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Abstract 
 
Povidone iodine (PVP-I) is a valuable, widespread antiseptic that could trigger bacterial cross-resistance to antibiotics 
when used at sub-lethal concentrations, although no acquired bacterial cross-resistance has been reported for PVP-I. 
In this study are assessed the changes in the antimicrobial susceptibility profile of Staphylococcus aureus and 
Staphylococcus epidermidis strains after five exposures to 0.3125 % PVP-I. For all Staphylococcus epidermidis tested 
strains the mean of the minimum inhibitory concentrations (MICs) and of the minimum bactericidal concentrations 
(MBCs) significantly decreased after repeated exposures to sub-lethal concentrations of PVP-I compared to the initial 
values. There was no significant change from baseline in mean results of the disk diffusion test of any antibiotic for the 
tests performed on the analysed strain. 
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INTRODUCTION  
 
Povidone iodine (PVP-I) is a valuable, widely 
used antiseptic in the healthcare industry.  
Iodine compounds have immediate 
antimicrobial activity over a wide range of 
viruses, spores, bacteria, fungi and protozoa 
(Paulson, 1999). The antimicrobial effect of 
PVP-I is driven by cell wall penetration and 
binding capabilities with amino acids and 
unsaturated fatty acids leading to cell membrane 
disruption.  
An extensive use of biocides at sub-lethal 
concentrations could trigger bacterial cross-
resistance to antibiotics (Molina-González, 
2014; Dopcea et al., 2019), thus still no acquired 
bacterial cross-resistance has been reported for 
PVP-I (Dopcea & Matei, 2018). 
Microorganisms of the genus Staphylococcus 
are one of the most numerous bacteria found on 
the human skin and they are an important source 
of healthcare-associated skin infections 
(Merezeanu, 2016). 
In this study we aimed to assess the changes in 
the antimicrobial susceptibility profile of 

Staphylococcus aureus and Staphylococcus 
epidermidis when exposed to PVP-I. 
 
MATERIALS AND METHODS 
 
Four strains from ATCC were used: 
Staphylococcus epidermidis ATCC 12228 
(MSSE), Staphylococcus epidermidis ATCC 
51625 (MRSE), Staphylococcus aureus ATCC 
43300 (MRSA) and Staphylococcus aureus 
ATCC 25923 (MSSA). 
Minimum inhibitory concentration (MIC) and 
minimum bactericidal concentration (MBC) of 
PVP-I (Alfa Aesar) for each tested strain were 
determined before and after exposure using a 
modified broth macrodilution method (CLSI, 
2012, NCCLS 1999). Briefly, PVP-I was diluted 
into concentrations between 10% and 0.0195%. 
The inoculum suspension for each strain was 
adjusted to 1 x 106 CFU/ml and      10 µl of 
inoculum was added into the test tubes 
containing 2 ml of PVP-I diluted at different 
concentrations in Mueller-Hinton broth (MHB) 
(Tulip Diagnostics (P) Ltd.), also two control 
test tubes, a positive control tube containing 
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only PVP-I and a negative control tube 
containing only MHB, were inoculated. All the 
tubes were then incubated at 30°C for 24 h. The 
MIC was defined as the lowest concentration of 
PVP-I that completely inhibits growth of the 
tested strain in the tubes. For determination of 
MBC, 0.5 ml aliquots were plated on tryptic soy 
agar containing lecithin and polysorbate 80 
(TSA+N) (Scharlau, Spain) from all tubes 
having no visible growth, followed by 
incubation at 37°C for 24 h. MBC was defined 
as the lowest PVP-I concentration correspon-
ding to the TSA+N plate with no bacterial 
growth observed after incubation. 
Antimicrobial susceptibility was determined for 
all strains before and after PVP-I exposure using 
the disk diffusion test (CLSI, 2006). The 
following antibiotics were used: penicillin (10 
µg), gentamicin (10 µg), tetracycline (5 µg), 
ofloxacin (5 µg) and doxycycline (30 µg) (all 
from Becton Dickinson). 
Five exposures variants of the strains to 
0.3125% PVP-I were performed. Inoculum was 
produced from overnight culture and adjusted to 
1 x 106 CFU/ml. Each exposure consisted of 1 
ml Mueller Hinton Broth (MHB) (Accumix - 
Tulip Diagnostics), 1 ml PVP-I and 0.1 ml 
inoculum. The samples were kept for 24 h at 
30oC. All procedures were repeated two times 
for a total of three replicates. 
Paired sample t test was used to compare MICs, 
MBCs, and the sizes of antibiotic zones of 
inhibition before and after exposure to PVP-I. 
 
RESULTS AND DISCUSSIONS 
 
The mean MICs and MBCs results are 
summarized in Table 1 and Table 2, 
respectively. Following all five exposure 
variants to PVP-I, the mean MICs and MBCs 
had the same values as before exposure for both 
Staphylococcus aureus strains, but for both 
Staphylococcus epidermidis strains a significant 
reduction in MICs and MBCs of PVP-I after 
exposure was recorded.  
 

Table 1. Mean MICs results for all strains 

 Baseline After exposure to 
PVP-I 

MSSE 0.3125% 0.1563%* 
MRSE 0.3125% 0.1563%* 
MRSA 0.3125% 0.3125% 
MSSA 0.3125% 0.3125% 

* Significantly different from baseline if p≤0.05 

Table 2. Mean MBCs results for all strains 

 Baseline After exposure to 
PVP-I 

MSSE 0.6250% 0.3125%* 
MRSE 0.6250% 0.3125%* 
MRSA 0.6250% 0.6250% 
MSSA 0.6250% 0.6250% 

* Significantly different from baseline if p≤0.05 
 

The disk diffusion method results are 
summarized in Table 3 and their evolution 
between baseline and after PVP-I exposure for 
all tested strains are shown in Figure 1 for 
penicillin, Figure 2 for gentamicin, Figure 3 for 
tetracycline, Figure 4 for ofloxacin and Figure 5 
for doxycycline. 
 

 
Figure 1. Disk diffusion method results on penicillin 

for all strains before and after exposure to PVP-I 
 

 
Figure 2. Disk diffusion method results on gentamicin 

for all strains before and after exposure to PVP-I 
 

 
Figure 3. Disk diffusion method results on tetracycline 

for all strains before and after exposure to PVP-I 
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Figure 4. Disk diffusion method results on ofloxacin 

for all strains before and after exposure to PVP-I 
 

 
Figure 5. Disk diffusion method results on doxycycline 

for all strains before and after exposure to PVP-I 
 
After the exposure to PVP-I a decrease in mean 
results of the disk diffusion tests compared to 
baseline ranging between 0.3 mm and 4.5 mm 
was shown. This decrease was observed on both 
S. aureus strains (MRSA and MSSA) for 
tetracycline, ofloxacin and doxycycline, and 
moreover for penicillin only on MSSA, also on 
S. epidermidis MRSE strain for penicillin, 
gentamicin, ofloxacin and doxycycline, 
however S. epidermidis MSSE strain showed a 
decrease only for penicillin. 
There is no significant change from baseline in 
mean results of the disk diffusion test of any 
antibiotic for any strain (Table 3). For all four 
strains there was no clinical change in 
antimicrobial susceptibility to any of the 
antibiotics tested following exposure to PVP-I 
(Table 3). Dopcea et al. (2019) reported no 
clinical change in antimicrobial susceptibility to 
any of the antibiotics tested following exposure 
of the same strains to octenidine 
dihydrochloride, but when these strains were 
exposed to chlorhexidine digluconate a 
clinically decreased susceptibility was observed 
to penicillin and tetracycline for MSSA and 
gentamicin for MRSA.  

 

Table 3. Disk diffusion method results for all strains 
before and after exposure to PVP-I 

 
Penicillin  

[Mean diameter (mm) ± SD] 
 Baseline After exposure to PVP-I 

MSSE 18.33 ± 0.15  R 16.67 ± 0.25 R 
MRSE 14.00 ± 0.10  R 13.00 ± 0.28 R 
MRSA 11.00 ± 0.00 R 11.50 ± 0.07 R 
MSSA 34.00 ± 0.26 S 30.50 ± 0.21 S 

 

Gentamicin  
[Mean diameter (mm) ± SD] 

 Baseline After exposure to PVP-I 
MSSE 28.00 ± 0.20 S 28.33 ± 0.23 S 
MRSE 25.33 ± 0.25 S 22.00 ± 0.71 S 
MRSA 0.00 ± 0.00 R 0.00 ± 0.00 R 
MSSA 21.00 ± 0.17 S 21.00 ± 0.00 S 

 

Tetracycline  
[Mean diameter (mm) ± SD] 

 Baseline After exposure to PVP-I 
MSSE 0.00 ± 0.00 R 0.00 ± 0.00 R 
MRSE 16.67 ± 0.15 I 17.50 ± 0.07 I 
MRSA 21.33 ± 0.15 S 21.00 ± 0.14 S 
MSSA 21.00 ± 0.10 S 20.00 ± 0.14 S 

 

Ofloxacin  
[Mean diameter (mm) ± SD] 

 Baseline After exposure to PVP-I 
MSSE 25.67 ± 0.15 S 26.00 ± 0.10 S 
MRSE 26.00 ± 0.20 S 21.50 ± 0.35 S 
MRSA 24.00 ± 0.10 S 23.50 ± 0.21 S 
MSSA 24.33 ± 0.06 S 23.00 ± 0.00 S 

 

Doxycycline  
[Mean diameter (mm) ± SD] 

 Baseline After exposure to PVP-I 
MSSE 11.33 ± 0.06 R 11.67 ± 0.12 R 
MRSE 24.33 ± 0.12 S 21.00 ± 0.28 S 
MRSA 28.33 ± 0.15 S 26.50 ± 0.21 S 
MSSA 28.00 ± 0.17 S 26.00 ± 0.00 S 

     

SSusceptible  
IIntermediate 
RResistant 
*Significantly different from baseline if p≤0.05 

 

The usage of PVP-I as an antiseptic, even at sub-
lethal concentration, does not lead to significant 
variations in antimicrobial susceptibility profile 
of the strains used in this study. 
Although Staphylococcus aureus strains, and 
Staphylococcus epidermidis strains did not 
showed increased MIC and MBC values to 
PVP-I following exposure and no resistance to 
these strains was demonstrated, still PVP-I 
should be tested for resistance against other 
isolated strains from healthcare facilities. 
Among other antiseptics PVP-I remains one of 
the best options for human skin disinfection in 
the healthcare facilities, due to its' effectiveness, 
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safety for use in humans and lack of induced 
resistance. 
 
CONCLUSIONS 
 
Both S. epidermidis strains became more 
susceptible to PVP-I following exposure to 
PVP-I.  
There was no clinical change in antimicrobial 
susceptibility profile of any strain used in our 
study following exposure. 
In the conditions of this study the antimicrobial 
susceptibility profile of all tested strains to 
penicillin, gentamicin, tetracycline, ofloxacin 
and doxycycline suffered variations, either to 
increase the susceptibility or to decrease the 
susceptibility, which were not statistically 
significant, compared to the initial values before 
PVP-I exposure. 
Staphylococcal exposure to PVP-I, under the 
conditions of this study, did not change 
significantly the antimicrobial susceptibility 
profile. 
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