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SUSCEPTIBILITY OF BACILLUS SPECIES TO ANTIMICROBIAL
AGENTS IN VITRO

The study was conducted to determine the prevalence and antibiotic
susceptibility pattern of Bacillus species. The primary purpose of the study was to
determine the susceptibilities of these species to a set of antibiotics with the
greatest guidance value to veterinarians encountering anthrax, B. cereus, and
possibly other wound infections. The generation of comparative susceptibility and
resistance data on the B. cereus group was the secondary aim of the work.

It was carried out the investigation of antibacterial action and detected the
minimal inhibiting concentration of antimicrobial drugs towards museum strains
of Bacillus species.

Keywords: antimicrobial action, microorganisms, Bacillus species, Bacillus
anthracis

Introduction. The low recognition of the ability of Bacillus species other
than Bacillus anthracis to cause infections and the increasing rarity of anthrax in
industrialized, developed countries as a result of effective control programs over
the past half century and the high susceptibility of B. anthracis to penicillin
coupled with the extreme rarity of reports of penicillin resistance lowering the
interest to this infections until the very last time. In developing countries where
anthrax is endemic, penicillin has always been the drug of choice because of its
reliability, low cost, and ready availability. Concerns about bioaggression in 2001
resulted in some examination of the effectiveness of more modern antimicrobials
both in vitro [1-3] and in vivo in animal models [4—6]. The «anthrax letter» events
in the United States further stimulated interest in antimicrobial therapy for anthrax
with in vitro susceptibility tests being carried out [4, 5-7].

The success of antibiotic therapy of animals infection diseases and control of
epizootic hot spots along with preventive vacination is the main approaches to
infectious diseases control and survailance.

According to global trends steadily increasing antimicrobial resistance of

major respiratory pathogens as Streptococcus pneumoniae and Haemophilus
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influenzae to penicillin, macrolides and tetracycline, but there was only few
fundamental monitoring studies in Ukraine onto investigation of dinamics
appearing resistant microorganisms to antibacterial agents, especially spatial-
temporial data analysis of different geographical areas. There is the necessity to
focus not only on geographical proximity, but also on historical tradition of using
some antibiotic drugs in antiinfectious therapy [8—11].

This situation requires a search for new antimicrobial agents which have
properties to decrease the formation of antimicrobial resistance. However,
antibacterial drugs effective applying is limited by speed of microbial resistance
manifestation to the most of modern antimicrobial drugs [3, 4, 9].

The emergence of antibiotic resistance is the urgent problem worldwide.
Current antibiotics target a small set of proteins essential for bacterial survival. As
a result, antibiotic resistant strains are subjected to a strong positive selection
pressure [3]. Inappropriate and excessive use of antibiotics have contributed to the
emergence of pathogens that are highly resistant to most currently available
antibiotics.

The goal of the work. The study was conducted to determine prevalence
and antibiotic susceptibility pattern of Bacillus species. The primary purpose of the
study was to determine the susceptibilities of these species to a set of antibiotics
selected to have the greatest guidance value to veterinarians encountering Anthrax,
B. cereus, and possibly other wound infections. The generation of comparative
susceptibility and resistance data on the B. cereus group was the secondary aim of
the work.

Materials and methods of research. Bacterial strains. A total of 4 strains
of Bacillus species were included in the study. All strains were identified by
standard microbiological procedures. Staphylococcus aureus ATCC 29213 was
also used in our study as quality control strain. The results of the broth
microdilution method for the strain were within the expected ranges.

Broth microdilution reference method. Prior to testing, each isolate was
subcultured on Brain Heart Infusion (BHI) plates that were incubated at 35°C
overnight. The susceptibility of each bacterial culture to nine antimicrobial agents
was tested by the broth microdilution reference method with 96-well microtiter
panels prepared in laboratory. Growth from a BHI agar plate incubated at 35°C for
16h was suspended in 5 ml of Mueller-Hinton broth to the turbidity of a 0.5
McFarland standard. Two milliliters of this suspension was transferred to 38 ml of
sterile water. The suspension was washed 5 times and then poured into a
disposable inoculums tray. It delivers approximately 10 ul into a final volume of
100 pl/well. The broth microdilution panels were stacked no more than three high
and placed into a self-sealing plastic bag in ambient air at 35°C for 16 to 24 h. The
final inoculum was approximately 3x10* CFU/ml, as determined from the colony
counts for the growth control well.

Antimicrobial susceptibility testing was performed on Muller-Hinton(MH)
agar by disc-diffusion method against the following antibiotics: amoxicillin with
clavulanic acid, oxytetracicline, ceftriaxon, ciprofloxacin, gentamicin, penicillin,

sulfamethoxazole with trimethoprim according to laboratory standard guidelines.
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Antimicrobial disc susceptibility testing was performed to the following
antimicrobial agents using the standard disc diffusion method. Susceptibility to
penicillin was determined in order to differentiate B. anthracis from B. cereus
(Quinn et al., 1994). Depending on the zone of inhibition results were interpreted
as susceptible, intermediary susceptible or resistant.

In the study it was used Bacillus anthracis (strain UA 07), Bacillus cereus
(strain ATCC 10702), Bacillus subtilis (strain 1228) and Bacillus mycoides from
the collection of The Institute of Veterinary Medicine of the NAAS.

Results of research and discussion. Differences between B. anthracis and
the other species were as expected for penicillin and amoxicillin-clavulanic acid. B.
cereus and B. subtilis that were resistant to doxycicline was also to be expected.
Apparent species differences between B. cereus, B. subtilis, and B. mycoides were
detected with doxycicline. B. cereus has long been associated with both food-borne
pathogens and nongastrointestinal infections. The latter infections are usually, but
not always, opportunistic and are sometimes severe or life threatening. The
involvement of B. thuringiensis in infections is rare but has occurred, while
B. mycoides appears to be totally nonpathogenic.

According to the results using the disc diffusion method, all strains were
susceptible to penicillin (Tab. 1). Resistance to sulfamethoxazole with
trimethoprim was determined in all strains. These results support the claim that
sulfamethoxazole with trimethoprim should not be used in anthrax prophylaxis or
treatment in humans (Esel et al., 2003). The minimum inhibitory concentration
(MIC) of ciprofloxacin for B. anthracis strain UA 07 by method of serial dilutions
was 0.254+0.01 mg/ml. The MIC of ciprofloxacin for B. cereus strain ATCC 10702
by method of serial dilutions was 0.35+£0.01 mg/ml. The MIC of ciprofloxacin for
Bacillus subtilis by method of serial dilutions was 0.3+0.01mg/ml.

In a comparison of MIC methods, all tested Bacillus species strains all were
susceptible to ciprofloxacin and, with some variation between methods to
doxycycline. The results for the antimicrobial MIC testing are indicated in along
with the MIC ranges for each antibiotic and the breakpoint values (Tab.1). All the
strains were resistant to streptomycin (MIC >8.0 mg/liter).

The results of this study show that in vitro increases in MIC for B. anthracis
occur with various antibacterials belonging to different classes. Resistance within
an antibiotic class may vary among the different class members.

Since treatment of anthrax is rather prolonged, continuous surveillance of
susceptibility of B. anthracis, even if the original isolates are antibiotic susceptible,
needs to be incorporated in public health measures of anthrax outbreak.
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Table 1
Antimicrobial susceptibility investigation results for Bacillus species

Antibiotics Species MIC (mg/ml)
Range 50% 90%
B. anthracis 0.016-0.5 0.032 0.047
Amoxicillin B. cereus 0.5-64 8 12
clavulanic acid B. subtilis 4-96 12 24
B.mycoides 8-24 8 24
S. aureus 0.5(0.25-1)
B. anthracis 1-12 3 6
B. cereus 0.094-6 0.38 3
Azithromycin B. subtilis 0.094-3 0.19 3
B.mycoides 0.19-0.38 0.19 0.38
S. aureus 2.5(1.5-4)
B. anthracis 3->32 >32 >32
B. cereus 0.1->32 >32 >32
Ceftrtiaxone B. subtilis >32 >32 >32
B.mycoides >32 >32 >32
S. aureus 1.5(1.5-2)
B. anthracis 0.032-0.094 0.064 0.094
B. cereus 0.047-0.5 0.19 0.25
Ciprofloxacin B. subtilis 0.094-0.19 0.125 0.19
B.mycoides 0.125-0.25 0.125 0.25
S. aureus 0.5(0.25-0.5)
B. anthracis 0.064-0.5 0.25 0.38
B. cereus 0.094-0.75 0.38 0.75
Gentamicin B. subtilis 0.047-0.5 0.19 0.5
B.mycoides 0.19-0.38 0.25 0.25
S. aureus 0.8(0.5-1.5)
B. anthracis <0.016->32 <0.016 0.023
B. cereus 0.012->32 >32 >32
Penicillin B. subtilis >32 >32 >32
B.mycoides >32 >32 >32
S. aureus 0.35(0.25-0.38)
B. anthracis 0.016-0.094 0.023 0.032
B. cereus 0.05-0.32 1 6
Oxytetracycline B. subtilis 0.5-24 2 6
B.mycoides 0.125-2 0.5 2
S. aureus 0.17(0.094-0.38)
B. anthracis 0.016-0.094 >32 >32
Sulfamethoxazole B. cereus 0.05-0.32 >32 >32
with B. subtilis 0.5-24 >32 >32
trimethoprim B.mycoides 0.125-2 >32 >32
S. aureus 0.4(0.35-0.48)
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Disk diffusion susceptibility testing of B. cereus proved that it was resistant
to penicillin, oxytetracicline, and cephalosporins. However, penicillin
susceptibility may be a better indicator of in vivo effectiveness for P-lactamase
producers such as Bacillus spp. In contrast, according to literature data, many non
B. cereus strains were susceptible to penicillin, cephalosporins, and trimethoprim-
sulfamethoxazole.

Using standard breakpoints for disk diffusion susceptibility testing proved
highly accurate in predicting results obtained by microdilution. All Bacillus strains
classified as susceptible by disk diffusion susceptibility testing were in fact
susceptible by microdilution testing and strains classified as intermediate were
either susceptible or intermediate susceptible by microdilution testing.

All tested strains showed reduced susceptibility to ceftriaxone (MIC >32
ug/ml), oxytetracycline (MIC <0.05 pg/ml), and gentamicine (MIC <0.38-0.75
ug/ml) by use of breakpoints for staphylococci. High susceptibility was shown by
all tested microorganisms to ciprofloxacin (MIC 0.064—-0.125 pg/ml), azitromicin
MIC 0.19-6 pg/ml), amoxicillin-clavulanic acid (MIC 0.032—-12 pg/ml).
B.anthracis strain tested shown high level of susceptibility to amoxicillin-
clavulanic acid, ciprofloxacin, penicillin, oxytetraciclin (MIC <0.06pug/ml); the
moderate level of susceptibility was detected toward azytromycin (MIC <3pg/ml),
gentamicin (MIC <0.25ug/ml), and was resistant to ceftriaxone. Unlike the B.
anthracis, all other tested strains were resistant to penicillin and amoxicillin with
clavulamic acid (MIC >8 pg/ml).

Conclusions and prospects for futher research. Based on our in vitro
data, the drug of choice for Bacillus infections proved to be penicillin and
amoxicillin with clavulanic acid. It was also detected highly active drugs with
bacterictericidal action: gentamicin, ciprofloxacin and azytromicin. Most Bacillus
strains were resistant to broad-spectrum cephalosporins and amoxicillin-
clavulanate. These agents should be avoided in the empiric coverage of animals
and humans, especially if immunocompromised, who have had a grampositive
aerobic bacillus isolated until susceptibility testing is available.

Whether single-drug therapy is adequate or combination therapy is
advantageous, especially with an aminoglycoside, should be investigated in vitro

and in animal models.
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IN VITRO YYBCTBUTEJIBbHOCTb MUKPOOPI'AHNU3MOB POJA BACILLUS
K AHTUMUKPOBHBIM BEHIECTBAM / babkuna M.M., Tapaco O.A., Heraux C.A.,
Cameiixo JLII., Tepemenko C.H., I'yn3p H.B., I'aiineit A.C.

Hccneoosanue 6v110 nposedeHo ¢ yeavblo ONpeoeleHuUs pPAcnpoCmMpaHenHOCmu U
ocobeHHocmetl uyecmeumenbHocmu K anmubuomuxam oaxmepuii pooa Bacillus. Ocnosnas yenw
UCCIe008aHUSL COCMOANA 8 ONpedeleHUU YYBCMBUMENbHOCIU dMUX U008 Oakmepuul K psoy
AHMUOUOMUKOB, PEKOMEHOOBAHHbBLE O/ NPUMEHEHUS 6eMEPUHAPHBIM BPAYAM, PADOMAIOUUX C
8030y0umenem cubupcKkoll s36vl, B. cereus u oOpyeumu 603MOHNCHbIMU PAHEBLIMU UHPDEKYUSMU.

Bmopoii yenvro pabomeir Ovii0 onpedenenue CpABHUMENbHOU YYECMBUMENbHOCU U
pesucmenmuocmu bakmepuii epynnvt Cereus.

Hccneoosano  ammubakmepuanibHoe — Oelicmeue U 6blAGIeHUE — MUHUMATbHOU
uneubupyrowel.  KOHYeHmpayuu aHmuMuKkpoOHbIX NpPenapamosd 6 OMHOWEHUU MY3elHbIX
wmammos euoos Bacillus.

Knwoueevle cnosa: anmumukpoOHas 4y8CMEUMENbHOCIb, MUKPOOP2AHUIMbL  POOA
Bacillus, Bacillus anthracis, anmumukpoonbie eewecmaa.

IN VITRO YYTJIUMBICTb MIKPOOPI'AHI3MIB POJY BACILLUS J0
AHTUMIKPOBHUX PEYOBUWH / batokinza M.M., TapacoB O.A., Hwumk C.A.,
Cameiixo B.I1., Tepemenko C.M., I'yazs H.B., T'aiigeit O.C.

Jocniosxceno anmumikpoObHy axmuHicmbs aHmMubIOMUKI8 (AMOKCIYUNIH-KAABYIOHOBOT
Kuciomu, —a3impomiyumy, yYeghmpuaxkcony, YunpoproKcayuHy, 2eHmamiyury, neHiyuniny,
OKCIMempayuKiiny cyib@omemorcazony 3 mpumemonpumom) no eiOHOWEHHI0 00 4 my3eunux
wmamie poody Bacillus (B. anthracis UA 07, B. cereus ATCC 10702, B. subtilis 1228,
B.mycoides). Ilposedeno oOocniddcenHs anmuOiomudyHoi aKmMueHOCMi ma BUHAYEHHS
MIHIMANbHUX TH2UDYIOYUX KOHYEHmMpayill no eioHowerHIo 00 yux wmamie Bacillus. Minimanvha
iH2IOYI0Ya KOHYEHMpayis USHAYAIACL MEMOOOM CePIliHUX pPO36e0eHb Mda OUCKO-OUDYIIUHUM
mMemooom. Bcmamnoeneno oOocmammuio  OakmepuyuoHy —aKmueHicmv  awmubOiomukie ma
8I0CYmMHICMb NPOsBIE PE3UCMEHMHOCI Y 8CIX 00CIONHCEHUX MY3euHux Kyniomyp Bacillus.

Yci 0ocnioocysani wmamu noxazanu 3HudMCeHy wymaugicms 00 yegpmpuakcony (MIK >32
mke/mn), oxcumempayuxniny (MIK <0,05 mxe/mn) ma eenmamiyuny (MIK <0,38—0,75 mxe/mn).
Bucoky uymnusicmv 0o yunpogpnoxcayuny (MIK 0,064—0,125 mxe/mn), azimpomiyuny (MIK
0,19-6 mxe/mn) ma amoxcuyuniny-knagyianosoi kucromu (MIK 0,032—12 mke/mn) noxasanu 8ci
mecmosaHi MmikpoopeaHismu. Jlocnioxcenuti wmam B. anthracis noxazaeé 6ucoxuii pigeHb
Yymaueocmi 00  AMOKCUYUTLIHY-KAABYIAHOBOI  KUCIOMU, YUNPODIOKCAYUHY,  NEHIYUTLIHY,
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okcimempayukniny (MIK <0,06 mxe/mn). Ilomipnuii pieenv uyymaugocmi 0y8 6usgieHuti 00
azimpomiyuny (MIK <3mke/mn), eenmamiyun (MIK <0,25 mxe/mn). Ha 6iominy 6io B. anthracis
yci iHwi 8unpoOysani wimamu Oyau CmiuKuUMu 00 NEeHIYUIIHy ma aAMOKCUYUTIHY 3 KILABYIAHOBOHO
kucaomoro (MIK >8 mxe/mn).

Knrwouoei crosa: anmumixpobna uymaugicms, mikpoopeauizmu pooy Bacillus, Bacillus
anthracis, anmumikpoOHi peuosuHu.
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THE ROLE OF THE FAT IN LABORATORY DIAGNOSIS OF RABIES

The article presents analysis of accompanying notes for the specimens of
pathological materials from animals diagnosed rabies and other reporting
documentation. It was proved the importance of using fluorescent antibody test for
laboratory diagnosis of rabies and shown the advantages and disadvantages of
this method.

Keywords: rabies, laboratory diagnosis, FAT.

Introduction. Rabies has a great importance among infectious diseases.
Sensitivity regard this diseases of all domestic and wild animals species and
extreme danger to humans determine its social and economic importance and focus
attention of veterinary, medical science and practice [1].

An important link in the control of rabies is laboratory diagnosis, because in
veterinary laboratories of Ukraine about 1500 cases of rabies in animals confirmed
annually [2].

Rabies is a major zoonosis for which diagnostic techniques have been
standardized internationally [2]. So, the goal of the work was determination of
role of the FAT for laboratory diagnosis of rabies in Ukraine and in foreign
countries.

Materials and methods of research. In this work we used laboratory
research expertise, reports of regional departments of veterinary medicine of the
State Scientific Research Institute of Laboratory Diagnostic and Veterinary
Sanitary Expertise of the State Veterinary and Phytosanitary Servise of Ukraine.
Also we used the accompanying notes to the pathological material of animals
diagnosed with rabies.

The results of research and discussion. At present, the rabies diagnosis in
animals is based on complex epizootic, clinical, pathological and laboratory
studies. But, as there are neither gross pathognomonic lesions nor specific and
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