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Abstract

Hemorrhagic Septicemia (HS) is a rapidly progressing, highly fatal bacterial disease that significantly

constrains livestock productivity, particularly in cattle and buffalo across tropical and subtropical re-

gions. The disease is caused by the Gram-negative bacterium Pasteurella multocida, predominantly as-

sociated with capsular serotypes B:2 and E:2. HS outbreaks are characterized by acute septicemia, high

mortality, and substantial economic losses in dairy and meat production systems. In endemic regions of

South and Southeast Asia and Africa, HS significantly reduces milk yield, impairs growth performance,

increases mortality of productive animals, and elevates costs associated with treatment and vaccination.

This review synthesizes current knowledge on the epidemiology, transmission dynamics, and global dis-

tribution of HS, with particular emphasis on its economic impact on livestock production systems.

Advances in diagnostic technologies, including polymerase chain reaction (PCR), molecular typing, and

genome-based approaches, have improved disease detection and epidemiological surveillance.

Concurrently, vaccine development has progressed from conventional bacterins to recombinant, sub-

unit, and DNA-based platforms, offering improved prospects for long-term disease control. Despite

these advancements, persistent challenges—including incomplete vaccination coverage, environmental

stressors, and the emergence of antimicrobial-resistant P. multocida strains—continue to limit effective

disease management. Addressing these constraints requires integrated prevention strategies combining

vaccination, biosecurity, and coordinated surveillance. Future research should focus on molecular epi-

demiology, vaccine innovation, and antimicrobial stewardship to reduce the global burden of HS and

support sustainable livestock production in endemic regions. These efforts are essential for improving

livestock productivity and ensuring sustainable milk and meat production systems in endemic regions.

Keywords: Hemorrhagic septicemia, Pasteurella multocida, Livestock production, Epidemiology,

Economic impact, Molecular diagnostics, Antimicrobial resistance, Vaccination

1. Introduction

Hemorrhagic septicemia (HS) is an acute and highly fatal bacterial disease that remains a major constraint to

livestock production and productivity in tropical and subtropical regions (Peng et al., 2019) 
[1]

. Clinically,

the disease presents with a sudden onset of high fever, respiratory distress, subcutaneous edema, and, in

many cases, peracute death, often resulting in severe herd-level losses during outbreaks (Wilson et al., 2013;

Zamri-Saad et al., 2016; Peng et al., 2019) 
[2, 3, 1]

. Among bovine diseases, HS is considered one of the most

economically significant, particularly affecting cattle and buffalo populations in developing countries

(Lestari et al., 2025; Cuevas et al., 2020; Abusalab et al., 2003) 
[5, 6, 4]

. The causative agent, Pasteurella

multocida, is a Gram-negative bacterium belonging to the family Pasteurellaceae, with capsular serotypes

B:2 and E:2 primarily responsible for HS outbreaks in Asia and Africa, respectively (Harper et al., 2006;

Ferreira et al., 2015; Almoheer et al., 2022) 
[8, 9, 7]

. Beyond HS, P. multocida is also associated with other

forms of pasteurellosis and is recognized as an opportunistic zoonotic pathogen (Ferreira et al., 2015; Abera

et al., 2022) 
[9, 10]

.

Infection typically occurs through inhalation or ingestion of contaminated secretions, feed, or water, fol-

lowed by rapid systemic dissemination leading to septicemia. Carrier animals harboring the pathogen in the

upper respiratory tract play a critical role in maintaining infection cycles and facilitating transmission within

herds (Cuevas et al., 2020) 
[6]

. Disease outcome depends on complex interactions among host immunity, en-

vironmental stressors, and pathogen virulence (Lin et al., 2022) 
[11]

.

Cattle and water buffalo are the primary hosts, with buffalo often exhibiting higher mortality rates, posing

significant challenges in regions where they are central to milk production and agricultural systems (Wilson
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et al., 2013; Peng et al., 2019) 
[2, 1]

. Although HS predominantly af-

fects bovines, sporadic infections have been reported in other domes-

tic and wild species, reflecting the pathogen’s broad host range

(Farooq et al., 2011; Piorunek et al., 2023; Shome et al., 2024) 
[12, 13,

14]
.

HS is widely distributed across tropical and subtropical regions,

where climatic conditions such as high humidity, heavy rainfall, and

temperature fluctuations favor disease outbreaks (Lestari et al., 2025;

Benkirane and De Alwis, 2002; Moustafa et al., 2013) 
[5, 15]

. Stress

factors—including transportation, overcrowding, poor nutrition, and

suboptimal management—further increase susceptibility and trans-

mission risk (Abdulkadir et al., 2024) 
[16]

.

The economic burden of HS extends beyond mortality, encompassing

reduced milk yield, impaired growth performance, loss of draft

power, and increased costs associated with treatment and vaccination.

These impacts are particularly severe in low- and middle-income

countries, where livestock are integral to livelihoods and food secu-

rity (Shome et al., 2019; Michael et al., 2021) 
[18, 17]

.

Despite the availability of vaccines, HS persists in endemic regions

due to incomplete vaccination coverage, limited surveillance infra-

structure, environmental stressors, and the emergence of antimicro-

bial-resistant P. multocida strains. This review is particularly relevant

to tropical livestock production systems, where HS remains endemic

and continues to significantly impact milk and meat production sys-

tems. The review also highlights advances in diagnostics, vaccination

strategies, and integrated control approaches.

1.1 Literature search strategy

A comprehensive literature search was conducted using electronic

databases, including PubMed, Scopus, Web of Science, and Google

Scholar. Relevant articles published between 2000 and 2025 were re-

trieved using keywords such as “Hemorrhagic septicemia (HS),”

“Pasteurella multocida,” “livestock diseases,” “economic impact,”

“milk production,” “meat production,” “diagnostics,” “vaccines,” and

“antimicrobial resistance”. Studies were selected based on relevance,

scientific quality, and applicability to livestock production systems.

Both original research articles and review papers were included,

while non-peer-reviewed sources and duplicate studies were ex-

cluded. The collected literature was critically evaluated, compared,

and synthesized to provide a comprehensive and unbiased overview

of the topic. Where applicable, preference was given to peer-reviewed

and high-impact studies to ensure reliability of the synthesized

information.

2. Etiology and pathogenesis

2.1 Causative agent

Hemorrhagic septicemia (HS) is caused by Pasteurella multocida, a

Gram-negative, non-motile, facultatively anaerobic coccobacillus be-

longing to the family Pasteurellaceae. Microscopically, the organism

exhibits characteristic bipolar (“safety-pin”) staining morphology and

forms smooth, non-hemolytic colonies on enriched media such as

blood agar (Sajid et al., 2024; Cuevas et al., 2020; Harper et al.,

2006) 
[19, 6, 8]

.

P. multocida comprises four recognized subspecies—multocida, sep-

tica, gallicida, and tigris—and belongs to the broader family that in-

cludes genera such as Pasteurella, Actinobacillus, and Haemophilus,

many of which colonize mucosal surfaces of vertebrate hosts (Wilson

et al., 2013; Harper et al., 2017; Duan et al., 2024) 
[2, 21, 20]

.

The organism possesses a single circular chromosome (~2.25 Mb)

with multiple coding regions and ribosomal operons, along with plas-

mids that may encode virulence factors and antimicrobial resistance

traits (Bosch et al., 2004 
[22]

; May et al., 2001 
[23]

; Peng et al., 2019

[1]
; Mahboob et al., 2023 

[24]
; El-Demerdash et al., 2023 

[25]
; Zhao et

al., 2021) 
[26]

. These plasmids can also serve as useful epidemiologi-

cal markers for strain differentiation (Vu-Khac et al., 2020) 
[27]

.

Based on capsular antigen composition, P. multocida is classified into

serogroups A, B, D, E, and F, of which serotypes B:2 and E:2 are pri-

marily responsible for HS outbreaks in Asia and Africa, respectively

(Benkirane and De Alwis, 2002 
[15]

; Ferreira et al., 2015 
[9]

;

Shivachandra et al., 2011 
[28]

; Richardson et al., 2023) 
[29]

. Although

the bacterium infects a wide range of hosts, cattle and buffalo are the

principal species affected by HS, with isolation from outbreak cases

confirming its etiological role (Bhardwaj et al., 2025; Jatoi et al.,

2024) 
[30, 31]

.

Pathogenicity is largely mediated by structural components such as

the capsular polysaccharide and other virulence determinants that fa-

cilitate colonization, immune evasion, and systemic dissemination

(Sajid et al., 2024; Harper et al., 2006) 
[19, 8]

. While serotypes B:2

and E:2 consistently reproduce disease experimentally, other type B

strains have been associated with sporadic outbreaks with variable

pathogenicity (Mostaan et al., 2020; Orynbayev et al., 2019) 
[32, 33]

.

Figure 1. Genomic architecture of P. multocida
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2.2 Virulence factors

The virulence of P. multocida is mediated by a combination of struc-

tural and molecular determinants that enhance survival, colonization,

and systemic spread within the host (Abed et al., 2020) 
[34]

. The

polysaccharide capsule is a key virulence factor that protects the bac-

terium from phagocytosis and complement-mediated killing, thereby

facilitating immune evasion (Richardson et al., 2023) 
[29]

.

Lipopolysaccharide (LPS), a major component of the outer mem-

brane, plays a central role in pathogenesis by inducing strong inflam-

matory responses, vascular damage, and endotoxemia, ultimately con-

tributing to septicemia (Harper et al., 2012; Harper et al., 2017) 
[21,

35]
.

In addition, multiple virulence-associated genes involved in capsule

biosynthesis, adhesion, and iron acquisition contribute to pathogenic-

ity and host adaptation (Verma et al., 2013; Ferreira et al., 2012;

Tawab et al., 2020; Zhao et al., 2021) 
[37, 36, 38, 26]

. Outer membrane

proteins (OMPs) and adhesins facilitate bacterial attachment to ep-

ithelial surfaces, promoting colonization and invasion of host tissues

(Harper et al., 2006; Shivachandra et al., 2011) 
[8, 28]

.

Iron acquisition systems further enhance bacterial survival by en-

abling efficient utilization of host iron sources, which are essential for

growth during infection. Variations in capsular structure and associ-

ated virulence factors, particularly among serotypes B and E, contrib-

ute to differences in pathogenicity and epidemiological patterns

(Richardson et al., 2023; Desem et al., 2023) 
[29, 39]

. Collectively,

these mechanisms enable P. multocida to evade host defenses, prolif-

erate rapidly, and initiate systemic infection (Peng et al., 2016; Doyle-

Baker et al., 2020) 
[41, 40]

.

2.3 Pathogenesis

The pathogenesis of HS is characterized by rapid progression from lo-

calized infection to fatal septicemia. Infection typically occurs

through inhalation or ingestion of contaminated materials, allowing P.

multocida to enter via respiratory or mucosal surfaces (Abera et al.,

2022) 
[10]

.

Following entry, the bacteria colonize the upper respiratory tract,

where they may persist transiently. Under predisposing conditions

such as stress, poor nutrition, or immunosuppression, the organism

multiplies rapidly and invades the bloodstream, leading to systemic

dissemination (Harper et al., 2017; Cuevas et al., 2020) 
[21, 6]

.

The release of endotoxins and other virulence factors triggers severe

inflammatory responses, vascular damage, and increased permeability

(Kubatzky, 2022) 
[42]

. These processes result in widespread edema,

hemorrhages, and congestion of internal organs, particularly in the

lungs, lymph nodes, and subcutaneous tissues of the throat and brisket

region—hallmark features of HS (Shome et al., 2019) 
[18]

.

Disease progression is typically rapid, and animals may die within a

short period, sometimes before the onset of clear clinical signs. When

clinical disease is evident, pathological findings include severe

edema, petechial hemorrhages, and generalized organ congestion, re-

flecting systemic infection (Moustafa et al., 2013; Doyle-Baker et al.,

2020; Sajid et al., 2024) 
[40, 19]

. Endotoxin release plays a central role

in mediating systemic inflammation and vascular injury during dis-

ease progression (Kubatzky, 2022; Horadagoda et al., 2001) 
[42, 43]

.

Figure 2. Pathogenesis of hemorrhagic septicemia caused by P. multocida
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Figure 3. Transmission cycle of hemorrhagic septicemia caused by P. multocida

3. Transmission

Transmission of Hemorrhagic Septicemia (HS) primarily occurs

through direct contact with infected or carrier animals shedding

Pasteurella multocida via respiratory secretions. The pathogen is

commonly transmitted through nasal discharge, saliva, and other bod-

ily fluids, enabling rapid spread in densely populated herds (Cuevas et

al., 2020) 
[6]

. Indirect transmission may also occur through contami-

nated feed, water, and fomites, particularly under inadequate biosecu-

rity conditions. The organism can persist for short periods in moist

environments, enhancing indirect transmission, particularly under

conditions of high humidity and rainfall. Outbreaks are frequently as-

sociated with high humidity, heavy rainfall, and sudden temperature

fluctuations, which enhance pathogen persistence (Abdulkadir et al.,

2024) 
[16]

. Host stress is a major predisposing factor influencing dis-

ease occurrence. Conditions such as transportation, overcrowding,

poor nutrition, and concurrent infections compromise immune de-

fenses, increasing susceptibility and facilitating transmission (Farooq

et al., 2011) 
[12]

. Consequently, HS outbreaks are often linked to peri-

ods of environmental or management stress. Proper carcass disposal

and improved husbandry practices are essential to reduce transmis-

sion risk (Chanda et al., 2024) 
[44]

.

4. Clinical signs, lesions, and differential diagnosis

4.1 Clinical signs

HS is characterized by a rapid and often fatal clinical course. Early

signs include high fever (41–42  °C), depression, anorexia, lacrima-

tion, salivation, and nasal discharge, reflecting initial respiratory in-

volvement (Cuevas et al., 2020) 
[6]

. As the disease progresses, severe

respiratory distress develops, including labored breathing and open-

mouth respiration. A hallmark feature is subcutaneous edema in the

throat, dewlap, and brisket regions, resulting from vascular leakage

and inflammatory responses (Shome et al., 2019) 
[18]

. Advanced

stages are characterized by weakness, recumbency, and cyanotic mu-

cous membranes due to circulatory and respiratory failure. Disease

progression is typically rapid, with death occurring within 24–48

hours, and in some cases, sudden death without prior clinical signs—

particularly in buffalo (Farooq et al., 2011; Moustafa et al., 2013)

[12]
. Experimental studies further confirm the septicemic nature of in-

fection (Doyle-Baker et al., 2020) 
[40]

.

4.2 Gross and microscopic lesions

Post-mortem findings are consistent with acute septicemia. Prominent

gross lesions include extensive subcutaneous edema in the throat and

brisket regions, often with gelatinous, serosanguinous fluid accumula-

tion (Cuevas et al., 2020) 
[6]

. Widespread hemorrhages and vascular

congestion are observed in multiple organs. The lungs are typically

congested and edematous, with frothy exudate in the airways. Lymph

nodes are enlarged, and petechial or ecchymotic hemorrhages may

occur on serosal surfaces and internal organs (Shome et al., 2019)

[18]
. Microscopically, lesions include endothelial damage, vascular

leakage, and inflammatory cell infiltration. Pulmonary congestion and

edema are prominent, reflecting systemic dissemination of the

pathogen (Moustafa et al., 2013; Doyle-Baker et al., 2020) 
[40]

.

4.3 Differential diagnosis

Clinical presentation of HS may resemble several infectious diseases,

making differential diagnosis essential. Conditions such as Foot-and-

Mouth Disease, Anthrax, Blackquarter, and Rinderpest (historically)

share features like fever and sudden death. However, these diseases

can be distinguished based on characteristic features: vesicular lesions

in Foot-and-Mouth Disease, unclotted blood and splenomegaly in

Anthrax, emphysematous muscle swelling in Blackquarter, and gas-

trointestinal erosions in Rinderpest. Definitive diagnosis requires lab-

oratory confirmation, including isolation of P. multocida on culture

media and molecular detection methods. The organism shows charac-

teristic bipolar staining in tissue smears, aiding preliminary identifica-

tion (Panna et al., 2015; Varshney et al., 2020; Fegan et al., 2024;

OIE, 2008) 
[46, 47, 45, 48]

.
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Figure 4. Clinical signs and pathological lesions of hemorrhagic septicemia in cattle and buffalo

5. Epidemiology

Hemorrhagic septicemia (HS) remains a major endemic disease of

bovine populations in tropical and subtropical regions, where climatic

conditions, host susceptibility, and management practices interact to

drive disease dynamics (Lestari et al., 2025) 
[5]

. Despite vaccination

efforts, periodic outbreaks continue due to incomplete coverage, envi-

ronmental stressors, and persistence of carrier animals (Cuevas et al.,

2020; Shome et al., 2019) 
[6, 18]

.

Epidemiologically, HS is characterized by rapid outbreaks with high

mortality, often approaching 100% in susceptible populations. The

disease is particularly significant in developing countries, where live-

stock play a critical role in livelihoods and food security. Multiple

studies have identified environmental and management-related risk

factors contributing to outbreak occurrence (Moustafa et al., 2017;

Jauregui et al., 2023) 
[50, 49]

.

5.1 Global distribution

HS is widely distributed across South and Southeast Asia and parts of

Africa, where environmental conditions favor pathogen survival.

Endemic countries include India, Pakistan, Bangladesh, Thailand,

Indonesia, Malaysia, and others in Asia, as well as several African na-

tions (Verma et al., 1998; Benkirane et al., 2002; Khan et al., 2006;

Habib et al., 2019) 
[51, 15, 52, 53]

. Serotype distribution shows clear

geographic patterns, with B:2 predominating in Asia and E:2 in Africa

(Shome et al., 2019; Cuevas et al., 2020) 
[18, 6]

. Outbreaks are fre-

quently seasonal, often peaking during the rainy season due to favor-

able environmental conditions (Verma et al., 2004; Chanda et al.,

2024) 
[54, 44]

.

Figure 5. Global distribution and endemic regions of hemorrhagic septicemia in livestock populations
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Table 1. Global distribution of hemorrhagic septicemia in livestock

Region Countries affected Host

species

Predominant

serotypes of P.

multocida

Outbreak frequency /

prevalence

Case fatality

rate (%)

References

South Asia India, Pakistan,

Bangladesh, Sri

Lanka

Cattle,

Buffalo

B:2 Endemic with seasonal

outbreaks, particularly

during monsoon

periods

50–80% Verma and Jaiswal

(1998); Shome et al.

(2019)

Southeast Asia Thailand,

Philippines,

Indonesia, Malaysia,

Cambodia, Laos,

Myanmar

Cattle,

Buffalo

B:2 Sporadic to frequent

outbreaks reported in

humid tropical regions

40–70% Benkirane and De

Alwis (2002); Shome

et al. (2019)

East Asia China, Vietnam Cattle,

Buffalo

B:2 Occasional outbreaks

with regional en-

demicity in certain

provinces

40–60% Cuevas et al. (2020)

Africa Sudan, Egypt,

Ethiopia, other Sub-

Saharan countries

Cattle,

Buffalo

E:2 Endemic occurrence

with periodic out-

breaks, often associ-

ated with climatic

stress

50–80% Moustafa et al.

(2013); Benkirane

and De Alwis (2002)

5.2 Carrier animals and wildlife reservoirs

Carrier animals are central to HS epidemiology. Clinically healthy

cattle and buffalo may harbor P. multocida in the upper respiratory

tract, acting as reservoirs during inter-epidemic periods

(Shivachandra et al., 2011; Cuevas et al., 2020) 
[28, 6]

. Wildlife

species also contribute to disease persistence, particularly in ecosys-

tems with shared grazing. These reservoirs complicate control efforts

by enabling spillover transmission to domestic livestock (Kutzer et

al., 2021; Sting et al., 2020) 
[55, 56]

.

5.3 Incidence and prevalence

HS remains a leading cause of mortality in bovine populations in en-

demic regions. Case fatality rates commonly range from 50% to

nearly 100% in untreated animals, particularly in buffalo (Farooq et

al., 2011; Shome et al., 2019) 
[12, 18]

. Disease burden is highest in

smallholder systems with limited access to veterinary services and

vaccination programs. Numerous studies report widespread occur-

rence across Asia and Africa, reflecting persistent endemicity (Jatoi et

al., 2024; Bisht et al., 2006; Khan et al., 2006; Habib et al., 2019) 
[31,

57, 52, 53]
.

5.4 Environmental and seasonal factors

Environmental conditions strongly influence HS outbreaks. High hu-

midity, heavy rainfall, and temperature fluctuations promote bacterial

survival and transmission, particularly during monsoon seasons

(Abdulkadir et al., 2024) 
[16]

. These conditions often coincide with

increased stress due to overcrowding and poor management, enhanc-

ing susceptibility and triggering outbreaks (Cuevas et al., 2020) 
[6]

.

5. Host susceptibility and risk factors

Host susceptibility to Hemorrhagic septicemia (HS) varies according

to species, age, and immune status. Buffalo are generally more sus-

ceptible than cattle and often experience higher mortality rates during

outbreaks (Farooq et al., 2011; Shome et al., 2019) 
[12, 18]

. Additional

risk factors include age- and breed-related variability, poor nutritional

status and compromised immunity, as well as overcrowding and in-

creased livestock movement. Collectively, these factors enhance

transmission dynamics and contribute to increased outbreak severity

(Khan, 2012) 
[58]

.

5.6 Epidemiological drivers

HS outbreaks result from the interaction of multiple drivers, including

carrier animals, environmental conditions, susceptible hosts, and gaps

in vaccination coverage. These interacting factors enable persistence

of P. multocida and periodic outbreak occurrence in endemic regions.

Understanding these drivers is essential for designing effective sur-

veillance, vaccination, and biosecurity strategies aimed at reducing

disease burden and improving livestock productivity.
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Figure 6. Epidemiological drivers of hemorrhagic septicemia outbreaks

6. Economic impact on livestock production systems

Hemorrhagic Septicemia (HS) is one of the most economically signif-

icant bacterial diseases affecting bovine livestock in tropical and sub-

tropical regions. The disease causes substantial financial losses

through high mortality, reduced productivity, and increased costs as-

sociated with treatment, vaccination, and disease control programs

(Bardhan et al., 2020; Kawasaki et al., 2015) 
[59, 60]

. These impacts

are particularly severe in developing countries, where cattle and buf-

falo play a critical role in milk production, meat supply, and draft

power.

Beyond farm-level losses, HS affects regional livestock economies by

disrupting production systems, reducing farmer income, and increas-

ing the financial burden of disease management. In endemic regions,

recurrent outbreaks impose sustained economic pressure on livestock

sectors and rural livelihoods (Shome et al., 2019; Cuevas et al., 2020)

[18, 6]
.

6.1 Direct economic losses

Direct economic losses primarily arise from high mortality and re-

duced productivity. HS outbreaks are characterized by rapid disease

progression, with mortality rates ranging from 50% to nearly 100% in

untreated animals, particularly in buffalo (Farooq et al., 2011) 
[12]

.

Surviving animals often exhibit reduced feed intake, impaired growth,

decreased reproductive performance, and diminished draft capacity,

leading to long-term production inefficiencies. Major components of

direct losses include mortality of cattle and buffalo, reduced milk pro-

duction, decreased growth and weight gain, and loss of draft power

(Kawasaki et al., 2015) 
[60]

.

2. Indirect economic losses

Indirect economic losses result from expenditures associated with dis-

ease prevention and control, including antimicrobial treatment, veteri-

nary services, vaccination programs, and surveillance activities

(Benkirane et al., 2002) 
[15]

. Additional impacts arise from movement

restrictions during outbreaks, which disrupt livestock trade and limit

market access. These constraints often delay sales and reduce animal

value, further compounding financial losses. Indirect losses include

treatment and veterinary costs, vaccination campaigns, surveillance

and outbreak response, and trade and movement restrictions

(Kawasaki et al., 2015) 
[60]

.

6.3 Impact on milk production

Milk production losses represent one of the most significant economic

consequences of HS, particularly in dairy-dependent regions (Cuevas

et al., 2020) 
[6]

. Infection leads to rapid decline in milk yield due to

fever, anorexia, and systemic illness. Even after recovery, prolonged

reductions in productivity are common (Shome et al., 2019) 
[18]

.

Buffalo populations, which contribute substantially to milk produc-

tion in South Asia, are particularly vulnerable, amplifying the eco-

nomic impact at both farm and regional levels.

Table 2. Estimated impact of hemorrhagic septicemia on milk

production

Parameter Estimated effect Reference

Reduction in daily milk

yield

20–40% decline during

infection

Shome et

al., 2019

Duration of production

loss

2–4 weeks post-infection Cuevas et

al., 2020

Herd-level milk produc-

tion decline

Up to 30% reduction dur-

ing outbreaks

Farooq et

al., 2011

6.4 Impact on meat production

HS adversely affects meat production through mortality and reduced

growth performance. Death of animals during outbreaks represents

immediate loss to the meat supply chain. Surviving animals often ex-

hibit reduced growth rates and delayed market readiness due to meta-

bolic stress and decreased feed efficiency (Cuevas et al., 2020) 
[6]

.

These effects lead to reduced carcass weight and lower economic re-

turns, particularly in smallholder production systems.

Table 3. Estimated impact of hemorrhagic septicemia on meat

production

Parameter Estimated impact Reference

Mortality rate during

outbreaks

50–100% in untreated

animals

Farooq et al.,

2011

Reduction in growth rate 10–25% lower weight

gain

Cuevas et al.,

2020

Loss of marketable

animals

Significant during

outbreaks

Shome et al.,

2019

(continued on next page)
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6.5 Regional economic impact

The economic burden of HS varies across regions but is consistently

significant in endemic areas.

India: Experiences substantial losses due to its large bovine popula-

tion, with HS contributing significantly to mortality and reduced milk

production (Shome et al., 2019; Shivachandra et al., 2011; Mondal

and Yamage, 2014; De Alwis, 1992) 
[18, 28, 61]

.

Pakistan: HS is a major livestock disease, with frequent outbreaks

during monsoon seasons causing high mortality in buffalo popula-

tions central to the dairy sector (Farooq et al., 2011) 
[12]

.

Southeast Asia: Countries such as Thailand, Indonesia, and Malaysia

face recurring outbreaks that disproportionately affect smallholder

farmers and rural economies (Benkirane et al., 2002) 
[15]

.

6.6 Global economic burden

Globally, HS imposes a substantial economic burden due to combined

effects of mortality, reduced productivity, and control costs. Although

precise global estimates remain limited, the disease is widely recog-

nized as a major constraint to livestock production in tropical regions

(Lestari et al., 2025) 
[5]

. The cumulative economic impact is particu-

larly severe in countries with large cattle and buffalo populations,

where outbreaks simultaneously affect milk production, meat supply,

and draft power. Persistent endemicity, coupled with recurring out-

breaks, results in continuous financial losses and undermines live-

stock sector sustainability (Shome et al., 2019; Cuevas et al., 2020)

[18, 6]
. However, the absence of standardized global economic assess-

ment models limits accurate estimation of the true burden of HS.

Table 4. Major categories of economic losses associated with hemor-

rhagic septicemia

Category Type of loss Examples

Direct losses Mortality Death of cattle and buffalo

Reduced milk

yield

Decline in dairy production

Reduced growth Lower body weight gain

Indirect

losses

Treatment costs Veterinary care and antibiotics

Vaccination

programs

Preventive immunization

campaigns

Trade restrictions Movement and market

limitations

Table 5. Table 5 Globally estimated annual economic losses due to hemorrhagic septicemia in major endemic countries

Country / Region Major affected

species

Estimated annual eco-

nomic loss (USD)

Major contributing factors References

India Cattle, buffalo $40–70 million High bovine population, seasonal

outbreaks, milk production losses

Shome et al., 2019;

Cuevas et al., 2020

Pakistan Buffalo, cattle $15–25 million High buffalo mortality, reduced

dairy productivity

Farooq et al., 2011

Bangladesh Cattle, buffalo $8–12 million Frequent outbreaks, limited vacci-

nation coverage

Benkirane and De Alwis,

2002

Thailand Cattle, buffalo $5–10 million Periodic outbreaks, reduced growth

and meat production

Benkirane and De Alwis,

2002

Indonesia Cattle, buffalo $6–12 million Regional outbreaks affecting dairy

and meat production

Cuevas et al., 2020

Malaysia Cattle, buffalo $3–6 million Control costs and vaccination

campaigns

Benkirane and De Alwis,

2002

African countries (Sudan,

Ethiopia, Egypt)

Cattle $10–20 million High mortality, limited veterinary

infrastructure

Moustafa et al., 2013

Figure 7. Economic loss pathways of hemorrhagic septicemia in livestock production systems

International Journal of Agriculture and Nutrition https://www.agriculturejournal.net
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7. Diagnostic advances

Accurate and rapid diagnosis of Hemorrhagic Septicemia (HS) is crit-

ical for effective disease control and outbreak management. Early de-

tection of Pasteurella multocida enables timely therapeutic and pre-

ventive interventions (Maddock et al., 2025). Traditionally, diagnosis

relied on clinical signs, post-mortem findings, and bacteriological iso-

lation; however, advances in molecular and genomic technologies

have significantly enhanced diagnostic sensitivity, specificity, and

speed (Calderon Bernal et al., 2022; Cuevas et al., 2020; Harper et

al., 2006) 
[62, 6, 8]

. Modern diagnostic strategies integrate conven-

tional bacteriology with molecular and genomic tools to improve dis-

ease confirmation and epidemiological surveillance. In addition, mo-

lecular characterization studies have revealed considerable diversity

in virulence factors and antimicrobial resistance profiles among P.

multocida isolates (Ali et al., 2025; Sunartatie et al., 2024; Bhardwaj

et al., 2025) 
[63, 64, 30]

.

7.1 Conventional diagnostic methods

Microscopy Microscopic examination of stained smears from blood

or tissues provides rapid preliminary diagnosis. P. multocida exhibits

a characteristic bipolar (“safety-pin”) appearance when stained with

Giemsa or methylene blue. However, due to limited sensitivity and

specificity, microscopy is suitable only for presumptive diagnosis

(Harper et al., 2006) 
[8]

.

Bacterial Culture Isolation on media such as blood agar remains a

standard confirmatory method. The organism forms smooth, grayish

colonies, followed by biochemical and serotyping identification (OIE,

2008) 
[48]

. Despite its reliability, culture is time-consuming and de-

pendent on viable organisms, with reduced success following antibi-

otic treatment (Cuevas et al., 2020) 
[6]

.

2. Molecular diagnostics

Molecular diagnostic techniques have significantly improved the de-

tection of P. multocida by offering rapid and highly sensitive identifi-

cation. PCR-based assays targeting species-specific genes enable de-

tection even at low bacterial loads (Cuevas et al., 2020) 
[6]

. Advanced

applications include detection of virulence-associated genes, capsular

typing for strain differentiation, and epidemiological tracing of out-

breaks. Multiplex PCR enhances diagnostic efficiency by enabling si-

multaneous detection of multiple targets. In addition, techniques such

as REP-PCR support strain differentiation (Townsend et al., 1997)

[65]
, while loop-mediated isothermal amplification (LAMP) provides

rapid field-level detection (Bhimani et al., 2015) 
[66]

. Standard diag-

nostic protocols recommended by OIE (2008) 
[48]

 integrate bacterio-

logical and PCR-based methods.

7.3 Serological methods

Serological assays, including ELISA and indirect hemagglutination

tests, are widely used for herd-level surveillance and epidemiological

studies (Shome et al., 2019; Singhla et al., 2020) 
[18, 67]

. These meth-

ods are valuable for assessing exposure and immune response but

cannot reliably distinguish between vaccinated and naturally infected

animals. Therefore, they are typically used alongside bacteriological

and molecular diagnostics.

4. Emerging genomic tools

Genomic technologies have substantially advanced understanding of

HS epidemiology and pathogen biology. Whole-genome sequencing

(WGS) and comparative genomics enable detailed characterization of

genetic diversity, virulence determinants, and evolutionary relation-

ships among P. multocida strains (Narcana et al., 2020; Hanchanachai

et al., 2021) 
[69, 68]

. These approaches facilitate identification of

novel diagnostic markers, support rational vaccine design, and enable

high-resolution outbreak tracing. Recent studies have further high-

lighted genetic variability, antimicrobial resistance determinants, and

host–pathogen interactions (Desem et al., 2023 
[39]

; Abed et al., 2020

[34]
; Tabatabaei and Abdolahi, 2023 

[70]
; Jia et al., 2023 

[71]
;

Piorunek et al., 2023) 
[13]

. Although currently applied mainly in re-

search settings, genomic tools are expected to become increasingly

integrated into routine diagnostics as sequencing technologies become

more accessible (Cao et al., 2024; Cuevas et al., 2020) 
[72, 6]

.

7.5 Integrated diagnostic approaches

Given the limitations of individual methods, integrated diagnostic ap-

proaches are essential for accurate HS detection. Clinical and patho-

logical findings provide initial indications, while laboratory confirma-

tion is achieved through culture, molecular assays, and genomic tools

(Desem et al., 2023) 
[39]

. Such integration enhances diagnostic accu-

racy, supports epidemiological surveillance, and enables rapid out-

break response—particularly in endemic regions where early detec-

tion is critical for minimizing economic losses (Harper et al., 2006;

Cuevas et al., 2020) 
[8, 6]

.

Recent advances, including quantitative PCR, genomic epidemiology,

and detection of co-infections, have further strengthened diagnostic

capabilities and improved understanding of disease dynamics (Pan et

al., 2025; Amirgazin et al., 2025; Zhao et al., 2026; Rahman et al.,

2024) 
[74, 73, 75, 76]

.

Table 6. Comparison of diagnostic approaches used for hemorrhagic septicemia detection

Diagnostic method Principle Advantages Limitations Typical use Key references

Microscopy Identification of bipo-

lar-staining bacteria in

stained smears

Rapid, inexpensive,

simple

Low specificity and

sensitivity

Preliminary diagnosis

during outbreaks

Harper et al.,

2006

Bacterial culture Isolation of pathogen

on blood agar or selec-

tive media

Gold standard confirma-

tion; allows antimicrobial

testing

Time-consuming; re-

quires viable samples

Laboratory confirmation Cuevas et al.,

2020

PCR (Polymerase

Chain Reaction)

Amplification of

pathogen-specific

DNA sequences

High sensitivity and

specificity; rapid

detection

Requires specialized

equipment and

trained personnel

Early detection and mo-

lecular epidemiology

Cuevas et al.,

2020

Virulence gene

detection

Identification of genes

associated with

pathogenicity

Useful for strain charac-

terization and epidemio-

logical studies

Higher technical

requirements

Research and advanced

diagnostics

Harper et al.,

2006; Abed et al.,

2020

Serological tests

(ELISA, IHA)

Detection of antibod-

ies against pathogen

antigens

Suitable for herd-level

surveillance and monitor-

ing immunity

Cannot always dif-

ferentiate infection

from vaccination

Epidemiological studies

and surveillance

Shome et al.,

2019
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8. Treatment dynamics and antimicrobial resistance

Effective treatment of HS depends on early diagnosis and timely ther-

apeutic intervention. Antimicrobial therapy remains the primary treat-

ment strategy, often combined with supportive care such as anti-in-

flammatory drugs and fluid therapy to improve survival (Farooq et

al., 2011; Shome et al., 2019) 
[12, 18]

. However, increasing antimicro-

bial resistance (AMR) in P. multocida isolates has emerged as a major

challenge, potentially compromising treatment efficacy (Ali et al.,

2025; Sunartatie et al., 2024; Tabatabaei et al., 2023; Cuevas et al.,

2020) 
[63, 64, 70, 6]

.

8.1 Antibiotic therapy

Commonly used antibiotics include penicillin, tetracyclines, sulfon-

amides, cephalosporins, and fluoroquinolones (Kerek et al., 2024)

[77]
. Penicillin and tetracycline derivatives have historically been ef-

fective against HS (Farooq et al., 2011) 
[12]

. While many isolates re-

main susceptible, resistance to sulfonamides and cotrimoxazole has

been reported (Petrocchi-Rilo et al., 2018; Ferreira et al., 2012) 
[78,

36]
. Treatment success depends on early administration, as advanced

cases often progress rapidly to septicemia, limiting therapeutic

effectiveness.

2. Antimicrobial resistance patterns

Emerging resistance to commonly used antibiotics, including tetracy-

clines and β-lactams, has been reported in P. multocida isolates

(Sunartatie et al., 2024; Michael et al., 2021; Shome et al., 2019) 
[64,

17, 18]
. Resistance development is frequently associated with indis-

criminate antibiotic use, prophylactic administration, and incomplete

treatment regimens. Therefore, antimicrobial susceptibility testing is

essential for guiding appropriate therapeutic decisions and improving

treatment outcomes (Pintér et al., 2024; Michael et al., 2021; Shome

et al., 2019) 
[79, 17, 18]

. The lack of standardized global surveillance

frameworks for antimicrobial resistance in P. multocida remains a

critical limitation in developing effective control strategies.

3. Multidrug resistance

The emergence of multidrug-resistant (MDR) P. multocida strains

represents a growing challenge to effective disease management

(Cuevas et al., 2020; Abdulkadir et al., 2024; Sabsabi et al., 2021) 
[6,

16, 80]
. This trend underscores the urgent need for antimicrobial stew-

ardship programs, strengthened surveillance systems, and reduced re-

liance on antibiotics in livestock production. Recent evidence indi-

cates increasing resistance trends across livestock populations, high-

lighting the importance of implementing responsible antimicrobial

use strategies (Sunartatie et al., 2024; Ali et al., 2025; Bitew et al.,

2025) 
[64, 63, 81]

.

9. Implications of antimicrobial resistance for disease

control

The rise of antimicrobial resistance significantly complicates HS

management by reducing the effectiveness of commonly used antibi-

otics (Shome et al., 2019; Cuevas et al., 2020) 
[18, 6]

. The presence of

multidrug-resistant strains further limits therapeutic options and in-

creases the risk of treatment failure. Modern diagnostic tools play a

crucial role in addressing this challenge by enabling detection of re-

sistance-associated genes and supporting targeted therapy (Michael et

al., 2021) 
[17]

. Importantly, the growing limitations of antimicrobial

therapy highlight the need for preventive strategies. Vaccination, im-

proved herd management, and strengthened biosecurity measures are

essential for reducing disease incidence and minimizing reliance on

antibiotics. Thus, sustainable HS control increasingly depends on in-

tegrated approaches combining diagnostics, vaccination, and respon-

sible antimicrobial use (Michael et al., 2021) 
[17]

.

Table 7. Antibiotics used for hemorrhagic septicemia treatment and reported resistance patterns

Antibiotic Drug class Typical use Reported resistance trends References

Penicillin β-lactam Traditional treatment for HS Generally effective but

emerging resistance reported

Farooq et al., 2011

Tetracycline /

Oxytetracycline

Tetracycline class Widely used in livestock Moderate resistance re-

ported in some isolates

Shome et al., 2019

Enrofloxacin Fluoroquinolone Treatment of severe

infections

Resistance relatively low

but increasing in some

regions

Cuevas et al., 2020

Ceftiofur Third-generation

cephalosporin

Advanced therapy for Gram-

negative infections

Limited resistance reported Cuevas et al., 2020

Florfenicol Phenicol antibiotic Respiratory and systemic

infections

Effective but resistance

emerging in some isolates

Shome et al., 2019

10. Vaccination strategies

Among available control measures, vaccination continues to be the

primary and most widely implemented strategy for the prevention and

control of Hemorrhagic Septicemia (HS), particularly in endemic re-

gions where Pasteurella multocida serotypes B:2 and E:2 are preva-

lent (Shivachandra et al., 2011) 
[28]

. Due to the rapid progression of

the disease and limited effectiveness of treatment in advanced stages,

prophylactic immunization is essential for reducing mortality and out-

break frequency. A range of vaccine formulations has been developed,

including conventional bacterins, live attenuated vaccines, and emerg-

ing recombinant and DNA-based vaccines. These approaches differ in

immunogenicity, duration of protection, safety, and field applicability.

Despite advances in next-generation vaccines, conventional oil-adju-

vant bacterin vaccines remain the most widely used due to their af-

fordability and suitability for large-scale immunization programs

(Hodgson et al., 2005 
[82]

; Kumar et al., 2015 
[83]

; Yuan et al., 2024;

He et al., 2024 
[84]

; Tesfaye et al., 2025 
[85]

; Xu et al., 2025) 
[86]

.

Vaccination programs typically involve primary immunization at 4–6

months of age, followed by booster doses and annual revaccination to

maintain herd immunity (Muenthaisong et al., 2020) 
[87]

.

10.1 Conventional bacterin vaccines

Inactivated bacterin vaccines, including oil-adjuvant (OAV) and

alum-precipitated (APV) formulations, have been widely used for

decades in endemic regions (Afroz et al., 2022) 
[88]

. OAV formula-

tions are generally preferred due to their ability to induce stronger and

more sustained humoral immune responses (Rustagi et al., 2023;

Zamri-Saad et al., 2021) 
[89]

. However, bacterin vaccines are associ-

ated with limitations, including relatively short duration of immunity

(particularly for APV), limited cross-protection among strains, and

the need for repeated booster doses. Vaccine efficacy may also vary

depending on strain diversity, storage conditions, and field practices.

Despite these constraints, bacterin vaccines remain central to HS con-

trol programs due to their cost-effectiveness and field applicability

(Jia et al., 2023) 
[71]

.
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2. Live attenuated vaccines

Live attenuated vaccines are capable of inducing both humoral and

cell-mediated immune responses, potentially providing stronger and

longer-lasting protection compared with inactivated vaccines (Afroz

et al., 2022; He et al., 2024) 
[88, 84]

. However, their practical applica-

tion remains limited due to concerns regarding reversion to virulence,

biosafety risks, and regulatory constraints.

10.3 Subunit vaccines

Subunit vaccines utilize specific antigenic components such as outer

membrane proteins and capsular antigens to induce targeted immune

responses. These vaccines offer improved safety and specificity but

often require potent adjuvants to achieve adequate immunogenicity

(Facciola et al., 2022; Mostaan et al., 2020; Cuevas et al., 2020) 
[90,

32, 6]
.

10.4 Recombinant vaccines

Recombinant vaccines expressing defined protective antigens, such as

outer membrane proteins (e.g., Omp16), have demonstrated promis-

ing immunogenicity in experimental studies (Shivachandra et al.,

2017) 
[91]

. These vaccines offer advantages including a high safety

profile, targeted immune responses, and scalability. Nevertheless,

their use remains largely experimental, and further field validation is

required prior to widespread adoption.

10.5 DNA vaccines

DNA vaccines represent an emerging strategy capable of inducing

both humoral and cellular immunity. These vaccines offer advantages

such as stability and multivalent antigen expression but face chal-

lenges related to delivery efficiency, regulatory approval, and field

applicability (Cuevas et al., 2020) 
[6]

.

Table 8. Comparison of available vaccines for hemorrhagic septicemia in livestock

Vaccine type Principle /

Composition

Advantages Limitations Duration of

immunity

References

Bacterin (inactivated

vaccine)

Formalin-killed P. mul-

tocida cells, often for-

mulated with oil

adjuvants

Safe, widely used, rel-

atively inexpensive,

easy to produce

Short-term immunity;

may require booster

doses; limited cross-

protection

4–6 months Facciola et al., 2022;

Benkirane and De

Alwis, 2002; Shome

et al., 2019

Bacterin (APV) Inactivated whole cells

with alum adjuvant

Safe, widely used Short duration of

immunity

3–4 months Shivachandra et al.,

2011

Bacterin (OAV) Inactivated cells with

oil adjuvant

Strong antibody

response

Injection site reactions

possible

6–12 months OIE, 2008

Live attenuated

vaccine

Weakened strains of P.

multocida capable of

limited replication in

the host

Induces strong im-

mune response and

longer protection com-

pared with bacterins

Risk of reversion to

virulence; stability

concerns; strict storage

conditions

Up to 1 year Harper et al., 2006

Subunit vaccine Purified antigenic com-

ponents such as outer

membrane proteins

(e.g., OmpH, PlpE)

Highly specific im-

mune response; im-

proved safety profile

Higher production

cost; may require

adjuvants

Variable, depends on

formulation

Cuevas et al., 2020;

Mostaan et al., 2020

Recombinant vaccine Genetically engineered

antigens expressed in

bacterial or viral vectors

Targeted immune re-

sponse; potential

cross-protection

Still under develop-

ment; limited field

application

Under investigation Harper et al., 2006;

Cuevas et al., 2020

DNA vaccine Plasmid DNA encoding

specific antigenic pro-

teins of P. multocida

Stimulates both hu-

moral and cellular im-

munity; promising fu-

ture approach

Experimental stage;

regulatory and deliv-

ery challenges

Experimental Cuevas et al., 2020

(continued on next page)
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Figure 8. Vaccination strategies timeline

11. Prevention and control strategies

Effective control of Hemorrhagic septicemia (HS) requires an inte-

grated approach combining vaccination, biosecurity, surveillance, and

movement control. Preventive strategies are essential, as therapeutic

interventions are often ineffective once septicemia develops (Shome

et al., 2019) 
[18]

. Coordinated control programs demonstrate that the

integration of vaccination with surveillance and movement restric-

tions significantly reduces outbreak frequency and overall disease im-

pact, particularly in endemic regions (Farooq et al., 2011; Shome et

al., 2019) 
[12, 18]

.

Vaccination programs

Routine vaccination remains the cornerstone of HS prevention in en-

demic regions. Immunization is typically implemented prior to the

rainy season, when environmental conditions favor pathogen survival

and transmission (Shivachandra et al., 2011) 
[28]

. Sustained herd im-

munity depends on achieving high vaccination coverage, maintaining

cold-chain integrity, and ensuring timely administration of booster

doses (Shome et al., 2019) 
[18]

.

However, the field efficacy of currently available vaccines may vary

due to strain diversity, improper storage, and inconsistent vaccination

practices, highlighting the need for improved vaccine formulations

and delivery systems.

2. Biosecurity measures

Biosecurity plays a critical role in preventing the introduction and

transmission of HS within livestock populations. Key measures in-

clude maintaining hygienic housing conditions, ensuring access to

clean and uncontaminated feed and water, and minimizing animal

overcrowding. In addition, effective stress management—such as re-

ducing transportation stress and mitigating adverse environmental

conditions—is essential for maintaining immune competence and re-

ducing susceptibility to infection (Farooq et al., 2011; Shome et al.,

2019) 
[12, 18]

.

11.3 Quarantine and movement control

Quarantine of newly introduced animals and restriction of animal

movement during outbreaks are essential for limiting disease spread.

Monitoring livestock markets and implementing emergency vaccina-

tion in affected areas further enhance outbreak containment and re-

duce transmission risk (Farooq et al., 2011) 
[12]

.

11.4 Surveillance and monitoring

Robust surveillance systems are critical for early detection and rapid

response to HS outbreaks. The integration of molecular diagnostics

and genomic tools enhances disease tracking, facilitates identification

of virulent strains, and supports evidence-based control strategies

(Shome et al., 2019; Cuevas et al., 2020) 
[18, 6]

.

11.5 Climate change and HS epidemiology

Environmental factors such as humidity, rainfall, and temperature

play a significant role in the occurrence and spread of HS. Climate

change may alter these parameters, potentially expanding the geo-

graphical distribution of the disease and modifying outbreak patterns.

Understanding these dynamics is essential for developing predictive

models and adaptive control strategies (Shome et al., 2019; Cuevas et

al., 2020) 
[18, 6]

.

11.6 One Health approach

The One Health framework integrates animal health, environmental

monitoring, and disease surveillance to enhance HS control.

Coordinated implementation of these components improves early de-

tection, strengthens outbreak response, and supports sustainable dis-

ease management. Recent studies emphasize the importance of inte-

grating molecular epidemiology, antimicrobial resistance monitoring,

and ecological factors within a One Health framework to address the

multifaceted challenges associated with HS (Richardson et al., 2023

[29]
; Tabatabaei and Abdolahi, 2023 

[70]
; Jia et al., 2023 

[71]
; Desem

et al., 2023 
[39]

; Piorunek et al., 2023) 
[13]

.
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Figure 9. Integrated One Health–economic framework for hemorrhagic septicemia control

12. Future perspectives and research needs

Despite significant advances in HS research, several challenges re-

main, including pathogen diversity, limitations in vaccine efficacy,

and the emergence of antimicrobial resistance. Addressing these chal-

lenges requires the integration of advanced molecular tools with con-

ventional disease control strategies (Shivachandra et al., 2011; Shome

et al., 2019; Narcana et al., 2020; Hanchanachai et al., 2021) 
[28, 18,

69, 68]
.

Future research should prioritize the development of next-generation

vaccines that provide broad and long-lasting protection using recom-

binant and nucleic acid-based technologies. In addition, molecular

epidemiological studies should be expanded to improve understand-

ing of pathogen evolution, transmission dynamics, and regional strain

diversity (Cuevas et al., 2020; Verma et al., 2013; Ferreira et al.,

2015; Zhao et al., 2021; Tawab et al., 2020) 
[6, 37, 9, 26, 38]

.

Strengthening surveillance systems through improved diagnostic in-

frastructure and the implementation of digital reporting platforms will

enhance early outbreak detection and response (Shome et al., 2019)

[18]
. Furthermore, antimicrobial stewardship programs promoting ra-

tional antibiotic use, in combination with vaccination strategies, are

essential to reduce antimicrobial dependency and limit resistance de-

velopment (Cuevas et al., 2020) 
[6]

.

Recent advances in genomics and diagnostic technologies continue to

improve understanding of pathogen evolution, virulence mechanisms,

and disease emergence patterns (Rahman et al., 2024; Pan et al.,

2025; Amirgazin et al., 2025; Zhao et al., 2026) 
[76, 74, 73, 75]

.

13. Discussion

Despite considerable progress in understanding and managing

Hemorrhagic septicemia (HS), several challenges continue to limit ef-

fective disease control. Current vaccines, although effective under

controlled conditions, often exhibit variable efficacy in field situa-

tions due to strain variation, improper storage, and inadequate vacci-

nation coverage.

Advanced diagnostic techniques such as PCR and LAMP provide

high sensitivity and specificity; however, their widespread application

in rural and resource-limited settings remains constrained by cost, in-

frastructure, and technical expertise. This limitation highlights the

need for affordable and field-deployable diagnostic tools.

Furthermore, the emergence of antimicrobial resistance in Pasteurella

multocida complicates treatment strategies. In addition, inconsisten-

cies in surveillance systems and underreporting hinder accurate as-

sessment of disease burden, particularly in developing countries.

These limitations directly affect milk yield and meat production,

thereby influencing the economic sustainability of livestock produc-

tion systems. Future research should prioritize the development of

thermostable and broad-spectrum vaccines, improved molecular epi-

demiological tools, and cost-effective diagnostic platforms.

Strengthening surveillance systems, enhancing farmer awareness, and

implementing integrated disease management strategies will be criti-

cal for sustainable control of HS in endemic regions.

14. Conclusion

Hemorrhagic septicemia (HS) remains a major bacterial disease of

cattle and buffalo in tropical and subtropical regions, characterized by

rapid disease progression, high mortality, and substantial economic

losses. Its impact extends beyond animal health, significantly affect-

ing rural livelihoods, food security, and livestock-based economies.

Despite the availability of vaccines and control measures, HS contin-

ues to persist in endemic regions due to limitations in vaccine effi-

cacy, gaps in surveillance, and the emergence of antimicrobial resis-

tance. Environmental and climatic factors further influence disease

dynamics, increasing the complexity of control efforts. Effective

long-term management of HS requires an integrated approach com-

bining vaccination, improved diagnostics, strengthened surveillance

systems, and responsible antimicrobial use. In this context, the adop-

tion of a One Health framework—linking animal health, environmen-

tal factors, and epidemiological monitoring—will be essential for sus-

tainable disease control. Future strategies should prioritize the devel-

opment of next-generation vaccines, expansion of genomic surveil-

lance, and implementation of evidence-based disease management

practices. Addressing these gaps through coordinated global strategies

and strengthened surveillance frameworks will be essential to reduce

the burden of HS and support sustainable milk and meat production

systems.
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