtained data, the number of airborne 
bacteria in the medical premises classifies the air 
contamination or air hygiene condition as 
acceptable. 

In a similar way, the fungal air load was 
framing into the normal range of values (table 9). 

The yeast culture growing corresponds with 
Rhodotorula species, and the mould with 
Alternaria, and Fusarium (figure 3). These are 
opportunistic fungal species, sometimes involved in 
various infectious and microbial allergies. 

 

CONCLUSIONS 
 

General conclusions of the present study are 
the following: 
1. The prevalence of Staphylococcus dominates 
Enterobacteriaceae, Enterococcus and fungi, 
however the identified species are non-pathogenic. 
2. Intestinal flora (including Staphylococcus, 
Enterobacteriaceae, Enterococcus), are implied in 
the contamination of the medical-use spaces. 
3. Pseudomonas aeruginosa presence cannot be 
identified in the clinic in question. 
4. There was noticed the general high resistance 
of Enterobaceriaceae, also of Enterococcus strains 
to various antibiotic classes. 
5. The quantitative microbiologic exams 
(hygienogram) reveal an acceptable microbial load, 
except some cases of medical instruments or room 
components (stethoscope, handle door). 
6. The fungi were present in a reduced number 
(Alternaria, Fusarium, Rhodotorula). 
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