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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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Халық санының артуына  және оның көші-қон белсенділігінің жоғары болуына байланысты аса 
қауіпті жұқпалы аурулардың жаһандық таралу қаупі бар, олардың қатарына оба жатады. Бакте-
рияға қарсы препараттарға сезімталдық обаның табиғи ошақтарында оқшауланған Yersinia pestis 
штаммдарының маңызды қасиеті болып табылады.  Оба қоздырғышынан  антибиотикке төзімділік 
анықталып отыр, бұл осы инфекцияның антибиотикалық терапиясының тиімділігінің төмендеуінің 
негізгі себептерінің бірі болды. Шолуда әдеби дереккөздерге сәйкес обаның бактерияға қарсы 
терапиясы туралы ақпарат берілген. 

Зерттеу мақсаты. Обаның бактерияға қарсы терапиясы бойынша әдеби дереккөздерді тал-
дау. Мәселенің қазіргі жағдайы туралы ақпараттандыру.
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Материал және әдістері.  Scopus, Thomson Reuter, Google Scholar, e.library.ru, PubMed  
мәліметтер базасы бойынша әдеби шолу жасалды. Іздеу тереңдігі 30 жыл (1988-2018 жж.). 
200 дереккөз табылды, олардың ішінен кейінгі талдау үшін 39: 26 ағылшын тілінде және 13 орыс 
тілінде таңдалды.

Зерттеуге қосу үшін  мынадай түйінді сөздер негіз болды: оба, бактерияға қарсы препараттар 
және терапия, сезімталдық, резистенттілік, штаммдар, Y. pestis.  

Нәтижелері мен талқылауы. Антибиотиктерді уақытылы және адекватты  тағайындау  ту-
ралы мәліметтерге шолу жасалды. Әдетте бұл клиникада жиі қолданылатын және ДДҰ ұсынған 
стрептомицин, гентамицин, тетрациклин немесе доксициклин және хлорамфеникол. Ципрофлок-
сацин сияқты фторхинолондар жануарларға жүргізілген зерттеуде және in vitro-да тиімділігін көр-
сетті. Клиникалық терапиядағы ең тиімді және қол жетімді стрептомицин болды. Америка Құрама 
Штаттарында және кейбір басқа елдерде стрептомицинге қолайлы балама  ретінде гентамицин 
болып табылады. Соңғы жылдары бірнеше зерттеулер тиімді болуы мүмкін дәрі-дәрмектердің 
жиынтығын ұсынды: стрептомицин немесе гентамицин тетрациклинмен немесе доксициклинмен 
біріктірілген түрі.

Қорытынды. Аминогликозидтер - оба инфекциясы үшін тиімді дәрілердің негізгі тобы. Стреп-
томицин басқа антибиотиктердің тиімділігін салыстыратын анықтамалық препарат болып қала 
береді. 

Негізгі сөздер: оба, бактерияға қарсы препараттар және терапия, сезімталдық, төзімділік, 
штамдар, Y. pestis.
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В связи с ростом населения и его высокой миграционной активностью существует риск гло-
бального распространения особо опасных инфекционных заболеваний, к числу которых относится 
чума. Чувствительность к антибактериальным препаратам является важным свойством изолиро-
ванных в природных очагах чумы штаммов Yersinia pestis. У возбудителя чумы выявлена анти-
биотикорезистентность, ставшая одной из основных причин снижения эффективности антибиоти-
котерапии этой инфекции. В обзоре приведены сведения по антибактериальной терапии чумы по 
данным литературных источников.

Цель исследования. Анализ литературных источников по антибактериальной терапии чумы. 
Осветить современное состояние проблемы.

Материал и методы. Проведен литературный обзор-анализ литературы по базам данных 
Scopus, Thomson Reuter, Google Scholar, e.library.ru, PubMed. Глубина поиска 30 лет (1988-2018 гг.). 
Было найдено 200 источников, из них для последующего анализа было отобрано 39: 26 на англий-
ском языке и 13 – на русском.

Основанием для включения в исследование являлись ключевые слова: чума, антибактериаль-
ные препараты и терапия, чувствительность, резистентность, штаммы, Y. pestis. 

Результаты и обсуждение. Представлен обзор данных о своевременности и адекватности 
назначения антибиотиков. Как правило, это стрептомицин, гентамицин, тетрациклин или доксици-
клин и хлорамфеникол, обычно используемые в клинике и рекомендованные ВОЗ. Фторхинолоны, 
такие как ципрофлоксацин, показали свою эффективность в исследованиях на животных и in vitro. 
Стрептомицин был самым эффективным и доступным в клинической терапии. В Соединенных 
Штатах и некоторых других странах приемлемой и предпочтительной альтернативой стрептоми-
цину является гентамицин. В последние годы в нескольких исследованиях предложено сочетание 
лекарств, которое может быть более эффективным: стрептомицин или гентамицин в сочетании с 
тетрациклином или доксициклином.

Выводы. Аминогликозиды являются основной группой препаратов, эффективных при чум-
ной инфекции. Стрептомицин остаётся эталонным препаратом, с которым сравнивают эффектив-
ность других антибиотиков. 

Ключевые слова: чума, антибактериальные препараты и терапия, чувствительность, рези-
стентность, штаммы, Y. pestis.

Для цитирования: Мека-Меченко Т.В., Абдел З.Ж., Бегимбаева Э.Ж., Ковалева Г.Г., Лухнова Л.Ю., 
Избанова У.А., Далибаев Ж.С. Антибактериальная терапия чумы (обзор литературы) // Медицина 
(Алматы). 2021;3(225):36-42 doi: 10.31082/1728-452X-2021-225-3-36-42
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An antibioticogram for such an especially dangerous in-
fection as plague should be obtained within the culture 
identifi cation 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 eff ect 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 eff ectiveness 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 scientifi c 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. 

Confi dence 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 eff ectiveness of plague 
antibacterial therapy.

RESULTS AND DISCUSSION 
 Today, the issue of stability and expansion of the area 

of natural foci of dangerous infections intensifi es 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 diff erent patients at diff erent 
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, ciprofl oxacin (or ofl oxacin, pefl oxacin, lomefl oxacin, 
levofl oxacin), ceftriaxone, rifampicin, trimethoprim/sulfame-
thoxazole) and second-line (kanamycin, netilmicin, tobramycin, 
tetracycline, ampicillin, ceftazidime (or ceftibuten, cefi xime, 
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 fl uoroquinolones are the com-
mon fi rst-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, levofl oxacin, 
ciprofl oxacin, doxycycline, moxifl oxacin, 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 ciprofl oxacin were eff ective in 
animal studies [19] and in vitro [20]. Some physicians have 
also used moxifl oxacin clinically to treat plague in China [19].

Streptomycin was the most effi  cient 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 effi  cacy 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 ineff ective against 
plague. Wrong treatment leads to high mortality, especially in 
pneumonic plague.



39

REVIEWS

(Almaty), №3 (225), 2021

Several studies [24, 25] suggested a probably more eff ec-
tive combination of drugs: streptomycin or gentamicin plus 
tetracycline or doxycycline. In the case of streptomycin resis-
tance [26], researchers tried to fi nd 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 fi rst case reported 
in 1900. Plague mortality has declined with the invention of 
eff ective treatment.

Antimicrobial therapy for plague is eff ective 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 
eff ective 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 eff ective against plague in animal stud-
ies. Ciprofl oxacin had nearly similar effi  cacy in mice studies 
as aminoglycoside antibiotics and tetracyclines. In laboratory 
studies, some fl uoroquinolones 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 eff ective than streptomycin or tetracycline, especially 
in pneumonic plague. Sulfi soxazole should not be used due to 
its rapid urinary excretion. Penicillins, macrolides, and ceph-
alosporins are clinically ineff ective 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 effi  cient 
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 effi  cacy or higher toxicity include sulfonamides, trimetho-
prim-sulfamethoxazole, ampicillin, and kanamycin [18].

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 signifi cant 
advances in the fi ght 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 specifi c prophylaxis are of great im-
portance to prevent the development of infectious diseases.

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

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

New fl uoroquinolones – sparfl oxacin, moxifl oxacin, imi-
fl oxacin, levofl oxacin – are the most promising for experimen-
tal studies. The earlier representatives of this class – pefl oxa-
cin, ofl oxacin, ciprofl oxacin – 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 fi nd drugs that are superior 
in effi  ciency to the earlier representatives of this class in the 
treatment of especially dangerous bacterial infections.

Some authors [33] have shown the high effi  cacy of levo-
fl oxacin and lomefl oxacin against plague in white mice. These 
drugs could supplement the range of eff ective 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 eff ectiveness 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 eff ectiveness study of many antibacterial 
agents in subcutaneously and aerogenically infected mice ex-
periments has proven a high effi  ciency of etiotropic therapy 
at the early start of treatment (24 h after infection) and low 
effi  ciency – at a late start of treatment (after 48 or 72 h). The 
authors showed higher therapeutic activity of aminoglycosides 
and fl uoroquinolones 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 effi  cacy of diff erent 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 effi  cacy of amino-
glycosides against plague. Streptomycin remains the refer-
ence drug used to compare the eff ectiveness of other medi-
cines. Netilmicin [38], ciprofl oxacin, and moxifl oxacin [39] 
are promising in developing (developed) infectious-toxic 
shock.
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At that, the therapeutic effi  cacy 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 effi  ciency of amino-
glycosides against this disease. Streptomycin remains the 
reference drug used to compare the eff ectiveness 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.

Research transparency
The study was not sponsored. The authors are solely re-

sponsible for the submission of the fi nal version to print.
Declaration of fi nancial and other relationships
The authors did not receive royalties for the article.
Contribution of authors
Meka-Mechenko T.V., Abdel Z. Zh., Begimbayeva E. Zh. - 

development of the concept of the article and its writing, se-
lection, translation, and analysis of literature, formation of the 
fi nal version of the article.

Kovaleva G.G., Lukhnova L.Yu., Izbanova U.A., Dalibayev 
Zh.S. - literature sources’ selection and analysis.

Confl ict of interests
The authors declare that they have no confl icts of interest.

The work was performed under NTP IRN BR11065207, 
“Development and scientifi c substantiation of public health 
technologies, biological safety for the impact on the prevention 
of dangerous infectious diseases.”

СПИСОК ЛИТЕРАТУРЫ
1. Wong J.D., Barash J.R., Sandfort R.F., Janda J.M. 

Susceptibilities of Yersinia pestis strains to 12 antimicrobial agents 
// Antimicrob. Agents Chemother. 2000;44(7):1995-1996. doi: 
10.1128/AAC.44.7.1995-1996.2000

2. Атшабар Б.Б., Айкимбаев A.M., Аубакиров С.А. и др. 
Эпизоотологические и социальные предпосылки заболеваний 
чумой людей в 1999 г. в Казахстане и их клинико-эпидемиологи-
ческие характеристики // Проблемы особо опасных инфекций. 
2000;80:14-21

3. Lyamuya E.F., Nyanda P., Mohammedali H., Mhalu F. 
Laboratory studies on Yersinia pestis during the 1991 outbreak of 
plague in Lushoto, Tansania // J. Trop. Med. Hyg. 1992;95(5):335-338 

4. Cabanel N., Bouchier C., Rajerison M., Carniel E. Plasmid-
mediated doxycycline resistance in a Yersinia pestis strain isolated 
from a rat // International Journal of Antimicrobial Agents. 
2018;51:249–254

5. Онищенко Г.Г., Фёдоров Ю.М., Алексев В.В. и др. Задачи 
противодействия биологическим угрозам на современном этапе 
/ Mатериалы IX съезда ВНПОЭМП. М., 2007. Т.З. С. 129-130

6. Воробьев А.А. Оценка вероятности использования биоа-
гентов в качестве биологического оружия // Эпидемиол. и инф. 
болезни. 2001;6:54-56

7. Inglesby T.V., Dennis D.T., Henderson D.A., et al. Plague 
as a biological weapon: medical and public health management 
// External Working Group on Civilian Biodefense // JAMA. 
2000;283(17):2281-2290. PMID: 10807389. doi: 10.1001/
jama.283.17.2281

8. Koirala J. Plague: disease, management, and recognition of act 
of terrorism // External Infect Dis Clin North Am. 2006;20(2):273-
287. PMID: 16762739. doi: 10.1016/j.idc.2006.02.004

9. Boulanger L.L., Ettestad P., Fogarty J.D., Dennis D.T., Romig 
D., Mertz G. Gentamicin and tetracyclines for the treatment of 
human plague: Review of 75 cases in New Mexico, 1985–1999 // 
External Clin Infect Dis. 2004;38(5): 663-669. PMID: 14986250. 
doi: 10.1086/381545

10. Mwengee W., Butler T., Mgema S., Mhina G., Almasi Y., 
Bradley C., Formanik J.B., Rochester C.G. Treatment of plague with 
gentamicin or doxycycline in a randomized clinical trial in Tanzania. 
// External Clin Infect Dis. 2006;42(5):614-621. PMID: 16447105. 
doi: 10.1086/500137

11. Goldmann D.A. Contemporary challenges for hospital 
epidemiology // Am J Med. 1991;91(3B):8S-15S. doi: 10.1016/0002-
9343(91)90337-w

REFERENCES
1. Wong JD, Barash JR, Sandfort RF, Janda JM. Susceptibil-

ities of Yersinia pestis strains to 12 antimicrobial agents. Antimi-
crob. Agents Chemother. 2000;44(7):1995-1996. doi: 10.1128/
AAC.44.7.1995-1996.2000

2. Atshabar BB, Aikimbaev A.M., Aubakirov S.A. et al. Epi-
zootological and social preconditions of human plague diseases in 
1999 in Kazakhstan and their clinical and epidemiological character-
istics. Problemy osobo opasnykh infektsii = Problems of especially 
dangerous infections. 2000;80:14-21 (In Russ.)

3. Lyamuya EF, Nyanda P, Mohammedali H, Mhalu F. Labora-
tory studies on Yersinia pestis during the 1991 outbreak of plague in 
Lushoto, Tansania. J. Trop. Med. Hyg. 1992;95(5):335-338 

4. Cabanel N, Bouchier C, Rajerison M, Carniel E. Plas-
mid-mediated doxycycline resistance in a Yersinia pestis strain 
isolated from a rat. International Journal of Antimicrobial Agents.
2018;51:249–254

5. Onishchenko GG, Fedorov YuM, Aleksev VV, et al. Tasks of 
countering biological threats at the present stage. Materialy IX sieez-
da VNPOEMP [Materials of the IX Congress of VNPOEMP]. Mos-
cow; 2007. 3:129-130

6. Vorobiev AA. Assessment of the likelihood of using bioagents 
as biological weapons. Epidemiol. i inf. bolezni = Epidemiol. and 
inf. disease. 2001;6:54-56 (In Russ.)

7. Inglesby TV, Dennis DT, Henderson DA, et al. Plague as a bi-
ological weapon: medical and public health management // External 
Working Group on Civilian Biodefense. JAMA. 2000;283(17):2281-
2290. PMID: 10807389. doi: 10.1001/jama.283.17.2281

8. Koirala J. Plague: disease, management, and recognition of 
act of terrorism. External Infect Dis Clin North Am. 2006;20(2):273-
287. PMID: 16762739. doi: 10.1016/j.idc.2006.02.004

9. Boulanger LL. Ettestad P, Fogarty JD, Dennis DT, Romig D, 
Mertz G. Gentamicin and tetracyclines for the treatment of human 
plague: Review of 75 cases in New Mexico, 1985–1999 // Exter-
nal Clin Infect Dis. 2004;38(5): 663-669. PMID: 14986250. doi: 
10.1086/381545 

10. Mwengee W, Butler T, Mgema S, Mhina G, Almasi Y, Brad-
ley C, Formanik JB, Rochester CG. Treatment of plague with gen-
tamicin or doxycycline in a randomized clinical trial in Tanzania. 
External Clin Infect Dis. 2006;42(5):614-621. PMID: 16447105. 
doi: 10.1086/500137

11. Goldmann DA. Contemporary challenges for hospital epi-
demiology. Am J Med. 1991;91(3B):8S-15S. doi: 10.1016/0002-
9343(91)90337-w



41

REVIEWS

(Almaty), №3 (225), 2021

12. Gourgouli K, Mouroutsou M, Varjioti E, Kondii L, Chro-
nopoulos G, Baliaga S, et al. Comparison of bacterial resistance be-
fore and after restriction policy in the use of antibiotics. Proceedings 
of the 7th ESCMID. 1995. 57 p.

13. Courvalin P. Impact of molecular biology on antibiotic sus-
ceptibility: testing and therapy. Am J Med. 1995;99(6A):21S-25S. 
doi: 10.1016/s0002-9343(99)80281-2

14. Marr JJ, Moff et HL, Kunin CM. Guidelines for improving the 
use of antimicrobial agents in hospitals: a statement by the infectious 
diseases society of America. J Infect Desease. 1988;157(5):869-876. 
doi: 10.1093/infdis/157.5.869

15. Reshedko GK. Mechanisms of resistance to aminoglyco-
sides in nosocomial gram-negative bacteria in Russia: results of a 
multicenter study. Klinicheskaia mikrobiologiia i antimikrobnaia 
khimioterapii = Clinical microbiology and antimicrobial chemother-
apy. 2001;2(3):111-126 (In Russ.)

16. Yun-fang Li, De-biao Li, Hong-sheng Shao, Hong-jun 
Li, Yue-dong Han Plague in China 2014-All sporadic case report 
of pneumonic plague. BMC Infect Dis. 2016;16:85. doi: 10.1186/
s12879-016-1403-8

17. Smego RA, Frean J, Koornhof HJ. Yersiniosis I: microbio-
logical and clinicoepidemiological aspects of plague and non-plague 
Yersinia infections. Eur J Clin Microbiol Infect Dis. 1999;18(1):1-
15. doi: 10.1007/s100960050219

18. Perry RD, Fetherston JD. Yersinia pestis: etiologic agent of 
plague. Clin Microbiol Rev. 1997;10(1):35-66. doi: 10.1128/CMR.10.1.35 

19. Dawa W, Pan WJ, Gu XY, Zhang SQ, Dawa C, Yi X, et 
al. Clinical features, diagnosis and treatment of 5 cases of prima-
ry pneumonic plague in Tibet in 2010. Chin J Tuberc Respir Dis. 
2011;34(6):404-408

20. Chinese CDC. Plague diagnosis scheme (on trial). Avail-
able from: http://www.chinacdc.cn/jkzt/crb/sy/jszl_2217/201111/
t20111117_54777.htm. November 2011.

21. Arutyunov YuI, Pichurina NL, Sudyina LV, Trukhachev AL. 
Plague in China: Epidemiological and Epizootic Aspects. Infekt-
sionnye bolezni: novosti, mneniia, obuchenie = Infectious Diseases: 
News, Opinions, Education. 2019;8(3):70–77. (In Russ.) 

22. Mwengee W, Butler T, Mgema S, Mhina G, Almasi Y, 
Bradley C, et al. Treatment of plague with gentalmicin or doxy-
cycline in a randomized clinical trial in Tanzania. Clin Infect Dis.
2006;42(5):614-621. doi: 10.1086/500137

23. Boulanger LL, Ettestad P, Fogarty JD, Dennis DT, Romig D, 
Mertz G. Gentamicin and tetracyclines for the treatment of human 
plague: review of 75 cases in new Mexico, 1985–1999. Clin Infect 
Dis. 2004;38(5):663-669. doi: 10.1086/381545

24. Lemaître N, Ricard I, Pradel E, Foligné B, Courcol R, Sim-
onet M. et al. Effi  cacy of ciprofl oxacin-gentamicin combination 
therapy in murine bubonic plague. PLoS ONE. 2012;7(12):e52503. 
doi: 10.1371/journal.pone.0052503

25. Rosenzweig JA, Brackman SM, Kirtley ML, Sha J, Erova 
TE, Yeager LA, et al. Cethromycin-mediated protection against 
the plague pathogen Yersinia pestis in a rat model of infection and 
comparison with levofl oxacin. Antimicrob Agents Chemother. 2011; 
55(11):5034-5042. doi: 10.1128/AAC.00632-11

26. Galimand M, Carniel E, Courvalin P. Resistance of Yersin-
ia pestis to antimicrobial agents. Antimicrob Agents Chemother. 
2006;50(10):3233-3236. doi: 10.1128/AAC.00306-06

27. Anisimov AP, Amoako KK. Treatment of plague: promis-
ing alternatives to antibiotics. J Med Microbiol. 2006;55(11):1461-
1475. doi: 10.1099/jmm.0.46697-0

28. Kiersten J Kugeler, J Erin Staples, Alison F Hinckley, Ken-
neth L Gage, and Paul S. Mead Epidemiology of Human Plague in 
the United States, 1900–2012. Emerg Infect Dis. 2015;21(1):16-22. 
doi: 10.3201/eid2101.140564 

29. World Health Organization. WHO recommended surveil-
lance standards. 2nd ed. Geneva: The Organization; 1999. P. 95–96 
[cited 2017 Nov 22]. Available from: http://www.who.int/csr/re-
sources/publications/surveillance/whocdscsrisr992.pdf.

30. Benenson AS (ed): Plague. In: Control of Communicable 
Diseases Manual. American Public Health Association. Washington, 
DC. 1995. P. 353-358

12. Gourgouli K., Mouroutsou M., Varjioti E., Kondii L., 
Chronopoulos G., Baliaga S. et al. Comparison of bacterial 
resistance before and after restriction policy in the use of antibiotics 
// Proceedings of the 7th ESCMID. 1995. 57 p.

13. Courvalin P. Impact of molecular biology on antibiotic 
susceptibility: testing and therapy // Am J Med. 1995;99(6A):21S-
25S. doi: 10.1016/s0002-9343(99)80281-2

14. Marr J.J., Moff et H.L., Kunin C.M. Guidelines for 
improving the use of antimicrobial agents in hospitals: a statement 
by the infectious diseases society of America // J Infect Desease. 
1988;157(5):869-876. doi: 10.1093/infdis/157.5.869

15. Решедько Г.К. Механизмы резистентности к аминог-
ликозидам у нозокомиальных грамотрицательных бактерий 
в России: результаты многоцентрового исследования // Кли-
ническая микробиология и антимикробная химиотерапия. 
2001;2(3):111-126

16. Yun-fang Li, De-biao Li, Hong-sheng Shao, Hong-jun Li, 
Yue-dong Han Plague in China 2014-All sporadic case report of 
pneumonic plague // BMC Infect Dis. 2016;16:85. doi: 10.1186/
s12879-016-1403-8

17. Smego RA, Frean J, Koornhof HJ. Yersiniosis I: 
microbiological and clinicoepidemiological aspects of plague and 
non-plague Yersinia infections // Eur J Clin Microbiol Infect Dis. 
1999;18(1):1-15. doi: 10.1007/s100960050219

18. Perry RD, Fetherston JD. Yersinia pestis: etiologic agent of plague 
// Clin Microbiol Rev. 1997;10(1):35-66. doi: 10.1128/CMR.10.1.35 

19. Dawa W, Pan WJ, Gu XY, Zhang SQ, Dawa C, Yi X, et 
al. Clinical features, diagnosis and treatment of 5 cases of primary 
pneumonic plague in Tibet in 2010 // Chin J Tuberc Respir Dis. 
2011;34(6):404-408

20. Chinese CDC. Plague diagnosis scheme (on trial). Available 
from: http://www.chinacdc.cn/jkzt/crb/sy/jszl_2217/201111/
t20111117_54777.htm. November 2011

21. Арутюнов Ю.И., Пичурина Н.Л., Судьина Л.В., Трухачев 
А.Л. Чума в Китае: эпидемиологические и эпизоотологические 
аспекты // Инфекционные болезни: новости, мнения, обучение. 
2019;8(3):70–77 

22. Mwengee W., Butler T., Mgema S., Mhina G., Almasi 
Y., Bradley C. et al. Treatment of plague with gentalmicin or 
doxycycline in a randomized clinical trial in Tanzania // Clin Infect 
Dis. 2006;42(5):614-621. doi: 10.1086/500137

23. Boulanger L.L., Ettestad P., Fogarty J.D., Dennis D.T., 
Romig D., Mertz G. Gentamicin and tetracyclines for the treatment 
of human plague: review of 75 cases in new Mexico, 1985–1999 // 
Clin Infect Dis. 2004;38(5):663-669. doi: 10.1086/381545

24. Lemaître N., Ricard I., Pradel E., Foligné B., Courcol R., 
Simonet M. et al. Effi  cacy of ciprofl oxacin-gentamicin combination 
therapy in murine bubonic plague // PLoS ONE. 2012;7(12):e52503. 
doi: 10.1371/journal.pone.0052503

25. Rosenzweig J.A., Brackman S.M., Kirtley M.L., Sha J., 
Erova T.E., Yeager L.A. et al. Cethromycin-mediated protection 
against the plague pathogen Yersinia pestis in a rat model of infection 
and comparison with levofl oxacin // Antimicrob Agents Chemother. 
2011;55(11):5034-5042. doi: 10.1128/AAC.00632-11

26. Galimand M., Carniel E., Courvalin P. Resistance of Yersinia 
pestis to antimicrobial agents // Antimicrob Agents Chemother. 
2006;50(10):3233-3236. doi: 10.1128/AAC.00306-06

27. Anisimov A.P., Amoako K.K. Treatment of plague: promising 
alternatives to antibiotics // J Med Microbiol. 2006;55(11):1461-
1475. doi: 10.1099/jmm.0.46697-0

28. Kiersten J. Kugeler, J. Erin Staples, Alison F. Hinckley, 
Kenneth L. Gage, and Paul S. Mead Epidemiology of Human Plague 
in the United States, 1900–2012 // Emerg Infect Dis. 2015;21(1):16-
22. doi: 10.3201/eid2101.140564 

29. World Health Organization. WHO recommended surveillance 
standards. 2nd ed. Geneva: The Organization; 1999. P. 95–96 [cited 
2017 Nov 22]. http://www.who.int/csr/resources/publications/
surveillance/whocdscsrisr992.pdf.

30. Benenson AS (ed): Plague. In: Control of Communicable 
Diseases Manual // American Public Health Association. Washington, 
DC. 1995. P. 353-358



42

ОБЗОРЫ

(Алматы), №3 (225), 2021

31. Antonov VA, Zhukova SI, Demyanova OB, Abdrakhmanova 
RO. The problem of emergency prevention of infectious diseases. 
Volgogradskii nauchno-meditsinskii zhurnal = Volgograd Journal of 
Medical Scientifi c Research. 2015;1:24-31 (In Russ.)

32. Padeiskaya E.N. Fluoroquinolones in the clinic of infectious 
diseases. Infektsii i antimikrobnaia terapiia = Infections and antimi-
crobial therapy. 2005;11(3):107-144 (In Russ.)

33. Ryzhko IV, Shcherbanyuk AI, Smorodinova YuV, et al. Emer-
gency situations of the international. Public values health care in the 
decisions of the St. Petersburg summit of the "group of eight" and sani-
tation. protection of the territories of the CIS member states: Mater. VII 
mezhgosudarstvennoi nauch.-praktich. konf. gosudarstv-uchastnikov 
SNG [Mater. VII interstate scientifi c and practical conf. of the CIS mem-
ber states]. Obolensk; 2006:237-238

34. Shchipeleva IA, Markovskaya EI. Antibacterial therapy of plague. 
Historical section and look into the future. Antibiotiki i khimioterapiia = 
Antibiotics and chemotherapy. 2016;61(9-10):74-80 (In Russ.)

35.  Byrne WR, Welkos SL, Pitt ML, et al. Antibiotic treatment of 
experimental pneumonic plague in mice. Antimicrob Agents Chemoth-
er. 1998;42(3):675-681. doi: 10.1128/AAC.42.3.675

36. Moldavan IA. Experimental substantiation of the advantages 
of combined specifi c and emergency plague prophylaxis: author. diss. 
... cand. biol. sciences. - Rostov-on-Don; 2005:22 

37. Ryzhko IV, Mishankin MB, Tynyanova VI, Tsuraeva RI, Mol-
davan IA, et al. Infectious-toxic model of plague infection in white 
mice: prospects for use to assess the eff ectiveness of vaccine and anti-
bacterial drugs. Nauchnaia mysl Kavkaza = Scientifi c Thought of the 
Caucasus. 2006;12:321-329 (In Russ.)

38. Trishina AV, Verkina LM, Shchipeleva IA, Egiazaryan LA. 
Effi  ciency of netilmicin on the model of experimental infectious-toxic 
plague in white mice: Mater. III Sankt-Peterburg. mezhdunarod. eko-
log. foruma. [Mater. III St. Petersburg. international ecologist. Forum]. 
2014 (special edition). 115 p.

39. Egiazoryan LA, Trishina AV, Verkina LM, Shchipeleva IA. 
Ciprofl oxacin and moxifl oxacin in the treatment of experimental in-
fectious-toxic plague in white mice caused by FI + FI variants of the 
pathogen. Aktual. probl. epidemiol. i profi lakt. med: Mater. VI Vse-
ros. nauch.-prakt. konf. molodykh uchen. i spets-v Rospotrebnadzora 
[Aktual. probl. epidemiol. and profi lact. honey: Mater. VI All-Russia. 
scientifi c-practical conf. young scientists. and special in Rospotreb-
nadzor]. Stavropol; 2014:81-82

31. Антонов В. А., Жукова С. И., Демьянова О. Б., Абдрахма-
нова Р. О. Проблема экстренной профилактики инфекционных 
заболеваний // Волгоградский научно-медицинский журнал. 
2015;1:24-31

32. Падейская Е. Н. Фторхиноллоны в клинике инфекци-
онных заболеваний // Инфекции и антимикробная терапия. 
2005:11(3):107-144

33. Рыжко И.В., Щербанюк А.И., Смородинова Ю.В. и 
др. Чрезвычайные ситуации междунар. Значения в общест. 
здравоохранении в решениях Санкт-Петербургского саммита 
«группы восьми» и санит. охрана территорий государств-у-
частников СНГ: Mатер. VII межгосударственной науч.-прак-
тич. конф. государств-участников СНГ. Оболенск, 2006. С. 
237-238 

34. Щипелева И. А., Марковская Е. И. Антибактериальная 
терапия чумы. Исторический срез и взгляд в будущее // Анти-
биотики и химиотерапия. 2016;61(9-10):74-80

35. Byrne W.R., Welkos S.L., Pitt M.L. et al. Antibiotic treatment 
of experimental pneumonic plague in mice // Antimicrob Agents 
Chemother. 1998;42(3):675-681. doi: 10.1128/AAC.42.3.675

36. Молдаван И.А. Экспериментальное обоснование преи-
муществ сочетанной специфической и экстренной профилак-
тики чумы: aвтореф. дис. … канд. биол. наук. Ростов-на-Дону, 
2005. 22 с. 

37. Рыжко И.В., Мишанькин М.Б., Тынянова В.И., Цурае-
ва Р.И., Молдаван И.А. и др. Инфекционно-токсическая модель 
чумной инфекции у белых мышей: перспективы использования 
для оценки эффективности вакцинных и антибактериальных 
препаратов // Научная мысль Кавказа. 2006;12:321-329 

38. Тришина А.В., Веркина Л.М., Щипелева И.А. Егиазарян 
Л.А. Эффективность нетилмицина на модели эксперименталь-
ной инфекционно-токсической чумы белых мышей: Матер. III 
Санкт-Петербург. международ. эколог. форума. 2014 (спец. вы-
пуск). 115 c.

39. Егиазорян Л.А., Тришина А.В., Веркина Л.М., Щипеле-
ва И.А. Ципрофлоксацин и моксифлоксацин в лечении экспе-
риментальной инфекционно-токсической чумы белых мышей, 
вызванной FI+ FI-вариантами возбудителя // Актуал. пробл. 
эпидемиол. и профилакт. мед: Матер. VI Всерос. науч.-практ. 
конф. молодых учён. и спец-в Роспотребнадзора. Ставрополь. 
2014. С. 81-82


