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Abstract. The paper presents the results of a comprehensive study of the antibacterial activity
of the drug Ciprofloxacin (in the form of a 10% solution for injection and a 5% solution for oral
administration) against seven species of pathogenic and conditionally pathogenic
microorganisms that are of important epizootological, veterinary-sanitary and zoonotic
importance. The following reference and field strains were tested: Escherichia coli ATCC
25922, Salmonella enterica serovar typhimurium ATCC 14028, Pasteurella multocida (field
isolate), Erysipelothrix rhusiopathiae (vaccine strain), Enterococcus faecalis ATCC 29212,
Staphylococcus aureus ATCC 25923 and Bacillus anthracis (vaccine sterile strain). The
relevance of the work is due to the rapid global growth of antimicrobial resistance in the world
and in Ukraine, which leads to a decrease in the effectiveness of traditional antibiotic therapy
regimens, increased mortality and significant economic losses in livestock farming. The
assessment of antimicrobial activity was carried out by two complementary methods: the
method of serial microdilutions in 96-well plates and the disk diffusion method on Mueller-
Hinton agar using disks containing 5 ug of ciprofloxacin. The interpretation of the results was
carried out in accordance with the current recommendations of CLSI (M100-S34, 2024) and
EUCAST v.15.0 (2025). Ciprofloxacin showed high activity against all tested strains. The
values of minimum inhibitory concentration (MICs,/MIC,,) were E. coli — 0.008/0.015 ug/sm?,
S. typhimurium — 0.015/0.03 ug/sm?3, P. multocida — 0.004/0.008 ug/sm3, E. rhusiopathiae —
0.06/0.12 ug/sm?3, E. faecalis — 0.5/1.0 ug/sm3, S. aureus — 0.25/0.50 ug/sm3, B. anthracis —
0.03/0.06 ug/sm?i. The diameters of the growth inhibition zones varied from 28.0+£0.4 mm (E.
faecalis) to 35.7 £ 0.25 mm (P. multocida), which corresponds to the category “susceptible” (S)
according to both systems of criteria. Comparative analysis with cefazolin (30 ug/disk) showed
a statistically significant (p < 0.01) advantage of ciprofloxacin in terms of the size of the zones
of growth inhibition and MIC values against gram-negative bacteria and B. anthracis. The
obtained data confirm that ciprofloxacin retains high antibacterial activity and a wide spectrum
of action against the main pathogens of bacterial infections of agricultural and domestic
animals even in conditions of the spread of resistance to B-lactams, macrolides and
tetracyclines. The drug can be recommended as a drug of choice or alternative for
colibacillosis, salmonellosis, pasteurellosis, swine erysipelas, staphylococcal and
streptococcal infections. The results emphasize the need for regular monitoring of the
sensitivity of circulating strains and rational use of fluoroquinolones in order to maintain their
clinical effectiveness in the long term.

Key words: antibacterial properties, ciprofloxacin, antibiotic resistance, microorganisms,
cephalosporins.
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All countries of the world are searching for new substances to combat microorganisms.
There is a constant competition between the processes of evolution of microorganisms and the
creation of new drugs (Tymoshchuk, 2020). Today, antibiotic therapy remains one of the main
means of treating diseases of bacterial etiology, and in some cases, their prevention, both in
human and veterinary medicine (Petrosova, 2022).

Antibiotic resistance is also a significant economic problem. According to WHO, in the
EU alone, the cost of treating patients with diseases caused by resistant pathogens is
estimated at approximately 1,500,000,000 euros per year. The US Office of Technology
Assessment has estimated that the costs of managing AMR in the United States are 0.1-10
billion US dollars per year (Ferri, 2020; Dai, 2020).

In Ukraine, since August 2022, antibiotics have been available only on prescription
(Salmanov, 2019; Ministry of Health of Ukraine, 2021).

In addition, the State Strategy for Combating Antimicrobial Resistance has been
developed for the period until 2030. This strategy defines directions for achieving goals,
fulfilling tasks in the field of infection prevention and infection control, infection safety, animal
welfare, veterinary-sanitary and epizootic welfare, and combating the spread of pathogens with
antimicrobial resistance. The planned period for achieving the Strategy’s target indicators is
2024-2030 (Hetman, 2020; Ferri, 2020; Lynch, 2022).

The formation of antibiotic resistance is due to the genetic properties of microorganisms,
as a result of their acquisition of new genetic information, or due to changes in the level of
expression of the bacterial cell’s own genes (Mohsen, 2022).

Antimicrobial drugs used today in both human and veterinary medicine include
penicillins, cephalosporins, tetracyclines, chloramphenicol, aminoglycosides, spectinomycin,
lincosamides, macrolides, nitrofurans, nitroimidazoles, sulfonamides, trimethoprims,
polymyxins, and quinolones (Klymniuk, 2021; Cabinet of Ministers of Ukraine, 2024).

Cephalosporins are natural, semi-synthetic antibiotics derived from 7-
aminocephalosporin acid, and containing a cephem (also B-lactam) ring, i.e. they are
structurally similar to penicillins. Cephalosporins are divided into:

— 1st generation cephalosporins: ceporin, cephalothin, cephalexin;

— 2nd generation cephalosporins: cefazolin (kefzol), cefamezin, cefamandol (mandol);

— 3rd generation cephalosporins: cefuroxime (ketocef), cefotaxime (claforan),
cefuroxime axetil (zinnat), ceftriaxone (longacef), ceftazidime (fortum);

— 4th generation cephalosporins: cefepime, cefpirom (cefrom).

Third-generation cephalosporins (cefotaxime, cefoperazone, ceftazidime, ceftizoxime,
ceftriaxone, ceftiofur) have higher in vitro activity against gram-negative bacteria than second-
generation cephalosporins (Nikonov, 2021). An important property of third-generation
cephalosporins is their ability to penetrate the blood-brain barrier. These antibiotics are used
to treat animals with various severe infections caused by gram-negative microorganisms,
including multidrug-resistant ones (pneumonia, pyelonephritis, osteomyelitis, abdominal
infections, wound infections, abscesses, phlegmons, sepsis) (Salmanov, 2017). In severe
cases, cephalosporins (cephalexin, ceftiofur, cefquinome) are used, which inhibit the synthesis
of bacterial cell walls, especially in the phase of intensive reproduction of the microorganism
(Klymniuk, 2018; Nikonov, 2021).

Broad-spectrum antibacterial drugs include drugs that act on gram-positive and gram-
negative microorganisms. This group includes tetracyclines, phenicols, fluoroquinolones, third
and fourth generation cephalosporins (Nikonov et al., 2021).

Therefore, the aim of the study was to test the antibacterial properties of Ciprofloxacin
compared to Cefazolin on test cultures of microorganisms.

Materials and methods. In the research process, the antibiotic Ciprofloxacin (serial
number 4009, production date 08.2024) was used.

Also strains of microorganisms were used, which are in the list in Table 1:
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The following bacteriological methods were used in the research process:

— method of the serial microdilution;

— disk diffusion method.

For cultivation of microorganisms S. aureus, S. faecalis, E. coli, S. typhimurium,
P. multocida, E. rhusiopathiae and B. anthrax Mueller-Hinton broth (MHB) was used.

The principle of the serial dilution method is based on the use of tenfold serial dilutions
of concentrations of drugs that have antibacterial activity. The serial microdilution method was
used according to the standard protocol proposed in the monograph (Salmanov et al., 2022).
The results were recorded visually.

The disk diffusion method was used according to the standard protocol recommended
in the monograph (Salmanov et al., 2017). The disk diffusion method was used to confirm the
action of the antibiotic by the serial dilution method.

Results. In order to confirm the antibacterial properties of Ciprofloxacin, seven species
of bacteria from the Enterobacteriaceae family were used. Gram-positive and gram-negative
microorganisms represented the group (Table 2).

The results of minimum inhibitory concentration and diameter of growth inhibition
zones of antibiotics Cefazolin are shown in Table 3.

Table 1
List and characteristics of microorganisms used in the studies

Ne Name of Strain Characteristics of microorganism
microorganism

Standard quality control strain in
1 Escherichia coli ATCC 25922 microbiology labs especially antibiotic
susceptibility testing, SSRILDVSE

Salmonella enterica Standard model organism in
2 serovar tvohimurium ATCC 14028 salmonellosis research, resistant to
yp some antibiotics, SSRILDVSE

For the production and quality control

3 |Pasteurella multocida| Field’s isolate of inactivated vaccines against avian
Pasteurella, SSRILDVSE
4 Erysipelothrix Strain for For the production of vaccines against
rhusiopathiae vaccines swine erysipelas, SSRILDVSE

Standard reference strain of the
bacterium Enterococcus faecalis,

5 Enterococcuss ATCC 29212 essential in clinical microbiology labs
faecalis : . e .
for quality control in antimicrobial
susceptibility testing, SSRILDVSE
Staphviococcus Standard strain for control in microbiology
6 P az reus ATCC 25923 laboratories to test the sensitivity of
bacteria to antibiotics, SSRILDVSE
. . Strain for Strain for vaccines, SSRILDVSE
7 Bacillus anthracis .
vaccines

As can be seen from the results of Tables 2 and 3, the antibacterial drug Ciprofloxacin
showed a wide spectrum of antibacterial activity. The values of the minimum inhibitory
concentration (MICso/MICs,) were: E. coli — 0.008/0.015 ug/sm3, S. enterica serovar
typhimurium — 0.015/0.03 pg/sm?3, P. multocida — 0.004/0.008 ug/sm3, E. rhusiopathiae —
0.06/0.12 ug/sm3, E. faecalis — 0.5/1.0 ug/sm3, S. aureus — 0.25/0.5 ug/sm?3 and B. anthracis —
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0.03/0.06 pg/sm?3, respectively. The diameters of the zones of inhibition of growth of
microorganisms ranged from 28.0 £ 0.40 mm (Enterococcuss faecalis) to 35.7 £ 0.25 mm
(Pasteurella multocida). The most sensitive culture was P. multocida with (MICs5,/MICq,)
0.004/0.008 pg/cm?® and a zone of inhibition of growth of 35.70+0.25 mm, respectively. The
least sensitive culture was E. faecalis with (MIC5o/MICs,) 0.500/1.000 pg/sm? and a zone of
inhibition of growth of 28.0+0.4 mm, respectively. The activity of Ciprofloxacin was confirmed
by 2 methods, which proves its high antibacterial activity against the tested test cultures of
microorganisms.

Table 2
Minimum inhibitory concentration and diameter of growth inhibition zones
of antibiotics Ciprofloxacin

Ne Name of microorganism MICso, pg/sms3, MICoo0, pg/sms3, Mzm, mm,
n=6* n=6* n=6*
1 Escherichia coli 0,008 0,015 30,30+0,33
2 Sa’monf}f’;’h‘f%er?’;; serovar 0,015 0,030 32,50+0,22
3 Pasteurella multocida 0,004 0,008 35,70+0,25
4 Erysipelothrix rhusiopathiae 0,065 0,120 30,30+0,33
5 Enterococcuss faecalis 0,500 1,000 28,00+0,40
6 Staphylococcus aureus 0,250 0,500 29,50+0,22
7 Bacillus anthracis 0,030 0,060 29,50+0,22

Note: * — number of research repetitions (6)

The antibacterial drug Cefazolin also showed activity against the tested test cultures
of microorganisms, but at higher concentrations. The values of the minimum inhibitory
concentration (MICso/MIC,,) were for the following cultures: E. coli — 0.0016/0.03 pg/sm3, S.
enterica serovar typhimurium — 0.03/0.057 pg/sm?3, P. multocida — 0.007/0.015 pg/sm3, E.
rhusiopathiae — 0.014/0.25 pg/sm?, E. faecalis — 1.15/2.0 ug/sm?3, S. aureus — 0.55/0.98 mcg
/cm® and B. anthracis — 0.06/0.13 pg/sm3, respectively. Thus, the diameter of the growth
inhibition zones ranged from 22.5 + 0.12 mm (S. enterica serovar typhimurium) to 26.3 £ 0.23
mm (E. coll).

Table 3
Minimum inhibitory concentration and diameter of growth inhibition zones
of antibiotics Cefazolin

Ne Name of microorganism MICso, ug/sm3; | MICeo, ug/sm?3; M+m; mm;
n=6* n=6* n=6*
1 Escherichia coli 0,016 0,030 26,30+0,23
2 Sa’monf}ffhfgfgfi serovar 0,030 0,057 22,50+0,12
3 Pasteurella multocida 0,007 0,015 23,60+0,36
4 | Erysipelothrix rhusiopathiae 0,014 0,250 24,00+0,31
5 Enterococcuss faecalis 1,150 2,000 25,30+0,23
6 Staphylococcus aureus 0,550 0,980 23,50+0,12
7 Bacillus anthracis 0,060 0,130 24,5040,12

Note: * — number of research repetitions (6)
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Discussion. The obtained data confirm that Ciprofloxacin retains high antibacterial
activity and a wide spectrum of action against the main pathogens of bacterial infections of
agricultural and domestic animals even in conditions of the spread of resistance to B-lactams,
macrolides and tetracyclines. The drug can be recommended as a drug of choice or alternative
for colibacillosis, salmonellosis, pasteurellosis, swine erysipelas, staphylococcal and
streptococcal infections. The results emphasize the need for regular monitoring of the
sensitivity of circulating strains and rational use of fluoroquinolones in order to maintain their
clinical effectiveness in the long term. An analysis of literary sources showed the existence of
the problem of antibiotic resistance in microorganisms is in 2025.

Conclusion.

1. The antibiotic Ciprofloxacin showed antibacterial activity on all 7 microorganisms
which studied.

2. Ciprofloxacin showed antibacterial activity by the disco-diffusion method on the entire
spectrum of microorganisms, which studied with a growth inhibition zone from 28.0£0.4 mm to
35.70+0.25 mm.

3. The antibiotic Ciprofloxacin showed antibacterial activity on the entire spectrum of
microorganisms studied with MICso from 0.008 pg/sm?® to 0.500 pg/sm® and MICgo from
0.057 ug/sm?3 to 2.0 yg/sm? by the serial microdilution method and a growth inhibition zone
from 28.0+£0.4 mm to 35.70+0.25 mm.

4. Ciprofloxacin continues to be a relevant drug with a broad spectrum of antibacterial
activity.

5. It is necessary to establish a system of epidemiological surveillance of microbial
resistance at the local, regional and national levels.
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MopiBHAHHA aHTMOakTepianbHOI Aii uunpodnokcaumHy 3 uedasoniHoMm AnA
nigTBepAXXeHHs1 BNacTUBOCTEN npenapary
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Pe3rome Y pobomi npedcmasneHo pe3yribmamu KOMMIEKCHO20 O0CiO)eHHs aHmubakmepiarbHOT
akmuesHocmi npenapamy L{unpogriokcayuH (y cpopmi 10 % po34uHy 0ns iH’ekyit ma 5 % po3quHy
0151 nepopasibHo20 3acmocysaHHs1) Wodo cemu 8udie namo2eHHUX ma yMO8HO-amo2eHHUX
MiKpoop2aHi3mig, siKi Matomb 8ax/iuee ernizoomorioziyHe, 8emepuHapHO-caHimapHe ma 300HO3He
3HayeHHs. [JocnidxeHo peghepeHcHi ma nonbosi wimamu: Escherichia coli ATCC 25922, Salmonella
enterica serovar typhimurium ATCC 14028, Pasteurella multocida (nonbosud i3onsim), Erysipelothrix
rhusiopathiae (sakyuHHul wmam), Enterococcus faecalis ATCC 29212, Staphylococcus aureus
ATCC 25923 ma Bacillus anthracis (eakyuHHut cmepusnbHuUl wmam). AkmyasbHicme pobomu
3ymoerieHa CmMpIiMKUM 2r106ansHUM 3p0CmaHHIM aHMUMIKpobHOI pe3ucmeHmHocmi y ceimi ma 8
YkpaiHi, wo npussodumse 00 3HUXEHHS echekmusHocmi mpaduuiliHux cxem aHmubiomukomeparii,
36inbWeHHs1 niemarnbHOCMi ma 3Ha4HUX eKOHOMIYHUX empam y meapuHHuumei. OUiHKy
aHMUMIKpPOBHOI akmueHOcmMi rposodursiu 0eoma 83aeMOO0NO8HI08aNIbHUMU Memodamu: MemoOoMm
cepiliHux MikpoposeedeHb y 96-r1yHKo8UX MaHWwemax ma Oucko-0ugy3sitiHumM Memodom Ha azapi
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Mroninepa—XiHmoHa 3 sukopucmaHHsIM QUCKI8, WO Micmsamb 5 MKa yurpoghrioKkcayuHy.
IHmepnpemaduito pesdynbmamie 30ilicHrosarsu 8idrnogidHo 00 akmyarnbHux pekomeHdauit CLSI (M100-
S34, 2024) ma EUCAST v.15.0 (2025). LjunpoghriokcayuH 8usisu8 8UCOKY akmugHicmb U000 8CiX
docnidXKeHuUx wmamie. 3Ha4eHHs1 MiHiMarbHoI iHeibyroqoi koHueHmpauii (MIKso/MIKs,) cmarosunu: E.
coli — 0,008/0,015 mka/cm®, S. typhimurium — 0,015/0,03 mxa/cm?, P. multocida — 0,004/0,008 mke/cm?,
E. rhusiopathiae — 0,06/0,12 mke/cMm?, E. faecalis — 0,5/1,0 mka/cm®, S. aureus — 0,25/0,5 mxa/cm®, B.
anthracis — 0,03/0,06 mka/cm®. [liamempu 30H 3ampumKu pocmy eapitosarnu 8id 28,0 + 0,40 mm (E.
faecalis) 0o 35,7 + 0,25 mm (P. multocida), wio eidrnogidae kamezopii «4ymnusuli» (S) 3a oboma
cucmemamu Kpumepiis. NopieHanbHUU aHani3 3 yegasoniHom (30 Mke/duck) nokazae cmamucmu4yHO
docmosipHy (p<0,01) nepesazy yunpogriokcayuHy 3a 8e/IU4UHOK 30H 3ampPUMKU pocmy ma
3HayeHHamMu MIK wodo epamHezamueHux 6akmepiti ma B. anthracis. Ompumati daHi
niémeepdxxyromsb, WO UunpogriokcayuH 3bepieae 8UCOKy aHmubakmepiaribHy akmugHiCme ma
wupokuti criekmp Oii w000 0CHOBHUX 36yOHUKI8 bakmepianbHUX IHQPEKYil CirlbCbKO20CM00apChKuX |
domawHix meapuH Hagimb 3a yMO8 MowupeHHs peaucmeHmHocmi 00 B-nakmamis, Mmakposidie ma
mempauyukniHie. AHmubakmepianbHuUl rnpenapam mMoxe 6ymu pekomeHO08aHUl 5K ripernapam
gubopy abo anbmepHamueu npu Konibakmepiosi, carlbMOHEIbO3i, nacmepesibo3i, POXi ceuHel,
cmadgbiriloKOKO8UX ma CMpPernmoKoKo8uUX iHgbeKyisx. Pe3ynbmamu nidOKpecriorms HeobXxiOHicmb
peayrnsapHo20 MOHIMOPUHay Yymiugocmi UUPKYOYUX Wwmamie ma paujioHarbH0o20 8UKOPUCMaHHS
MOPXIHOOHI8 3 Memoto 36epexeHHs1 iXHbOI KITiHIYHOI eghbekmusHocmi 8 00820CMPOKO8Il
rnepcriekmusi.
Knroyosi crnosa: aHTMbakTepianbHi BJ1TaCTUBOCTI, LMNpodioKCaLmH,
aHTUBIOTMKOPE3UCTEHTHICTb, MIKPOOPraHiaMu, LiedanocnopuHun.
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