
  

  Journal of the Hellenic Veterinary Medical Society

   Vol 74, No 1 (2023)

  

 

  

  Effect of sub-inhibitory concentrations of antibiotic
on the production and N-acetylglucosamine scale of
methicillin- resistant Staphylococcus aureus biofilm 

  N Moori Bakhtiari, M Ezzati Givi, S Goudarzi   

  doi: 10.12681/jhvms.29576 

 

  

  Copyright © 2023, naghmeh Moori Bakhtiari, Masoumeh Ezzati Givi,
Saina Goudarzi 

  

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0.

To cite this article:
  
Moori Bakhtiari, N., Ezzati Givi, M., & Goudarzi, S. (2023). Effect of sub-inhibitory concentrations of antibiotic on the
production and N-acetylglucosamine scale of methicillin- resistant Staphylococcus aureus biofilm. Journal of the Hellenic
Veterinary Medical Society, 74(1), 5363–5370. https://doi.org/10.12681/jhvms.29576 (Original work published April 11,
2023)

Powered by TCPDF (www.tcpdf.org)

https://epublishing.ekt.gr  |  e-Publisher: EKT  |  Downloaded at: 02/08/2025 16:47:34



Research article
Ερευνητικό άρθρο

ABSTRACT: The ability of Staphylococcus spp. to produce biofilm is one of the virulence factors that facilitate the 
adhesion and colonization on a different surface. In this study, the effects of sub minimum inhibitory concentration 
(sub-MIC) of some antibiotics were evaluated on induction of the biofilm producing ability and free N-acetylglu-
cosamine scale in 29 isolates of methicillin resistantstaphylococcus aureus. To this end, the antibiogram and biofilm 
producing functions of the studied isolates were assessed by Kirby-Bauer and tissue culture plate method, respectively. 
Vancomycin, trimethoprim-sulfamethoxazole and clindamycin were used in antibiogram. The free N-acetylglucos-
amine scale in the inducted biofilm after treatment with antibiotic was evaluated by thin layer chromatography (TLC) 
method.Based on the attained results, all the isolates were susceptible to vancomycin and were capable of producing 
biofilm in weak (40%), moderate (56.6%) and strong (3.33%) levels. Also, biofilm production was induced in 36.66% 
of isolates (11/30) from moderate to strong level by sub-MIC vancomycin. An invisible change in free N-acetylglucos-
amine scale was demonstrated in the exopolysaccharide (EPS)structure of the studied isolates biofilm.

By comparingof results and literature reviews, free N-acetylglucosamine scale in all studied strains was lower than 5µg 
in before and after inducted biofilm, or maynot exist. Certainly, for studying structural N-acetyl glucosamine scale, 
using more exact methods of extractionand measurement are needed.
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INTRODUCTION

Staphylococcus aureus is the etiological agent of 
septicemia and septic shock in 30% of central 

venous catheter cases (Bock et al., 1990).Methicillin 
Resistant Staphylococcus aureus (MRSA) infection,-
complicated by different ranges of antibiotic resis-
tance, could be a potential factor in biofilm formation 
on different surfaces (Arciola et al., 2006). Signifi-
cantly, in 60% of catheter-associated infections, bio-
film-producing bacteria were detected as the main 
agents (Cooper, 2011).Based on the studies, it is pos-
sible to reverse the biofilm structure to the planktonic 
state, leading to the release of the agent and the re-for-
mation of biofilms in different parts of the body(Boles 
and Horswill, 2012).

Superficial components in bacteria such as adhe-
sive matrix molecules of MRSA could act as an in-
termediator in its attachment to host molecules and 
subsequently, biofilm formation (Atshan et al, 2012).
Staphylococcus aureus is found in 30% of healthy 
humans who are carriers (Ma et al., 2012). In cows, 
Staphylococcus aureus is reported as an etiological 
agent in 40.5 % of contagious mastitis cases (Worki-
neh et al., 2002). This agent in the Australian dairy in-
dustry, known as the third largest rural industry, could 
be a serious cause of loss of value at wholesale ($12 
billion) and export ($2.9 billion), accounting for 9 % 
of the world dairy trade (Dairy Australia, 2011).

The initial signal in biofilm production is the inter-
action between superficial factors in bacteria, such as 
an extracellular adhesion protein, Poly-N-acetylglu-
cosamine (PNAG), autolysin, protein SasG,eDNA, 
fibronectin binding proteins and clumping factors, 
which are the microbial surface components recogniz-
ing adhesive matrix molecules (MSCRAMMs) (Mai-
ra-Laitren et al., 2004; Pozzi et al., 2012; Geoghegan 
et al., 2012; Mann et al., 2009;Szczuka et al., 2013).
Furthermore, there exist different reports and compre-
hensive studies concerning the role of PNAG or PIA 
(Polysaccharide intercellular adhesion) in Staphylo-
coccus aureus infections (Maira-Laitren et al., 2004; 
Arciola et al., 2012). Most of the clinical S. aureus 
isolates produce PNAG, with its role being unknown 
in in vivo infections, althoughit is associated with bio-
film producing ability (Takeda and Akira, 2003;Kro-
pec et al., 2005). However, there are some reports 
of in vitro settings based on biofilm production with 
PNAG-negative strains (Beenkeen et al., 2004).

A significant number of the human isolates of 
clinical S. aureus (70-80 %), express either CP5 or 

CP8;Despite this, they demonstrate varying distribu-
tion patterns in bovine mastitis strains (Fattom et al., 
1996; Han et al., 2000). Recently, it has been reported 
that in S. aureus with human origin, no relationship 
was detected between the capsular phenotype and 
persistent antibiotic resistance or biofilm formation 
due to different (weak, moderate, or strong) pro-
ducing abilities in many non-encapsulated S. aureus 
strains (Szczuka et al., 2013).

Several reports have been documented about 
the effects of sub-MICs of antibiotics and the nat-
urally-occurring materials in biofilm formation 
(Mortensen et al., 2011; Wozniak and Keyser, 2004).
Wozniak and Keyser (2004) reported the inhibitory 
effect of sub-MIC levels of clarithromycin on twitch-
ing motility of P. aeruginosa and a meaningful reduc-
tion in the matrix material of biofilm. Also, a decrease 
in the biomass of enteroaggregative Escherichia coli 
biofilm on a glass surface by sub-MICs of ciprofloxa-
cin was detected by Mortensen et al.(Mortensen et al., 
2011). Kaplan reported that the conformational struc-
ture of biofilm in the wild type (mushroom like) and 
the DpilHIJK mutants type (irregular and protruding 
structures) of treated P. aeruginosa with 1/4 MIC of 
Ceftazidime is different (Kaplan et al., 2011). In spite 
of numerous studies concerning the inability of sub-
MIC dose in killing bacteria, their biofilm inhibitory 
effects have been confirmed (Otani et al., 2018). In a 
research conducted by Tezela et al., the maximum in-
hibitory effects on Salmonella infantis strain occurred 
in the presence of gentamycin sub-MIC, spectinomy-
cin sub-MIC, nalidixic acid and neomycin, although 
tetracycline induced the production of biofilm (p 
< 0.05) (Uymaz Tezel et al., 2016). Based on these 
reports, we investigated the effects of sub-MIC of 
vancomycin on MRSA biofilms and the alteration of 
PNAG scale in the structure of the induced biofilm. 

MATERIALS AND METHODS

Bacterial collection
A total of twenty-nine MRSA strains isolated from 

human urine samples were used in the present study. 
All samples were collected from patients with UTI 
and were identified via different biochemical tests 
(e.g., gram stain, catalase, oxidase, hemolysis, manni-
tol fermentation) (Quinn et al., 2012). The methicillin 
resistance specification of isolates and the investiga-
tion of mecA gene were specified and confirmed by 
Kirby-Bauer method by PCR, respectively (Sam-
brook and Russell, 2001). The presence and activity 
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of biofilm were assessed by the colorimetric method 
involving crystal violet (Moori-Bakhtiari et al., 2017). 
In all steps of the study, S. aureus ATCC 25923 was 
used as the positive control strain.

Antibiotic susceptibility test
Antibacterial susceptibility of isolates was deter-

mined according to Kirby-Bauer method. Briefly, 0.5 
McFarland turbidity of each isolate was prepared in 
brain-heart infusion broth via incubation at 37 ⁰C for 
2-3h. Then, the isolates were incubated with vancomy-
cin (30µg), clindamycin (2µg) and trimethoprim-sul-
famethoxazole (1.25- 23.75µg) standard discs for 24 
h. The antibiotic with the most susceptibility was se-
lected based on the inhibitory zone diameter and its 
comparison with the standard table. 

MIC Determination of selected antibiotic
First,serial dilution with ½ ratio of selected antibi-

otic was prepared in a final volume of 0.5 ml. Then, 
0.5ml of bacterial suspension (1 McFarland turbidity) 
was added to each tube. A TSB medium containing 
1% glucose was used as the essential medium for an-
tibiotic and bacterial suspension. The maximum con-
centration of antibiotic was equalto the coated antibi-
otic used in the standard disc. After 24h incubation at 
37 ⁰C, the antibiotic concentration of the last micro 
tube without bacterial growth was considered as the 
minimum inhibitory concentration (MIC).

Biofilm formation assay
The biofilm producing ability of the isolates was 

evaluated in the presence of sub-MIC of the selected 
antibiotic via two methods: 1) Incubation of bacteria 
with antibiotic before the biofilm producing stage for 
24 h and 2) Incubation of bacteria in the presence of 
antibiotic during biofilm producing stage (Stepanović 
et al., 2000;Stepanović et al., 2007).Resistance to an-
tibiotics could remain for 3-4 weeks after planktonic 
subcultures.

Evaluation of free N-acetylglucosamine in sub-
MIC induced biofilm

Two isolates with a strong biofilm producing abil-
ity after antibiotic induction together with 2 negative 
isolates were selected and cultured in a lot (1200 ml) 
for biofilm production and Poly-N-acetyl glucosamine 
extraction. For extraction and purification of bio-
film-associated EPS exopolysaccharides, the protocol 
designed by M. Bales et al. (2013) was used (Bales et 
al., 2013). In this method, after precipitation of proteins 

and nucleic acid by TCA in the primary solution, eth-
anol 95% was added to the supernatant for separating 
exopolysaccharide from lipids. After centrifugation, 
the exopolysaccharide pellet was suspended in Milli-Q 
water and dialyzed by means of 12kDa MWCO mem-
brane. Finally, the collected solution was lyophilized. 
In every stage, the specific temperature and condition 
were considered based on the reference.

Detection of N-acetylglucosamine in EPSs by TLC 
with two visualization methods 

Serial dilution (20/40/60/100%) of the prepared 
samples was applied on a silica gel 60 F254 aluminium 
sheet (Merck, Germany) and two different methods 
were used for preparing TLC: 1) the mobile phase 
consists of isopropanol: ethanol: H2O 5:2:1 (v/v) and 
products which were detected by spraying 10% sul-
phuric acid in ethanol on the TLC plate followed by 
heating at 180°C for 3 min. The standard mixture of 
NAG (5-50 µg) was also run alongside it. 

2) Chromatograph mobile phase comprises n-pro-
panol/ water (7/1.5 v/v) andthe plates which were 
sprayed with silver nitrate solution and dried. A silver 
nitrate solution was prepared by adding 3 gr of silver 
nitrate in 12 ml of water to 500 ml of acetone and 
then, the spots were visualized with a 0.5 N ethanolic 
(95%) sodium hydroxide solution (50 ml of 10 N so-
dium hydroxide in 450 ml of absolute ethyl alcohol) 
(Gal, 1968; Itoh et al., 2005).

RESULTS

Biofilm producing ability
Biofilm formation was evaluated in TSB supple-

mented with or without glucose (1%) at 37 ⁰C for 24h. 
Based on the medium type, the isolates manifested 
different biofilm producing potentials. In TSB+glu-
cose1%, 12 isolates (40 %) were detected as weak and 
17 isolates (60 %) had moderate biofilm producing 
ability. Standard strain had a strong ability to produce 
the biofilm. In TSB without 1% glucose, 27 isolates 
(86.66 %) were detected as weak producers and 2 iso-
lates (6.66%) were non-producers, with only 1 isolate 
(3.33%) having a moderate biofilm producing ability. 
Standard strain was detected to have a moderate pro-
ducing ability. Having calculated the numerical dif-
ference between the positive and negative control op-
tical densities in each method, the highest difference 
appeared in TSB+ glucose 1% method; therefore, this 
medium was selected as the most suitable for biofilm 
formation (Table 1).
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Antibiotic susceptibility test
By Kirby-Bauer method, susceptibility to clinda-

mycin, trimethoprim-sulfamethoxazole (PadTanTeb) 
and vancomycin (PadTanTeb) was demonstrated in 
55.17%, 75.86% and 100% of isolates, respectively. 
Therefore, vancomycin was selected for studying bio-
film induction (Table 2).

Determining Minimum inhibitory concentration
All the isolates were evaluated by macro dilution 

method in the final volume of 1ml; meanwhile, the 
concentration spectrum of vancomycin ranged from 
30 to 0.015 µg. In 17 (56.67%) isolates, MIC was 
calculated to be 15 µg while vancomycin accounted 
for7.5 µg in 13 (43.33%) isolates.

Biofilm induction by Sub- inhibitory concentra-
tion of vancomycin 

Biofilm formation was evaluated in this study un-
der the designated condition; that is, the use of TSB+ 

Table 1. Comparison of biofilm producing ability results of MRSA isolates based on different medium

Biofilm producing ability Medium
TSB+1% glucose (positive/total) TSB (positive/total)

Non producer
Weak producer
Moderate producer
Strong producer

0/30
12/30
17/30
1/30

2/30
27/30
1/30
0/30

Table 2. Results of antibiotic susceptibility test by studied antibiotics

Antibiotic (µg) Standard susceptibility range of 
inhibitory zone(mm) Isolates number Susceptibility 

percentage(%)
Clindamycin (2) >21 17 55.17
Trimethoprim-sulfamethoxazole 
(1.25-23.75) >16 23 75.86

Vancomycin (30) >16 30 100

Table 3. Results of biofilm production after treatment with sub-MIC of vancomycin
Isolate 
number MIC(µg) Inducible dose of 

vancomycin Isolate number MIC(µg) Inducible dose of 
vancomycin

2 15 ⅟2 MIC 19 15 ⅟4 MIC
3 7.5 ⅟8 MIC 21 15 ⅟4 MIC
5 15 ⅟32 MIC 22 15 ⅟2 MIC
7 15 ⅟2 MIC 23 7.5 ⅟16 MIC

12 15 ⅟2 MIC 27 7.5 ⅟4 MIC
18 7.5 ⅟4 MIC Positive control 15 Strong level

Figure 1. TLC results with two visualization methods for GlcNAC; left figure silver nitrate and Right figure: 10% sulphuric acid.
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glucose 1% with 24 h incubation of bacteria in anti-
biotic prior to biofilm production. This method was 
more suitable compared to the simultaneous incuba-
tion of bacteria with antibiotic in biofilm formation 
process due to limited dispersion of results. Based on 
the results, an increase in biofilm producing ability 
was detected in 36.66% of isolates from moderate to 
strong level (11/30). The alterations in biofilm pro-
duction were as follows: (36.36%) in ½ MIC (7.5 µg) 
and less in four isolates, (36.36%) in ¼ MIC (3.75 
µg) and less in 4 isolates, (9.09%) in 1/8 MIC (1.87 
µg) and less in 1 isolate, (9.09%) in 1/16 MIC (0.93 
µg) and less in1 isolate, and (9.09%) in 1/32 MIC 
(0.01 µg) and less in1 isolate (Table 3).Meanwhile, 
no change was detected in biofilm producing ability 
of weak producer isolates.

TLC analysis of GlcNAC
TLC analysis revealed no observational level of 

GlcNAC monomers in the prepared EPS extracted 
samples at all tested concentrations (20/40/60/100%). 
In fact, amounts equal to or less than 5 µg of N-acetyl-
glucosamine are not detectable by the TLC method.

DISCUSSION
Biofilms can protect bacterial cells from physical 

and chemical attacks and trap nutrients and water at 
the same time, which allows microorganisms to sur-
vive in harsh environments (Costerton, 1999). Com-
parative and genetic changes of cells in biofilm make 
them highly resistant to routine therapeutic doses of 
antimicrobial drugs which is also effective against 
responses of the host immune cell (Ryder, 2005). 
According to the literature, transfer of antibiotic re-
sistance genes is accelerated in such structures. Also, 
this structure could be considered as one of the main 
causes of chronic infections induced by bacterial such 
as S. aureus in both human and veterinary medicine 
(Gad et al., 2009).

Staphylococcus aureus, among various species of 
Staphylococcus, has the highest capability due to its 
wide range of toxic secretions, cell surface factors, 
immune system escape mechanisms, and toxin pro-
duction (Sakai et al., 2004). 

In Hemamalini et al.’s (2015) study, Staphylococ-
cus aureus infection was detected in 66.7% ofhuman 
septic injuries, and resistance to methicillin was re-
ported in 35% of them (Hemamalini et al., 2015). In 
Libya, presence of Staphylococcus aureuswas con-
firmed in 4.32% (6/139) of various food samples, all 

of which were reported to be resistant to clindamycin 
and cefotaxime, and only one isolate was methicil-
lin-resistant (Naas et al., 2019). In Adis-Ababa (Ethi-
opia), 133 MRSA isolates were identified in 768 car-
casses in slaughterhouses, butcheries, and equipment 
of these stores (Adugna et al., 2018). In the present 
study twenty-nine MRSA strains were isolated from 
150 human urine samples and their susceptibility to 
vancomycin, trimethoprim-sulfamethoxazole and 
clindamycin was detected in 100%, 75% and 55% of 
isolates, respectively.Biofilm production with different 
levels was reported in another species of Staphylococ-
cus. For example, Águila-Arcos et al. (2017), reported 
that, Staphylococcus epidermidis had a higher ability 
to produce biofilms compared to 25 biofilm-producing 
Staphylococcus aureus which were isolated from med-
ical implants (Águila-Arcos et al., 2017).

The relation of biofilm production, antibiotic re-
sistance pattern, and some adhesion factors in MRSA 
originating from different samples were studied in 
several research works (Stepanović et al., 2000). In 
another study, Biofilm formation was induced by 
MIC dose of tobramycin in Pasteurella aerogenes 
(Sohail and Latif, 2018). Kaplan et al. (2011) reported 
that the inhibitory concentrations of methicillin in all 
three studied strains of Staphylococcus aureus were 
associated with increased biofilm formation.

In gram-positive and gram-negative bacteria, 
treatment with sub-inhibitory concentrations (sub-
MIC) of antibiotics can stimulate the production of 
extracellular polysaccharides. By exposing Actinoba-
cillus pleuropneumoniae to Sub-MIC of penicillin G, 
biofilm formation was reported in 9 isolates. Penicil-
lin G was associated with increased expression of the 
pgaA gene, the protein-encoding gene participating in 
the structure of N-acetyl glucosamine.

Haddadin et al. (2005), after exposing Staphylo-
coccus aureus to different concentrations of ciproflox-
acin, was unable to detect any inhibitory or stimulat-
ing effect on biofilm production. But Roxithromycin 
with 45% of MIC and cephalexin with 40% of MIC, 
induced weak biofilm producing ability, which can be 
due to inhibition of the production of proteins partici-
pating in the biofilm structure (Haddadin et al., 2010).

In the Majidpour et al. study (2017), vancomycin 
and azithromycin had the highest inducing effect on 
biofilm formation of 5 studied strains of Staphylococ-
cus aureus (Majidpour et al., 2017). Also, Mirani and 
Jamil (2011) showed that inhibitory concentrations 
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of vancomycin and oxacillin increased biofilm for-
mation in Staphylococcus aureus on nylon and sili-
con surfaces (Mirani and Jamil, 2011). In the present 
study, the results also indicated the positive effect of 
vancomycin sub-MIC doses on biofilm production of 
studied Staphylococcus aureus strains.

Hsu et al. (2015) stated that in addition to improp-
er antibiotic treatment, increasing glucose concentra-
tion in diabetic animals may facilitate the formation 
of vancomycin-resistant Staphylococcus aureus bio-
film. In contrast, in the absence of glucose, vanco-
mycin reduced the desire to form biofilms in vitro by 
increasing the production of proteases and DNases in 
vancomycin-resistant Staphylococcus aureus (Hsu et 
al., 2015).Cargill and Upton (2009), reported different 
responses to inhibitory concentrations of vancomycin 
in different strains of Staphylococcus epidermidis. 
In addition, responses ranged from a gradual reduc-
tion of density by increasing antibiotic concentration, 
through a stable state reaction, to increasing biofilm 
density in the presence of vancomycin. This increased 
biofilm density was repeatable and only occurred in 
newly formed biofilms (Cargill and  Upton, 2009).

It is necessary to have a clear understanding of the 
pathogenesis of Staphylococcus spp. biofilm in order 
to evaluate therapeutic strategies. Significant progress 
has been made in this area in recent years, leading 
to a clearer understanding of the stages related to the 
development of Staphylococcal biofilm. The role of 
different factors in biofilm formation, especially in 
the initial contact of bacteria to the surface, which is 
a key factor in the continuation of the formation of 
this structure, has been identified by various studies;-
for example, Bap in Staphylococcus aureus strains 
caused mastitis in cattle (Tormo et al., 2007).More-
over, regarding the Poly n-acetyl glucosamine, which 
has an established role in the pathogenesis and biofilm 
production in Staphylococcus aureus,has been report-
edto be absent in strains having the ability to produce 
biofilms (Beenkeen et al., 2004).It is not clear wheth-
er the presence of Poly N-acetylglucosamine causes 
infection or not, but the presence of this compound 
in most strains isolated from clinical cases can be 
considered as a sign of its importance (Kropecet al., 
2005). This polysaccharide has a disordered structure 
and protects the bacterial cells against the host im-
mune system (Takeda and Akira, 2003).

As mentioned earlier, the exopolysaccharide 
PNAG is a major matrix component in the biofilms of 
many gram-positive and -negative bacterial species. 

It consists of a chain of GlcNAc units, produced by a 
membrane associated enzyme complex and secreted 
into the extracellular space (Roux et al., 2015). The 
PNAG of exopolysaccharide has a key role in biofilm 
that has made it one of the main subjects in biofilm 
research. Labeling the GlcNAc monomer by chemi-
cal methods is complicated by its presence in many 
bacterial surface structures, and there have been no 
reports of metabolic incorporation of unnatural sugars 
into PNAG. Also, enzymatic removal of PNAG leads 
to near total disruption of PNAG-dependent biofilms. 
Therefore, different PNAG enzymatic digestion and 
chromatography methods have been described previ-
ously (Itohet al., 2005; Gökçen et al., 2013).

TLC methods have been used to separate low mo-
lecular weight of oligosaccharides and in the present 
study, TLC evaluation of exopolysaccharides extract-
ed from bacterial biofilms, before and after exposure 
with sub-MIC concentration of vancomycin, revealed 
no observational level of GlcNAC residues at the 
tested concentration, which can be representative of 
substrates being out of detection range. Studies on 
pathogen bacteria such as Staphylococcus epider-
midis showed that in normal conditions, the amount 
of PNAG in antibiotic induced exopolysaccharide 
production was only 3.5% mole, and in the case of 
non-exposure to antibiotics, its level is expected to be 
lower. Although we should remember that the dilute 
solution of EPS which has been used in research is not 
representative of biofilm environments, and PNAG is 
not distributed homogenously on the cells but con-
centrates in discrete areas which can be lost in dif-
ferent stages of preparation methods (Eddendenet al., 
2020). Thereby, in these times, a highly sensitive and 
selective HPLC-MS-MS or GS/Ms as precise meth-
ods are required for quantitative evaluation. On the 
other hand, as mentioned earlier, in some strains of 
Staphylococcus aureus PNAG has not been observed 
in biofilm structure. Hence, it can be argued that, in 
studied strains in the present research, there was no 
such combinationfrom the beginning. Future studies 
are needed to extend our knowledge. 
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