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Abstract

Anthrax is a highly dangerous zoonotic infection caused by Bacillus anthracis,
capable of producing severe and often fatal disease in humans and animals. The
pathogen’s ability to form environmentally resistant spores contributes to long-
term persistence in soil and recurrent outbreaks in endemic regions. Early
laboratory detection of the causative agent plays a decisive role not only in
improving clinical outcomes but also in preventing the spread of infection. This
review-based article analyzes modern laboratory diagnostic methods for early
identification of Bacillus anthracis and highlights their importance in
epidemiological surveillance and preventive strategies.
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JABOPATOPHBIE METO/1bl PAHHEI'O BbISIBJIEHUSA
BO3BYIUTEJIA CUBUPCKOMU A3Bbl U UX ITPOPUITAKTHYECKOE
3HAYEHME

Yoaiigyiiaesa Xusosa CyJTaHOBHA
AccucteHT kadeapbsl MUKpOOHOIOTUH, BUPYCOJIOTUU U1 UMMYHOJIOTUU
byxapckuii rocyaapCTBEHHbI MEIUIUHCKAN UHCTUTYT

Hypuaunos Axmaag MyxamMmaaueBud
AccucteHt Kadeapsl SIUAEMUOIOTUN
CamMapkaH/ICKU# TOCYIapCTBEHHBIA MEAUIUHCKUI YHUBEPCUTET

AHHOTALINA

Cubupckas si3Ba SIBJISETCS 0CO00 OMACHOW 300HO3HOM WMH(MEKIMEH, BHI3BIBAEMOM
Bacillus anthracis, cnocoOHOH NTPUBOAUTH K TSDKETBIM M YacTO JICTAJIbHBIM
dbopmam 3aboneBaHus y dYeNOBEKa W JKUBOTHBIX. CHOCOOHOCTH BO30OYIUTEIS
00pa30BBIBaTh yCTOWYMBBIE K BHEIIHEH Cpeae CHopsl 00ECledyrBaeT €ro
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JUIMTEIPHOE COXpaHEHHWE B I0YBe M (OPMHUpPOBAHHWE IIPUPOJHBIX OYaroB
nHpexuu. PanHnee mabopaTopHOE BBISIBICHHE BO30YIUTENST UTPACT PEIIAFOIIYIO
POJIb HE TOJIBKO B TIOBBIMICHUN d()PEKTUBHOCTH JICUCHHS, HO U B MPEIYTPEIKICHUU
pacripoctpaHeHus uHpEKIMU. B 1gaHHOW 0030pHO-aHAIMTHYECKOM CTaThe
PacCMOTPEHBI COBPEMCHHBIE JTA0OpATOPHBIE METOJbl paHHEH JUAarHOCTHKHU
Bacillus anthracis 1 OCBEIIEHO MX 3HAYEHHE B CHUCTEME JIIUIEMHOJOTHYECKOIrO
HaJ30pa U MPOPUITAKTUICCKUX MEPOITPUATHH.

KarouyeBnbie ciioBa

cubupckas s13Ba, Bacillus anthracis, paHHsisi JUarHOCTUKA, TaOOPATOPHBIE METO/IBI,
npoduIaKTUKa, 300HO3HBIE NHDEKITIH

Introduction

Anthrax remains one of the most epidemiologically significant zoonotic infections
worldwide. The disease is caused by Bacillus anthracis, a Gram-positive, spore-
forming bacterium characterized by exceptional environmental resistance. Its
spores can survive in soil for decades, creating persistent natural foci of infection.
Because of this resilience, anthrax continues to pose a public health threat,
particularly in regions with developed livestock farming.

According to the World Health Organization, anthrax occurs primarily in
agricultural areas where humans are in close contact with infected animals or
animal products. Transmission to humans may occur through skin contact,
inhalation of spores, or ingestion of contaminated food. Among these forms,
inhalational anthrax is the most severe and is associated with high mortality rates if
treatment is delayed.

A major clinical challenge is that early symptoms of anthrax are often nonspecific
and resemble other infectious diseases. As the disease progresses, systemic
intoxication, sepsis, and multi-organ failure may develop rapidly. Therefore, early
laboratory diagnosis is critical for timely initiation of targeted antimicrobial
therapy and life-saving interventions.

Materials and Methods

This article is based on a review and analytical synthesis of existing scientific
literature, international guidelines, and epidemiological recommendations. No
original experimental or clinical research was conducted. Information regarding
classical and modern laboratory diagnostic approaches for anthrax, as well as their
preventive and epidemiological value, was systematically analyzed.

Results
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Analysis of the literature shows that early laboratory detection of Bacillus
anthracis relies on several complementary diagnostic approaches.

1. Bacteriological Methods

Isolation of the pathogen from blood, skin lesion exudates, respiratory secretions,
or other clinical specimens remains a classical diagnostic approach. Identification
is based on colony morphology, Gram staining, absence of motility, and specific
biochemical characteristics. Although reliable, culture-based methods require
specialized laboratory conditions and time, which may delay urgent clinical
decisions.

2. Molecular Genetic Methods

Polymerase chain reaction (PCR) and related molecular techniques enable rapid
detection of Bacillus anthracis DNA 1n clinical or environmental samples. These
methods provide high sensitivity and specificity and are especially valuable in the
early stages of disease or when prior antibiotic therapy may reduce culture yield.

3. Immunological Methods

Serological assays detect specific antibodies or antigens associated with the
pathogen. These techniques are useful for retrospective diagnosis, epidemiological
studies, and monitoring of immune responses in exposed populations. Enzyme-
linked immunosorbent assays (ELISA) are commonly used in this context.

Discussion

Early laboratory detection of the anthrax pathogen has profound clinical,
epidemiological, and preventive implications. Even though anthrax is not typically
transmitted from person to person, environmental persistence of spores and
infection among livestock maintain a continuous risk of outbreaks.

From a clinical perspective, early identification of the pathogen allows prompt
initiation of appropriate antibiotic therapy, which significantly reduces mortality,
particularly in inhalational forms of the disease. Delayed diagnosis often results in
severe systemic complications that are difficult to manage.

From an epidemiological standpoint, laboratory confirmation of anthrax triggers
immediate public health interventions. These include identification and monitoring
of contacts, disinfection of contaminated environments, control of animal
reservoirs, and implementation of quarantine or movement restrictions where
necessary. Thus, diagnostic laboratories serve as an early warning system in
outbreak prevention.
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The integration of veterinary and human health surveillance is especially important
because anthrax is a classic zoonosis. The “One Health” approach emphasizes
coordinated monitoring of animal infections, environmental contamination, and
human cases. Laboratory data form the foundation for risk assessment and targeted
preventive measures such as livestock vaccination and public awareness
campaigns.

Modern molecular techniques have dramatically shortened diagnostic turnaround
times compared to traditional bacteriological methods. However, classical culture
methods remain indispensable for full pathogen characterization, antimicrobial
susceptibility testing, and forensic or epidemiological investigations. Therefore, a
combined laboratory approach is considered the most effective strategy.

International public health authorities, including the Centers for Disease Control
and Prevention, emphasize strengthening laboratory preparedness, biosafety
protocols, and surveillance systems as key components of anthrax prevention.
Early detection not only protects individual patients but also reduces the risk of
large-scale outbreaks and potential misuse of the pathogen.

Conclusion

Early laboratory detection of Bacillus anthracis is crucial for effective treatment,
prevention of disease spread, and implementation of public health control
measures. The combined use of bacteriological, molecular, immunological, and
rapid diagnostic methods provides the highest diagnostic efficiency. Continuous
improvement of laboratory capacity and integration with veterinary and public
health systems remain essential components of anthrax prevention strategies.
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