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Population growth and its high migration activity cause a risk of the global spread of especially dan-
gerous infectious diseases, including plague. Sensitivity to antibacterial drugs is an important feature of
Yersinia pestis strains isolated in natural plague foci. The reported antibiotic resistance of plague patho-
gen decreases the effectiveness of specific antibiotic therapy for this infection. This paper reviews literary
data on the antibacterial therapy of plague.

The purpose of the study was to analyze literary sources on antibacterial therapy of plague and
describe the current state of the problem.

Material and methods. Literary review and source analysis covered the Scopus, Thomson
Reuter, Google Scholar, e.library.ru, and PubMed databases. The search depth was 30 years
(1988-2018). Out of 200 sources revealed, 39 (26 in English and 13 in Russian) were selected for
further analysis.

Keywords used for inclusion in the study were: plague, antibacterial drugs and therapy, sensitivity,
resistance, strains and Y. pestis.

Results and discussion. The data on the promptness and adequacy of antibiotic administration
was reviewed. Such antibiotics as streptomycin, gentamicin, tetracycline or doxycycline, and chloram-
phenicol are commonly used in the clinic and recommended by the WHO. Fluoroquinolones, such as
ciprofloxacin, were also efficient in animal and in vitro studies. Streptomycin has been the most effec-
tive and available clinical therapy. Gentamicin was an acceptable and preferred alternative to strep-
tomycin in the United States and several other countries. Recently, several studies have suggested a
drug combination that may be more effective — streptomycin or gentamicin combined with tetracycline
or doxycycline.

Conclusions. Aminoglycosides are the leading group of drugs effective against plague infection.
Streptomycin remains the reference drug used to compare the effectiveness of other antibiotics.
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«M. Alikbimbaes ambiHOagbl Aca Kayinmi uHgbekyusinap ynmmelK ebiibiMu opmarnbigbly LLXKK PMK,
Anmamel K., KazakcmaH Pecrybnukachbi

Xanblk CaHblHbIH apTyblHa 8HE OHbIH KeLUi-KOH 6enceHainiriHiK xxorapbl 6onybiHa 6annaHbICcThl aca
KayinTi XXyknanbl aypynapablH xahaHablk Tapany kayni 6ap, onapaplH katapbiHa oba xaTtagbl. bakre-
pusiFa Kapcbl NpenapaTtTapfa cesiMTanablk 06aHblH TabuFn olakTapbliHAa oKwaynaHfFaH Yersinia pestis
LWTaMMAapbIHbIH MaHbI3abl kacueTi 6onbin Tabbinagbl. O6a Ko3ablpFblllbiHAH aHTUOMOTUKKE TE3IMAINIK
aHbIKTanbIn oTblp, 6yn oCbl MHPEKUMAHBIH, aHTUONOTMKANMbIK TEPaNUSACBIHBIH, TMIMAINITIHIK TOMEHAEYIHIH
Heri3ri cebenTepiniH, Oipi 6ongbl. Lonyna aaebu gepekkesgepre corkec obaHblH OakTepusiFa Kapcbl
Tepanusachl Typanbl aknapat 6epinreH.

3ep1Tey MakcaTtbl. ObaHbIH GakTepusiFa Kapcbl Tepanusacel GoiibiHWa aaebun aepekke3nepai Tan-
nay. MacereHiH Kasipri )arganel Typarnbl aknapaTtTaHabipy.
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REVIEWS

Matepuan xoHe apictepi. Scopus, Thomson Reuter, Google Scholar, e.library.ru, PubMed
ManimeTTep 6asackl GoiblHWA aaebu wony xacangbl. 13gey Tepenairi 30 xbin (1988-2018 xk.).
200 pepekkes Tabbinabl, onapablH, ilWiHeH kewriHri Tangay ywiH 39: 26 arbinwbIH TiniHAe aHe 13 opbIC
TiniHoe TaHaanabl.

3epTTeyre Kocy YLWiH MblHagaw TyniHAi ce3aep Herid 6onapl: 06a, 6akTepusiFa kapcel npenapaTtrap
XoHe Tepanwus, cesimTanablk, Pe3UCTEHTTINIK, WTammaap, Y. pestis.

HaTtuxenepi MmeH Tankbinaybl. AHTUOMOTUKTEPAI YaKbITbiNbl XKOHe afeKkBaTTbl TarambiHOay Ty-
panbl ManiMeTTepre Lony xacangpl. 94eTte byn KnMHMKaaa xui kongaHbinaTtbiH xxaHe OY¥ ycbiHFaH
CTPENnTOMUUMH, FTeHTaMULMH, TETPAUMKIINH HEMECe AOKCULIMKITUH XoHe xrnopamdeHmkon. Linnpodnok-
CauMH CUSAKTbl (DTOPXMHOMNOHAAP >XaHyaprapfa XyprisinreH 3epTreyae xaHe in vitro-ga Tnimainirii kep-
ceTTi. KnuHukanblk Tepanusagarbl €H, TiMAi xxaHe Ko XeTiMAi cTpentoMuumnH 6ongbl. AMepuka Kypama
LtaTTapbiHaa eHe kenbip 6acka engepae CTpenToMUUMHIE Konannbl 6anama peTiHae reHTaMuuuH
6onbin Tabbinagbl. CoHfFbl XKblngapbl GipHelwe 3epTTeynep TviMai 6onybl MyMKiH O8pi-A8pMeKTepaiH
XWBIHTBIFbIH YCbIHABI: CTPENTOMULIMH HEMECE FeHTaMWULUMH TEeTPaUMUKITMHMEH HEMeCEe AOKCULMKITMHMEH
GipikTipinreH Typi.

KopbITbIHABLI. AMYHOMMMKO3MATEP - 06a MHPEKLUMSACH YLWIH TUiMAi AapinepaiH Herisri Toobl. Ctpen-
TOMUUMH Backa aHTMOMOTUKTEPAiH TUIMAINiriH canbicTblpaTblH aHblKTamarnblk npenapaT 6onbin Kana
Gepegi.

Herisri ce3pgep: o6a, OakTepusira kapcbl NpenapaTTap oHe Tepanus, cesimTanablk, Te3iMAainik,
wramaap, Y. pestis.
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PITT Ha MXB «HauuoHarnbHbIU HayYHbIU UeHmp 0cobo onacHbIx uHgpekyul um. M Alikumbaesay M3 PK,
2. Animamel, Pecriybnuka KasaxcmaH

B cBA3M C pOCTOM HacemneHUst U ero BbICOKOW MUIPaLMOHHON aKTUBHOCTbLIO CYLLECTBYET PUCK rro-
6anbHOro pacnpocTpaHeHns 0co60 onacHbIX MHPEKLUMOHHBIX 3a00MeBaHuUi, K YACIY KOTOPbIX OTHOCUTCH
Yyma. YyBCTBUTENBHOCTb K aHTUOaKTEpPUanbHbIM Npenaparam SBMsieTCS BaXHbIM CBONCTBOM U30MMPO-
BaHHbIX B MPUMPOAHBLIX 04arax Yymbl WTamMMoB Yersinia pestis. Y Bo30yanTens YyMbl BbisIBIiEHa aHTU-
BUOTUKOPE3NCTEHTHOCTb, CTaBLLAA OOHOM U3 OCHOBHBIX MPUYNH CHKEHNS 3dpdEeKTUBHOCTU aHTUBMOTK-
KoTepanuu aTton nHdbekumn. B 063ope npmBeaeHbl cBeAeHUs No aHTMbakTepuansHoi Tepanmmn YymMbl No
OaHHbIM NMMTepaTypHbIX NCTOYHUKOB.

Llenb nccneaosaHus. AHanus nutepaTypHbIX UCTOYHWUKOB MO aHTUBaKTepuansHON Tepanun YyMbl.
OcBeTUTb COBPEMEHHOE COCTOSHUE NPOBEMbI.

Matepuan u metogbl. MpoBeaeH nuTepaTypHbIi 0630p-aHanu3 nuTepaTtypbl N0 6aszam AaHHbIX
Scopus, Thomson Reuter, Google Scholar, e.library.ru, PubMed. my6uHa nowcka 30 net (1988-2018 rr.).
Bbino HangeHo 200 NCTOYHUKOB, U3 HUX A4S nocrneaytoLlero aHanmsa 6eino otobpaHo 39: 26 Ha aHrnun-
CKOM 53blke 1 13 — Ha PyCCKOM.

OcHoBaHMEM Ans BKIOYEHUS B MCCregoBaHNe SBMSNUCH KIOYEBbIE CoBa: Yyma, aHTubakTepuarns-
Hble Npenaparbl U Tepanusi, YyBCTBUTENbHOCTb, PE3NCTEHTHOCTb, LUTaMMbI, Y. pestis.

PesynbtaTbl 1 obcyxaeHue. MNpeacrasneH 0630p AaHHbIX O CBOEBPEMEHHOCTU U adeKBaTHOCTU
Ha3HayeHust aHTMOMOTMKOB. Kak npaBummno, 3To CTPENTOMMULMH, FeHTaMULMH, TeTPaLUMKIMH UK SOKCULIM-
KIMWH 1 XnopamdeHUKoT, 0ObIYHO NCNOMb3yeMbIe B KIMHUKE U peKoMeHAoBaHHble BO3. ®TOPXMHOMOHbI,
Takne Kak LunpogriokcaLH, mokasanu cBo 3MEKTUBHOCTb B UCCIIEA0BaHUAX HA XXUBOTHbIX U in Vitro.
CTpenToMuuuH 6bin cambiM 3PAEKTUBHBIM U AOCTYMHBbIM B KNMHUYEeckon Tepanuun. B CoeguHeHHbIX
LLTtaTtax 1 HeKOTOpPbIX APYrMX CTpaHax npuemMneMon 1 NPeanovTUTENbHOM anbTepHaTMBON CTPENTOMU-
LMHY SIBNSIETCS reHTamuuuH. B nocnegHme rofpl B HECKOMbKUX MCCMefoBaHUSX NPEASIOKEHO codeTaHne
nekapcTB, KOTopoe MOXeT BbiTb 6onee adPEKTUBHBIM: CTPENTOMULMH UMW FTEHTaMULMH B COMETaHUN C
TeTpauUMKIMHOM UM JOKCULIMKIIMHOM.

BbiBoabl. AMUHOMMMKO3MAbl ABASKOTCS OCHOBHOW Fpynno npenapaTtoB, 3PeKTUBHbIX NpU YyMm-
HOW MHeKuMn. CTPEeNnTOMULMH OCTAETCS 3TaNIOHHLIM NpenapaToMm, ¢ KOTOPbIM CpaBHUBAT 3P eKTUB-
HOCTb ApYr1X aHTUONOTMKOB.

Knroyeenie croga: Yyma, aHTubakTepuanbHble npenapaTtbl U Tepanusi, YyBCTBUTENbHOCTb, pPe3n-
CTEHTHOCTb, LWUTamMbl, Y. pestis.

Onsa uutnpoBaHusa: Meka-MeueHko T.B., Abaen 3.K., bernmbaesa 3.K., Kosarnesa I.I"., JlyxHosa J1.10.,
M3baHoBa Y.A., Janubaes X.C. AHTMOakTepuanbHasa Tepanusa Y4ymbl (063op nutepatypsl) // MeanumHa
(Anmatbl). 2021;3(225):36-42 doi: 10.31082/1728-452X-2021-225-3-36-42
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n antibioticogram for such an especially dangerous in-
Afection as plague should be obtained within the culture
identification period. It determines the choice of spe-
cialized emergency prevention actions and etiotropic therapy
of the infection.
Determination of the spectrum and range of sensitivity of
Y. pestis strains of various origins against antibacterial agents
remains important for selecting drug prevention and therapy
despite the available antibacterial drugs with a known bacteri-
cidal and bacteriostatic effect on the plague pathogen.
This study aimed to analyze literary sources on antibac-
terial therapy of plague and the Y. pestis strains’ sensitivity to
antimicrobial drugs.

MATERIALS AND METHODS

An online literature search on the sensitivity of plague
strains to antibiotics and the effectiveness of antibacterial ther-
apy against plague was performed in Scopus, Thomson Reuter,
Google Scholar, e.library.ru, and PubMed databases.

The inclusion criterion was the description of scientific re-
search on plague strains’ antibiotic sensitivity and plague an-
tibacterial therapy published in the last 30 years. The review
included 39 papers meeting the inclusion criterion.

Confidence and Data Extraction Assessment

We reviewed 39 selected sources on the topic. The articles
were assessed at random by key aspects, including sensitivity
and resistance of Y. pestis strains, the effectiveness of plague
antibacterial therapy.

RESULTS AND DISCUSSION

Today, the issue of stability and expansion of the area
of natural foci of dangerous infections intensifies due to the ex-
isting risk of the infections’ global spread taking into account
the global population growth and high migration activity. The
situation on infectious diseases in the world becomes all more
serious and less predictable, also in mature countries. New
information on the phenotypic and genetic variability of mi-
croorganisms and the potential of parasitic systems to adapt to
natural and anthropogenic factors add to the situation’s seri-
ousness. The detection of plague strains with reduced sensitivi-
ty to streptomycin and resistance to tetracycline and rifampicin
causes concern [1].

Y. pestis strains resistant to chloramphenicol and insensi-
tive to gentamicin were obtained from plague patients in Ka-
zakhstan [2].

During a pulmonary plague outbreak in Tanzania, the
pathogen culture was obtained from the sputum of patients
treated with tetracycline or streptomycin plus tetracycline [3].

The emergence of antibiotic-resistant Y. pestis strains is
a public health issue. Three antibiotic-resistant Malagasy Y.
pestis strains were isolated from different patients at different
times and from distant places. They had unrelated plasmids
suggestive of independent horizontal acquisition of genetic
material and demonstrated the ability to acquire antibiotic re-
sistance plasmids in vivo. Therefore, we can expect the emer-
gence of new Y. pestis strains with multidrug resistance posing
a severe threat to health [4].

Bioterrorism is an urgent problem these days. According to
A.A. Vorobyov, plague pathogen is the second most probable
bioagent after the smallpox virus [6].

First-line (streptomycin, amikacin, gentamicin, doxycy-
cline, ciprofloxacin (or ofloxacin, pefloxacin, lomefloxacin,
levofloxacin), ceftriaxone, rifampicin, trimethoprim/sulfame-
thoxazole) and second-line (kanamycin, netilmicin, tobramycin,
tetracycline, ampicillin, ceftazidime (or ceftibuten, cefixime,
cefepime), aztreonam, nalidixic acid, chloramphenicol) drugs
are used to treat plague in the CIS countries. The drugs from this
list are used when studying the antibiogram of plague strains.

In the US, gentamicin and fluoroquinolones are the com-
mon first-line drugs with suspected plague. The treatment du-
ration is 10 to 14 days or up to 2 days after the fever subsides.
Regimens and treatments are indicative and may need an ad-
justment depending on the patient’s age, medical history, un-
derlying health conditions, or allergies [7-10].

CDC recommends streptomycin, gentamicin, levofloxacin,
ciprofloxacin, doxycycline, moxifloxacin, or chloramphenicol
as antibiotics against plague.

In response to the intense use of antibiotics since their dis-
covery in the 1930s, bacteria develop an increasing resistance
to these essential drugs. The state shall ensure a stock of anti-
biotics against bacterial plague. Governments shall also sub-
sidize tests to determine the infections’ nature and resistance,
increase subsidies and spending on vaccination research, and
gather more information about the magnitude and nature of the
threat posed by resistant bacterial pathogens.

Routine assessment of antibiotic sensitivity by bacteriolog-
ical laboratories does not provide a reliable forecast of sustain-
ability to aminoglycosides. It also does not allow for long-term
planning of the choice of antibiotics [11, 12].

Therefore, the study of resistance mechanisms to amino-
glycosides in clinical isolates is of great importance to [13, 14].

Reshedko [15] studied the resistance to aminoglycosides
based on the assessment of antibiotic resistance.

The choice of discs with antibiotics for microbial testing
should be guided by the spectrum of action of antibiotics and
the results of multicenter antibiotic susceptibility studies.

Li et al. [16] provided data on the timeliness and adequacy
of antibiotic prescription. Streptomycin, gentamicin, tetracy-
cline or doxycycline, and chloramphenicol are mainly used in
clinical practice [17, 18] and recommended by WHO.

Fluoroquinolones such as ciprofloxacin were effective in
animal studies [19] and in vitro [20]. Some physicians have
also used moxifloxacin clinically to treat plague in China [19].

Streptomycin was the most efficient among the antibiotics
mentioned above and available in clinical therapy [20, 21]. The
Chinese CDC has proposed streptomycin 2 g as the starting
dose and used it in China to treat pneumonic plague [19]. How-
ever, streptomycin should never be used during pregnancy for
deafness development.

This drug is not always available in the US and some other
countries. Gentamicin is an acceptable and preferred alterna-
tive to streptomycin, with proven efficacy in some instances
[22, 23].

Li et al. describe a case of a toxic-infectious shock in a
plague patient due to late diagnosis. Therefore, timely diag-
nosis and treatment are essential for disease prognosis [16].
Another patient received no antibiotic therapy, and the third
one was treated with clindamycin which is ineffective against
plague. Wrong treatment leads to high mortality, especially in
pneumonic plague.
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Several studies [24, 25] suggested a probably more effec-
tive combination of drugs: streptomycin or gentamicin plus
tetracycline or doxycycline. In the case of streptomycin resis-
tance [26], researchers tried to find alternatives to antibiotic
treatment, for example, immunotherapy, treatment with phages
and bacteriocins [27].

Kiersten et al. [28] analyzed 1,006 plague cases occurring
in humans in the US over 113 years since the first case reported
in 1900. Plague mortality has declined with the invention of
effective treatment.

Antimicrobial therapy for plague is effective when started
early in the disease and continued for at least three days after
body temperature returns to standard values. Streptomycin is
a preferred drug in such cases. However, it is not immediately
available everywhere. Gentamicin is an acceptable alternative
to streptomycin based on laboratory and animal studies and
limited clinical observations in humans. Tetracyclines are also
effective against plague, so they are widely used for therapy
and prevention. Doxycycline twice a day is the most preferred
oral drug due to its rapid gastrointestinal absorption. Chlor-
amphenicol is used to treat various forms of plague, includ-
ing plague pneumonia. It is also recommended against plague
meningitis due to its ability to cross the blood-brain barrier.
Fluoroquinolones are effective against plague in animal stud-
ies. Ciprofloxacin had nearly similar efficacy in mice studies
as aminoglycoside antibiotics and tetracyclines. In laboratory
studies, some fluoroquinolones have shown equivalent or even
better action than aminoglycoside antibiotics and tetracyclines.
Several sulfonamides (sulfathiazole, sulfadiazine, sulfamera-
zine, and trimethoprim-sulfamethoxazole) have been used suc-
cessfully to treat and prevent plague. However, sulfonamides
are less effective than streptomycin or tetracycline, especially
in pneumonic plague. Sulfisoxazole should not be used due to
its rapid urinary excretion. Penicillins, macrolides, and ceph-
alosporins are clinically ineffective and not recommended to
treat plague. Multiple drug resistance due to plasmid transfer
was found in a single clinical isolate. The same refers to plas-
mid-associated streptomycin resistance. Some strains obtained
in laboratories were resistant to antimicrobial drugs.

Smego et al. [17] emphasized the importance of efficient
antibiotic treatment of plague due to high mortality from an
untreated plague. A limited range of antibacterial agents used
for treatment include streptomycin (alternatively gentamicin),
chloramphenicol, and tetracycline (or doxycycline) [29].

Streptomycin administration for ten days is the preferred
regimen, but its antibacterial activity may precipitate endotox-
ic shock. However, it was not a problem in cases of plague in
Vietnam. Most patients showed an improvement in 3 days, but
10-day therapy was recommended to prevent relapses.

Tetracycline or doxycycline is a usually satisfactory alterna-
tive in uncomplicated bubonic plague. Streptomycin may be re-
placed with tetracycline or doxycycline in the risk of ototoxicity
or renal toxicity. Chloramphenicol is used to treat plague menin-
gitis and as an alternative to tetracycline or doxycycline in preg-
nant women and small children. Tetracycline or doxycycline is
a usual choice for prevention purposes. In case of any contrain-
dications due to age or pregnancy, trimethoprim-sulfamethoxaz-
ole is administered. Other previously used treatment agents with
lower efficacy or higher toxicity include sulfonamides, trimetho-
prim-sulfamethoxazole, ampicillin, and kanamycin [18].

REVIEWS

Pneumonic plague is highly contagious, and patients
should be strictly isolated with appropriate precautions taken
against the spread of the infection until 48 hours of antibiotic
treatment is applied with a favorable outcome [30].

Antonov et al. [31] specify that infectious diseases are nat-
ural phenomena in human society; they develop and change
with time. Their prevalence remains global despite significant
advances in the fight against infectious diseases. Many people
can become infected within a short period. Therefore, further
improvement in the prevention of infectious diseases remains
relevant. Emergency and specific prophylaxis are of great im-
portance to prevent the development of infectious diseases.

An increased range of new, highly effective drugs is re-
quired to eliminate the natural and artificial infection foci. Flu-
oroquinolones are widely used to treat infections of various
etiologies (anthrax, plague, tularemia) [32].

In the RK market, the fluoroquinolone class of chemother-
apy drugs is presented by nine drugs.

New fluoroquinolones — sparfloxacin, moxifloxacin, imi-
floxacin, levofloxacin — are the most promising for experimen-
tal studies. The earlier representatives of this class — pefloxa-
cin, ofloxacin, ciprofloxacin — have an extensive action against
causative agents of dangerous and especially dangerous bacte-
rial infections and are included in almost all relevant regulato-
ry documents. The main task is to find drugs that are superior
in efficiency to the earlier representatives of this class in the
treatment of especially dangerous bacterial infections.

Some authors [33] have shown the high efficacy of levo-
floxacin and lomefloxacin against plague in white mice. These
drugs could supplement the range of effective etiotropic med-
icines against plague.

Shchipeleva et al. [34] studied the problem of plague mul-
tidrug resistance. Nowadays, plague treatment might be com-
plicated by the spread of multiply resistant forms of this patho-
gen. Many researchers have long proven the plague pathogen’s
ability to perceive and express R-plasmids in experiments. The
etiotropic therapy effectiveness against plague depends on the
timely initiation of adequate treatment. Late diagnostics and
generalization of the process can cause death despite highly
active antibacterial drugs and intensive pathogenetic therapy,
as evidenced by still high mortality from the plague.

A comparative effectiveness study of many antibacterial
agents in subcutaneously and aerogenically infected mice ex-
periments has proven a high efficiency of etiotropic therapy
at the early start of treatment (24 h after infection) and low
efficiency — at a late start of treatment (after 48 or 72 h). The
authors showed higher therapeutic activity of aminoglycosides
and fluoroquinolones at a late start of treatment (but with a
survival rate below 60%) [35, 36].

An infectious-toxic model of plague in white mice was
used to study the clinical efficacy of different groups of anti-
bacterial drugs to determine the ability of drugs recommended
against plague to enhance or not aggravate the development of
infectious-toxic shock [37].

The experiments showed the primary efficacy of amino-
glycosides against plague. Streptomycin remains the refer-
ence drug used to compare the effectiveness of other medi-
cines. Netilmicin [38], ciprofloxacin, and moxifloxacin [39]
are promising in developing (developed) infectious-toxic
shock.
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At that, the therapeutic efficacy of gentamicin recommend-
ed to prevent and treat all forms of plague sharply decreases in
the model of an infectious-toxic form of the infection. Genta-
micin is inappropriate in advanced disease [37].

One of the most important directions of the national se-
curity policy in the Republic of Kazakhstan is to protect the
population and counter biological threats. Further large-scale
experiments are required to eradicate plague pathogens in case
of an infection outbreak in any of its forms.

CONCLUSIONS

A comparative study of the means to treat plague in glob-
al literature sources shows the primary efficiency of amino-
glycosides against this disease. Streptomycin remains the
reference drug used to compare the effectiveness of other
antibiotics.

Constant monitoring of freshly isolated Y. pestis strains
sensitivity to antibacterial drugs is required for timely detec-
tion of the resistance of the plague pathogen to antibiotics.
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