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Abstract

Background: Anthrax is considered one of the most important zoonotic dise due to its
widespread distribution, significant economic losses, and potential risks to public Ith. The
manifestation of anthrax in goats is comparable to its presentation in other small ruminants:

Objectives: To enhance understanding of the clinical signs and post-mo‘em s of anthrax
and improve its diagnosis in the goat population of Iran, this study«xamined the occurrence of
anthrax in goats in some provinces of Iran between 2016 and202 ’

Methods: Among a population of 3,465 goats, 50 s of sudden death were documented.
Samples were collected from recently deceased animal uding bene marrow and blood from
ear veins. These samples were sent to the laboratory fo g&rect examination, culture, and

molecular assay (PCR). 6

Results: Out of the collected samples, 36 ca weWuted to anthrax. Among these deaths,
27 animals were found dead, while nin oatsw slaughtered before succumbing. Bacillus
anthracis was confirmed in all 36 ious psamples using direct examination and PCR.
Additionally, 11 samples (30%) wg@d to be culture positive for anthrax. It is worth noting
that classic signs of anthrax, such'as u lotted blood oozing from natural orifices and the absence

of rigor mortis, were not ob‘red \9 dead goats.

Conclusion: This studﬂev&ls‘at there are instances of anthrax in goats where the typical
clinical signs, suchas=bloed l(?ing from natural body orifices, are absent. This finding should be
considered during ‘the differential diagnosis, especially when the classic signs are used as a

criterion.

Ke@. Anthrax, Bacillus anthracis, Goats, PCR, Sudden death.



Introduction

Anthrax is a widely known infectious disease that primarily affects livesto€kyandycan also
be transmitted to humans. Anthrax is a peracute, acute, or subacute, o egail 'isease of
animals, including goats. In severe cases, animals can succumb to the dl‘eagwi nly, without
premonitory clinical signs. One notable sign observed at t deathwis the presence of
blood, which may be oozing from the mouth, nostrils, and anusyof. 1nfect&ammals While goats
can contract anthrax, reported cases in goats are relative uncon}noe, perhaps because they are
not naturally ground grazing animals (Jula, 2011; Pooyanmehr & Barzanuni, 2019; Smith &

Sherman, 2023). Cattle are infected more than she@l ts because cattle pull pasture out of
the ground with roots, whereas sheep and Ms bite plants off the ground level or browse on

shrubs (Alam et al., 2022). ( ) O

b
Nevertheless, outbreaks have\b@cgmeﬁted in goats in various regions such as Nigeria,
Texas, China, and Ethiopia and can occurawherever anthrax is endemic in other species. Anthrax
is prevalent in many tro ca{ud &oplcal areas worldwide and continues to pose challenges
to livestock productloxﬁ n&l xls countries. It is considered enzootic in several Asian and

African nations, and spo‘&hdses have been reported in Australia, certain parts of Europe, and

America (S f \ : Smith & Sherman, 2023).

1s oryhof anthrax in animals in Iran dates back to 1905, when a French military
veterin orted cases of the disease in royal horses (Jula, 2011; Tizard, 2020). In 1945, a

devastating outbreak of anthrax resulted in the death of over one million sheep in Iran.
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Subsequently, anthrax has been documented repeatedly in cattle and sheep. The signs observed
in small ruminants in these reports include nausea, anorexia, bloating, blood seepage from
natural body cavities, lack of blood clotting, vomiting, fever progressing to sev bdominal
pain, hematemesis, and almost always bloody diarrhea. As a preventive mea ?a vaceination
campaign targeting sheep and goats was initiated in 1932, Wthh s&mc‘d into a
government-funded large-scale vaccination program covering nation :heep, goats, and
cattle. Despite these extensive vaccination efforts, the Wo@i

(OIE) continues to receive reports of both small and large al{chrax ep demlcs in Iran, with

tlon? Animal Health

outbreaks occurring throughout the country on an ann sis (Jabbari & Moazeni Jula, 2007;
Jula, 2011; Tadayon et al., 2016). Anthrax remal reyalentin Iran, with a broad geographic
distribution, posing a significant threat to bo tic and wild animals, as well as public
health concerns (Ghaderi et al., 2020 gera&uous studies have focused on the

cteruikesponmble for anthrax, in Iran (Bower &
Cook, 2022; Esmaeili et al., 2017;\ \ l@ a \et al., 2021). In 2007, Vahedi successfully isolated

epidemiology of Bacillus anthracis, the

Darmian, 2007). Another st conducted in 2017 by Esmaeili et al. assessed the effectiveness

B. anthracis from soil samiles collectedfacross 14 provinces in Iran (Jula, 2011; Vahedi

of the anthrax control rogr&l xplemented in Iran's livestock population between 1990 and

2015. The study reveale& wl of 452 anthrax outbreaks in cattle and 761 outbreaks in sheep

and goats du ﬁ \ d, resulting in the unfortunate deaths of 666 cattle and 5,775 sheep
cili'et al.,

and goat 2017). These studies highlight the significant impact of anthrax on

Ira\ies‘[oc‘nmdustry and emphasize the ongoing need for disease monitoring, control, and

preventionwefforts.



Despite the global presence of anthrax and its significant impact on animal and human
health, there is a lack of knowledge regarding its clinical signs and accurate ‘diagnosis. This
knowledge gap contributes to the continued transmission of B. anthracis. It is cru to address

these gaps to prevent outbreaks and improve anthrax surveillance and management Sardaﬁ etal.,

2023). Furthermore, there is a scarcity of studies specifically focu51 )’in goats,
highlighting the need to understand the disease's effects on this i rax can cause
sudden death in goats, and other common diseases in Irania@

as peracute pneumonia

or enterotoxemia, can also lead to sudden death. It'syworth noting thl§10t all anthrax cases
involve blood oozing from the body's natural orific ereforep an accurate diagnosis of
anthrax is essential. The current study aims to enhance‘our understanding of anthrax in Iranian
goats, including its clinical manifestations,gc cabts, and diagnostic methods. This study
Qden& specific characteristics of anthrax in

aims to provide valuable insights into the.inc
goats in Iran. (

)
Q)
Materials and Methods ‘ \

Study Areas and Samhq{St jes

From 20 otal of 50 cases of sudden death were reported among a population of
3,465 N sfa , Kerman, South Khorasan, Gilan, and Yazd provinces. The herds had

received Vacc‘atlons for foot-and-mouth disease and Enterotoxemia as per the guidelines of the



veterinary organization. There were no changes in the animals' feeding practices, and they had

undergone parasitic treatment according to standard protocols.

The sample collection included 50 cases of sudden death in goats, specifically foeusing on
those that exhibited signs indicative of potential anthrax, such as sudden dea%‘[h yr without

blood oozing from natural orifices. These animals exhibited clinical si‘ns S high fever,

respiratory difficulties, cardiovascular disorders, and sepsiﬁp‘, including bone marrow
als and &t to the laboratory for

direct examination and culture. The samples were led intoy sterile transport tubes and

and ear veins blood, were collected from recently deceased a

transported to the laboratory in ice boxes at 4 °C.

" N
Sample Processing

4

To confirm the presence of B. anthracis iWected animal samples, thin blood smears
were prepared and subjected to Gie aining 4nd the M'Fadyean's reaction using polychrome
methylene blue. These methods #we ed to igentify Gram-positive rod-shaped bacteria with
square ends and capsules. samples were cultured on Polymyxin-lysozyme-EDTA-thallous
acetate (PLET) agar, a r% ﬁm
incubated aerobically, a 37°?0r 24 to 48 hours (Markey, 2013). Additionally, samples were

designed explicitly for B. anthracis. The cultures were

cultured on blood‘agar t t for hemolysis, and motility testing was performed using the
hanging,drof)met %ermore, colonies were inoculated in nutrient gelatin and incubated at
25 th‘[ days to observe the growth characteristics. The bacteria's culture growth, colony
m(;rpxy, d rr/licroscopic appearance were evaluated. The bacteria from the cultures were
subjected to Gram staining for microscopic examination (Green, 2021; Jula, 2011).
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PCR assays were performed to molecularly confirm the bacteria isolated from the culture
and the number of 25 positive smears observed for B. anthracis. The presumptive B. anthracis
samples were confirmed by PCR assays as described in WHO guidelines (Jiran ak et al.,
2022; Thompson, 2022). The smear from each slide was scraped off (A ﬁt al’;52020).
Genomic DNA was purified following the conventional Phenol—chlorofo t I‘*ngston et

!:(Bysis buffer (50

al., 2015). Briefly, an adequate amount of sample was resuspendegn
aCl} § 8.0 = 0.2) and 50 pL

mM Tris-Cl, 50 mM EDTA, 1 % sodium dodecyl sulfate, 1
of 100 mg/mL lysozyme solution then incubated at teom tem&erature r 45 min. DNA was
isolated by phenol—chloroform extraction followed by e 1 precipitation. The DNA pellet was
dissolved in 100 pL distilled water and stored at —%& til futher use.

The PCR reaction was performed in a‘ mic€rolitet microtube with a final volume of 25
microliters using oligonucleotide primg forw (B. anthracis specific fragment), pag
(Protective antigen), and Cap (Cap es (Table 1) (Jula, 2011). pag and Cap genes are
located on virulence plasmid pXOlQ)X\OZ,/ respectively, and are distinguished from non-
virulent Bacillus spp., Whicl‘ck (ﬁpTasmids (Jula, 2011; Kingston et al., 2015).

The reaction solution c\nt&ed 4mM MgCl12, 200 uM of each dATP, dCTP, dGTP, and
dTTP, 0.4 uM of eeal I;an2.5 uM of 10x reaction buffer, and 3ul of DNA template. The
cycling pareTr wn initial denaturation at 94°C for 5min, followed by 35 cycles of

94°Cifo

denatura\‘n

The final cyxt was followed by an extension at 72°C for Imin. The PCR products were

r 50sec, annealing at 55°C for 50sec, and extension at 72°C for 30sec.

analyzed byselectrophoresis on a 1% agarose gel stained with 0.5 pg/ml ethidium bromide.



Results
Cases Observed and Clinical Findings

g

Among the 50 instances of sudden death recorded in a population c‘ 3.4 \s,’ 36 deaths
were attributed to anthrax (as shown in Table 2). Among the 6*7 goats were found dead,
likely due to the peracute stage of the disease characterized by bacter&ia and toxemia. Nine
goats were slaughtered before succumbing to the disease. In 8 cases, affected goats exhibited
signs such as excessive salivation severe depressi ith drooping heads, followed by
progressive recumbency and imminent death w% to ‘WO days. Other clinical signs
included bloating, swelling, ataxia, recumb‘y, d subcutaneous edema. However, Classic
signs of anthrax, such as unclotted blood Gngw the nostrils, mouth, and anus, and absence
of rigor mortis, were not observed 1 eceasedigoats. Only in four cases were unclotted blood
observed oozing from natural oriﬁC;Qure lj‘.,In slaughtered animals, blood did not clot, and
the spleen was significantly, ehlarged. Bleeding was observed in the serous layers, indicating
septicemia, and there Wre%rﬂlis%ﬁltration of the subcutaneous tissue (Figure 2).

Bacteriological & Mﬁecﬁar}nfirmaﬁon

%nw anthracis bacteria was confirmed in 36 samples through Giemsa
staining and, M'Eadyean's reaction. The results of M'Fadyean's reaction showed large Gram-
positivesrods \\th square ends, where blue bacilli were observed in short chains surrounded by a

pink capsule. Giemsa staining also confirmed the presence of gram-positive, square-ended bacilli
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with evident capsules. Out of these 36 positive samples, 11 (30%) exhibited suspected colonies
of B. anthracis on selective media (PLET agar). These colonies were characterized as grayish,
circular, and dome-shaped. To further confirm the presence of B. anthracis, t suspected
samples were sub-cultured on blood agar to detect non-hemolytic coloni %ltimately, 11

samples displayed non-hemolytic colonies with flat, dry, large white ' x ea‘ance and
)-BAf

irregular margins resembling Medusa's head (jointed bamboo- ij ter eight days of

inoculation in gelatin medium, these 11 isolates exhibited fir-tree growth pattern.
Gram staining of bacteria grown on blood agar reveal Gram-stitive &s in long chains. All

confirmed isolates tested negative for motility. @

In the current study, 11 culture samples andw we\re positive for B. anthracis, and
the amplification of the expected species—sM'lc Wand (152 bp) by PCR confirmed the
accuracy of the conventional bacteriologicmew for B. anthracis identification in all of the

samples. All B. anthracis sample ied las encapsulated using M'Fadyean's reaction,

exhibited amplification of a specific ment ofthe capsular gene. This fragment measured 209
bp in length. Therefore, the amplification of the 209 bp capsular gene fragment confirms the
presence of encapsulatrr‘ SanthraCIS isolates examined. The capsular fragment was
not amplified in thevac racis strain (34F2 Sterne). In all of the B. anthracis samples,
The expected fragment o thjag target gene was successfully amplified. This fragment had a
length X p. r[wpliﬁcation of the 330 bp fragment in all of the B. anthracis isolates

in%

psesence of the Pag gene, which is specific to B. anthracis.



Discussion

In Iranian small ruminants herds, diseases like anthrax, peracute p onia, and
enterotoxemia often lead to sudden death in animals. Therefore, it is crucial toseemprehend the
clinical signs and carcass characteristics to promptly diagnose and manage thws:ises (Jula,
2011). In the current study, out of 50 cases of sudden death in goats, 36‘ases ere attributed to
anthrax. However, accurate diagnosis was challenging due t ce oficlassic signs. Lack
of classic signs has significant implications for the diagnonaanthr& as it can potentially
result in misdiagnosis and confusion with other diseasesyDuring inyestigations conducted in the
current study, numerous typical farmers did not consider possibility of anthrax disease. A
previous report by Esmaeili et al. in 2010 highli@ the\ absence of blood oozing from
natural orifices in cases of sudden death %ed adthrax in small ruminants had led to
misdiagnosis of the disease (Esmaeili et §20Nhese observations emphasize the need for

a

vigilance and a comprehensive diag roach considering factors beyond classic signs.

In the present study, the preZlomlr;gnt ;linical finding in goats was sudden death and the
lack of blood clotting, whi(*align ith findings reported in previous studies. In a study by
Mongoh et al. 2005, SL@H &a\was the most common clinical sign observed in 243 anthrax-
positive cases acros&if&erﬁ)ecies, accounting for 38% of cases. Blood seepage from natural
orifices was s wost common sign, only observed in 17% of cases (Mongoh et al.,
2008). th{ st&by the same researcher in 2007 reported similar findings, with sudden
deathibeing ttupredominant clinical sign in 116 out of 243 diagnosed anthrax cases. Blood

00zing natural orifices was observed in only 51 animals, and flatulence was observed in 18
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animals (Mongoh et al., 2007). Mongoh suggests that while many literature sources mention
blood oozing from natural orifices in anthrax carcasses, this sign is not commonly observed
(Esmaeili et al., 2010; Mongoh et al., 2008). The findings of the present study with this
claim and support the notion that blood oozing from natural orifices is not ?petual sign in

anthrax-infected carcasses. ‘ ’

A recent study by Omodo in 2023 examined the 1@* anthgax in livestock in
,isuch as cNe, sheep, goats, pigs,

and dogs. Among the 339 animals exhibiting clinical s consistent with anthrax, a mortality

Uganda from 2017-2018. The study included animal species

rate of 66.4% (225 out of 339) was reported. The clinicalisigns observed in this study were
similar to those documented in the present studm st c\ommon sign was sudden death
(49%). Goats accounted for 8% of the affec‘ani@nteresﬁngly, like in the present study,
the classic signs of anthrax, such as bloodﬁzinM orifices and absence of rigor mortis, were
not consistently observed in all ca odo'$) study utilized a similar method to detect B.
anthracis but differed in the diagndsmroach‘./Omodo's study relied on smear preparation and
M'Fadyean's reaction for ilﬁ tion. In contrast, unlike in the present study, bacterial
isolation, biochemical r, idqole ular confirmation (PCR) were not performed (Omodo et

al., 2023). i, \ N J
In a stlic nducted by Sardar in the provinces of Khyber Pakhtunkhwa and Balochistan
in Paki% 1 uZ&ed cases of anthrax were observed over five years. The cases included 11

sheeprand goi in"Balochistan province and three sheep and five cattle in Khyber Pakhtunkhwa

province.“Ehe sampling method and bacteriological investigations were similar to the present

11



study. Out of the suspected cases, 11 were confirmed to be anthrax based on clinical signs,
carcass traits, growth characteristics, colony morphology, and positive PCR.{Similar to the
present study, several infected animals were found dead, and some animals did no ibit blood
oozing from natural orifices. The clinical signs observed in Sardar's study w ﬁ)nsistent with

those observed in the present study (Sardar et al., 2023). Additionally, j\lm sn‘aeili et al.
rth

rasan province

in 2010 regarding an anthrax epidemic in the villages of Esfrain city i
. 4
sr in cases of sudden death

noted the absence of blood seepage from the natural oriﬁces@bo
due to anthrax in light livestock, which further supports the\ﬁndings of the present study
(Esmaeili et al., 2010). &

In 2004, a case of suspected anthrax was obw the‘)essie Zuria district of Ethiopia
following the sudden death of a goat. The Mlcalwobserved in this case were similar to
those described in the present study. Inﬁ pwar case, in terms of carcass traits, it was
observed that the goat exhibited an f rigor mortis, no blood clotting, and blood seepage
from the natural orifices of the CZQ The ’élinical signs observed, along with laboratory
confirmation, indicated that, B. anthracis was the cause of the sudden death. The process of
bacteriological examinati % &’iSXudy and the results obtained were consistent with the

present study. Furthuinﬁstig ions revealed that this disease occurs annually in the region, and

the mortality rate on ats due to the disease outbreak was determined to be 32.7%

(Shifem\z@. \
wite ?e regular annual vaccination of livestock carried out by the Iranian Veterinary
r

Organizationg'cases of disease still occur in the livestock population for several reasons. Firstly,

12



even with comprehensive vaccination coverage, some animals may not develop adequate
immunity due to variations in their immune response and potential human error during
vaccination. Secondly, non-cooperation from some livestock farmers with vac ion teams
results in the presence of susceptible animals in the region, which can becom ﬁ%cted in high-

infection situations. The diverse age range of affected animals, including cC\‘ on’ year old,
supports this observation. Additionally, animals smuggled and tra{O ed
nt

cge susceptible animals

into infected areas. Another factor contributing to th resence\of susceptible livestock is the

out veterinary

supervision and lacking a specific anthrax vaccination history may i

traditional herding system, where bucks are consisten esent in'the herd, resulting in year-
round births and a mix of different-aged kids. Ac to Weterinary organization protocols,
kids under two months do not receive the inﬁng vaccination visits. As a result, these
kids remain in the herd as susceptible ani %t hMt received the vaccine and can become
infected if they come into contact withtdise‘a&causing agent. In the areas studied in the
current research, disease occurrenc been/observed in some affected herds, particularly
among animals under one year, of age, w@ch could be attributed to these factors (Esmaeili et al.,

2017; Esmaeili et al., 2010)

Effective preva‘uq&an \rol measures are crucial for reducing the impact of anthrax on
public health and the nati economy. Controlling anthrax outbreaks in domestic animals relies
on pro tlﬁWd treatment of affected animals, enhanced surveillance for additional
ca me implementation of control measures such as quarantine, prophylaxis, vaccination,
and proper di sai of dead animals with decontamination (Olani, Dawo, & Lakew, 2020). It is
essential to enhance laboratory surveillance at the regional level to ensure timely detection of

13



anthrax. Quick and reliable disease detection and confirmation methods are necessary to

accurately identify B. anthracis and understand its spread and prevalence, particularly in remote

1

areas where anthrax cases are common (Omodo et al., 2023). The present s

highlight this disease's significance in the absence of attention, momtormgﬁactlva care.

Previous research has given less emphasis to the goat population in antg\' S, ‘"herefore,
there is limited knowledge of this susceptible animal's clinical signs w carcass
.

findings

aracteristics in

the existing literature.

The present study highlighted the lack of dedicate esearc\ﬁ\exglicitly focusing on anthrax
in goats. The current study's findings emphasize that the a ce of classic signs associated with
anthrax does not necessarily exclude the possibiw dis\ease being present. The study's
findings provided valuable insights that canvaid i@:linical diagnosis of anthrax in goats
during future outbreaks. By documentinfd aan the clinical manifestations and carcass
traits observed in Iranian goats, this panded our knowledge of anthrax in this particular
species and addressed existing kno\Vanps.{Fhe present study reinforces the importance of a
comprehensive diagnostic *ro&th@c considers typical and atypical signs for accurate

{ t

diagnosis and r

\f\\’

f&ive management of the disease.
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Figure 1. Unclotted blood was oozing from the natural orifice of a dead goat due to

anthrax.
v - -
¢ " __ ﬂ .

. 4
tintration of subcutaneous, one of the carcass traits in dead goats
following anthrax.

Figure 2.
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Table 1. Oligonucleotide primers were used in the present studyfor PCR
assay.

Target gene Primer sequence (5'-3') Amplified size (bp) Reference

Epizootics, 2008)

iy, R
Bac AAT GAT AGC TCC TAC ATT TGG 330 (Wﬁbbari, &
AG (N(, 4; Organization
A
N 4

Pag GAG GTA GAA GGA TAT ACG GT Cz ,‘ \ (Moazeni Jula, Jabbari, &
Malek, 2004; Organization

\ & Epizootics, 2008)
Cap GTA CCT GGT TAT TTA GCA CT k9 (Moazeni Jula, Jabbari, &

x v Malek, 2004; Organization
‘ & Epizootics, 2008)
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Table 2. The number of goats by province and the cases of anthra

served.

Provinces Total goats Affected goats  Casualties Absen lassic signs
Esfahan 1850 15 15
Southern Khorasan 250 3 3 Q 1
Kerman 500 2 \ 2
Guilan 65 2 2 2
Yazd 800 14 4 5
Total 3465




