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NSAIDs: can the presence of infectious agent influence
the choice of analgesic drug?
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Purpose. Considering the significant prevalence of comorbid pathology there is a high probability of NSAID use in patients with ~ Key words:
concomitant infection. In view of this screening of antimicrobial properties of their main groups was conducted for the purpose ~ NSAIDs,
of selecting the most promising ones for further in-depth study. comorbidity,

Igesics.
Materials and methods. The study of microorganisms’ sensitivity was conducted using standard research methods — the method analgesics

of “wells” and by determining the antibacterial properties of drugs, using tablets, based on the ability of the drug to diffuse into )

agar, used for sowing the test-culture. As the test cultures S. aureus, S. mutans, S. pyogenes, P. aeruginosa, E. Coli, isolated :g;';f':i‘?z) 919-293
from patients who were treated in hospital were used. Predominant blocker of COX-1 (acetylsalicylic acid, ASA), nonselective ’ ’
blockers of COX-1 and COX-2 (ketorolac, diclofenac sodium, ibuprofen, mefenamic acid, dexketoprofen), predominant blockers DOl

of COX-2 (meloxicam and nimesulide), selective blockers of COX-2 (celecoxib), selective blockers of COX-3 (COX-1 in the brain) ~ 10.14739/2310-1237.
paracetamol and metamizole were tested. 2017.2.109671

Results. The studies found that most of the tested NSAIDs have antimicrobial activity. Leader drugs in expressiveness of :;:::\;aya.ip@

antimicrobial effects are drugs that have sufficient COX-1 (3) - activity: ASA, diclofenac, dexketoprofen, metamizole and  gmail.com
lesser extent — paracetamol. Tested NSAIDs showed the highest activity against gram-positive coccal flora, mostly affecting

S. Pyogenes. Blockers of COX-3 paracetamol and metamizole, unlike other studied drugs, showed stronger antipseudomonal

(both — moderate) and antistaphylococcal action (metamizole).

Conclusions. NSAIDs with antimicrobial activity can potentially increase the activity of antiinfectious therapy. At the same time,
the antimicrobial activity of NSAIDs, theoretically, can promote microbial resistance because of existence of microorganisms in a
medium with subthreshold concentrations of drugs with antimicrobial activity. Considering this, further clinical and pharmacological
research of this problem has a great practical importance.

HN3M: uu moxxe HasBHiCTb iIHPEKLiNHOrO areHTa BNAUBATH Ha BUGIp Kntouosi crosa:

3He60AI0BaALHOTO penapary? Hnsm,
KOMOPOIAHICTb,
AHANbreTUKHK.
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MeTa po6oTu —y 38’513KY i3 3HA4YHOH MOLLIMPEHICTIO KOMOPGIAHOT NaTonorii BENMKOI0 € AMOBIPHICTL 3acTocyBaHHs HIM3My XxBOpUX,  naronoris. - 2017. -
LU0 MatoTb CYMyTHIl iHbeKLiHWA npouec. 3 ypaxyBaHHSAM LIbOro 34iiCHEHe CKPUHIHIOBE JOCHIIKEHHS aHTUMIKPOOHUX BnacTu-  T.14, Ne 2(40). -
BOCTEM OCHOBHUX Py LiX Npenaparis i3 Linnio sin6opy HannepcrneKkTUBHILLINX i3 HAX ANs AarbLLIOro NOrMUBNeHoro BuBYeHHs, G- 219-223

Matepianu Ta metogu. Yytnueictb MO BMBYaIM 3 BUKOPUCTAHHSIM CTaHAAPTHUX METOZIB AOCIMKEHHS: METOZY «KONoAs3iBy
i MeToAy BM3HaYeHHs aHTubaKTepianbHWUX BNAcTUBOCTEN Npenapatis 3a AONOMOroK TabneTok, Lo 3aCHOBaHWIA Ha 34aTHOCTI
nikapcbKoi pe4YoBMHM AncyHAYBaTYM B arap, Ha sIKUI BUCIBanW TECT-KYNLTYPU. K TECT-KyNbTYpW BUKOPUCTOBYBamu S. aureus,
S. mutans, S. pyogenes, P. aeruginosa, E. coli, o BuaineHi Big xBopux, siki nepebyeanu Ha nikyBaHHi y ctauioHapi. [Npotecto-
BaHi nepeBaxHuit 6riokatop LIOMN-1 (auetuncaniumnosa kucnota, ACK), HecenekTusHi 6nokatopm LIOM-1 i LIOI-2 (keToponak,
AvknodeHak HaTpito, ibynpodeH, MedeHaMiHOBa KUCTOTa, AEKCKETONPOEH), nepeBasHi Griokatopm LIOI-2 (Menokcmkam i Hime-
cynig), cenekTueHi briokatopu LIOT -2 (uenekokend), cenektmeri 6nokatopu LIOM-3 (LLOM-1 y mo3ky) napaweTramon i MeTamion.

Pesyneratu. Mig vyac gocnigxeHb BCTaHOBUNK, LU0 BinbLuicTb TecToBaHux HIM3IM mae aHTUMikpoGHY akTuBHICTb. Mpenapata-
MU-Tiiiepamu 3 BUPa3HOCTi NPOTUMIKPOOHMX edeKTiB € npenapaty, Wwo MatoTb goctatHio LIOIM-1(3)-aktueHictb: ACK, auknode-
Hak, eKCKkeTonpoeH, MeTaMi3orn, MEHLLIOK Mipoto — napaveTtamon. HaibinbLuy akTuBHicTb TectoBaHi HIM3IM nposiensnm woao
rpamno3nTUBHOI KOKOBOI cpropy, GinbLLOK Mipoto BnnvBatoum Ha S. pyogenes. bnokatopu LIO-3 napavetamon i meTamisorn,
Ha BigMiHY Bif iHLUMX Npenaparis, Lo BYBYANMCA Hamu, CUNbHILLE NPOSIBNANM aHTUCUHBLOTHIHY (0OMaBa — NOMipHY) Ta aHTK-
CTadinoKoKoBy Aijto (MeTamison).

BucHoBku. HIM3M 3 aHTUMIKPOOHOK aKTMBHICTIO MOTEHLINHO MOXYTb NiABWLLYBATV aKTUBHICTb NPOTUIHCDEKLAHOT Tepanii.
BogHoyac aHTuMikpobHa akTuBHiCTe HIM3[M TeOpeTUYHO MOXE CNpUSITU PO3BUTKY PE3UCTEHTHOCTI MiKpOOpraHiamiB yHacnigok
HasIBHOCTi OCTaHHiX y cepeaoBuLLi 3 NANOPOroB1MM KOHLEHTPaLisiMM 3acobiB i3 NpOTUMIKPOOHOK aKTUBHICTIO. 3 ypaxyBaHHSM
LIbOr0 BeMnvKe NpakTUYHE 3HAYEHHS Mae 3LiINCHEHHS AanbLlUMX KMiHiko-hapmakonoriYHnx gocnigkeHs npobnemu.

HNBC: moXeT AM HaAuuMe UHGEKLUUOHHOIO areHTa BAUATL Ha Bblbop mgge%'e cnoBa:
obesboruBaroero npenapara? KOMOPGHAHOCTS,
AHAAbreTUKK.
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BaHNe aHTUMMKPOBHbIX CBOMCTB OCHOBHLIX MPYMM 3TVX MpenapaTtoB C Lenblo oTbopa Hanbonee nepcnekTUBHbIX U3 HUX Ans
AarbHeliLero yrnyBGneHHoro UyveHus.

Marepuanbi n MeToabl. Viccnenosanue YyecTauTensHocT MO NpoBOAKIOCH C UCNONb30BaHNEM CTaHAAPTHBIX METOL0B UCCTe-
[0BaHNs — METOAA «KOMNOALEB» U METOAA ONpefeneHus aHTubakTepuanbHbIX CBOCTB NpenapaTos C NOMOLLbO TabneTok, 0CHO-
BaHHOTO Ha CMOCOBHOCTY NeKapCTBEHHOTO BeLLeCTBa AMddYHAMPOBATH B arap, Ha KOTOPbIV NPOBOAUTCS BbICEB TECT-KYNLTYpPbI.
B kauyecTBe TECT-KYNBTYP Mcnonb3oBanu S. aureus, S. mutans, S. pyogenes, P. aeruginosa, E. coli, BblieneHHbIe 0T 60MbHbIX,
HaXOOMBLUMXCS Ha NeYeHny B cTauuoHape. MpoTecTMpoBaHbl NpenmyLLecTBeHHbI 6riokatop LIOM-1 (auetuncanvuyunosas
kucnota, ACK), HecenektnsHble 6riokatopbl LIOM-1 n LIOT-2 (keToponak, AnknodeHak Hatpusi, nbynpodeH, medeHammHoBas
KuCnoTa, JEKCKETONPOGEH), NpenMyLLECTBEHHbIE BriokaTopsl LIOM-2 (Menokcykam v HUMeCynuz), CenekTuBHble Griokartopel
LIOr-2 (uenekokcnb), cenexktusHble Briokatopsl LIOM-3 (LOIM-1 B Mo3re) napawleramon u MeTaMmuaorn.

Pesynbrathbl. B xone viccnenoBaHmin yCTaHOBNEHO, YTO 6OMbLUMHCTBO TecTupyembix HIMBC obnagaet aHTUMUKPOBHON akTue-
HoCTbl0. [MpenapataMmu-nuaepamm no BbIPAKEHHOCTU NPOTUBOMUKPOOHBIX 3thdeKToB SBRAKOTCA Npenaparsl, obnagatowme
focrartodHon LIOr-1 (3)-aktueHocTbto: ACK, avknodenak, AekckeTonpodheH, METaMI30r1, B MEHbLLEV CTENEHU — NapaLeTamon.
Ham6onbLuyto akTrBHOCTL TecTpyeMble HIMBC nposiBnsinm B OTHOLLEHUM FPaMMoNOXUTENbHOM KOKKOBOIA ¢hropbl, B GonbLuei
cTenenun — Bnuss Ha S. pyogenes. briokatopsl LIOI-3 napaueTramon v MeTamusorn, B OTAMYKe OT ApyrvxX npenaparos, 1ayya-
€MbIX HaMW, CUrbHEee NPOSBASANN aHTUCUHErHONHYI0 (06a — yMEPEHHYH0) 1 aHTUCTadUIIOKOKKOBYO aKTUBHOCTbL (MeTamm3on).

BbiBoabl. HMNBC ¢ aHTUMMKPOGHON aKTUBHOCTLIO NMOTEHLMANbHO MOTYT MOBbILLATE aKTUBHOCTb NPOTUBOMHAEKLUMOHHON Te-
panuu. B To e Bpems aHTuMMkpobHas aktneHocTe HIMBC TeopeTuyecku MOXeT CnocobCcTBOBATL Pa3BUTHIO PE3UCTEHTHOCTM
MUKPOOPraHn3MoB BCNEACTBUE CYLLECTBOBAHNSA NOCNEAHMX B Cpeae C NOAMNOPOroBbIMY KOHLEHTPaLMAMU CPeACTB C NPOTMBO-
MUKPOBHOM aKTUBHOCTBI0. C y4eTOM 3TOro GOoMbLLOE NPaKTUYECKOE 3HAYEHNE UMEET NPOBEAEHNE AanbHENLWMX KIMHUKO-hap-

MaKOMOrMYECKVX 1ccrnesoBaHuii I'IpOGJ'IeMbI.

Non-steroidal anti-inflammatory drugs (NSAIDs) are known
to be a large group of drugs widely used in clinical practice,
daily, for more than thirty million people worldwide. Taking
into account the high prevalence of comorbid pathology
under the clinic condition, especially for the elderly, there is
a high probability of their taking by patients with concomitant
infectious process, taking anti-infectious drugs. Several
possible interactions of NSAIDs with anti-infectious agents
shall be considered at complex pathology of this kind:
1) the probability of change of therapeutic effect (increase or
decrease) due to the direct effects of NSAIDs on the patho-
genic flora; 2) the probability of effect of NSAIDs — increase
or decrease of the effectiveness of anti-infectious drugs
due to changes in the pharmacokinetic characteristics
of the last; 3) the probability of the impact of NSAIDs on
the development mechanisms of pathogens resistance;
4) the probability of mutual reinforcement of side effects of
drugs when used in combinations.

The reference sources contain a number of conflicting
data about the direct or indirect effect of NSAIDs upon
infectious diseases. On the one hand, acceleration of
progression of soft tissue infections of streptococcal
etiology (group A) at the application of certain non-se-
lective (ketorolac, ibuprofen and indomethacin), but not
COX-2 selective NSAIDs and reduction of efficiency of
etiotropic antibiotic therapy were found [1]. On the other
hand, in vitro, sodium diclofenac was detected to show
antibacterial activity against antibiotic-sensitive and
antibiotic-resistant strains of microorganisms, including
mycobacteria, associated by the authors with the violation
of the DNA synthesis of sensitive flora [2], in addition,
antimycobacterial properties of diclofenac have been
confirmed in an experiment in vivo [3]. It is also known,
that NSAIDs have direct membranotropic effects, due to
which, it seems to us, they can have their own antimicro-
bial activity, by analogy with membranotropic antibiotics,
and also modulate the action of antimicrobial agents
(stimulate or weaken) [4]. Currently the systematized
data about NSAIDs effect on various clinically relevant
microorganisms are not available.
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This thesis was aimed to conduct screening of
antimicrobial properties of the major NSAIDs groups and
selection of the most promising ones for further studies.

Materials and methods

Particular features of pharmacodynamics of drugs (se-
lectivity with respect to different types of COX), as well as
the clinical significance and frequency of drug usage ac-
cording to main indications were taken into consideration at
selecting NSAIDs for screening of antimicrobial properties.
List of NSAIDs and nonnarcotic analgesic drugs (NAD) is
provided in Table 1.

5 major clinical strains of microorganisms (MO) were
used as testing cultures, i. e., S. aureus, S. mutans,
S. pyogenes, P. aeruginosa, E. coli, isolated from patients
treated in hospital. Selection of MO types was determined
by the clinical relevance of the latter.

MO sensitivity study was conducted using the method
of «wells» (agar diffusion method) and the method of de-
termining the antibacterial properties of chemotherapeutic
agents using the tablets, according to guidelines [5]. The
method is based on the ability of the drug to diffuse into
the agar, onto which the testing culture is plated.

Sterile Petri dishes were put on a strictly horizon-
tal surface, to pour 20 ml of 2 % meat infusion agar
(pH = 7.2-7.4) in order to create an optimal thickness of
a layer, equal to 4-5 mm. 5 % blood or serum agar was
applied for microbial species that do not grow using meat
infusion agar (Streptococcus). Dishes with a medium were
dried in a thermostat before inoculation.

A thick layer of agar was inoculated with 0.1 ml
suspension of the tested MO and triturated with a spat-
ula until uniform distribution of MO over the surface of
the Petri dish. Then drill (d = 6 mm) was used to drill holes
(«wells») at equal distances from each other, to further
fill them with the tested objects. Then the plates were
placed to thermostat at 37 °C horizontally, to form circular
zones. Diameters of inhibition zones were measured
in 24 hours.

Maronoris. Tom 14, Ne 2(40), TpaBeHb—cepneHb 2017 p.



When determining the properties of antibacterial che-
motherapeutics with the tablets, the latter were applied to
the agar surface with the test bacteria. After incubation
on the place of tablets application, the sterile zones were
taken into account; criterion for evaluation was the delay
zone of microflora growth: at level up to 10 mm or absence
thereof the microorganisms are not sensitive to the drug;
11-15 mm zone shows low sensitivity and more than
15 mm zone refers to sensitive strains. Thus inhibition zones
of MO from 5 to 10 mm indicated bacteriostatic effect; inhi-
bition zones exceeding 10 mm indicated bactericidal action.

Statistical processing of the results was carried out
with the use of the package of licensed applications Sta-
tistica (6.1, AGAR909E415822FA serial number). Type
of parameters distribution was analyzed by Shapiro-Wilk
test. Significant differences between the indices, taking into
account the type of distribution were determined by Stu-
dent’s t-test. The threshold level of statistical significance of
the results was p < 0.05. Results are presented as M + SD.

The results of the study of NSAIDs and NNA antimi-
crobial properties are presented in Table 2.

Some NSAIDs were detected to have a significant
antimicrobial activity. The most pronounced antimicrobial
effects are manifested by ASA, diclofenac, dexketoprofen,
paracetamol and metamizole (3—4 sensitive pathogens). To
a lesser extent, ketorolac, ibuprofen and COX-2 selective
NSAIDs (nimesulide, meloxicam and celecoxib) have effect
on 1-2 pathogens. There was no antimicrobial activity
detected in mefenamic acid.

When comparing the effects of NSAIDs and NAD on
individual pathogens, attention is drawn to the high sensi-
tivity of the non-antimicrobial drugs of the beta-hemolytic
streptococcus S. pyogenes. It reacted substantially to all
the NSAIDs except mefenamic acid and paracetamol,
and to a greater extent — to ibuprofen and ASA (zone of
growth absence is 16.0 £ 1.6 mm); with other drugs the MO
inhibition zones were about 12-14 mm (Fig. 1).

Another representative of Streptococcus, alpha-hemo-
Iytic streptococcus S. mutans, showed greater selectivity
as for sensitivity to NSAIDs: the highest efficiency was
shown by dexketoprofen (zone of growth absence is
20.0 + 1.7), other drugs were significantly less effective:
ASA, diclofenac, metamizole had inhibition zone of MO
within 11-12 mm, inhibition zone of paracetamol was at
the efficiency limit, i. e., 10 mm.

The sensitivity of S. aureus was the highest to di-
clofenac and metamizole (inhibition zone is 29-31 mm),
much lower to ASA (15 mm) and at a low level — to ibu-
profen and dexketoprofen (11-12 mm). Inhibition zone of
this pathogen in paracetamol was at the efficiency limit,
i.e., 10 mm (Fig. 2).

Gram-negative flora was significantly less sensitive
to studied NSAIDs and NAD. E. coli showed complete
resistance to drugs of NSAIDs and NAD, P. aerugino-
sa showed moderate sensitivity to paracetamol (zone
13.0 £ 1.2) and weak sensitivity to ASA (11.0 £ 1.2) (Fig. 3).

The study of antimicrobial effect of NSAIDs on
the strains of testing cultures, at cultivation using blood
agar, detected hemolytic effect of varying intensity of
some NSAIDs (ASA, ibuprofen, nimesulide, diclofenac,
paracetamol) (Fig. 4), which may indicate the effect of
NSAIDs on erythrocyte membranes.
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Table 1. List of NSAIDs and NNAs used in the research

Group International name Trade name
Predominant COX-1 blockers Acetylsalicylic acid (ASA) Aspirine
Nonselective COX-1 and COX-2 blockers Ketorolac Ketorol
Ketanov
Ibuprofen Nurofen
Diclofenac sodium Voltaren
Dicloberl
Dexketoprofen Dexalgin
Mefenamic acid Mefenamic acid
Predominant COX-2 blockers Nimesulid Nimesil
Meloxicam Movalis
Selective COX-2 blockers Celecoxibe Celebrex
Selective COX-3 blockers Paracetamol Panadol
(COX-1 in the brain) Efferalgan
Metamizole Analgin

Table 2. Indicators of MO growth delay at testing NSAIDs and NNA

Growth delay zones of test-strains, mm

(M£SD,n=6)

Ne Drug name S.aureus  S.mutans S. pyogenes E. coli P. aeruginosa
1 ASA 150+12 120+14 160+1,6 8007 11,0+1.2
2  Ketorolac 0 6,5+0,6 135+1,2 0 0

3 Ibuprofen 11,0£10 90+11 16,0+ 1,7 0 0

4  Diclofenac sodium 29,0+1,7 11,0£1,0 12,0+1,0 40+06 0

5  Dexketoprofen 120+£09 200+17 13,0+£1,0 0 0

6  Mefenamic acid 0 0 0 0 0

7 Nimesulid 0 0 13,0+ 1,1 0 0

8  Meloxicam 40+0,1 7,0+09 13,0+ 1,1 0 0

9  Celecoxibe 6,0+04 0 12,0+ 1,1 0 0

10 Paracetamol 10,0+ 1,1 100+12 8009 30+04 130%12
11 Metamizole 31,0219 11,012 14,0+1,2 0 0

To certain extent our findings explain the data of
available reference sources related to this subject, or
correlate with it. Thus, interesting clinical data concerning
the positive effects of preferential blocker of COX-1 ace-
tylsalicylic acid (ASA) are given in the study of Low-Dose
Acetylsalicylic Acid Treatment and Impact on Short-Term
Mortality in Staphylococcus aureus Bloodstream Infection,
carried out by M. Osthoff, J. A. Sidler, B. Lakatos in 2016
[6], showing that patients with staphylomycosis (excluding
sepsis caused by E. coli) had lower mortality risks at receipt
of ASAlow-dose (12.1 % vs 27.4 %, p <0.001). There was
also the decrease detected in cytotoxicity of S. aureus
ratio concerning bone tissue and reduction of the risk of
osteomyelitis at testing of salicylic acid derivative, i. e.,
diflunisal; it is associated with decreased synthesis of
virulence factors of staphylococci due to effect on their
accessory gene regulator (agr) [7].

Data inreference sources are insufficient for ibuprofen
and ketorolac: controlled studies [1] detected acceleration
of the progression of the soft tissue infections of strep-
tococcal etiology (group A) at their application, as well
as reduction of the effectiveness of etiotropic antibiotic
therapy. Within our study ketorolac and ibuprofen showed
no antimicrobial activity against S. mutans (the latter,
according to our data, in general, was less sensitive
to the inhibitory effects of NSAIDs), but were effective
(more pronounced for ibuprofen) against S. pyogenes,
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Fig. 1. Effect of NSAIDs
on S. pyogenes.

Fig. 2. Effect of NSAIDs
on S. aureus.

1: ASA;

2: |buprofen;

3: Celecoxibe;

4: Nimesulid;

5: Paracetamol;

6: Ketorolac;

7: Diclofenac sodium;
8: Meloxicam;

9: Dexketoprofen;
10: Metamizole.

Fig. 3. Effect of NSAIDs
on P. aeruginosa.

Fig. 4. Hemolytic effect
of NSAIDs.

1: ASA;

2: Ibuprofen;

3: Celecoxibe;
4: Nimesulid;
5: Paracetamol.

which is known to have a high sensitivity to antimicrobial
agents of different groups and slowly develop resistance
to them.

According to the reference sources sodium diclofenac
showed antibacterial activity against antibiotic-sensitive
and antibiotic-resistant strains of listeria and mycobacteria,
explained with impaired DNA synthesis of sensitive flora
[2]. Use of 30-50 mg/20 g diclofenac for mice reliably
protected them from infection caused by gram-negative
Salmonella typhimurium [8]; under conditions of our
experiment it had practically no effect on gram-negative
flora.

We found no data about the presence of the antimi-
crobial effect of ketoprofen and its dextrarotary isomer
dexketoprofen on gram-positive cocci (as shown in our
experiments), though there is available information about
the use of ketoprofen in addition to enrofloxacin for intra-
tracheal infection of pigs with gram-negative Haemophilus
parasuis, while NSAIDs significantly improved vital signs
of animals compared to the group receiving fluoroquino-
lone only [9].

No data about the direct impact of selective COX-2
blockers on gram-positive pathogenic flora are found, but
there is an evidence of potentiating effect of celecoxib on
sensitivity of S.aureus to antibiotics through increasing of
SIRT1 protein regulatory level in macrophages [10] and
through inhibiting efflux of antibiotics from a microbial
cell [11].

In contrast to other studied drugs, COX-3 blockers, i. .,
paracetamol and metamizole, showed stronger pseu-
domonas (both-moderate) and antistaphylococcal effect
(metamizole).

The more pronounced overall antimicrobial activity of
nonselective anti-COX drugs is probably due to the fact
that one of the NSAIDs effect mechanisms on the deve-
lopment of MO resistance may be an impact on the syn-
thesis of prostaglandin E2 (PGE2), as PGE2 is shown
to be the stimulation factor of staphylococci resistance
development [12].

Treatment of comorbidity shall also consider that
NSAIDs may mask symptoms of infection process, low-
ering body temperature, which can lead to an incorrect
evaluation of the efficacy of anti-infectious effect at their
combined use.

Conclusions

1. The studies revealed the majority of the tested
NSAIDs to have an antimicrobial activity.

2. Leader-drugs of antimicrobial effects are prepara-
tions with sufficient COX-1(3)-activity: ASA, diclofenac,
dexketoprofen, metamizole, and paracetamol to a lesser
extent.

3. Tested NSAIDs had the greatest activity against
gram-positive cocci flora, mostly affecting S. Pyogenes.

4. Significance of antimicrobial activity of NSAIDs may
be evaluated as a factor potentially enhancing the activity
of anti-infectious therapy.

5. Antimicrobial activity of NSAIDs can theoretically
contribute to the development of MO resistance due
to the existence of the latter in a medium with sub-
threshold concentrations of agents with antimicrobial
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activity. From this perspective, further clinical and phar-
macological studies of the problem are of great practical
importance.
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