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Abstract: Staphylococcus saprophyticus (S. saprophyticus) is an opportunistic coagulase-negative
staphylococcus (CoNS) known to cause urinary tract infections in humans and increasingly
recognized in veterinary medicine. The aim of this study was to provide an epidemiological
characterization of S. saprophyticus strains and to identify potential virulence factors that may
contribute to interspecies transmission. This research is particularly important, as companion animals
represent an understudied reservoir of this microorganism, and their role in the spread of resistant
pathogens remains insufficiently understood. A total of 61 S. saprophyticus strains from humans, dogs
and cats were analyzed. Identification was performed using MALDI -TOF MS and confirmed by PCR
targetting the hrcA gene. Antimicrobial susceptibility was assessed using disk—diffusion and broth
microdilution methods, while resistance genes were detected by PCR. The blaZ and mecA genes was
present in all strains; additionally, the majority harbored resistance genes ermA, ermB, tetM, and
tetK. Multidrug resistance (MDR) was identify in 21/61 strains (34.4%). Biofilm—forming capacity was
temperature-dependent, with the strongest biofilm production observed at 37°C (70.5%). At 38C
and 39°C, the proportion of strong biofilm producers decreased to 50.8% and 52.5%, respectively. All
testes strains demonstrated pathogenic potential in the Galleria mellonella larvae infection model, with
the highest mortality recorded for selected feline and canine strains. These findings indicate that S.
saprophyticus strains from both humans and companion animals possess notable virulence and
multidrug resistance. The detection of genotypically and phenotypically resistant strains in animals
highlights their potential role as reservoir for zoonotic transmission.

Keywords: epidemiology; public health; multidrug resistance; staphylococcus; CoNS

1. Introduction

The significant majority of all Staphylococcus species are coagulase—negative staphylococci
(CoNS) [1]. For a long time, the pathogenicity of CoONS was questioned, and their presence in clinical
samples was often considered a result of contamination rather than true infection [1-3]. Since the
1980s, increasing attention has been paid to the clinical relevance of CoNS, which are now recognized
as potential cause of serious nosocomial and environmental infections [4]. Today, certain CoNS
species demonstrate pathogenicity comparable to that of Staphylococcus aureus (S. aureus) [5].

Staphylococcus saprophyticus (S. saprophyticus) naturally colonizes the skin and gastrointestinal
tract of both humans and animals, particularly the perianal region and the genitourinary tract [6-8].
It is responsible for 20—42% of all human genitourinary infections, especially among young women
[9-11]. Although urinary tract infections (UTIs) caused by S. saprophyticus are typically benign [12],
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there are reports in the literature of more severe nosocomial complications, including cystitis,
pyelonephritis, urethritis, and even bacteremia and endocarditis [13-17]. Experimental murine
models have further shown that S. saprophyticus displays a tropism for kidneys, persisting in renal
tissue for up to 14 days post-infection, while being rapidly cleared from the bladder. This finding
supports the potential for kidney—specific pathology in certain hosts [18].

In veterinary medicine, livestock such as cattle and pigs have been identified as potential sources
of infection for humans. In the case of S. saprophyticus, a significant proportion of these animals have
been shown to carry CoNS. One study reported the presence of S. saprophyticus in 7.1% of samples
collected from the rectum of cattle carcasses and in 7.3% of samples obtained from pigs. These
findings highlight the zoonotic potential of this microorganism and emphasize the need for further
investigation into its role in interspecies transmission [19]. Given the documented carriage of S.
saprophyticus in slaughter animals, increasing attention has been directed toward the possibility of its
transmission to humans through contaminated food products. Infection with S. saprophyticus via
consumption of meat from colonized animals has been described in the literature as a likely route of
transmission . Hedman et al., in a study exploring potential sources of UTIs caused by S. saprophyticus,
the bacterium was detected in 16.4% of tested meat samples. The highest prevalence was found in a
raw pork and beef, where S. saprophyticus was present in up to 34% of samples [20].

Information regarding colonization and infection caused by S. saprophyticus in companion
animals remains limited. In companion animals such as dogs and cats presenting with symptoms of
UTls, S. saprophyticus is estimated to be responsible for approximately 2.9% of UTIs cases in dogs [21].
Additionally, this bacterium has been identified in dogs diagnosed with dermatitis, suggesting its
potential pathogenic role in dermatological conditions as well [22]. In veterinary medicine, cases of
disease among S. saprophyticus infection secondary to bladder stones in a female dog have been
described [23], and even a fatal course of infection in armadillos has been reported [24]. In a study
analyzing isolates of CoNS and coagulase—positive staphylococci (CoPS) obtained from both healthy
and sick dogs and cats, a significantly higher proportion of methicillin-resistant strains was observe
among CoNS (17.86%) compared to CoPS (1.95%). These findings suggest that the clinical relevance
of CoNS may be underestimated, particularly in the context of their increasing antibiotic resistance
and potential role in infections in companion animals [25].

CoNS have increasingly been recognized as a significant public health concern due to their
growing antibiotic resistance. These strains, long considered non—-pathogenic and frequently
dismissed as contaminants in clinical samples, are now acknowledged as important opportunistic
pathogens, particularly in hospital settings [26,27]. CoNS are frequently isolated from bloodstream
infections, catheter—associated infections, and prosthetic device-related complications. Their ability
to form biofilm significantly hinders treatment efficacy [28,29]. Studies have shown that CoNS strains
can reach high levels of antibiotic resistance, particularly against f-lactams (e.g., oxacillin), as well as
macrolides, lincosamides and glycopeptides [30,31]. In some clinical setting, the proportion of
methicillin-resistant CoNS isolates has exceeded 80-90%, indicating strong selective pressure
imposed by antimicrobial therapies [1]. Moreover CoNS are considered important reservoirs of
resistance genes, including mecA, which may be horizontally transferred to other species such as S.
aureus increasing the risk of MRSA emergence [32]. There is also a noted increase in multidrug-
resistant isolates, not only in healthcare environments but also among healthy individuals in the
general population, emphasizing the need to broaden epidemiological surveillance beyond clinical
setting [33,34]. S. saprophyticus a species frequently isolated from companion animals, has also
demonstrated considerable resistance to selected antimicrobials. One study revealed strong
resistance to novobiocin and nalidixi acid, as well as a bimodal susceptibility pattern to erythromycin
[35,36]. Notably, CoNS were isolated from 81.75% of 274 animals tested (224/274), with S.
saprophyticus being the most commonly identified species in sick dogs. In the same cohort, 70
methicillin-resistant strains were found among 392 strains (70/392) [25].

Consequently, CoNS - including S. saprophyticus — should be regarded as an emerging
epidemiological threat, requiring systematic monitoring and further research into their resistance
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mechanism and treatment strategies. It is also important to emphasize that both colonization and
infections caused by CoNS in companion animals remain poorly understood. Given their potential
zoonotic nature, additional studies are warranted, particularly in the context of their role as reservoir
of antibiotic-resistant strains that may pose a risk to public health. The aim of the present study was
to investigate the antimicrobial resistance profiles and biofilm—forming properties of S. saprophyticus
strains isolated from pets and humans, contributing to a better understanding of their
epidemiological significance in veterinary medicine and potential implications for public health.

2. Results

2.1. Identification and Cluster Analysis

All archived strains (n=61) were re-identified as S. saprophyticus using the matrix—assisted laser
desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS), with identification
scores exceeding the threshold value of 2.000, indicating high reliability. Additionally, species
affiliation of all strains was confirmed by molecular analysis through the detection of the hrcA gene,
which is specific to this species [37].

To visualize the relationships among the analyzed strains, cluster analysis was performed using
principal component analysis (PCA) and a hierarchial dendrogram (Figure 1A). Cluster analysis of
MALDI-TOF MS spectra of strains identified as S. saprophyticus revealed the presence of four clearly
defined clusters: red, blue, green and purple (Figure 1A and 1B). The two main clusters (red and
green) comprised isolates of various origins. Notably, human—derived strains — regardless of host
species or health status — were distributed across different groups. The highest homogeneity was
observed among isolates obtained from healthy cats (hFe5, hFel0, hFe21, hFel3, hFel4, hFel5, hFe22),
which clustered together in the purple group (Figure 1A and 1B). However, it is worth noting that
most strains from healthy cats were assigned to other clusters. Additionally, a clear exception from
the expected classification was observed — one feline strain (hFel2) clustered together with the
reference strains (S. saprophyticus PCM 2109, S. saureus ATCC 43300, S. epidermidis PCM 2532).
Detailed results are presented in Figure 1A, showing the principal component analysis (PCA) and
the corresponding hierarchical clustering dendrogram.

PCA Dendrogam

Distance Level
4 2
T T
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Figure 1. (A) Visual depiction of the closeness of individual spectra of S. saprophyticus and chosen referential
strains obtained with MALDI-TOF MS analysis. (B) PCA clustering of MALDI Biotyper spectra of S. saprophyticus

isolates and chosen referential strains.

1. hHo8 2. hFe29 3. sHo2 4. hFe9 5. hHo12 6. hHo9 7. hFe26 8. hHo4 9. hHo5 10. sFel 11. hFe2 12.
hFe20 13. hFe6 14. sHo7 15. hFe3 16. hFe8 17. hFe27 18. hFel7 19. hHol 20. hHol1 21. sCa7 22. hFel6
23. sCa8 24. hFell 25. hHo2 26. hFel9 27. sCa3 28. sCa4 29. hFel 30. hFe25 31. hFe24 32. hHo14 33.
sHo3 34. sHob5 35. S. haemolyticus PCM 2113 36. S. aureus ATCC 43300 37. S. lugdunensis PCM 2430
38. S. epidermidis PCM 2532 39. hHo12 40. hFe5 41. hFel0 42. hFe21 43. hFel3 44. hFel4 45. hFel5
46. hFe22 47. sFe3 48. S. saprophyticus PCM 2109 49. sCa2 50. hHo13 51. hFe7 52. sHo6 53. hHo10 54.
sFe2 55. sCa5 56. hHo6 57. sHo4 58. hCal 59. sCal 60. hHo7 61. hHo3 62. hFe23 63. sHol 64. hFel2 65.
hFe4 66. hFe28

2.2. Antimicrobial Phenotyping Testing

2.2.1. Disk Diffusion Method

Antibiotic susceptibility of all S. saprophyticus strains (n=61) was determined using the disk-
diffusion method, following current interpretive guidelines [38—40]. During the analysis, the zone of
growth inhibition around antibiotic-impregnanted disks was measured, allowing classification of
strains as susceptible, intermediate or resistant. The analysis reveald that 34.43% (21/61) of the tested
strains exhibited a multi-drug resistance (MDR) phenotype, defined as resistance to at least one agent
in three or more antimicrobial classes. Among isolates from humans, two most frequently occuring
resistance profiles were identified: AMP, E, FD (n=5) and AMP, AMC, P, OX (n=2). In isolates
obtained from other sources a much greater diversity of resistance profiles was obsered with no
repeating patterns. The complete phenotypic resistance profiles for all strains are provided in the
Supplementary Material (Table 1S).

In the detailed analysis the highest overall resistance levels were observed for erythromycin
(47.54%, 29/61), oxacillin (42.62%, 26/61), ampicillin (27.87%, 17/61) and fusidic acid (24.59%, 15/61).
Conversley, the lowest resistance levels or complete susceptibility were recorded for mupirocin
(3.28%, 2/61), tigecycline (1.64%, 1/61), linezolid (1.64%, 1/61) and trimetoprim with sulfamethoxazole
(0/61). In the subgroup of strains obtained from humans (n=21) the most prevalent resistance was
noted against erythromycin (52.38%, 11/21) and oxacillin (42.86%, 9/21). No resistance was observed
among humans strains to linezolid, mupirocin, tigecycline or thrimethoprim with sulfamethoxazole.
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Due to the limited sample size of some animal subgroups, data from dogs and cats were
analyzed together (n=40). Similarly to human strains results, high resistance to erythromycin (45.0%,
18/40) and oxacillin (42.5%, 17/40) was observed in the overall animal group and no resistance was
observed for tigecycline and sulfamthoxazole with trimetoprime. Among sick animals (n=10)
resistance rated were even higher reaching 80.0% for both erythromycin and oxacillin. The lowest
resistance levels overall were recorded in strains from clinically healthy animals, suggesting a
potential correlation between host health status and antimicrobial resistance profiles. Detailed
antibiotic susceptibility results are presented in Tablel.

Table 1. Resistance (%) to selected antibiotics of S. saprophyticus strains from humans and animals determined

by the disk—diffusion method. A bar chart comparing resistance to a given antibiotic in each of the group studied.

Antimicrobial agent tested

Grou AM MU MA SX TG
P AMP P FD CIP  OX LZD DA E c RD CN TET
c P R T c
Heal 7 2 0 5 4 1 0 6 0 1 7 2 0 1 0 1 0
thy
h
a‘:: (500 (142 (0.0 (357 (285 (714 (0.0% (428 (0.0 (714 (500 (142 (0.0 (714 (0.0 (714  (0.0%
n=1
( 5 %) 9%) %) 1%) 7%) %) ) 6%) %) %) %) 9%) %) %) % %) )
. 3 0 0 1 3 0 1 3 0 0 4 0 0 0 0 0 1
Sick
h
:1‘: 428 (0.0% (0.0 (142 ({428 (0.0 (142 428 (0.0  (0.0% (571  (0.0% (0.0 (0.0 (0.0 (0.0 (142
(n=7)
6%) ) %) 9%) 6% %) 9%) 6% %) ) %) ) %) %) % %) 9%)
Heal 6 2 2 7 5 2 4 9 1 3 9 2 1 2 0 0 5
thy
ats (206 (69% (69 (4.1 (172 (69 (137 (3.0 (345 (103 (L0  (69% (345 (69 (0.0 (00  (i7.2
(n=2
9) 9%) ) %) %) 4%) %) 9%) 3% %) %) 3% ) %) %) %) %) 4%)
0 0 0 0 1 0 0 2 0 1 1 0 0 0 0 0 1
Sick
ats  (0.0% (0.0% (0.0 (0.0% (333 (0.0 (0.0% (666 (0.0 (333 (333 (0.0% (0.0 (0.0 (00 (©0 (333
(n=3)
) ) % ) 3% W ) 6% W 3% 3% ) w % W % %
0 0 0 0 0 0 0 0 0 i i 0 0 0 0 0 0
Heal
th
do;s 0.0% (0.0% (0.0 (0.0% (0.0% (0.0 (0.0% (0.0% (0.0  (100.  (100. (0.0% (0.0 (0.0 (0.0 (0.0  (0.0%
(n=1)
) ) %) ) ) %) ) ) %) 0%) 0%) ) %) %) %) %) )
1 0 0 0 2 0 0 6 0 3 7 1 0 0 0 0 1
Sick
dogs (142  (0.0% (0.0  (0.0% (285 (0.0  (0.0% (857 (0.0 (428  (100. (142  ©0  ©0 (0.0 (0.0  (I42
(n=7)
9%) ) %) ) 7%) %) ) 1%) %) 6% 0%  9%) %) %) %) %) 9%)
17 4 2 13 15 3 5 26 i 9 29 5 i 3 0 1 8
All

(=6 (27.8 (656 (328 (213 (245 (492 (820 (426 (164 (147 (475 (820  (L.64 (492 (0.0 (.64  (I3.1
1)

7%) %) %) 1%) 9%) %) %) 2%) %) 3%) 4%) %) %) %) %) %) 1%)

AMP = ampicillin, AMC = amoxicillin/clavulanic acid, MUP = mupirocin, P = penicillin, FD = fusid acid, MAR
= marbofloxacin, CIP = ciprofloxacin, OX = oxacillin, LZD = linezolid, DA = clindamycin, E = erythromycin, C =
chloramphenicol, RD =rimfampicin, CN = gentamicin, SXT = trimetoprim/sulfamethoxazole, TGC = tigecycline,

TET = tetracycline.

2.2.2. Minimal Inhibitory Concentration and Minimal Bactericidal Concentration for Selected
Antimicrobials
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In the analyzed group of strains (n=61), no resistance was observed to vancomycin and
teicoplanin. The highest overall resistance rated were recorded for erythromycin (78.69%, 48/61),
clindamycin (44.26%, 27/61) and tetracycline (16.39%, 10/61). Strains isolated from humans showed
particularly high resistance to erythromycin (95.24%, 20/21) and clindamycin (33.33%, 7/21). Among
animal-derived strains (n=40), resistance to erythromycin and clindamycin reached 70.0% (28/40) and
50.0% (20/40), respectively with the highest levels observed in strains from sick cats and dogs (100.0%,
10/10). Strains obtained from healthy animals showed lower resistance rates, particularly to
tetracycline (13.33%, 4/30) and oxacillin (16.67%, 5/30), although the values remained relatively high.
Minimum inhibitory concentrations (MICs) determined for selected antibiotics (vancomyecin,
teicoplanin, tetracycline, clindamycin, erythromycin and oxacillin) were consistent with the results
obtained using disk-diffusion method, exhibiting the same resistance trend.

This trend in resistance was also reflected in bacterial activity profiling. To further assess the
strength of antimicrobial activity, the relationship between MIC and the minimum bactericidal
concentration (MBC) was analyzed by calculating the log2(MBC/MIC) values (Figure 2). Detailed data
are provided in Table 25 in Supplementary Materials.
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Figure 2. Heatmap illustrating logarithmic differences (logz) between the minimum bactericidal concentration
(MBC) and minimum inhibitory concentration (MIC) for 61 strains tested against six antibiotics: clindamycin,
erythromycin, oxacillin, teicoplanin, tetracycline and vancomycin. Darker colors indicate a greater difference
between MBC and MIC values (higher concentrations were required to achieve bactericidal effects). Lighter
shades reflect smaller MBC/MIC differences (stronger bactericidal efficacy). Exact log2(MBC/MIC) bvalues are
numerically displayed on the heatmap. .

2.3. Detection of Resistance Genes Using PCR—Based Genotypic Analysis

The study revealed that blaZ and mecA genes were detected in all analyzed strains. Macrolide
resistance genes (ermA, ermB) were most frequently detected in humans, regardless of health status.
Both genes were found in 92.86% (13/14) of healthy individuals. In sick indyviduals ermA was
present in 85.71% (6/7) while ermB 57.14% (4/7). In animal isolates, the prevalence of these genes was
also high but slightly lower — 87.5% (35/40) ermA and 60.0% (24/40) for ermB. Among the four
tetracycline resistance genes analyzed (tetK, tetL, tetM, tetO), tetK was not detected in any of the
tasted samples. In contrast, the remaining three genes were present, with tetM and tetL being the
most prevalent, followed by tetO, which was detected less frequently. Regardless of clinical status,
tetM was found in 100.0% of the tested straines from humans (21/21) and dogs (8/8). A similliar trend
was observed in cats with a high prevalence 96.88% (31/32). The tetL gene was detected in all diseased
humans and was also prevalent in the entire human cohort, with an overall frequency of 80.95%
(17/21). The fusB was detected sporadically 13.79% (4/29) and exclusively in healthy cats. In these
cases, the results of the disk—diffusion test for fusidic acid resistance were consistent with the
presence of the genes. Interestingly, the highest level of phenotypic resistance to fusidic acid, as
determined by disk-diffusion, was observed among diseased humans, despite the absence of any
known resistance genes associated with this antibiotic. In the group of healthy cats, the mupA gene
was identified in 6.90% of individuals (2/29) and resistance to mupirocin determined by the disk—
diffusion method was consistent with the genotypic finding. Overall, resistance genes were more
frequently detected in humans than in animals. A detailed breakdown of genotypic antibiotic
resistance data is presented in Table 2. Genetic profiles of resistance are shown in Table 4S in
Supplementary Materials.

Table 2. Occurrence of selected antibiotic resistance genes among S. saprophyticus strains from humans and

animals (%).

Antimicrobial resistance gene tested

Gro blaZ mec me  aac* erm ermB erm tet tetL tetM tetO fusB van vanB mup

up A cC A C K A A

Heal 14 14 0 0 13 13 0 0 10 14 0 0 0 1 0

thy (100 (100 (0%  (0%)  (92.8 (92,8 (0%) (0.0 (714 (100  (0%) (0%) (0% (7,14  (0%)

hum %) %) ) 6%) 6%) %) 3%) %) ) %)
ans
(n=1
4)
Sick 7 7 0 0 6 4 0 0 7 7 2 0 0 0 0

hum (100 (100 (0% (0%) (857 (571  (0%) (0% (100 (100 (285 (0%) (0% (0%) (0%)
ans %) %) ) 1%) 4%) ) %) %) 7%) )
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Heal 29 29 0 4 25 20 4 0 8 28 5 4 0 0 2

thy (100 (100 (0% (13.7 (86,2 (68,9 (13,7 (0% (275 (965 (172 (137 (0% (0%) (6,9

cats %) %) ) 9%) 1%) 7%) 9%) ) 9%) 5%) 4%) 9%) ) %)
(n=2

9)
Sick 3 3 0 0 3 1 0 0 2 3 1 0 0 0 0

cats (100 (100 (0%  (0%) (100 (33,3 (0%) (0% (66.6 (100 (333 (0%) (0% (0%) (0%)
(n=3) %) %) ) %) %) ) 7%) %) 3%) )
Heal 1 1 0 0 1 0 0 0 0 1 0 0 0 0 0
thy (100 (100 (0%  (0%) (100  (0%)  (0%) (0%  (0%) (100  (0%) (0%) (0%  (0%) (0%)

dogs %) %) ) %) ) %) )
(n=1)
Sick 7 7 0 0 6 3 0 0 5 7 1 0 0 1 0

dogs (100 (100 (0% (0%) (857 (428 (0%) (0% (714 (100 (142 (0%) (0% (142 (0%)

(n=7) %) %) ) 1%) 6%) ) 3%) %) 9%) ) 9%)

All 61 61 0 4 54 41 4 0 32 60 11 4 0 2 2

(=6 (100. (100 (0.0 (6.56 (885 (672 (656 (0% (52.4 (983  (18.0 (6.6 (0.0 (328 (3.28
1 0%) %) %) %) 2%) 1%) %) ) 6%) 6%) 3%) %) %) %) %)

2.4. Bacterial Growth Curves and Biofilm Formation

Growth curves were generated for eleven strains (hHo4, hHo5, sHol, sHo2, hFel4, hFel7, hFe26,
sFe3, hCal, sCal and sCa8) at temperatures of 37°C, 38°C and 39°C. The resulting growth curves
along with the corresponding doubling times are presented in the Supplementary Materials (Figure
15-10S). Incubation at 37°C promoted the most robust growth in the majority of tested strains,
regardless of host origin and health status. At this temperature, strains exhibited the fastest growth
rates and reached the highest ODew plateau values, indicating that 37°C represents optimal culture
conditions for this species. At 38°C, althought the exponential growth rate remained similar to that
at 37°C, the ODsoo plateau values were generally lower. In contrast, growth at 39°C was clearly
reduced for some strains — particularly those derived from healthy hosts. These strains displayed
prolonged lag phase and lower ODswovalues after 24 hours.

Biofilm—forming capacity was assessed by measuring absorbance at 570 nm following 24 hour
of incubation at 37°C, 38°C and 39°C. All isolates were at least weak or moderate biofilm producers.
At37°C,70.5% (43/61) strains exceeded the threshold for strrong biofilm formation, while this numer
decreased to 50.8% (31/61) and 52.5% (32/61) isolates at 38'Cand 39 Crespectively. S. saprophyticus
strains from healthy dogs formed strong biofilms at all three temperatures. Over 60% of human-—
derived strains exhibited strong biofilm—forming capacity at 37°C while at 38 Cand 39°C this
proportion decreased to approximately 52% (Figure 3). Detailed data are provided in Table 3S in the
Supplementary Materials.
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Figure 3. A. Distribution of S. saprophyticus isolates by biofilm forming strength (weak, medium, strong) across
different origin (human, feline, canine) and incubation temperature (37°C, 38°C, 39°C). Bars represent the
proportion (%) of strains within each group. The number of strains (n) and their percentage of the group are
indicated inside the bars. B. Biofilm forming quantified by absorbance at 570 nm after 34-hours incubation at 37
C, 38°C and 39°C. Statistical significance was determined by two-way aANOVA and Tukey’s post hoc test.
Differencecs were considered statistically significant at p<0.05 [*p<0.05; **p<0.01].

To assess the influence of incubation temperature and host origin on biofilm formation, a two—
way ANOVA was conducted using absorbance values at 570 nm measured for all S. saprophyticus
strains (n=61) at all three temperatures. The analysis revealed a statistically significant effect of
incubation temperature on biofilm forming (F(2.174)=8.72, p=0.000245), indicating that temperature
has a substantial impact on the extent of biofilm formation. In contrast, no statistically significant
effect of host origin was observed (F(2.174)=1.44, p=0.2408) nor was there a significant interaction
between temperature and host origin (F(4.174)=0.37, p=0.8327). Post hoc Tukey’s HSD test showed
that strains incubated at 37°C exhibited significantly higher biofilm production compared to 38C
(p=0.0002) and 39°C (p=0.0186) while no significant difference was observed between 38°C and 39°C
(p=0.3000). These findings indicate that 37°C is the optimal temperature for strong biofilm formation
by S. saprophyticus strains, regardless of their host origin.

2.5. Pathogenicity Tests on Galleria mellonella Larvae Model

All tested S. saprophyticus strains exhibited significant pathogenicity in the Galleria mellonella
(G. mellonella) infection model. Virulence of strains strongly dependent on the bacterial inoculum
dose. The highest larval mortality was observed at higher inoculum densities (ODe0=0.5 and 0.1)
while the lowest concentration (ODsw0=0.01) generally did not result in significant reductions in
survival. Notably, the feline isolate hFel7 and the canine isolate sCa8 exhibited particularly high
virulence, causing substantial larval mortality at all tested concentrations, indicationg their
potentially heightened clinical relevance. Human—derived strains were also pathogenic but showed
a clear-dependent virulence pattern. The variation in pathogenic potential among strains of different
host origin suggests the presence of host—specific adaptations. These findings are presented in Figure
3(A-C), Figure 4(A-C) and Figure 5 (A-C).
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Figure 3. Survival curves of larvae (n=4) following injection with the tested strains of S. saprophyticus. The
negative control of larvae injected with a sterile PBS buffer (PBS control). Larval survival was monitored for 120
hours. Galleria mellonella larvae infected with human-derived S. saprophyticus strains at an inoculum density
of A. ODggo = 0.5 B. ODggo = 0.1 C. ODggp = 0.01.
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Figure 4. Survival curves of larvae (n=4) following injection with the tested strains of S. saprophyticus. The
negative control of larvae injected with a sterile PBS buffer (PBS control). Larval survival was monitored for 120
hours. Galleria mellonella larvae infected with feline-derived S. saprophyticus strains at an inoculum density

of A. ODsoo =0.5B. ODe,oo =0.1C. ODe,oo =0.01.
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Figure 5. Survival curves of larvae (n=3) following injection with the tested strains of S. saprophyticus. The
negative control of larvae injected with a sterile PBS buffer (PBS control). Larval survival was monitored for 120
hours. Galleria mellonella larvae infected with canine-derived S. saprophyticus strains at an inoculum density
of A. ODggo = 0.5 B. ODggo = 0.1 C. ODggp = 0.01.

3. Discussion

Staphylococcus saprophyticus is uncommonly found in companion animals but is a significant
cause of urinary tract infections, particularly cystitis, in humans. [6]. Although direct evidence of
transmission between humans and companion animals has not yet been clearly demonstrated, the
possibility of such transmission exists and should be considered in epidemiological analyses [41].
Many studies highlight that, despite the increasing clinical importance of CoNS as causative agents
of infections, their identification in routine clinical diagnostics is most often limited to the species
level. This is primarily due to the fact that more detailed differentation methods such as advanced
biochemical test or molecular analyses are frequently too time-consuming, expensive or
insufficiently precies for widespread implementation [1,42-44].

In recent years the use of MALDI-TOF MS has been described as a rapid and effective method
for bacterial identification, which was confirmed in epidemiological studies conducted by Mlaga et
al. during an outbreak of urinary tract infections caused by S. saprophyticus [45]. Our findings also
support the high reliability of this method - it proved to be fast, sensitive and highly reproducible,
with spectral profiles fully consistent with the results of PCR targeting the species-specific gene hrcA
[37]. Moreover cluster analysis based on MALDI-TOF MS spectra revealed considerable intraspecies
diversity among S. saprophyticus isolates, consistent with previous reports on the species high
genomic plasticity [45-47]. The highest degree of spectral homogeneity was observed among isolates
obtained from healthy cats, however, even within this group, the strains were dispersed across
multiople clusters. This may indicate the existance of subpopulations adapted to specific hosts and
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suggest the potential for dynamic population shifts as part of the species adaptive strategy for
colonizing different hosts [48-50].

Phenotypic antimicrobial susceptibility testing using disk-diffusion method revealed high levels
of resistance, particularly to erythromycin (47.54%, 29/61). Among the isolates obtained from dogs,
an exceptionally high level of resistance to erythromycin (100.0%, 8/8) and clindamycin (50.5%, 4/8)
was observed. It may reflect a species-specific selective pressure associated with routine veterinary
therapeutic practices but the limited sample size of the canine group may partially account for the
high observed resistance rate. Neverttheless, these findings underscore the need for continued and
systematic monitoring of resistance to this antibiotic in strains obtained from dogs. Similar patterns
of high resistance to erythromycin and clindamycin in S. saprophyticus have been reported
previously, including findings by Rafie et al. who observed erythromycin resistance in 51.4% of
isolates [51]. Khan et al. reported that 91% of S. saprophyticus strains exhibited resistance to
penicillin, a markedly higher rate compared to our findings [52]. In our study, penicillin resistance
was observed primarly among human-derived strains, particularly those obtained from healthy
individuals (35.71%, 5/14). Among animals-derived strains, no resistance was detected in canine
strains, while in feline population it was observed only in healthy cats (24.14%, 7/29). In contrast,
Marepalli et al. documented ampicillin resistance in approximately 50.0% of isolates which closely
mirrors our results [53]. In our data, ampicillin resistance was highest among human-derived strains
with similar rates found in strains from healthy individuals (50.0%, 7/14) and those with clinical
symptoms (42.86%, 3/7). Oxacillin resistance in our study reached 42.62% (26/61) with comparable
rates between humans and animal-derived strains. Literature reports also decribe a wide range of
resistance levels to this antibiotic, ranging 76.2% [1] to as high as 98.2% in zone of inhibition analysess
[54]. This findings confirm that resistance of S. saprophyticus to many antibiotics (erythromycin,
clindamycin, oxacillin, penicillin) is not a local phenomenon but rather a widespread and clinically
relevant issue.

Additionally, the use of MIC determination for selected antibiotics allowed for a more precise
assessment of actual resistance levels. In the case of oxacillin and tetracycline, there was high
concordance between MIC and disk-diffusion results (difference <3%). However for erythromycin
and clindamycin significant discrepancies were noted — disk-diffusion method resistance rates by
45.9% (28/61) and 14.75% (9/61) was lower than in broth microdilution method — respectively 78,69%
(48/61) and 44.26% (27/61). This may be attributed to the classification strategy applied: isolates were
considered susceptible if bacterial growth did not clearly extend beyond the edge of the inhibition
zone, even when growth reached its boundary. While this approach aimed to avoid
overinterpretation and the risk of falsely classifying strains as resistant it led to an underestimation
of the number of truly resistant strains compared to MIC references values. It is worth noting that
similar interpretive challenges particularly for erythromycin and oxacillin in staphylococci, have
been previusly reported [55]. In the subsequent part of the study the MBC/MIC ratio was assessed
for selected antibiotics to idetify potential mechanism of antibiotic tolerance. The highest frequency
of elevated MBC/MIc rratios (log:[MBC/MIC]>4) was observed for tetracycline, affecting 49.2%
(30/61). A high MBC/MIc ratio may idicate the presence of tolerance mechanism such as biofilm
formation, active drug efflux systems or decreased cell membrane permeability. Similar findings
have been documented in earlier research [56,57]. The smallest differences between MBC/MIc values
were recorded for vancomycin and teicoplanin, both of which demonstrated complete effiacy against
all tested strains in MIC-based assessments. These findings are consistent with earlier studies
reporting that S. saprophyticus remains susceptible to glycopeptides, particularly vancomycin
althought some strains may exhibit intermediate susceptibility to teicoplanin (MIC range 2-8ug/ml)
[58]. Our results reaffirm the therapeutic utility of glycopeptides against this species, especially in the
context of increasing resistance to first line antibiotics such as macrolides, tetracyclines and (-
lactams. Importantly strains obtained from healthy animals exhibited lower and more stable
log2(MBC/MIC) values, which may reflect selective pressure in non—clinical environments and
potentially limited expression of tolerance mechanisms in these strains.
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All analyzed S. saprophyticus strains carried the blaZ and mecA genes which are associated with
widespread resistance to f-lactam antibiotics. The simultaneous presence of both determinants
indicates the coexistance of enzymatic inactivation mechanisms (B-lactamase production) and
altered penicillin binding proteins (PBP2a) characteristic of methicillin resistant coagulase-negative
staphylococci (MRCoNS). These results are consistent with previous studies reporting the detection
of blaZ and mecA in S. saprophyticus strains isolated from both humans and animals [61]. Genes
associated with MLSb resistance ermA and ermB were particularly prevalent among human-derived
isolates which may reflect selective pressure resulting from the frequent use of macrolides in the
treatment of urinary tract infections. The presence of these genes in S. saprophyticus has also been
documented in the context of urological infections [62]. Determinants of tetracycline resistance tetM
and tetK were dominant among strains from infected humans and cats possibly indicating
convergent selection pressures or similar levels of exposure to tetracyclines in these populations.
Their presence has previously been documented in CoNS strains isolated from bovine mastitis cases,
confirming the widespread distribution of these genes across different environemnts [63,64].
Particular attention should be given to the fusB and mupA genes, which are responsible for resistance
to fusidic acid and mupirocin. The fusB gene was detected in 13.79% (4/29) and mupA 6.9% (2/29) of
strains, both exclusively among strains derived from cats. In all cases, phenotypic resistance
confirmed by the disk—diffusion method corresponded with the presence of the respective gene,
suggesting active expression. Notably the highest levels of phenotypic resistance to fusidic acid was
observed in isolates obtained from diseased humans despite the absence of resistance genes related
to this antibiotic. This may indicate the involvement of alternative as yet unidetified resistance
mechnisams. Considering the frequent use of fusidic acid in human dermatology, particularly for
topical treatment of skin infections this observation may have important clinical relevance [65].
Althought the total number of mupA positive cases was low (2/61) the presence of these genes in
commensal strains isolated from companion animals may indicate a reservoir of resistance
determinants that are rarely found in the human population. The detection of such genes even in
individual cases highlights the importance of continued surveillance of this bacterial group especially
in the context of close human-pet interactions [66,67]. These findings point to a significant
dissemination of resistance genes within the S. saprophyticus species, regardless of the isolation
source and highlight the need for continued monitoring of this organism as a potential reservoir of
clinically and epidemiologically relevant resistance determinants. Importantly, genotypic resistance
did not always align with the presence of phenotypic resistance, indicating discrepancies between
genotypic and phenotypic profiles across various antibiotics.

MDR defined as resistance to three or more classes of antibiotics was observed in 38.1% of
human-derived strains (8/21) and 32.5% of animal-derived strains (13/40). Althought the proportion
was slightly higher among human isolates the difference was not statistically significant suggesting
that MDR S. saprophyticus strains occur in both human and animal populations. This finding may
indicate the widespread distribution of resistance mechanisms across environments and highlights
the potential role of animal-derived strains in resistance gene dissemination. The presence of MDR
strains among healthy companion animals further empasizes the importance of including these
populations in antimicrobial resistance surveillance programs, particularly given their close contact
with humans. The phenotypic resistance profile was futher supported by genotypic analysis. All
examinated S. saprophyticus strains were susceptible to glycopeptides (vancomycin and teicoplanin)
in agreement with MIC data and consistent with previous reports describing CoNS susceptibility to
this antibiotic group [1,59].

Both the biofilm formation assays and the growth curve analysses consistently idetified 37°C as
the optimal temperature for S. saprophyticus highlighting the species strong physiological adaptaion
to host like conditions. At this temperature the highest proportion of strong biofilm producers was
recorded and strains exhibited the fastest growth rates and highest ODso plateau values. In contrast
increasing the incubation temperature to 38°C and 39°C led to a general decline in both biofilm
forming capacity and growth efficency, suggesting a degree of temperatur sensitivity in the
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regulatory mechanisms govering these processes. This trend was particularly evident among animal-
derived strains which showed reduced performance in both traits at elevated temperatures. The
convergence of these findings underscore the potential role of temperature as a key environmental
signal influencing not only bacterial metabolism but also the expression of virulence associated
phenotypes such as biofilm formation. Thus, 37°C appears to represent not only the physiological
but also the functional optimum for S. saprophyticus survival and persistence within the host [32,60].
Physiological body temperatures in cats (approximately 38-39,2°C) and dogs (around 3,5-39°C) are
consistently higher than the typical human core temperature of 37°C. This thermal difference could
represent a significant physiological barrier, potentially explaining the relatively lower rates of S.
saprophyticus isolation from companion animals compared to humans.

This study represent the first attempt to assess the virulence of S. saprophyticus using the G.
mellonella larvae infection model [68]. All tested strains demonstrated pathogenic potential in this
model, with the highest larval mortality observed for isolates hFe30 and sCa8. The fastest growing
strain hFell also exhibited high virulence however no clear correlation was found between growth
rate and pathogenicity. These results suggest that other virulence factors such as biofilm formation
or toxin production may also play a significant role [1,69]. The results of this study confirm that CoNS
including S. saprophyticus possess significant pathogenic potential and the capacity to develop
multidrug resistance [1]. Accurate species identification and resistance profiling remain essential for
effective treatment and for reducing the risk of interspecies transmission. Given the high proportion
of MDR strains (39.34%, 21/61) routine antimicrobial susceptibility testing should be a standard
component of micorbiological diagnostics [69].

It is worth emphasizing that S. saprophyticus and other CoNS were for many years routinely
regarded as contaminants in clinical or environmental samples. However numerous studies have
demonstrated that such isolates should not be automatically classified as contaminats particularly in
light of their documented ability to form biofilms, carry resistance genes and participate in
opportunistic infections. Importantly the presence of strains from companion animals exhibiting
concordant phenotypic and genotypic resistance highlights the need to consider this group as a
potential reservoir of resistant microorganism within antimicrobial resistance monitoring programs.

4. Materials and Methods

4.1. S. saprophyticus Strains Collection

The strain collection for this study consisted of 61 S. saprophyticus deposited in the years 2013-
2022 during research carried out in the Department of Epizootiology and the Clinic of Birds and
Exotic Animals of the Faculty of Veterinary Medicine, University of Environmental and Life Sciences
in Wroclaw. Sampling and the necessary approvals of ethics committees were described earlier
[25,70]. The strains were isolated from swabs taken from two groups of patients: healthy dogs, cats
and humans — without any symptoms of the disease; sick dogs, cats and humans with symptoms of
disease (coughing, discharge from conjunctival sac or skin lesions). In the current study 21 samples
from humans (n=14 healthy, n=7 sick) and 40 samples from dogs and cats (n=30 healthy, n=10 sick)
were investigated. All bacterial strains were stored at -80°C in Brain Heart Infusion (BHI) broth
(OXOID Ltd., Basingstone, UK) containing 40% (v/v) glycerol (Thermo Fischer Scientific, Kandel,
Germany). Detailed information on sampling sites and group sizes is presented in Table 3.
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Table 3. The table shows a detailed breakdown of the data relating to the number of samples taken from a given

location for each group of patients and volunteers.

Groups No Oral  Nostrils Anus Wound Skin  Ear  Conjunctival Total

data
cavity canal sac

Healthy 0 2 4 0 0 4 4 0 14
humans

5 0 1 0 0 1 0 0 7
Sick
humans 0 2 6 2 0 6 5 8 29
Healthy 0 0 3 0 0 0 0 0 3
cats

0 0 0 0 0 0 0 1 1
Sick cats

0 0 1 0 1 0 2 3 7
Healthy
dogs
Sick
dogs
All 5 4 15 2 1 11 11 12 61

4.2. Identification of S. saprophyticus

All bacterial strains were cultured on Mannitol Salt Agar (OXOID Ltd., Bansingston, UK) and
Columbia Agar (OXOID Ltd., Bansingston, UK) supplemented with 5% sheep blood for 24 hours at
37°C. Primary identification of the strains as Staphylococcus spp. was conducted using colony
morphology and tube test coagulase (Immunolab, Gdansk, Poland). Then bacterial species were
identified using a Bruker ultrafleXtreme MALDI-TOF mass spectrometer. To ensure reliability, each
strain underwent duplication with two technical replicates prepared per extract. Sample preparation
involved ethanol/formic acid extraction: single colonies were resuspended in water, treated with
ethanol (Sigma Aldrich, Saint Louis, USA), and centrifuged. The resulting pellet was then processed
with 70% formic acid (Sigma Aldrich, Saint Louis, USA) and acetonitrile (Honeywell, Charlotte, USA)
followed by a second centrifugation. One microliter of the supernatant was spotted onto a MALDI
target plate, dried and overlaid with 1 uL of a 10 mg/mL HCCA (alpha—cyano—4-hydroxycinnamic
acid) matrix solution (acetonitrile:water:TFA, 50:47.5:3.5) (Honeywell, Charlotte, USA). To simplify
the collected data, the dendrogram and principal component analysis (PCA) were performed based
on the MALDI-TOF spectral peak profiles [71].

4.3. Detection of hrcA and Resistance Genes Using PCR-Based Genotypic Analysis

Additional confirmation of species affiliation and identification of the presence of genes that
encode resistance to key antibiotic classes were performed using conventional PCR. Genomic DNA
from all strains was extracted using the Genomic Mini AX Staphylococcus Spin kit (A&A
Biotechnology, Gdansk, Poland). The analysis was focused on the following genes: hrcA encoding a
heat shock repressor for species identification; blaZ encoding a B-lactamase responsible for penicillin
resistance; mecA and mecC, which encode penicillin-binding proteins (PBP2a/PBP2c) associated with
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methicillin resistance; ermA, ermB, and ermC, which encode methyltransferases involved in
macrolide-lincosamide-streptogramin B resistance; and the tetracycline resistance genes fetK and tetL
(efflux pump genes), as well as tetM and tetO, which encode ribosomal protection proteins.
Furthermore, glycopeptide resistance genes vanA and vanB were included, along with mupA, aac(6’)-
le-aph(2”)-1a (encoding aminoglycoside acetyltransferase), and fusB (associated with fusidic acid
resistance) [37,72-77]. Each PCR amplification was performed in 25 pl total reaction volume,
consisting of 1 ul DNA template, gene-specific primer pair at 0.2 pM final concentration (Eurofins
Genomics Germany GmbH, Ebersberg bei Miinchen, Germany), 0.2 mM deoxyribonucleotide
triphosphate mix (ANTPs) (Thermo Fisher Scientific, Waltham, USA), 2.5 ul 10 x DreamTaq Green
Buffer and 1 U of DreamTaq Green Polymerase (Thermo Fisher Scientific, Waltham, USA). The
thermal cycling parameters included an initial denaturation step at 94°C for 3 min, followed by 35
cycles of denaturation at 94°C for 30 s, annealing at temperatures specific for each primer pair 52-
60°C for 30 s, and extension at 72°C for 1 min, with a final extension step at 72°C for 5 min. The PCR
products were separated by electrophoresis at 100 V on a 2% agarose gel stained with Midori Green
DNA Stain (Nippon Genetics Europe GmbH, Dueren, Germany).

4.4. Antimicrobial Phenotypic Testing

The disk diffusion method was used to test phenotypic antibiotic resistance for all isolates.
Antimicrobials discs used in the study were (ug/disc): amoxicillin with clavulanic acid (30), ampicillin
(10), ciprofloxacin (5), chloramphenicol (30), clindamycin (2), erythromycin (15), fusid acid (10),
gentamicin (10), linezolid (30), oxacillin (5), mupirocin (200), penicillin G (10), rifampicin (5),
tetracycline (30), tigecycline (15) and trimethoprim/sulfamethoxazole (1,25 / 23,75) (Liofilchem,
Abruzzi, Italy) and marbofloxacin (5) [(MASTDISCS® AST (Mast Group Ltd., Liverpool, UK].
Positive control for the disk diffusion method was performed using the reference strain Staphylococcus
aureus ATCC 25923, as recommended by CLSI/EUCAST guidelines.

The interpretation of antimicrobial susceptibility results was performed according to the Clinical
and Laboratory Standards Institute guidelines. For human isolates, breakpoints defined in CLSI
M100, 34th Edition (2024) were used. For isolates obtained from dogs and cats, veterinary-specific
breakpoints provided in CLSI VETO01S, 7th Edition (2024) were applied [39-41].

MIC values were determined using the broth microdilution method in 96-well microtiter plates.
The bacterial isolates were inoculated into Mueller-Hinton broth (Oxoid, Basingstoke, UK) containing
serial dilutions of antibiotics prepared in sterile distilled water. Final concentrations of the tested
antibiotics were as follows: for oxacillin, clindamycin, and tetracycline — 16; 8; 4; 2; 1; 0.5; 0.25; 0.125;
0.0625; and 0.03125 pg/ml; for teicoplanin and vancomycin - 128; 64; 32; 16; 8; 4; 2; 1; and 0.5 ug/ml;
and for erythromycin — 32; 16; 8; 4; 2; 1; 0.5; 0.25; 0.125; and 0.0625 ug/ml (TOKU-E, Gent, Belgium)
[39—41]. Each row of the plate corresponded to a single isolate, and tests were performed separately
for each antibiotic. Each plate included a growth control (K+) containing broth and bacterial inoculum
(without antibiotic) and a sterility control (K-) containing broth and antibiotic but no bacteria. S.
aureus ATCC 29213 was used as the reference control strain. If the highest tested concentration of an
antibiotic was insufficient to inhibit bacterial growth evidenced by turbidity in all wells the assay was
repeated using an extended dilution series, shifted one level higher. This adjustment was applied to
selected isolates, except in the case of vancomycin and teicoplanin, for which the initial concentration
range proved sufficient. The inoculum with an optical density of 0.5 McFarland was prepared from
a fresh 24-hour culture on blood agar. Plates were incubated aerobically at 37°C for 24 hours. MIC
was defined as the lowest antibiotic concentration at which no visible bacterial growth (no turbidity)
was observed. Minimum bactericidal concentration (MBC) was determined by subculturing 10 ul
from each well without visible growth on Brain Heart Infusion Agar (BHA, Oxoid, Basingstoke, UK).
Plates were incubated at 37°C for 24 hours. MBC was defined as the lowest concentration of the
antibiotic that resulted in no colony growth, indicating 299.9% bacterial kill relative to the original
inoculum.
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To compare the minimum inhibitory concentration (MIC) and the minimum bactericidal
concentration (MBC) for each bacterial isolate and antibiotic tested, the MBC/MIC ratio was
calculated. These values were subsequently transformed to a base-2 logarithmic scale using the
following formula: log 2(MBC/MIC). The use of a logarithmic transformation is justified by the
exponential nature of MIC and MBC values, which commonly follow two-fold dilution series (e.g.,
0.125,0.25,0.5, 1, 2, 4, etc.). The log, scale enables proportional and statistically comparable evaluation
of the differences between MIC and MBC values. A log(MBC/MIC) value of 0 indicates complete
equivalence between MIC and MBC, suggesting a bactericidal effect. A value of 1 indicates that the
MBC is twice as high as the MIC, while a value of 2 corresponds to a fourfold difference, and so on.
This analysis was performed for six antibiotics: vancomycin, teicoplanin, tetracycline, oxacillin,
erythromycin, and clindamyecin.

4.5. Bacterial Growth Curves and Biofilm Formation

Growth profiles of chosen S. saprophyticus strains (sCal, sCa8, hCal, hFe26, hFel4, hFel7, sFe3,
sHo2, hHo4, hHo5, sHol - strains were selected based on the highest number of resistance genes and
the highest phenotypic antibiotic resistances in each of the possible groups tested) and reference
strains (S. aureus ATCC 43300, S. epidermidis PCM 1869, S. saprophyticus PCM 2109) were assessed
using Brain Heart Infusion (BHI) broth (Oxoid, Basingstoke, UK). Overnight cultures were diluted in
5 mL BHI to an optical density (OD) of approximately 0.1 at 600 nm (Eppendorf BioPhotometer 6131,
Hamburg, Germany). Subsequently, 500 pL of each diluted culture was added to triplicate wells of a
48-well plate and incubated with automated shaking at 37°C, 38°C and 39°C for 48 hours. Absorbance
at 600 nm was measured using an automated absorbance reader (Tecan Infinite 200 Pro M Nano,
Mannedorf, Switzerland). Biofilm production by S. saprophyticus strains was assessed using the
microtiter plate (MTP) method with crystal violet staining [78]. The S. aureus ATCC 29213 strain was
used as a positive control, while the negative control consisted of sterile Tryptone Soya Broth (TSB,
Oxoid, Basingstoke, UK). Following incubation and staining, absorbance was measured at 570 nm
(A570) using a microplate reader. The cut-off value (OD) for determining biofilm formation was
defined as the mean absorbance of the negative control plus two standard deviations. Biofilm-
forming ability was classified based on the relationship between A570 values and the OD threshold
as follows: Weak biofilm producers: OD < A570 < 2xOD; Moderate biofilm producers: 2xOD < A570
< 4xOD; Strong biofilm producers: A570 > 4xOD.

4.6. Pathogenicity Tests on Galleria mellonella Larvae Model

Overnight cultures of selected S. saprophyticus strains (n=11; sCal, sCa8, hCal, hFe26, hFel4, hFel7,
sFe3, sHo2, hHo4, hHo5, sHol) were centrifuged at 3500 RPM. The resulting bacterial pellets were
washed three times with sterile PBS buffer (Argenta, Poznan, Poland) and resuspended to achieve
optical densities of OD600 = 0.5, OD600 = 0.1, and OD600 = 0.01. The larvae used in the experiment
were obtained from a self-maintained culture. Larvae weighing 300 + 30 mg were selected and placed
in groups of 10 (n = 10) on sterile Petri dishes. Each larva was injected with 10 puL of bacterial
suspension directly into the hemocoel using a Hamilton Bonaduz 100 pL microliter syringe. For the
negative control, larvae (n = 10) were injected with 10 uL of sterile PBS buffer. The experiment was
repeated at least three times. Larval survival was monitored over 120 hours at 37 °C post-injection,
with the number of live and dead larvae recorded. Larvae were considered dead when they appeared
darkened and unresponsive to touch. The data were analyzed statistically using GraphPad Prism
software with the Kaplan-Meier algorithm [68]. Survival curves were generated based on the results.

4.7. Statistical Methods

The influence of incubation temperature and host origin on biofilm formation was analyzed
using a two-way analysis of ariance (ANOVA) with interaction. Temperature and host origin were
included as fixe factor and absorbance A570 nm was used as the dependent variable. Post hoc
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pairwise comparsions were performer Rusing Tukey’s Honestly Significant Difference (HSD) test to
identify significant differences between group means. A p-value <0.05 was considered statistically
significant. Statistical analysis was performer Rusing Statistica 13 (TIBCO Softaware Inc).

The interactive plots included in the Supplementary Materials were generated Rusing Python
(v3.10) and Plotly (v5.x) libraries. The HTML files allow for dynamic exploration of the results.

Supplementary Materials: The following supporting information can be downloaded at the website of this

paper posted on Preprints.org.
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