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Abstract 

The objective of this study was to characterize an 
outbreak of anthrax among animals in North Dakota in 
2005, and determine characteristics and clinical signs 
associated with the disease. A total of243 animals (183 
cattle, 32 bison, 11 horses, 11 elk, five sheep and one 
deer) were diagnosed with anthrax at the Veterinary 
Diagnostic Laboratory at North Dakota State Univer­
sity, Fargo. Anthrax cases were defined as animals with 
typical clinical signs and positive results of laboratory 
culture and polymerase chain reaction (PCR) methods. 
Data for the study were obtained from veterinary labo­
ratory records and questionnaires mailed to producers 
of affected animals. Anthrax occurred from July 1 to 
October 12 of 2005.-The cases were located in 16 of 53 
counties, specifically in eastern North Dakota, with Ran­
som, Lamoure and Barnes counties reporting most (71 % ) 
of the cases. The number of animals affected per premise 
varied from one to 40. The first cases were reported in 
bison. Males from all species infected had a higher at­
tack rate (18/1000) than females (3/1000) with a gender 
ratio of6:1, respectively. The predominant clinical signs 
in all cases were sudden death (38%) and bleeding from 
orifices (17%). Only 11 producers reported having vac­
cinated animals before the outbreak. Penicillin and tet­
racycline antibiotics were administered to animals 
during the outbreak. Forty producers (37%) burned and 
buried carcasses using commercial disposal services. 
Sixty-eight producers (63%) disposed of carcasses them­
selves by either burial only (11 %), burned only (4.6%), 
or burned and buried (84.4%). Animals affected, clinical 
signs and final outcome were consistent with a natural 
anthrax outbreak. 
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Resume 

L'objectif de cette etude etait de decrire une flambee 
d'anthrax chez des animaux du Dakota du Nord en 2005 
et de determiner les signes cliniques et les 
caracteristiques associes a la maladie. Un total de 243 
animaux (183 bovins, 32 bisons, 11 chevaux, 11 wapitis, 
cinq moutons et un chevreuil) ont ete diagnostiques avec 
!'anthrax au laboratoire diagnostic veterinaire du'North 
Dakota State University a Fargo. Un cas d'anthrax etait 
declare lorsque les animaux montraient des signes 
cliniques typiques et lorsque les animaux testaient 
positif suite a des cultures en laboratoire et au test de 
la reaction en chaine de la polymerase. Les donnees de 
cette etude ont ete obtenues grace aux registres du 
laboratoire veterinaire et par l'entremise d'un question­
naire envoye aux producteurs des animaux atteints. La 
flambee d'anthrax s'est declaree entre le premier juillet 
et le 12 octobre 2005. Les cas ont ete localises dans 16 
comtes parmi les 53, surtout a l'est du Dakota du Nord. 
Les comtes de Ransom, Lamoure et de Barnes etaient 
parmi les plus frequemment touches (71 %). Le nombre 
de cas rapportes par site variait de O a 40. Les premiers 
cas ont ete rapportes chez les bisons. Le taux d'attaque 
chez les males des especes affectees (18/1000) etait plus 
eleve que chez les femelles (3/1000) avec un rapport des 
sexes de 6 : 1. Les signes cliniques predominants dans 
tous les cas etaient la mort soudaine (38%) et le 
saignement par les orifices naturels (17%). Seulement 
11 des producteurs avaient vaccine leurs animaux avant 
la flambee. La penicilline et la tetracycline ont ete 
administrees aux animaux durant la flambee. Un total 
de 40 producteurs (37%) ont brftle et enterre les car­
casses avec des services commerciaux d'elimination. Les 
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soixante huit autres producteurs (63%) ont dispose eux­
memes des carcasses soit en les enterrant (11 %), soit en 
les brulant (4,6%) ou soit en les brfrlant et en les 
enterrant (84,4%). Les animaux affectes, les signes 
cliniques et le denouement etaient tous compatibles avec 
une flambee naturelle d'anthrax. 

Introduction 

Anthrax is an acute infectious disease caused by 
the spore-forming bacterium Bacillus anthracis. This 
organism is an encapsulated gram-positive, non-motile, 
aerobic, spore-forming bacterial rod with a spore size of 
approximately 1 µm x 8 µm. 18 The three virulence fac­
tors of Bacillus anthracis are the protective antigen (PA), 
lethal factor (LF) and edema factor (EF). The three exo­
toxin components combine to form edema toxin, lethal 
toxin and, along with the antiphagocytic capsular anti­
gen, are required for full virulence. The toxins are re­
sponsible for the primary clinical manifestations of 
hemorrhage, edema and necrosis. 8·12·18·19 The bacterium 
thrives naturally in certain types of soils, where it pro­
duces resilient spores which can withstand harsh envi­
ronmental conditions. This form of the bacterium has 
been known to survive in soil or contaminated objects 
for several years.3·6•20 The bacterium is commonly re­
ported in areas with alkaline soils. When soil 
microecologic conditions are favorable, the spores be­
come viable. Thus, the occurrence of multiple disease 
outbreaks can be experienced in same locations over 
consecutive years.5•6·13•17 However, in unfavorable condi­
tions and over long dormant periods, the spore gradu­
ally loses its virulence properties and ability to revert 
to its vegetative form. 6 

Animals susceptible to anthrax reported in the lit­
erature include cattle, sheep, goats, horses, donkeys, 
pigs, dogs and many warm-blooded domestic ani­
mals. 8,13,18,22,27 Wild ruminants such as antelope, gazelles 
and impalas, and other herbivores and fermenters, in­
cluding elephants and hippopotami, are equally suscep­
tible. 9·13 Outbreaks of anthrax in livestock are associated 
with spores that came from other animals dying of the 
disease. Because these spores do not form until some 
time after the animal dies, the disease is not reported 
as contagious. 26 

Transmission of the anthrax bacteria occurs 
through ingestion, inhalation and inoculation. Ingestion 
of the bacteria, especially by herbivores, is the most com­
mon route of infection.18 Inhalation has been suggested 
as another way by which infection can occur because of 
the airborne capacity of the spores.26 Inoculation by flies, 
mosquitoes and other blood-feeding insects has been con­
clusively demonstrated. Turell and Knudsen confirmed 
that blood-feeding insects could mechanically transmit 
anthrax, resulting in the cutaneous form of the disease.25 
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Based on the length of clinical course of the disease, 
anthrax can also be classified in three forms. 28 These 
include a peracute form lasting one to two hours in du­
ration (identified with ruminants), an acute form last­
ing 24 to 48 hours in duration (common with ruminants 
and horses), or a subacute to chronic form associated 
with localized conditions (common with domestic ani­
mals like dogs, cats and pigs).28 

The disease has been reported globally, and occur­
rence is most common in agricultural regions. 14·18 De­
veloping countries or countries with few veterinary and 
public health facilities are usually the most affected. 9,18 

The worldwide incidence of anthrax is unknown, even 
though the bacteria Bacillus anthracis is present in most 
parts of the world. 7·9 This lapse in information is attrib­
uted to unreliable reporting of cases, which makes it 
difficult to estimate the true incidence of human and 
animal anthrax cases worldwide. 4·7·9 

Reported outbreaks in the United States of America 
(US) have been in North Dakota, South Dakota, Ne­
braska, Arkansas, Louisiana, Texas and Califor­
nia.10·11·18•22 These outbreaks were correlated to states 
with substantial agricultural activity involving animal 
rearing and open pasture grazing. Incidence of natu­
rally-acquired anthrax is relatively rare for humans and 
low for animals. 11·18·21-::_2•23 The relatively low incidence 
rate in animals and the long period between sporadic 
outbreaks in the US suggest a decline in the incidence 
of anthrax and indicate the disease is relatively low in 
American livestock.18 

Anthrax is an integral part of North Dakota's eco­
system. Prior to 2005, the state reported an outbreak in 
2000 with over 180 confirmed cases spread in 33 pre­
mises around the state.22 In 2004, only one premise in 
the state reported anthrax. During the summer and 
early fall of 2005, North Dakota experienced the most 
extensive anthrax outbreak in recorded state history. 
The actual number of animal fatalities is unknown but 
easily totals into the high hundreds. a North Dakota fur­
ther fits the criteria of states with the potential for an­
thrax outbreaks because of the basic or non-acidic nature 
of most of its soils. Bovine species and other grazing 
ruminant animals in the state are particularly suscep­
tible because of frequent contact with the soil during 
grazing. The objective of this study was to characterize 
an outbreak of anthrax among animals in North Da­
kota in 2005 and determine characteristics and clinical 
signs associated with the disease. 

Materials and Methods 

Data sources 
The data for this study were derived from three 

sources: North Dakota State University Veterinary Di­
agnostic Laboratory (VDL), a producer survey sent by 
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the North Dakota state veterinarian's office and a 
supplemental survey mailed to animal producers. Data 
for affected animals were retrieved in part from 2005 
medical records from the North Dakota State Univer­
sity VDL. Samples (whole blood, serum and tissue) from 
respective premises were forwarded by the local veteri­
narians to the VDL using specialized anthrax sampling 
kits for collection (Figure 1). Diagnoses of anthrax in 
submitted samples were performed by the staff at the 
VDL, using both bacterial culture and PCR. The use of 
a single diagnostic laboratory for sampling analyses 
ensured bias associated with diagnosis was minimized. 
Additional data were obtained from a producer survey 
sent by the North Dakota state veterinarian's office to 
producers in the state that reported cases of anthrax. 
Also, data were obtained from a supplemental survey 
mailed to animal producers in the state between the 
months of May and August of 2006. 

Laboratory analyses 
Specimens ( whole blood, serum and tissue or car­

casses) from animals showing clinical signs, and sus­
pected of having anthrax, were submitted to the VDL 
at North Dakota State University. Initially, laboratory 
culture alone was used to diagnose Bacillus anthracis 
infections. As the outbreak progressed, additional con­
firmatory diagnosis of anthrax cases was made by mul­
tiplex polymerase chain reaction (PCR).h This PCR 
method characterizes Bacillus anthracis isolates and at 

Figure 1. Picture of NDSU-VDL recommended sam­
pling kit used for sample collection during the 2005 an­
thrax outbreak in North Dakota. 
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the same time confirms the species identity indepen­
dently of the plasmid content. 20 

Statistical analyses 
Descriptive statistics of animals and animal pre­

mises that participated in the study were computed us­
ing the Statistical Analysis Software (SAS) version 9.c 
The effect of gender on how easily an animal was ex­
posed to anthrax was tested using cattle data in our 
sample. To determine the influence of gender, we com­
pared the ratio of the gender distribution in our sample 
of infected cattle, and that of cattle in the entire state. 
We used state cattle records15 and the gender ratio of 
one male to 25 femalestl for the state to make our com­
parative analysis. The gender ratio difference resulting 
from the analysis helped determine which gender had 
the higher attack rate. The attack rate is another way 
of expressing the incidence rate in a defined population 
over a specified period of time, such as during the an­
thrax outbreak. It shows the probability or risk of be­
coming a case in the defined population. 

We used Geographic Information System (GIS)e to 
show the spatial distribution by county of case premises 
involved in the study. We employed the GIS technique 
of geocoding to identify each location because of the large 
surface extent of the study area and the time the study 
was conducted. Geocoding used location information 
from street addresses of premises and converted these 
to longitudinal and latitudinal coordinates which ap­
pear as specific points. These geocoded points were then 
superimposed on administrative and thematic maps 
layers. 

Results 

Laboratory diagnosis 
The first 218 samples were processed by culture 

only. The 65 subsequent samples were processed by both 
culture and PCR simultaneously. After observing excel­
lent agreement between culture and PCR, the remain­
der of samples (n=293) were processed by PCR only. Of 
the 65 samples tested by both methods, 64 were posi­
tive by culture and 65 were positive by PCR (K = 0.959). 
PCR was able to detect all samples that were positive 
by culture, while the culture method missed one sample 
that PCR was able to diagnose. 

Temporal distribution of cases 
Anthrax occurred from July 1 to October 12, 2005. 

Of 576 samples submitted to the VDL during the out­
break, 243 were laboratory positive for anthrax. In cases 
that tested negative for anthrax, no other differential 
diagnosis was made. Most of them were blood samples 
that were tested only for anthrax and reported as posi­
tive or negative. Figure 2 shows the week with the peak 
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Distribution of anthrax submissions by dates of onset in 2005 
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Figure 2. Distribution of all anthrax submissions by 
date of onset and species: ND, 2005, N=576. Positive 
cases, N=243. 

period (July 28 to August 3) when most submissions 
(123) occurred. The period with least submissions to the 
laboratory was the week of September 15 - 21, with only 
12 submissions. Figure 2 also shows the distribution of 
anthrax cases during the same submission period, with 
cases of anthrax reported from June 30 to September 
30. The peak periods with highest incidence of positive 
cases were from the weeks of July 21 - 27 with 48 posi­
tive cases and July 14 - 20 with 46 cases, respectively. 

Distribution of cases by county 
Geographically, case premises were located in east­

ern North Dakota, west of the Red River of the North. 
The cases were reported in counties within the Red River 
of the North basin. The counties of Ransom, Lamoure 
and Barnes in North Dakota reported most (n =173; 71 %) 
of cases in the state. The outbreak spread over 16 coun­
ties and involved a total of 109 premise locations in the 
state (mean = 6.8, median = 3, range = 1 - 38). A total of 
243 confirmed positive cases were reported during the 
outbreak. The total distribution of cases in North Da­
kota extended as far north as Cavalier County, as far 
west as Kidder County by the Missouri River, and as 
far east as the counties of Cass, Grand Forks, Traill and 
Walsh, sharing borders with the state of Minnesota. 
From a regional scope, the outbreak was much wider as 
anthrax was diagnosed in adjacent counties in Minne­
sota and South Dakota, and also in the province of 
Manitoba, Canada. Figure 3 shows the spatial distri­
bution of positive case premises that submitted samples 
to the VDL. 

Reported species affected 
Species affected were herbivorous animals grazing 

on pastures, including cattle (183; 75%), bison (32; 13%), 
horses (11; 5%), elk (11; 5%), sheep (5; 2%) and deer (1; 
0.6%). Different breeds were reported amongst species: 
cattle (Angus, Beef Shorthorn, Charolais, Gelbvieh, Here-
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ford, Limousin, mixed breeds, Milking Shorthorn and 
Simmental), horse (American Quarter Horse) and sheep 
(Suffolk). The period with the highest number of positive 
sample submissions involved four species of animals 
(cattle, horse, bison and elk), while the period with the 
least number of positive sample submissions involved only 
two animal species (cattle and bison) . 

Premises affected during the outbreak had herd 
sizes ranging from six to 2000 head of animals (mean = 
193.4, median = 136). The number of animals affected 
on a premise during the outbreak ranged from one to 40 
animals (mean= 5.1, median= 2). When age was re­
ported, the distribution of animals affected by age groups 
were seven (9.6%) less than one year old, 19 (26%) 1 - 5 
years of age and 47 (64.4%) animals greater than five 
years old. The remaining records (n = 170; 69%) did not 
report an age. Distribution by gender of reported cases 
during the outbreak showed that 56 female animals 
(81 %) were affected as compared to only 13 male ani­
mals (19%). The comparative analysis by gender using 
the attack rate calculation indicated th~t males (attack 
rate= 18/1000) had the greater attack rate during the 
outbreak as compared to females (attack rate= 3/1000). 
The gender ratio based on the attack rate was about six 
males to one female, or 6:1, respectively. The first cases 
reported during the outbreak were bison, specifically 
from bulls in the pasture. Figure 4 shows the temporal 
distribution of positive submissions by animal species. 

The predominant clinical sign reported was sud­
den death (38%) followed by bleeding from orifices (17% ). 
Table 1 shows the frequency distribution of clinical signs 
observed both antemortem and postmortem, and re­
ported during the 2005 anthrax outbreak, for positive 
anthrax cases. Table 2 shows the frequency distribu­
tion of clinical signs for negative anthrax cases during 
the outbreak. Figure 5 shows the distribution of reported 
clinical signs by the animal species involved in the 2005 
outbreak. For positive cases, most clinical signs were 
reported across most species. For instance, sudden death 
was reported in all species affected. Bleeding from ori­
fices, bloating and swelling, ataxia, recumbency and dys­
tocia were signs identified in most animal species. 
Ventral edema was only reported in horses. 

Only 11 producers out of 269 surveyed reported 
having vaccinated their animals against anthrax before 
the outbreak. The number of vaccinated premises in­
creased to 111 during the course of the outbreak, based 
on data from the state veterinarian's office and the 
supplemental survey. Some producers augmented the 
vaccine with antibiotics - penicillin and tetracycline -
during prophylactic treatment, on recommendation of 
their veterinarians. 

Method of disposal differed among the 109 premises. 
Data indicates producers either buried, or burned, or 
burned and buried carcasses found on their properties. 
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Figure 4. Temporal distribution of positive submissions 
from the various animal species. 

Twelve (11%) producers buried only, five (4.6%) burned 
only and 92 (84.4%) burned and buried carcasses, respec­
tively. Also, 40 (37%) producers used commercial disposal 
services, and 68 (63%) disposed of carcasses themselves, 
without the assistance of a commercial service. 

Discussion 

All anthrax samples submitted to the VDL came 
from dead animals, including the 243 that tested posi-
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Table 1. Distribution of clinical signs reported for posi­
tive cases during the 2005 anthrax outbreak in North 
Dakota (N=243). 

Clinical signs 

Sudden death 
Bleeding from orifices 

(nasal, oral, anal, ocular, ear) 
Bloating, swelling 
Ataxia, lameness, wobbly rear legs, 

weakness, lethargy 
Swollen abdomen, enlarged spleen/liver 
Subcutaneous ecchymosis, gas under skin 
Ventral edema 
Rigor mortis 
Muscle pallor 
Dystocia 
Recumbency/laying down 
Injected sclera 

Frequency (%) 

116 (38) 

51 (17) 
18 (6) 

15 (5) 
11 (4) 

4 
2 
2 
2 
2 
2 
1 

tive for anthrax. The most frequently observed clinical 
sign is usually sudden death. 24•28•29 Reported clinical signs 
exhibited by affected animals were similar to those re­
ported in previous anthrax outbreaks in North Dakota 
and in the US. 2•24•29 It is possible that the number of ani­
mal deaths reported either to the VDL or the local vet­
erinarians was underestimated, since our sample size 
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Table 2. Distribution of clinical signs reported for nega­
tive cases during the 2005 anthrax outbreak in North 
Dakota (N=333). 

Clinical signs 

Sudden death 
Bleeding from orifices 

(nasal, oral, anal, ocular, ear) 
Bloating, swelling 
Ataxia, lameness, wobbly rear legs, weakness 
Swollen organ or limb 
Enlarged spleen 
Blood in chest and abdominal cavity 
Ventral edema 
Gas under skin 
Foaming from nose and mouth 
Liver flukes 
Muscle pallor 
Rigor mortis 
Larger thymus 
Injected sclera 

Frequency ( % ) 

105 (32) 

28 (8) 
14 (4) 
9 (3) 
7 (2) 
4 (1) 
3 (1) 
3 (1) 
3 (1) 
2 (1) 
2 (1) 
2 (1) 
2(1) 

1 
1 

Distribution of clinical signs reported by species: ND, 2005 
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Figure 5. Distribution of reported clinical signs for vari­
ous animal species in 2005 in North Dakota. 

comprised only animals that were tested at the NDSU­
VDL. Another possible reason for underestimation of 
affected animals was the lag time between death of the 
animal and sample submission to the VDL for an opti­
mal bacterial culture. Samples should be sent within 
48 hours of animal death in order to obtain a significant 
laboratory diagnosis.r Beyond this time frame, a posi­
tive laboratory culture is not likely due to carcass de­
composition and associated death of the bacteria. Given 
the nature of most pastures in North Dakota, most pro­
ducers do not routinely check their livestock on a daily 
basis. Some producers indicated animal carcasses were 
discovered more than three days postmortem. Obtain­
ing useful bacterial samples from these carcasses in sum­
mer is almost impossible. However, a PCRb procedure 
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used by the staff at the NDSU-VDL has made it pos­
sible to get a positive diagnosis up to 72 hours after 
death. 19 Interestingly, the distribution of clinical signs 
in both positive (Table 1) and negative cases (Table 2) 
were very similar, leading to the suspicion that the nega­
tive cases could have possibly been false-negative. Later 
in the study, when both PCR and bacterial culture were 
conducted simultaneously, PCR picked up one sample 
that tested negative on bacterial culture. 

Animal species affected during the anthrax out­
break of 2005 were similar to those reported elsewhere 
and in previous outbreaks. 2•29 Reports indicate mainly 
herbivores or grazing animals are susceptible to the 
bacteria; a similar pattern was noted in this study. In­
terestingly, bison were the first species reported to be 
affected by anthrax. This was also noted in South Da­
kota and in northern Canada. The outbreak in South 
Dakota was in Sully County on July 20, 2005 in a pas­
ture containing 300 unvaccinated bison and rodeo bulls. 
About 40 head of bison and two rodeo bulls were diag­
nosed with anthrax.g Dragon et al also reported bison 
were first affected in an anthrax outbreak in the Lake 
Claire Delta region of northern Canada in 2001, after 
an outbreak in the region the previous year that killed 
over 100 bison. 5 Length of exposure and bison behavior 
on pastures possibly,account for the above finding. Bi­
son on pasture, especially male bulls, usually stomp and 
roll on exposed soil and mud patches. The rolling be­
havior serves as a means to clean out pests on their 
skin surfaces. The presence of cuts on skin surfaces 
makes it easier and possible for anthrax infection to 
occur via the cutaneous route. Also, these animals often 
graze pastures very short, predisposing them and other 
grazing animals with similar behavior to easily contact 
and consume the bacteria, resulting in the gastrointes­
tinal route of infection. Within species, there was a re­
ported diversity among cattle breeds only. Beef breeds 
(Angus, Beef Shorthorn, Charolais, Gelbvieh, Hereford, 
Limousin, mixed breeds, Milking Shorthorn and Sim­
mental) were mainly reported as compared to dairy 
breeds. This is likely associated with the different man­
agement practices utilized by the two production sys­
tems, as well as total numbers of beef and dairy cattle 
in North Dakota.15 

The spatial distribution of animal cases by county 
in North Dakota matched that of known areas of con­
centration of previous outbreaks, along the southern and 
eastern regions of the state.2•26 Spatial similarities be­
tween the 2005 outbreak and previous outbreaks have 
interesting ecologic and environmental implications. It 
indicates possible seeding of soils with bacteria spores 
in these counties and confirms that anthrax is endemic 
to North Dakota. 

Anthrax cases peaked in August 2005. The tempo­
ral distribution of animal cases in ND in 2005 matched 

106 



that of anthrax outbreaks from other US states where 
data were available, with onset of illness starting from 
May/June to October and peaking in mid-July/early Au­
gust. 6 The onset of dusty drought conditions, with 
grasses already over-grazed, and bare soil surfaces in 
most pastures could account for this observed peak pe­
riod leading to exposure. 6 Outbreaks of anthrax in tem­
perate regions generally occur during late spring or early 
summer to the mid-fall season.24•28•29 This period is asso­
ciated with flooding and drought cycles implicated in 
the sub-soil vertical migratory and settling pattern of 
the bacteria spores coming to the surface. A possible as­
sociation between premise sites and proximity to con­
stantly flooded, low-lying areas with fresh and abundant 
pasture which is grazed short during drought periods 
was reported by USDA. 29 

Generally, anthrax epizootics occur during periods 
of dry spells punctuated by prolonged periods of intense 
rain. 6•27 A proposed role of water in anthrax epizootics is 
the aggregation and concentration of spores in storage 
areas. 6 Prolonged rainfall promotes runoff and pooling 
of standing water. It has been reported that the surface 
of B. anthracis spores is hydrophobic, making the spores 
resistant to dissolution by water. 6 Spores are then pos­
sibly transported in clumps of organic matter by runoff 
to standing pools of water. Dry weather causes evapo­
ration of standing water and concentration of floating 
anthrax spores as water pools shrink. The high buoy­
ant density of B. anthracis spores provides an opportu­
nity for spores to adhere to vegetation as the vegetation 
resurfaces during evaporation. 6 

Weather conditions in North Dakota prior and 
during the anthrax outbreak were consistent with the 
expected cycle of very wet conditions followed by very 
dry conditions. The median rainfall estimate between 
the months of April to September 2005 was 2.5 inches 
(6.4 cm). The rainfall estimate before the outbreak in 
early June was at a high of 7.2 inches (18.3 cm); but 
rainfall estimates during the outbreak peak in July 
showed a significant decrease at 1.9 inches (4.8 cm) 
which was the lowest estimate during the outbreak. This 
significant correlation demonstrates an important re­
lationship between the anthrax outbreak and weather 
conditions. Despite the above insight, further studies 
into the role of flood and drought conditions during out­
breaks are warranted to better understand the mecha­
nism of exposure in pastures. 

There were generally more female animals ( 82%) 
reported with anthrax than males (18%). Animals most 
affected were five years of age and older. Pasture forage 
is the primary diet for adult animals, unlike young ani­
mals that get much of their nourishment from their 
mothers. Thus, contact with contaminated pasture soil 
and grass is greater for adults, specifically when the 
grass is grazed very low. While grazing and feeding hab-
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its of adults possibly increased the likelihood of anthrax 
infection on pasture, young animals could possibly be­
come infected from roaming and coming into contact with 
adult carcasses in the field. 

The sex disparity can be correlated to the number 
of female and male animals on pasture. Producers gen­
erally own more female than male animals because of 
reproduction benefits. Our study indicates that males 
had a six-times higher attack rate than females, though 
they accounted for less than 10% of the livestock popu­
lation in North Dakota. Males therefore had a higher 
probability or risk of becoming an anthrax case as com­
pared to females. It will be interesting to further deter­
mine if the increased attack rate is as a result of male 
behavior on the pasture or general susceptibility because 
they are males. An increased attack rate for males also 
has vaccination implications for producers. Producers 
with larger herds of livestock should be encouraged to 
first vaccinate male animals before the outbreak period. 
If financial constraints exist, they are encouraged to at 
least vaccinate males because of their higher attack rate. 

Only 11 producers reported they vaccinated their 
animals against anthrax prior to the outbreak. This find­
ing may be attributed to several factors, including the 
nature of vaccine used. The Sterne vaccine provides pro­
tection for about eight months to one year, implying that 
annual revaccination is required to boost and maintain 
immunity against the disease. 1•24 More likely because of 
the sporadic nature of anthrax infection, most produc­
ers become complacent after the first few years of vacci­
nation, especially if there is no outbreak on their 
premises in subsequent years. Vaccination usage is of­
ten a response to outbreaks and their frequency of oc­
currence. Another possible reason for the low vaccination 
rate before the outbreak may be the low degree of aware­
ness among producers about the vaccine. This empha­
sizes the need for additional public media information 
and awareness campaigns. There is a possibility the sub­
sequent reported anthrax cases in 2006 (five premises 
in four counties affected) were low because of the inten­
sive public information and awareness campaigns car­
ried out in the state. These campaigns stressed the 
benefits of vaccination before the outbreak season. 

Type of disposal method used is an important con­
trol strategy for reducing exposure to unwanted agents. 
Efficient carcass disposal, vaccination, antibiotic treat­
ment, relocating uninfected animals to uninfected pas­
tures and quarantine are essential for cleaning up 
infected pastures. In North Dakota, our data indicated 
that producers used either burial, burning, or burning 
and burial as the three main methods of disposal. Burn­
ing followed by deep burial is the recommended method 
of disposal.24 Burning alone leaves surviving spores on 
the soil surface, and burial alone does not destroy spores 
or vegetative organisms found on the carcass and im-
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mediate soil surface. If the carcass is not burned, cau­
tious application of quicklime (calcium oxide) on the 
carcass before deep burial is recommended. 24 Burning 
combined with deep burial offers the advantage of not 
only destroying spores on the surface, but any surviv­
ing spores are buried deep below the soil surface, thereby 
decreasing the likelihood of ingestion by animals in sub­
sequent grazing seasons. 

Conclusions 

This study enabled us to characterize anthrax cases 
in the 2005 outbreak that occurred in North Dakota. 
The outbreak was the largest epizootic in recorded state 
history and involved no human cases. Bison were the 
first cases seen during the outbreak. Males had a six­
times higher attack rate than females, though they were 
estimated to be less than 10% of the livestock popula­
tion in North Dakota. The characteristics of animals 
affected and reported, and final outcome of the animals 
in terms of survival, were consistent with anthrax out­
breaks reported in the literature. 

Early bison die-off during the anthrax outbreak 
was another important finding, because bison can pos­
sibly serve as an indicator of an impending outbreak. 
Further research to determine if bison are more sus­
ceptible to the disease or if their behavior on pasture is 
the main cause for the increase in risk is needed to es­
tablish their indicator status. 

This study reports the control characteristics ob­
served during the outbreak. Information gathered could 
help veterinarians and public health agencies plan ap­
propriate control and prevention measures for future 
anthrax outbreaks, including safe sample handling sub­
mission procedures, carcass handling, vaccination pro­
grams, antibiotic administration, herd handling and 
premise use. 
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Evaluation oflaboratory tests for SAT serotypes of foot-and-mouth disease virus with specimens 
collected from convalescent cattle in Zimbabwe 
D.J. Sawmmin, D.J. Paton, S. Parida, N.P. Ferris, et al 
Vet Rec (2007) 160:64 7-654 

During a field study in Zimbabwe, clinical speci­
mens were collected from 403 cattle in six herds, in which 
the history of foot-and-mouth disease (FMD) vaccina­
tion and infection appeared to be known with some cer­
tainty. Five herds had reported outbreaks of disease 
one to five months previously but clinical FMD had not 
been observed in the sixth herd. A trivalent vaccine 
(South African Territories [SAT] types 1, 2 and 3) had 
been used in some of the herds at various times either 
before and/or after the recent outbreaks of FMD. The 
primary aim of this study was to evaluate the perfor­
mance of serological tests for the detection of SAT-type 
FMD virus infection, particularly ELISAs for antibod­
ies to non-structural proteins (NSPs) ofFMD virus and 
solid phase competition ELISAs (SPECs) for serotypes 
SATl and SAT2. Secondary aims were to examine NSP 
seroconversion rates in cattle that had been exposed to 
infection and to compare virus detection rates by virus 
isolation and real-time reverse transcriptase-PCR (rtRT­
PCR) tests on both oesophagopharyngeal fluids and 
nasopharyngeal brush swabbings. In addition, the 
hooves of sampled animals were examined for growth 

109 

arrest lines as clinical evidence of FMD convalescence. 
Laboratory tests provided evidence of FMD virus infec­
tion in all six herds; SAT2 viruses were isolated from 
oesophagopharyngeal fluids collected from two herds in 
northern Zimbabwe, and SATl viruses were isolated 
from three herds in southern Zimbabwe. Optimized 
rtRT-PCR was more sensitive than virus isolation at 
detecting FMD virus persistence and when the results 
of the two methods were combined for oesophago-pha­
ryngeal fluids, between 12 and 35 percent of the cattle 
sampled in the convalescent herds were deemed to be 
carriers. In contrast, nasopharyngeal swabs yielded only 
two virus-positive specimens. The overall seropreva­
lence in the five affected herds varied with the different 
NSPs from 56 percent to 75 percent, compared with 81 
percent and 91 percent by homologous SPCE and virus 
neutralisation tests respectively. However, if serologi­
cal test results were considered only for the cattle in 
which persistent infection with FMD virus had been 
demonstrated, 70 to 90 percent scored seropositive in 
the different NSPs. 
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