
© 2021 The Authors. Romanian Journal of Diabetes, Nutrition and Metabolic Diseases published by Sanatatea Press 
Group on behalf of the Romanian Society of Diabetes Nutrition and Metabolic Diseases. This is an open access article 
under the terms of the Creative Commons Attribution License (CC-BY-NC-ND 3.0).

Original Research

Rom J Diabetes Nutr Metab Dis
2021; volume 28, issue 1, pages 11-17

https://doi.org/10.46389/rjd-2021-1003
www.rjdnmd.org

Alternative antibacterial therapy of Methicillin-resistant 
Staphylococcus aureusin patients with diabetic foot and sepsis
Igor Leonidovich Savon1*, Sergiy Dmytrovich Shapoval1, Olga Olegivna Maksymova1, Michael 
Mykhailovich Sofilkanych1, Michael Ivanovich Sheremet2, Oleksandr Viktorovich Shidlovskyi3, 
Oleksandr Volodimirovich Lazaruk4

1  �Department of outpatient purulent septic surgery and ultrasonic diagnostics, State Institution «Zaporizhia 
Medical Academy of Postgraduate Education of Ukrainian Ministry of Health», Zaporizhia, Ukraine

2  �Surgery Department №1, Bukovinian State Medical University, Ukraine
3  �Surgery Department, I. Horbachevsky State Medical University, Ukraine
4  �Department of Pathology (Pathology and Forensic Medicine), Bukovinian State Medical University, Ukraine

*Correspondence to: Igor Leonidovich Savon, Department of outpatient, purulent septic surgery and ultrasound diagnostics, State 
Institution «Zaporizhia Medical Academy of Post-Graduate Education Ministry of Health of Ukraine ». 69096, Zaporizhia city, Vintera 
boulevard 20. E-mail: zmapo323@gmail.com, Phone: + 380984013804.

Received: 19 December 2020 / Accepted: 1 March 2021

Abstract
A total of 210 patients with diabetic foot and sepsis who were treated in the purulent-septic center of Zaporizhzhya, Ukraine, were 
examined for the period of 2007–2020. All patients had type II diabetes mellitus, with a duration of 12.6 ± 2.7 years and an age 
of 56.8 ± 2.5 years. The diagnosis of sepsis is established according to the criteria of Sepsis-3 (2016). The complex of therapeutic 
measures included the mandatory use of antibacterial drugs, which was preceded by a microbiological study of biological mate-
rial (blood and wound discharge). Gram-positive flora was detected in 118 (56.2%) patients and prevailed over gram-negative 81 
(38.6%), anaerobes were detected in six (2, 8%) patients, and fungal flora in five (2.4%). Among patients diagnosed with Staph-
ylococcus aureus 52 (100%), Methicillin-resistant Staphylococcus aureus (MRSA) prevailed with 38 (73.0%) (p < 0.05). We have 
identified a pattern that allowed us to categorize patients with MRSA into four groups according to similar sensitivity to anti-
bacterial drugs, which received the conventional designations MRSA type 1; MRSA type 2; MRSA type 3; MRSA type 4. Moreover, 
MRSA type 4–3 (7, 9%) of the patient is pan-resistant. The most universal drugs in the presence of MRSA in patients with sepsis 
caused by complicated DFS are daptomycin, linezolid, teicoplanin, vancomycin, and tigecycline. In patients with MRSA type 1 and 
MRSA type 2, except standard anti - MRSA antibiotics, aminoglycosides, fluoroquinolones and macrolides can be effectively used 
as first-line drugs.
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Introduction

Sepsis remains one of the most urgent 
and complex medical and social problems due 
to the stable increase in the number of patients 
and high mortality. Every year, the incidence 
of sepsis in the world increases by 8–13%, which 
requires huge material costs for the treatment of 
patients of this category [1–3].

It is known that the mortality rate of 
patients with sepsis depends on the age of the 
patients, the type of pathogen, the condition of 
the focus of infection, concomitant pathology, 
and directed antibiotic therapy (ABT) [4–7].

The existing basic recommendations of 
the European Concept for the Treatment of Sep-
sis (Surviving Sepsis Campaign) clearly state that 
ABT is the most important component of the 
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Materials and Methods

A total of 210 patients with sepsis, the 
cause of which was complicated diabetic foot 
syndrome (DFS) were examined. Patients were 
treated in the purulent-septic city center of 
Zaporizhia, for the period of 2007–2020. All 
patients had type 2 diabetes mellitus (T2DM), the 
average duration of which was 12.6 ± 2.7 years. 
The average age of the patients was 56.8 ± 2.5 
years.

The diagnosis of sepsis is made accord-
ing to the criteria set out in the International 
Guidelines for the treatment of sepsis and sep-
tic shock -Sepsis-3 (2016), using the Quick SOFA 
scale. Thus, after the diagnosis of sepsis was 
determined, the patients were transferred to the 
high-risk group and continued treatment in the 
intensive care unit.

The reason for the development of sep-
sis was a purulent-necrotic lesion of the foot – 
an abscess, phlegmon, purulent tendovaginitis, 
purulent arthritis, gangrene.

According to the classification of the 
International Working Group on Diabetic Foot 
Problems (1991), patients were divided into clin-
ical forms – 86 patients with a neuropathic form 
of DFS and 124 – with a mixed one. According 
to the WIFI classification (2014), patients had a 
characteristic of 2(3)0(1)3. The local reaction was 
characterized by signs of inflammation: purulent 
discharge, redness of the skin, pain, swelling, 
local hyperthermia, lymphangitis. Fascia, mus-
cles, tendons, and bones of the foot were involved 
in the pathological process.

Perfusion of the lower extremities was 
characterized by moderate impairment of the 
main and microcirculatory blood flow, the 
ankle-brachial index (ABI) was recorded in the 
range of 0.6–0.9. The indicator of the transcuta-
neous oxygen tension at the foot (TcPO2) was ≥60 
mm Hg. Art. All patients had diabetic neuropathy 
of varying severity.

All patients were operated on, and the com-
plex of therapeutic measures included the manda-
tory use of antibacterial drugs, which was preceded 
by a microbiological study of biological material 
(blood and wound discharge). The qualitative 
composition of the flora and the sensitivity of the 

comprehensive treatment of sepsis. In recent 
years, strong evidences have been obtained that 
timely administration of ABT leads to a decrease 
in mortality and complication rates (evidence 
category C) [8–11].

Among the problems associated with 
ABT, the most significant is the development 
of resistance to β-lactams in Staphylococcus 
aureus (S. aureus) and other representatives of 
gram-positive microflora [12, 13].

The frequent clinical inefficiency of ABT 
is due to the presence of Methicillin-resistant 
Staphylococcus aureus (MRSA), which leads to 
a worsening of the course of the disease and the 
development of complications [14–16].

S. aureus is an important human patho-
gen responsible for infectious diseases in the 
population as well as in healthcare facilities. The 
adaptive ability of S. aureus to antibiotics led in 
the early 1960s to the appearance of methicil-
lin-resistant Staphylococcus aureus (MRSA). The 
cause of resistance to methicillin and all other 
beta-lactam antibiotics is themecAgene, which is 
located in the mobile genetic element, the staph-
ylococcal cassette chromosome mec (SCCmec) 
(mobile genetic element, the staphylococcal cas-
sette chromosome mec (SCCmec)) [17–19].

Studies comparing active screening for 
identification of MRSA carriers upon admission 
to the hospital (using the rapid molecular test 
or standard blood culture method) or the lack 
of screening have shown that the diagnosis of 
MRSA followed by eradication is a major factor in 
increasing patient survival by sepsis [20–22].

S. aureus can easily become antibiotic 
resistant, and MRSA is multidrug resistant. 
MRSA is a serious problem, as it leads to an 
increase in mortality, despite the use of expen-
sive antibiotics as a last resource [23–26].

The resistance to vancomycin, the 
main traditional anti-MRSA antibiotic, is rare, 
although isolates with reduced sensitivity are 
found in many regions. Linezolid and daptomy-
cin remain largely active against the vast major-
ity of MSSA and MRSA [27].

Since S. aureus is constantly evolving, it is 
important to monitor the epidemiology of its vari-
ous strains, since information at the regional level 
will help in forming a global perspective [28–30].



Rom J Diabetes Nutr Metab Dis. 2021; volume 28, issue 1

© 2021 The Authors 13Romanian Journal of Diabetes, Nutrition and Metabolic Diseases  ::  www.rjdnmd.org

studied standardly: β-lactams, aminoglycosides, 
fluoroquinolones, macrolides, lincosamides, 
lipopeptides, oxazolidinones, glycopeptides, sul-
fanilamide’s, tetracyclines, rifampicin (table).

Among the patients with MSSA 14 
(100%), 13 (92.8%) of them had predicted resis-
tance to ceftazidime. Resistance to cephalospo-
rins of the 1st and 2nd generation was revealed 
in 6 (42.8%) patients, to natural and semi-syn-
thetic penicillin’s – in 12 (85.7%) patients. To 
protected penicillin’s, 3rd and 4th generation 
cephalosporins, carbapenems – no resistance 
was detected. The phenotype of resistance to 
tobramycin from the aminoglycoside group was 
noted in 100% of patients. A resistance level of 
more than 50% was detected for drugs from the 
macrolide group, lincosamides lipopeptides, 
ciprofloxacin and levofloxacin from the fluoro-
quinolone group.

The sensitivity level of more than 92% 
was found in: amikacin, gentamicin, netilmicin 
(aminoglycoside group), and moxifloxacin (group 
of fluoroquinolones). In vancomycin, teicoplanin 
(group of glycopeptides), the sensitivity level is 
up to 80%.

No phenotype of resistance was detected 
in linezolid (group of oxazolidinones), trimetho-
prim / sulfamethoxazole (group of sulfonamides), 
and all drugs from the group of tetracyclines.

According to the data obtained, MSSA is 
sensitive to varying degrees: protected aminope-
nicillins; 3rd generation cephalosporins (ceftri-
axone); 3rd generation protected cephalosporins; 
4th generation cephalosporins (cefepime); prepa-
rations from the aminoglycoside group (except 
tobramycin); fluoroquinolones; lincosamides; 
glycopeptides; tetracyclines; sulfonamides 
(trimethoprim/sulfamethoxazole).

A study of the resistance of Staphylococ-
cus aureus in the presence of the МRSA gene in 38 
(100%) patients confirmed its genetic 100% resis-
tance to all β-lactams. A resistance level of up to 
50% was found for kamikacin, gentamicin, netil-
micin (a group of aminoglycosides). Drugs from 
the group of fluoroquinolones, macrolides, sul-
fonamides – sensitivity level up to 30%.

When processing data on the resistance 
of MRSA, a pattern was revealed that allowed us 
to categorize patients into four groups that were 

isolated cultures to antibiotics were determined 
using BacT/ALERT media to isolate microorgan-
isms using a Vitek 2 Compact automatic bacte-
riological analyzer (Biomerieux, France). The 
technical capabilities of the method allow identifi-
cation of aerobic and facultative anaerobic micro-
organisms, except non-spore-forming anaerobic 
microorganisms, as well as discovering the pres-
ence of MRSA. The study was conducted during 
hospitalization and in dynamics.

Statistical analysis was performed using 
descriptive statistics. Checking the data for the 
normality of the distribution was carried out visu-
ally by the histogram and using the Kolmogor-
ov-Smirnov test. Given the normal distribution in 
the analyzed samples, the parameters of the para-
metric descriptive statistics were calculated in the 
format M ± m (average value ± standard error of 
the average value). The significance of differences 
was evaluated depending on the analyzed data 
using the Student’s parametric criterion. Differ-
ences were considered significant at p < 0.05.

Results

Primary antibiograms of 210 patients with 
sepsis made it possible to determine the pathogen 
and its sensitivity to antibacterial drugs (table 1).

Gram-positive flora was detected in 118 
(56.2%) patients and prevailed over gram-nega-
tive - 81 (38.6%), anaerobes were detected in 6 (2, 
8%) patients, and fungal flora in 5 (2.4%).

The leaders among the pathogens were 
Staphylococcus aureus – 52 (24.7%), Enterococ-
cus faecalis – 29 (13.8%), Pseudomonas aerugi-
nosa – 23 (10.9%), Staphylococcus epidermidis – 16 
(7.6%), Escherichia coli – 15 (7, 1%), Acinetobacter 
baumannii – 13 (6.2%), the remaining bacteria 
was less than 5%.

Patients diagnosed with Staphylococcus 
Aureus 52 (100%) are differentiated by the pres-
ence of the Methicillin-resistant Staphylococ-
cus aureus gene (MRSA): detected in 38 (73.0%), 
absent in 14 (27.0%). The amount of MRSA was 
significantly (p<0.05) greater than Methicil-
lin-sensitive Staphylococcus aureus (MSSA).

The pathogen type and invitro sen-
sitivity to known antibiotic groups was 
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Table 1: The sensitivity of Staphylococcus Aureus to antibiotics in patients with diabetic foot and sepsis.

Antibiotics in groups MSSA MRSA type 1 MRSA type 2 MRSA type 3 MRSA type 4
β-lactam antibiotics 0 0 0 0

benzylpenicillin 0/1 0 0 0 0

Ampicillin 0/1 0 0 0 0

amoxicillin 0/1 0 0 0 0

Ticarcillin 0/1 0 0 0 0

piperacillin 0/1 0 0 0 0

ampicillin-sulbactam 1 0 0 0 0

amoxicillin-clavulanate 1 0 0 0 0

ticarcillin-clavulanate 1 0 0 0 0

piperacillin-tazobactam 1 0 0 0 0

Cefazolin 0/1 0 0 0 0

cefuroxime 0/1 0 0 0 0

ceftriaxone 1 0 0 0 0

ceftazidime 0 0 0 0 0

Cefepime 1 0 0 0 0

ceftriaxone-tazobactam 1 0 0 0 0

ertapenem 1 0 0 0 0

imipenem/cilastatin 1 0 0 0 0

meropenem 1 0 0 0 0
Aminoglycosides

Amikacin 1 1 1 0 0

gentamicin 1 1 1 0 0

Netilmicin 1 1 1 0 0

tobramycin 0 0 0 0 0
Quinolones/Fluoroquinolones

ciprofloxacin 0/1 1 0 0 0

levofloxacin 0/1 1 0 0 0

moxifloxacin 1 1 0 0 0
Macrolides

azithromycin 0/1 1 0 0 0

clarithromycin 0/1 1 0 0 0

roxithromycin 0/1 1 0 0 0
Lincosamides

clindamycin 0/1 0 0 0 0

lincomycin 0/1 0 0 0 0
Lipopeptides

daptomycin 0/1 1 1 1 0
Oxazolidinones

Linezolid 1 1 1 1 0

(continues)
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Table 1: Continued

Antibioticsingroups MSSA MRSA type 1 MRSA type 2 MRSA type 3 MRSA type 4
Glycopeptides

vancomycin 0/1 1 1 1 0

teicoplanin 0/1 1 1 1 0
Tetracyclines

tetracycline 1 0 0 0 0

doxycycline 1 0 0 0 0

minocycline 1 0 0 0 0

tetracycline 1 0 0 0 0

tigecycline 1 1 1 1 0

Sulfonamides

trimethoprim/sulfamethoxazole 1 1 1 0 0

Rifamycins

rifampicin 0 0 0 0 0

Note.0 - no sensitivity; 1 - sensitive; 0/1 - sensitivity 40–80%; the regularity for this group is highlighted in color.

designated: MRSA type 1; MRSA type 2; MRSA 
type 3; MRSA type 4.

In MRSA type 1, 10 (26.3%) patients, sensi-
tivity to aminoglycosides (amikacin, gentamicin, 
netilmicin), fluoroquinolones (ciprofloxacin, levo-
floxacin, moxifloxacin), macrolides (azithromy-
cin, clarithromycin, clarithromycin, linklinkin), 
lipopeptides (daptomycin), oxazolidinones 
(linezolid), glycopeptides (vancomycin, teico-
planin), tetracyclines (tigecycline), sulfonamides 
(trimethoprim/sulfamethoxazole) are preserved. 

МRSA type 2, 9 (23.7%) patients, was char-
acterized by sensitivity to aminoglycosides (ami-
kacin, gentamicin, netilmicin), lycopeptides 
(daptomycin), oxazolidinones (linezolid), glyco-
peptides (vancomycin, teicoplanin), tetracyclines 
(taigetracycline, (trimethoprim/sulfamethoxazole).

МRSA type 3, 16 (42.1%) patients were 
sensitive to lycopeptides (daptomycin), oxazolid-
inones (linezolid), glycopeptides (vancomycin, 
teicoplanin), tetracyclines (tigecycline).

MRSA type 4, 3 (7.9%) patients were 
pan-resistant.

Discussion

A screening study of blood in patients 
with sepsis allows to determine the qualitative 

composition of the flora, sensitivity to antibiotics, 
and to identify multiresistant and pan-resistant 
strains. To conduct effective antibiotic therapy it 
is currently not enough to identify the pathogen, 
it is important to determine the presence of the 
phenotype of resistance to various drugs.

Possibly a specific genetic variant of 
МRSA corresponds to its portrait of antibacte-
rial resistance and sensitivity, with common fea-
tures, but noticeable differences.

The most effective drugs in the presence 
of MRSA, in 35 (92.1%) patients, are identified: 
tigecycline (group of tetracyclines), daptomy-
cin (a group of lycopeptides), linezolid (oxazo-
lidinones), teicoplanin, vancomycin (a group of 
glycopeptides).

Thus, in some patients with MRSA 19 
(50%) type 1 and type 2, in addition to standard 
anti - MRSA antibiotics, aminoglycosides, fluoro-
quinolones, and macrolides can also be effective.

Conclusion

1.	 A blood screening study in patients with sepsis 
caused by complicated DFS has allowed us to 
determine the qualitative composition of the 
flora, sensitivity to antibiotics, and to identify 
multiresistant and pan-resistant strains.
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05557-8.

14.	 Hisata Y., Hashizume K., Tanigawa K., Miura T., Odate T., et al. 
(2014). Vacuum-assisted closure therapy for salvaging a meth-
icillin-resistant Staphylococcus aureus-infected prosthetic 
graft. Asian J Surg. 37(1): 46–48. doi: 10.1016/j.asjsur.2013.07.001. 
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15.	 Pfirman K. S., Haile R. (2018). Intracardiac Abscess and Pace-
maker Lead Infection Secondary to Hematogenous Dissemi-
nation of Methicillin-Sensitive Staphylococcus Aureus from a 
Prior Diabetic Foot Ulcer and Osteomyelitis. Am J Case Rep. 1(19): 
224–228. doi: 10.12659/ajcr.906227.

16.	 Monaco M., Pimentel de Araujo F., Cruciani M., Coccia E. M., 
Pantosti A. (2017). Worldwide Epidemiology and Antibiotic 
Resistance of Staphylococcus aureus. Curr Top Microbiol Immu-
nol. 409: 21–56. doi: 10.1007/82_2016_3.

17.	 Chang S. C., Lee M. H., Yeh C. F., Liu T. P., Lin J. F., et al. 
(2017). Characterization of two novel variants of staphylococ-
cal cassette chromosome mec elements in oxacillin-resistant 
Staphylococcus lugdunensis. J Antimicrob Chemother. 1;72(12): 
3258–3262. doi: 10.1093/jac/dkx291.

18.	 Maharaj D., Bahadursingh S., Shah D., Chang B. B., Darling R. 
C. (2005). 3rd. Sepsis, diabetic foot, Methicillin-resistant Staph-
ylococcus aureus, antibacterial therapy. Vasc Endovascular 
Surg. 39(5): 421–423. doi: 10.1177/153857440503900506.

19.	 Park K. H., Chong Y. P., Kim S. H., Lee S. O., Choi S. H., et al. 
(2015). Community-associated MRSA strain ST72-SCCmecIV 
causing bloodstream infections: clinical outcomes and bacte-
rial virulence factors. J Antimicrob Chemother. 70(4): 1185–1192. 
doi: 10.1093/jac/dku475. Epub 2014 Nov 27.

2.	 In the group of patients with sepsis and with 
diagnosed Staphylococcus aureus, MRSA gene 
was detected in 38 (73.0%) patients; its number 
was significantly (p<0.05) higher than MSSA.

3.	 The most universal drugs in the presence 
of MRSA in patients with sepsis caused by 
complicated DFS are: daptomycin (a group 
of lycopeptides), linezolid (oxazolidinones), 
teicoplanin, vancomycin (a group of gly-
copeptides), and tigecycline (a group of 
tetracyclines).

4.	 In some patients with MRSA, depending on 
the genetic variant (up to 50%), in addition to 
standard anti-MRSA antibiotics, aminoglyco-
sides, fluoroquinolones, and macrolides can 
also be effective.

5.	 The different genetic variant of МRSA corre-
sponds to its portrait of antibacterial resis-
tance and sensitivity, with common features, 
but noticeable differences.
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