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ABSTRACT 

Anthrax is a deadly and highly contagious, zoonotic disease caused by Bacillus anthracis. It is an acute, febrile disease 

of warm-blooded animals and humans. This study was conducted to investigate antibodies against anthrax (Protective-

antigen) in four species of domestic animals (cattle, buffalo, sheep and goat) in nine districts of Punjab, Pakistan. The 

serum samples of the animals (n=680) were processed using indirect ELISA to determine antibodies against Bacillus 

anthracis protective-antigen (PA). The results showed that 23/120 (19.2%) cattle, 37/101 (36.6%) buffaloes, 124/285 

(43.5%) goats and 74/174 (42.5%) sheep have protective level of anti-PA antibodies. Overall, seroprevalence of anti-PA 

antibodies was 37.9 % in 680 animals. Maximum seroprevalence was recorded in Lahore (82.4%) followed by 

Gujranwala (80.4%), Sahiwal (72.7%), Chakwal (63.6%), Sargodha (54.3%), Faisalabad (15.2%), Sheikhupura (14.1%), 

DG Khan (5.5%) and Attock (0%), respectively. It was concluded that eight out of nine districts of Punjab had animals 

positive for antibodies against PA of B. anthracis and all of the four species of domestic animals were seropositive. 

Continuous monitoring of animals for B. anthracis is highly recommended for keeping the threat under control. 
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INTRODUCTION 

 Anthrax is a contagious, acute, febrile and 

deadly zoonotic disease of warm-blooded animals and 

humans caused by Bacillus anthracis, which is an 

obligatory pathogen (Fasanella et al., 2013; Hendricks et 

al., 2014). The spores are formed when the vegetative 

bacterial cells are exposed to unfavorable conditions for 

its multiplication. The endospores thus formed are highly 

resistant to heat and chemical disinfectants (Coffin et al., 

2015). The affected carcass is not advised to be opened 

for necropsy and postmortem examination. The carcass is 

buried deep underground to prevent the spread of disease 

by scavengers and insects (Ebedes, 1977; Gunn, 2019). 

Anthrax spores from farm utilities may enter through 

open wounds and injured skin of animals and cause 

cutaneous form of anthrax (WHO, 2008). The spore may 

enter animal body through inhalation and result in deadly 

pneumonic form of anthrax (Greenfield et al., 2002). The 

spores may enter the animal body through drinking water 

or feed and induce gastrointestinal type of anthrax. The 

incidence of disease may rise as a result of malnutrition 

(OIE, 2004).  

 Generally, soil conditions for B. anthracis 

survival are reported as humus-rich, slightly acidic soils 

with pH 6.0 across the steppe and grassland soils (Hugh-

Jones and Blackburn, 2009). Outbreaks are suggestive of 

strong geographical, local environment and climate 

relationship with communicable diseases which are 

influenced by various factors. The B. anthracis can infect 

animals directly from the soil or indirectly from fodder 

grown on infected soil (Radostits et al., 2006).  

 Anthrax is diagnosed with striking absence of 

rigor mortis, gaseous decomposition and 'sawhorse' 

posture (Constable et al., 2017). The natural orifices 

usually exude dark, tarry blood that does not clot. 

Contemporary confirmatory diagnosis is based upon 

microscopic examination of body fluids, culturing and 

inoculation of the organism on media and in lab animals 

(Radostits et al., 2010).  

 In 1939, Max Sterne isolated a non-capsulated 

B. anthracis strain (34F2 strain) from which a live 

attenuated spore vaccine was developed. The strain used 

was avirulent for domestic animals, derived from 

subculture of an isolate from a case of bovine anthrax and 

is still used for routine immunization of livestock in 

many countries worldwide. A single inoculation provides 

protection for nine months, but a yearly boost is 

considered efficient. Effective immunity develops within 

a week but in horses this may take up to four weeks 

(Coetzer et al., 1994). The live spore vaccine seems to 

retain some virulence in goats and llamas, but can also 

cause occasional losses in laboratory animals. The LD50 

is as low as 103 spores in some inbred strains of mice 

(Welkos et al., 1986).  
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 In developing countries like Pakistan, anthrax 

may become a public health threat due to lack of 

extensive surveillance and research. Patchy and un-

conclusive evidence suggests the circulation of bacteria 

in Cholistan desert, Thar Desert, parts of KPK and 

Balochistan. This evidence is based on some reports of 

Anthrax or Anthrax like diseases reported from 

Newspapers and some research papers (Ashraf et al., 

2014; Durrani et al., 2017). Although aggressive 

antibiotic therapy can help in preventing disease but 

infected animals still die due to per acute nature of the 

disease and lethal toxins of the pathogen. In Pakistan, no 

field kits or laboratory tests are performed to diagnose 

anthrax. Very limited work has been carried out to detect 

Anthrax in soil based samples in Pakistan (Shabbir et al., 

2015). Scattered reports of disease occurrence have been 

suggestive of threat, but they usually go misdiagnosed. 

Transboundary transmission of disease might occur 

between neighboring countries e.g. India where diseases 

has been reported to be endemic (Patil et al., 2010), 

Afghanistan and Iran, where the disease is not yet 

reported effectively (Arya et al., 1982; Sadjadi et al., 

1998). The districts of Pakistan neighboring these 

countries remain at risk of the disease. Hence, it is of 

prime importance to develop in-house system which 

could be used for laboratory detection and confirmation 

of anthrax in clinical samples. The main objective of 

current research was to find out seroprevalence of B. 

anthracis in central Punjab, Pakistan.  

MATERIALS AND METHODS 

 A total of 680 animals (120 cattle, 101 buffalo, 

285 goat and 174 sheep) were included in the study. The 

convenient sampling method was used to collect samples 

from the animals of consenting owners. The blood 

samples (n=680) were collected from jugular vein of 

domestic animals of nine districts of Punjab (Figure 1), 

using disposable syringes. Each blood sample (5mL of 

cattle/buffalo and 3 mL of sheep/goat) was processed for 

serum isolation (one mL of goat/sheep and 2 mL from 

cattle/buffalo) and properly labelled vials were stored at -

80C till further use. The samples were screened for anti-

protective antigen antibodies (PA) of B. anthracis using 

commercially available indirect ELISA kit (Serion-

Virion) as per manufacturer’s instruction. 

 In brief, each reagents and sera was brought to 

room temperature. Each of the test serum (5μL) was 

diluted as 1:40 using sample diluent (200μL) and was 

dispensed (100μL) together with calibrator and controls 

into the appropriate wells. For the blank reagent, 100μL 

sample diluent was dispensed in 1A well position. The 

plate was incubated for 30 minutes at the room 

temperature. The 300 μL of 1X buffer was used to wash 

the plates for three times. Paper towel was used to blot 

the plate. Enzyme conjugate (100μL) was added to each 

well and further incubated for 30 minutes in humidified 

chamber. All wells were cleared of fluid residues after 

incubation and washed three times with 300μL of 1X 

buffer. The pNPP substrate solution was dispensed 

100μL and incubated at the room temperature for 30 

minutes. Then, 100μL of stop solution was added and 

optical density (OD) was recorded at 450nm within 60 

minutes against substrate blank at 650nm. The OD of 

each of the test, blank, negative and positive control 

samples were recorded. 

 Optical density values obtained were entered 

into Serion-Virion supplied data sheet to convert OD 

values to IU/mL of antibodies and processed for 

statistical analysis in SPSS version 19.0. The Chi-square 

test was used to determine the association of 

seroprevalence B. anthracis (PA) with district and species 

of animal. The district wise and species wise frequency 

distribution of anti-PA B. anthracis antibodies was 

determined. 

 

 
Figure 1: Map of Punjab Highlighting Sampling Areas as black stars. 
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RESULTS 

 Out of 680 blood samples of domestic animals, 

species wise, maximum seroprevalence percentage of 

anti-PA antibodies was observed in sheep 74/174(42.5%) 

followed by goats 124/285(43.5%), buffaloes 

37/101(36.6%) and cattle 23/120(19.2%), respectively. 

There was significant association between serum ELISA 

positivity and animal species (Chi square value=23.345 

degree of freedom 3 and p= 0.000) (Table 1)  

 District wise, maximum seroprevalence 

percentage of anti-PA antibodies was recorded in Lahore 

(82.4, 42/51) followed by Gujranwala (80.4, 82/102), 

Sahiwal (72.7, 56/77), Chakwal (63.6, 7/11), Sargodha 

(54.3, 38/70), Faisalabad (15.2, 14/92), Sheikhupura 

(14.1, 13/92), DG Khan (5.5, 6/110) and Attock (0, 0/75), 

respectively (Table 2). There was significant association 

between serum ELISA positivity and district (Chi square 

value=308.872 degree of freedom 8 and p < 0.000) 

(Table 2). 

DISCUSSION 

 Bacillus anthracis is a Gram positive, spore 

forming bacilli which causes a zoonotic and fatal disease 

in farm animals and humans called anthrax (Bhunia, 

2018). The disease is caused by spores of B. anthracis, 

which infect animals and human beings through various 

routes (Schwartz, 2009). There are three clinical form of 

anthrax, which are based on route of infection i.e. 

cutaneous (skin), gastrointestinal (ingestion) and 

pulmonary (through inhalation of spores). Cutaneous 

anthrax infection mostly mild and remains limited to 

skin. However, in few cases, it can convert into systemic 

form when bacteremia occurs in the body. Hemorrhagic 

lesions can be developed on any part of body and can be 

fatal in bacteremic anthrax. Gastrointestinal (GI) anthrax 

occurs by eating the food contaminated with anthrax 

spores usually by eating contaminated meat. When 

anthrax spores enter the body through respiratory route 

into lungs, pulmonary or inhalational anthrax can occurs, 

which is the most severe form of anthrax. Pulmonary 

anthrax doesn’t cause pneumonia, but causes 

hemorrhagic mediastinitis and pulmonary edema. The 

mortality was 92% previously but with the early detection 

and treatment it has been reduced significantly to 45% 

only in USA (Goel, 2015). The cattle act as sentinel for 

the disease. Sheep is the most affected animal (Hicks et 

al., 2012). The disease has modus operandi, which is 

mediated through a triangular toxin complex. Three non-

toxic proteins namely PA, LF and EF of anthrax tripartite 

toxin co-assemble to produce a series of free or cell-

bound toxic complexes. The first toxin is the Protective 

Antigen called (PA). PA 83 cleaves into two subunits PA 

63 and PA 20. The PA 63 is the main protein which 

forms a heptamer and attaches 3 units of lethal toxin and 

Edema factor. This tripartites complex enters the cell 

through receptor mediated endocytosis, where the edema 

factor and lethal factor cause their main cellular toxicity. 

These three toxins are mainly produced by the bacteria 

and antibodies to these three are demonstrable at various 

levels of the disease (Bhatnagar, 2001). The anti-PA 

antibodies are formed a little later than anti-Edema factor 

antibodies and anti-lethal factor antibodies but the PA 

antibodies are more easily and clearly detectable. The 

anti-PA antibodies are evident in both disease form and 

sterne vaccinated animals but not demonstrable in the 

Pasteur strain vaccination. Both anti-LF and anti-EF 

antibodies are also observed in the sterne vaccinated 

animals. The classical Pasteur vaccine does not show 

antibody titers to any of the toxins in question. The sterne 

vaccine strain is a wild type attenuation, which has lost 

its ability to produce (Poly D glutmaic acid) 

proteinaceous capsule which is imperative for replication 

and survival of the germinal form of bacteria in the host 

where it causes disease. It is noteworthy that 90-95% of 

the cases presented of anthrax are of the cutaneous type 

which are non-lethal and recover after therapy within 60 

days and show antibody titers against all antigens. ELISA 

detects all kinds of anti-anthrax antibodies in all the cases 

(Gosh et al., 2015). The more severe form is the enteric 

form which shows the antibodies for all antigens of the 

anthrax. The more peracute form of anthrax is pulmonary 

or pneumonic form and locally called ‘phurki or kala 

phephra’, is highly fatal and death may result as early as 

within 24 hours and antibodies may not be demonstrable 

or no enough time for antibody production. 

 The anti-PA antibodies are formed as early as 11 

days post infection (Brenneman et al., 2011). The 

presence and surge of antibodies against the various 

antigen of anthrax is also dependent on the strain and 

pathogenicity of the anthrax agent. Such as the vaccinal 

strains show slower antibody production while the 

pathogenic strains show higher titers as well as earlier 

antibody production indices (Hudson et al., 2008). 

 In the present study district wise, maximum 

seroprevalence percentage of anti-PA antibodies was 

recorded in Lahore (82.4, 42/51) followed by Gujranwala 

(80.4, 82/102), Sahiwal (72.7, 56/77), Chakwal (63.6, 

7/11), Sargodha (54.3, 38/70), Faisalabad (15.2, 14/92), 

Sheikhupura (14.1, 13/92), DG Khan (5.5, 6/110) and 

Attock (0, 0/75), respectively. This may be due to the fact 

that the vaccine is being manufactured and marketed 

from VRI, Lahore and potential districts closer to the 

manufacturer are the ones in which more vaccination is 

being practiced. Another reason could be the awareness 

level of the farmers. One important factor hidden in the 

numbers is the fact that lower population of animals in 

the soil positive areas of Attock and Chakwal lead to 

lower number of animals tested for anti-PA antibodies, 

showing a lower percentage value. It could be due to 
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small sample size which might create sampling bias or 

may be due less density of human and animal population 

in the area. 

 In our study, species wise, maximum 

seroprevalence of anti-PA antibodies was observed in 

sheep 74/174 (42.5%) followed by goats 124/285 

(43.5%), buffaloes 37/101 (36.6%) and cattle 23/120 

(19.2%), respectively. It has been observed that cattle are 

the main host in which highest disease prevalence has 

been reported. Most of the animal keepers in Pakistan 

vaccinate cattle and buffaloes frequently, however they 

pay little attention to sheep and goat, however our 

findings indicate that a larger number of sheep and goats 

has been vaccinated against anthrax. It could be the result 

of carpet vaccination program conducted off and on by 

the veterinary and para veterinary staff of the Livestock 

and Dairy Department (L&DD) of Punjab. 

 In current study, Indirect ELISA against PA was 

used as a diagnostic test. In other serological studies, it 

has been observed that ELISA is more sensitive test to 

detect anti PA antibodies and capsular antigens compared 

to Anti-lethal factor antibodies (Harrison et al., 1989). 

 There was significant association between 

values of serum ELISA titer and district wise distribution 

of the disease (Chi square value=308.872 degree of 

freedom 8 and p<0.000) and these results are in 

agreement with Turnbull et al., (2006). B. anthracis was 

not detected from soil of seven districts of Punjab 

(Rashid et al., 2018) and the current sero-prevalence 

indices might be due to vaccinal titers of the domestic 

animals as the protective titers against Protective Antigen 

(PA) showing the presence of immunity.  

 

Table 1. Animal Species-wise seroprevalence of Anti-

PA B. anthracis Indirect ELISA antibodies of 

Punjab. 

 

Sr. 

# 

Animal 

Species 

Serum sample tested for Anti-PA B. 

anthracis Indirect ELISA 

antibodies 

Total Positive (%) 

1 Cattle 120 23(19.2%) 

2 Buffalo 101 37(36.6%) 

3 Goat 285 124(43.5%) 

4 Sheep 174 74(42.5%) 

Total 680 258(37.9%) 
There was significant association between serum ELISA and 

animal type (Chi square value=23.345 degree of freedom 3 and 

p<0.000). 

 

Table 2. District-wise prevalence of Anti-PA B. 

anthracis Indirect ELISA antibodies of 

Punjab. 

 

Sr. 

# 

District Serum sample tested for Anti-PA 

B. anthracis Indirect ELISA 

antibodies 

Total Positive (%) 

1 Attock 75 0(0%) 

2 Faisalabad 92 14(15.2%) 

3 Gujranwala 102 82(80.4%) 

4 Sahiwal 77 56(72.7%) 

5 Sheikhupura 92 13(14.1%) 

6 DG Khan 110 6(5.5%) 

7 Lahore 51 42(82.4%) 

8 Sargodha 70 38(54.3%) 

9 Chakwal 11 7(63.6%) 

Total 680 258(37.9%) 
There was significant association between values of serum 

ELISA titer and district wise distribution of disease (Chi square 

value=308.872 degree of freedom 8 and p < 0.000). 
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