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Abstract
The Mississippi State University College of Veterinary Medi-
cine Ambulatory Service examined a 3-year-old Charolais-
cross cow on October 19, 2023, for lateral recumbency, inabil-
ity to rise and generalized tremors. Within 4 hours following 
initial case discovery, 20 additional cases were discovered in 
2 adjacent pastures, including one mortality. Clinical signs 
ranged in severity from mild tremors to severe ataxia, hy-
perexcitability, aggression, lateral recumbency and death. 
All affected cows had calved in the spring of 2023, and all 
2023 spring calves were weaned 3 days prior on October 16. 
Overnight on October 16-17, one group of cows pushed down a 
fence, and 32 cows entered a pasture adjacent to their weaned 
calves. Following discovery of cases on October 19, all cattle 
were removed from the affected pasture and grass hay was 
provided immediately. Necropsy of 2 affected animals as well 
as serum chemistries of 5 affected cows revealed non-specific 
findings. However, abundant dallisgrass (Paspalum dilatatum) 
with obvious Claviceps paspali infection was present on the 
pasture that the cattle entered overnight on October 16-17. 
High-performance liquid chromatography-mass spectrom-
etry (HPLC-MS) analysis of samples collected from C. paspali 
infected pasture as well as rumen and abomasum contents 
collected at necropsy revealed several tremorgenic indole di-
terpene alkaloids. Additionally, DNA metabarcoding of rumen 
contents and forage samples confirmed the ingestion of dallis-
grass infected with C. paspali.  Upon recheck on October 20, all 
previously affected cows appeared to be recovering, and com-
plete resolution of clinical signs had occurred by October 23. 

Introduction
Dallisgrass (Paspalum dilatatum) is a warm-season, perennial 
forage commonly found in pastures across Mississippi and 
other southeastern states.1 Native to South America, dallis-
grass is well adapted to clay or loam soils and often initiates 
growth earlier than other warm-season perennial grasses 
and maintains growth later into the fall.2 Dallisgrass seed-
heads are susceptible to ergot (Claviceps paspali) infection 
during development. The fungus produces a dark brown to 

black ergot fungal body, or sclerotium, that is grossly visible 
in the plant’s seedhead on pasture. The ergot body produces 
copious fungal spores, as well as a sticky, sweet exudate (i.e., 
honeydew) that sticks to the legs of animals and insects, al-
lowing the fungal spores to be transported to other dallisgrass 
stands.3 Numerous tremorgenic indole-diterpenoid alkaloids 
such as paspalinine, paspalitrem A and paspalitrem B have 
been isolated from the ergot body produced by C. paspali.3 In-
gestion of either the ergot body or the honeydew predisposes 
livestock to the development of dallisgrass staggers character-
ized by tremors of the head, neck and flank, uncoordinated 
movement, hyperexcitability, ataxia, seizures and collapse.3-7 
Outbreaks of dallisgrass staggers in beef cattle on pasture 
often begin within 2 to 3 days of ingesting contaminated for-
age, typically displaying high morbidity and low mortality.8 
The growth and life cycle of C. paspali in Mississippi pastures 
is well-described and has long been associated with sporadic 
outbreaks of neurologic disease in grazing livestock.4 The fol-
lowing report describes an outbreak of tremors, ataxia and 
hyperexcitability attributed to C. paspali mycotoxicosis in beef 
cows on pasture in Mississippi.

Case description
Herd history
The affected herd consisted of approximately 350 Angus-Cha-
rolais influenced commercial cows that were split between 
spring (i.e., February-April) and fall (i.e., August-November) 
calving seasons. All affected individuals were members of 
the spring calving herd (n = 147 cows). On October 16, 3 days 
prior to the initial case, calves born between February and 
April of 2023 had been separated from these cows. No other 
health interventions (e.g., vaccines, dewormer, pregnancy 
examinations, etc.) were performed on the cows at this time. 
After weaning, all cows were divided into 5 pasture groups 
of approximately 35 to 37 cows each and housed in separate 
pastures approximately 25 acres in size. Figure 1 displays the 
location of weaned calves relative to pastures of interest in 
this outbreak. One of these groups of cows (n = 32) was moved 
to pasture 1 (Figure 1) following separation from their calves. 
During the night of October 16 and early morning of October 
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17, the cows in pasture 1 escaped into pasture 2 to get back to 
their calves. These cows were discovered on the morning of 
October 17 and removed from pasture 2 and placed in pastures 
3 and 4 over the next 24 to 36 hours (Figure 1). 

A granular, trace mineral supplement was provided free 
choice to cattle in all pastures; however, no other hay or sup-
plements were being offered. All pastures consisted of mixed 
perennial grasses including tall fescue (Lolium arundinaceum) 
as well as bahiagrass (Paspalum notatum Flugge), dallisgrass 
(Paspalum dilatatum), and common bermudagrass (Cynodon 
dactylon). Water was available in all pastures through auto-
matic, ball-valve waterers supplied by a well. Pastures 1, 3 and 
4 had been mowed by operation management approximately 
2 weeks prior to placement of cows in them on October 16; 
however, pasture 2 had not been grazed or mowed in the pre-
vious 3 months. No fertilizers, herbicides or insecticides had 
been applied to pastures 1, 2, 3 or 4 in the previous 6 months. 
No females had been introduced into this herd in the previ-
ous 2 years; however, 1 bull was purchased in November 2022, 
and another in February 2023. In both cases, bulls were held in 
quarantine for 28 days prior to breeding season. The operation 
has no fence line contact with outside or neighboring cattle.

Initial case physical exam findings
On the afternoon of October 19, 2023, the Mississippi State Uni-
versity College of Veterinary Medicine Large Animal Ambu-
latory Service was contacted by employees of the previously 
described beef cow-calf herd to evaluate a 2-year-old Charolais-
cross cow that was down in pasture 4 (Figure 1) and unable to 
rise. The cow, J098, was in right lateral recumbency at the time 
of veterinarian arrival, and generalized muscle fasciculations 
and tremors were present. Limited physical examination of 
J098 revealed a rectal temperature of 102.2 °F (39 °C), pulse of 
92 beats per minute, and a respiratory rate of 28 breaths per 
minute. No abnormalities were auscultated in the left lung 
field or the heart from the left thorax. The left prescapular and 
prefemoral lymph nodes, as well as submandibular and pa-
rotid lymph nodes, palpated normally. The right thorax could 
not be assessed well due to the cow’s position in right lateral 

recumbency. The cow was estimated to weigh approximately 
1,200 lbs (544 kg), and her mucous membranes as evaluated 
from the vulva were pink and moist, with a capillary refill 
time of 2 seconds. Initially, the cow’s mentation was de-
pressed with little effort exerted to correct her lateral recum-
bency when attempts were made to manually position the cow 
in sternal recumbency. However, following initial steps in the 
physical examination and multiple attempts to manually posi-
tion the cow in sternal recumbency, J098 became agitated and 
displayed frantic behavior while attempting to stand. Rectal 
palpation and abdominal auscultation were precluded due to 
the cow’s hyperexcitability. Muscle fasciculations and tremors 
were exacerbated when the cow was approached or examined 
and were particularly noticeable in the musculature of the 
proximal forelimb, trunk and proximal hindlimb. The trem-
ors grew more prominent as the cow struggled to stand. After 
several failed attempts, J098 was able to stand, but displayed 
severe ataxia. After several steps, she fell and resumed right 
lateral recumbency. No evidence of circling or a head tilt were 
observed during the time the cow was able to stand; however, 
decreased proprioception was evident in the form of stum-
bling, staggering and loss of resistance to lateral falls (i.e., 
loss of antigravity myotatic reflex). 

Initial case treatment
To facilitate treatment, the cow was rolled into sternal recum-
bency, a halter was placed, the head was pulled to the right 
side, and the end of the halter tied to the right tarsus. Blood 
was collected from the jugular vein in a lithium heparin-
containing tube for blood chemistry analysisa. Treatment 
included 500 mL calcium-magnesium-phosphorus-potassium 
(CMPK) administered intravenously (IV) into the jugular vein, 
500 mL of calcium gluconate subcutaneously, florfenicol at 
40 mg/kg subcutaneously in the neck, thiamine HCl at 10 mg/
kg with half of the dose given IV in the jugular vein, and half 
of the dose given intramuscularly in the neck, and 20 mg of 
dexamethasone given intramuscularly in the neck. Following 
treatment, the halter was removed, and the cow struggled to 
rise and stand. Previously observed ataxia, muscle fascicula-
tions, and tremors persisted following treatment. 

Additional cases
Further investigation of pastures 3 and 4 throughout the eve-
ning of October 19 and the morning of October 20 revealed 20 
additional cases with similar clinical signs of varying sever-
ity, for a total of 21 clinically affected cows out of the 32 total 
cows (65%) placed on pastures 3 and 4. Clinical signs in these 
cattle ranged from lateral recumbency and inability to rise, 
to severe ataxia and tremors, to mild tremors that did not hin-
der the ability of the animal to walk and graze. Affected cows 
ranged from 2 to 14 years of age, and one 3-year-old cow iden-
tified as J065 was found dead in pasture 4 on the afternoon of 
October 19. The most severely affected cattle (i.e., those down 
and unable to rise) were treated similarly to the initial case, 
however, some severely affected cows in pasture 4 were not 
treated due to marked hyperexcitability, aggression and clini-
cian concerns that the stress from restraining these cows in the 
pasture would lead to death. On the evening of October 19, all 
animals in pastures 3 and 4 that could ambulate well enough 
to be moved were removed from these pastures and placed to-
gether in a new pasture identified as pasture 5 (Figure 1). Pas-
ture 5 had been extensively grazed previously, resulting in very 
little forage availability, therefore, hay was provided to these 
cows ad libitum.

Figure 1: Satellite map image of the property where the 
outbreak took place showing the relative locations of 
pastures where cows and calves were located. Note that 
dallisgrass seedheads were found in pasture 2, while all 
cases were found in pastures 3 and 4 between 2-3 days 
following transfer from pasture 2. Cattle were moved to 
pasture 5 shortly after the outbreak was discovered.
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Clinical outcomes
A total of 5 cows, including J098, could not be removed from 
pastures 3 and 4 on the evening of October 19 because they 
were unable to rise and ambulate well enough to move out 
of the two pastures. On the morning of October 20, 4 of these 
cows were standing and clinical signs were significantly im-
proved. Three of the 4 cows had not been treated the previous 
evening. Only 1 cow, a 5-year-old cow identified as F039, re-
mained down on October 20. Due to persistence of severe clin-
ical signs, F039 was euthanized and submitted for diagnostic 
necropsy. Over the next 72 hours, clinical signs continued to 
improve in all other affected animals, both treated and un-
treated. Examination of cattle on October 23 showed complete 
resolution of all clinical signs.

Results
Two affected cows from the herd, J065 and F039, were submit-
ted to the Mississippi State University College of Veterinary 
Medicine Diagnostic Lab for postmortem examination. The 
first, an approximately 3-year-old Angus-cross cow (J065), 
was examined within 3 hours of being found dead on October 
19, 2023. A second affected cow, an approximately 6-year-old 
Charolais-cross (F039), was euthanized the following day, Octo-
ber 20, 2023, and examined within 2 hours following death. 

Gross necropsy findings
Relevant postmortem findings in both cows were similar and 
thus described together unless otherwise indicated. Both ani-
mals were in fair to good body condition (BCS 4 to 5/9) and 
exhibited largely non-specific findings including mild (F039) 
to moderate (J065) pulmonary edema and pulmonary pete-
chiae (J065), epicardial hemorrhages, and endocardial and 
laryngeal hemorrhages (J065). The forestomachs of both cows 
contained abundant moist, short-stemmed, green forage ma-
terial. The abomasal contents were similar, with the addition 
of gravel and numerous tan-to-dark brown to black seedheads 
(Figure 2). The abomasal and jejunal mucosa of F039 was 
mildly to moderately reddened, suggestive for abomasitis and 
enteritis. The small intestines contained liquid green mate-
rial which transitioned to soft green-brown feces in the cecum 
and colon. F039 had black, arborizing tracts within the liver, 
consistent with liver fluke tracts. No other significant gross le-
sions were observed in the remainder of examined organs.

Histopathology findings
Similar to the gross examination, microscopic lesions were 
largely nonspecific and of limited severity. Identified lesions 
included scant to mild cerebral edema (J065), gliosis, pulmo-
nary edema, myocarditis (J065), chronic hepatic fluke migra-
tion with fibrosis (F039), and eosinophilic abomasitis and en-
teritis (F039). 

Serum chemistry and other diagnostic test result
Blood samples were collected from a total of 5 affected cattle, 
and serum chemistry results for each animal are listed in 
Table 1. Samples were collected from cows J098 and H112 at 
the time of treatment on October 19. Blood was collected from  
J098 for serum chemistry only at the time of treatment on 
October 20. Nitrate testing results on ocular fluid from J065 
and serum from J098 and H112 were negative. Ammonia test 
results on serum samples from J098 and H112 were also nega-
tive. A section of frontal lobe from each necropsy (J065 and 

F039) was submitted for sodium analysis to investigate poten-
tial salt toxicityb. Brain tissue from J065 and F039 contained 
sodium concentrations of 2,154 ppm and 1,875 ppm (reference 
range: < 2,000 ppm), respectively. 

Forage sample collection and preparation
The predominant forage present in pasture 2 was dallisgrass, 
with abundant seedhead development and evidence of ergot 
growth across the pasture. Little to no dallisgrass seedheads 
were found in pastures 1, 3, 4 or 5 due to the pastures being 
previously grazed and/or mowed. Samples of affected dallis-
grass were collected by hand from across pasture 2, frozen 
and shipped to the United States Department of Agriculture 
(USDA) Agriculture Research Service (ARS) Poisonous Plant 
Research Laboratory in Logan, Utah for further analysis. 
Upon arrival to the lab, plant material was air dried (30 °C), 
ground and weighed (50 mg) into 2.0 mL screw cap microcen-
trifuge tubes and extracted with 1 mL isopropyl alcohol by me-
chanical rotation for 3 hours. Rumen and abomasum samples 
were freeze dried, ground and weighed (1.0 g rumen, 0.50 g 
abomasum) into 20 mL vials. The rumen (1.0 g) and abomasum 
(0.50 g) samples were extracted with 10- and 5-mL isopropyl 
alcohol, respectively, by mechanical rotation for 3 hours. The 
samples were centrifuged (10 min), and an aliquot (150 µL) of 
the supernatant was transferred to 300 µL autosample vials 
for high-performance liquid chromatography-mass spectrom-
etry (HPLC-MS) analysis.

Figure 2: Contents of the abomasum of a) cow F039 and 
b) cow J065 demonstrating an abundance of seedheads 
within the gastrointestinal tract of each cow.
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Table 1: Serum clinical chemistry values and reference intervals. Cholesterol and phosphorus were not available on the 
afterhours chemistry panel when the samples were processed. Abbreviations below are as follows: ALP – alkaline phosphatase, 
AST – aspartate aminotransferase, BUN – blood urea nitrogen, CK – creatine kinase, GGT – gamma-glutamyltransferase.

Serum 
biochemistry 
value

Patient identification
Reference 

valuesJ065*† J098† H112† F039‡ 9098‡

Albumin 0.8 2.7 3.2 3.0 2.3 2.4-3.7

ALP 65.0 99.0 58.0 43 33 25-160

AST 138.0 285.0 172.0 114 95 64-76

Total Bilirubin <0.1 0.3 0.4 0.5 0.5 0.2-0.7

BUN 9.0 8.0 3.0 10 12 6-25

Calcium (Ca) 7.4 9.3 9.2 9.3 9.4 7.8-10.5

Chloride (Cl) 111.0 105.0 102.0 102.0 95.8 97-111

Cholesterol N/A N/A N/A 142 145 78-142

CK 1120.0 8760.0 264.0 2802 736 64-405

Creatinine 1.47 1.8 1.20 1.44 1.28 1-2.1

GGT 5.0 31.0 26.0 17 18 10-35

Globulin N/A 4.5 5.3 4.8 6.8 2.5-4.4

Glucose 5.0 108.0 111.0 163 100 61-102

Magnesium (Mg) 3.49 2.41 1.93 1.8 1.6 2.0-2.8

Phosphorus (P) N/A N/A N/A 3.4 9.1 4.0-7.1

Potassium (K) 11.8 4.4 3.6 4.08 4.69 3.9-5.8

Sodium (Na) 136.2 146 147.0 145.2 141.1 132-152

Total protein 0.8 7.2 8.5 7.8 9.1 7.0-8.9

*	 = Chemistry panel performed on ocular fluid collected at postmortem examination, reference ranges do not apply. 
†	 = Values obtained by: IDEXX Catalyst One Chemistry Analyzer, IDEXX Laboratories, Inc., Westbrook, ME 04092 
‡	 = Values obtained by: Alfa Wasserman Vet Axcel Clinical Chemistry Analyzer, Alfa Wasserman Diagnostic Technologies, LLC., West 

	  Caldwell, NJ 07006
 

Indole diterpene alkaloid analysis methods and 
results
Samples (10 µL) were injected onto a 100 x 2.1 mm i.d., 5 µm, 
Betasil™ C18 with a 10 x 2.1 mm i.d. guard column of the same 
materialc. The samples were eluted from the column with a 
gradient flow at a flow rate of 0.300 mL/min. The mobile phase 
program was 0.1 % formic acid/acetonitrile (90:10, v/v) for 1 
min followed by a linear gradient to a composition of 100% 
acetonitrile at 40 min.  

For high resolution mass spectrometric analysis of high-perfor-
mance liquid chromatography (HPLC-HRMS) peaks, the mobile 
phase was delivered and samples injected using an UltiMate™ 
3000 HPLCd and the column eluent was connected to the heat-
ed electrospray source of an Exactive™ Plus Orbitrap™ high 
resolution mass spectrometerd calibrated as per the manu-
facturer’s instructions and with a scan range 100 to 800 Da, 
resolution 70,000, microscans 1, sheath gas flow 35, auxiliary 
gas flow 10, spray voltage 4 kV, capillary temperature 320 °C, 
S lens RF field 55, and auxiliary gas temperature 300 °C oper-
ated in the positive ion mode. Chromatographic peaks were 
identified by generating reconstructed HPLC-HRMS selected 
ion chromatograms from the calculated MH+ masses of the 

compounds of interest to 5 decimals places and with a mass 
tolerance of 10 ppm. Under these conditions, indole diterpene 
alkaloids identified as paspalitrem B, paxilline, paspalinine, 
paspalicine, paspalitrem A, paspalitrem C, paspaline and 
emindole SB eluted at 22.9, 25.1, 26.6, 30.3, 32.2, 33.1, 35.2 and 
36.2 min, respectively (Figure 3, 4; Table 2). High performance 
liquid chromatography-higher energy collisional dissociation-
tandem mass spectroscopy (HPLC-HCD-MS/MS) data were 
acquired for paspalitrem B (MH+, m/z 518.29), paxilline, (MH+, 
m/z 436.25), paspalinine (MH+, m/z 434.23), paspalicine (MH+, 
m/z 418.24) (paspalitrem A (MH+, m/z 502.30) and paspalitrem 
C (MH+, m/z 502.30), paspaline (MH+, m/z 422.31) and emindol 
SB (MH+, m/z 406.31), these masses were fragmented under 
HCD conditions with an isolation width (m/z) 2.0 and normali-
zed collision energy 25.0.

Indole diterpene alkaloids were not detected in the extract from 
the seedheads that did not appear to be ergotized (Figure 5). 
However, eight HPLC-HRMS peaks consistent with paspalitrem 
B, paxilline, paspalinine, paspalicine (tentative), paspalitrem 
A, paspalitrem C (tentative), paspaline and emindole SB and 
with observed MH+ within 6 ppm of the calculated masses were 
identified in the isopropyl extract of the seedheads that ap-
peared to be infected with ergot (Figures 3, 4 and 5; Table 2). 
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Figure 3: Chemical structures of paspalitrem B, paspalinine, paspalitrem A, paspalitrem C, paspaline and emindole SB 
with plausible MS2 fragments.

Paspalitrem B* Paspalitrem A* Paspalitrem C# Emindole SB

Paspalinine* Paspalicine Paxilline* Paspaline

*	 Indicates tremorgenic indole diterpene alkaloids.  
#	 Paspalitrem C is hypothesized to be tremorgenic based on the presence of tertiary hydroxy group at C-13.

 

Figure 4: Extracted HPLC-HRMS ion chromatograms (m/z = 518.28708, 436.24587, 434.23185, 418.23628, 502.29469, 502.29478, 
422.30423, 406.30880) from isopropyl alcohol extracts of: A) fungal infected dallisgrass seedheads; B) rumen contents 
from a cow suspected of grazing dallisgrass and C) abomasum contents from a cow suspected of grazing dallisgrass.
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	 Peak m/z identifications:  1 (MH+ = 518.28708, paspalitrem B); 2 (MH+ = 436.24587, paxilline); 3 (MH+ = 434.23184, paspalinine); 4 (MH+ 
= 418.23628, paspalicine); 5 (MH+ = 502.29469, paspalitrem A); 6 (MH+ = 502.29478, paspalitrem C or possible paspalitrem C isomer); 6 
(MH+ = 502.29478, possible paspalitrem C isomer or paspalitrem C); 7 (MH+ = 422.30423, paspaline ); 8 (MH+ = 406.30880, emindole SB).
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Figure 5: Ergotized (Claviceps paspali) (left) and non-
ergotized (right) dallisgrass (Paspalum dilatatum 
seedheads collected from pasture 2 grazed by poisoned 
cows.

 

Table 2: HPLC and mass spectrometry data for indole diterpene alkaloids in isopropyl alcohol extracts of fungal infected 
dallisgrass seedheads, rumen contents and abomasum contents.

Identity* RT min MH+ (m/z)
Calc mol 

formula (MH+) D (ppm) HCD MS/MS (m/z) (% Rel abundance)

Paspalitrem B, 1 22.9 518.28708 C32H40NO5 -5.827 518 (20), 503 (28), 502 (34), 460 (24), 443 
(26), 214 (100), 196 (95), 168 (78), 156 (38)

Paxilline, 2 25.1 436.24587 C27H34NO4 -5.421 436 (3), 420 (10), 378 (7), 360 (34), 347 (21), 
182 (20), 130 (84)

Paspalinine, 3 26.6 434.23184 C27H32NO4 -1.716 434 (6), 376 (40), 130 (100)

Paspalicine, 4 † 30.3 418.23628 C27H32NO3 -3.324 418 (4), 360 (12), 131 (7), 130 (100)

Paspalitrem A, 5 32.2 502.29469 C32H40NO4 -0.986 502 (1), 444 (24), 198 (100)

Paspalitrem C, 6 † 33.1 502.29478 C32H40NO4 -0.807 502 (1), 444 (26), 198 (100)

Paspaline, 7 35.0 422.30423 C28H40NO2 -2.666 422 (7), 131 (7), 130 (100)

Emindole SB, 8 36.2 406.30880 C28H40NO -4.040 406 (13), 388 (10), 257 (9), 182 (7), 131 (7), 
130 (100)

*	 = Identities confirmed by comparison high resolution mass spectral data with calculated masses and comparison of HPLC retention 
	  times and MS/MS retention data of Uhlig et al.9,10 

†	 = Tentative identifications by Uhlig et al.9,10 
 

This extract was further analyzed by HPLC-MS/MS. A major 
MS/MS fragment of the protonated indole diterpene alkaloids 
of m/z 214, 130, 130, 130, 198, 198, 130 and 130 is consistent 
with fragmentation near the indole portion of the alkaloids 
through the C-ring of paspalitrem B, paxilline, paspalinine, 
paspalicine (tentative), paspalitrem A, paspalitrem C (ten-
tative), paspaline, and emindole SB, respectively (Figure 3, 
Table 2).9,10 Another major fragment of m/z 460, 360, 376, 360, 
444, and 444 observed for paspalitrem B, paxilline, paspali-
nine, paspalicine (tentative), paspalitrem A, and paspalitrem 
C (tentative), respectively, is a loss of 58 amu, presumably due 
to loss of acetone, (CH3)2CO, from fragmentation of the al-
kaloids through the 7,27-oxido linkage (Figure 3, Table 2).9,10 
These 8 indole diterpene alkaloids and major fragments were 
previously reported in ergotized dallisgrass seedheads.9 
Paspalitrem B, paxilline, paspalinine, paspalitrem A and 

paspaline have been confirmed in ergotized dallisgrass seed-
heads using authenticated standards of these alkaloids.9 In 
contrast, the lack of authenticated standards, but convincing 
high-resolution mass data and MS/MS fragmentation for pas-
palicine and paspalitrem C, resulted in tentative identifica-
tions of these compounds.9,10 Alkaloids identified as 6 and 6’ 
herein, have similar HPLC retention times, have essentially 
the same mass, and similar MS/MS fragmentation as paspa-
litrem A. Both 6 and 6’ likely possess a C5H9 side chain off the 
C-ring like paspalitrem A, but at a different position on the 
C-ring to paspalitrem A and to each other. It is likely that one 
of these alkaloids is paspalitrem C and the other being a struc-
tural isomer of paspalitrem C.9,10

Isopropyl alcohol extracts from the rumen content and ab-
omasum content of two cows (J065 and F039) with clinical 
signs of poisoning and that died were also analyzed by HPLC-
HRMS. The same 8 indole diterpene alkaloids were observed 
in the rumen and abomasum contents from both animals as 
were observed in the extract from ergot infected seedheads, 
confirming that the poisoned cows ingested the infected dal-
lisgrass (Figure 4, 2 and 5).

Four of the indole diterpene alkaloids (paspalitrem B, paxilli-
ne, paspalinine and paspalitrem) observed in the extract from 
the ergot infected seedheads, rumen contents and aboma-
sum possess a tertiary hydroxy group at C-13 and are known 
tremorgens.3 In addition, paspalitrem C is hypothesized to be 
tremorgenic based on the presence of tertiary hydroxy group 
at C-13 (Figure 3).11

DNA metabarcoding analysis methods and result
A subsample of the rumen contents from each respective 
sample was sent to a commercial laboratory for DNA metabar-
coding analysise. DNA was extracted from the rumen contents 
and forage sample using the Omega Biotek Mag-Bind® Univer-
sal Pathogen Core Kit (4x96 Preps) (Cat. No. / ID: M4030-01) ac-
cording to the manufacturer’s protocol. DNA primers, trnL c 
and h were used for PCR amplification of the rumen contents. 
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DNA primers ITS1-F and ITS-2 were used for PCR amplifica-
tion of the forage sample. Both forward and reverse primers 
also contained a 5’ adaptor sequence to allow for subsequent 
indexing and Illumina sequencing. Amplicons were cleaned 
and a second round of PCR was performed to complete the 
sequencing library construct, appending the final Illumina 
sequencing adapters and integrating sample-specific, dual 
index sequences (2 x 10 bp). Final indexed amplicons from 
each sample were cleaned and normalized using mag-bind 
normalization. Sample library pools were sent for sequenc-
ing on an Illumina MiSeq™ (San Diego, CA). Raw sequence 
data were demultiplexed using pheniqs v2.1.0 enforcing strict 
matching of sample barcode indices (i.e., no errors).12 For 
each sample, reads were then clustered using the unoise3 de-
noising algorithm as implemented in vsearch, using an alpha 
value of 5 and discarding unique raw sequences observed less 
than 8 times. Counts of the resulting exact sequence variants 
(ESVs) were then compiled.13 For each final ESV, a consensus 
taxonomy was assigned using a custom best-hits algorithm 
and a reference database consisting of publicly available Gen-
Bank sequences as well as Jonah Ventures voucher sequence 
records. The consensus taxonomy was then generated using 
either all 100% matching reference sequences or all reference 
sequences within 1% of the top match. The relative abundance 
of each ESV for a respective sample was calculated by dividing 
the number of reads for a respective ESV by the total number 
of reads from that respective sample. ESVs calculated to be 
greater than 2% from any one sample were considered for fur-
ther analyses. The complete data set of the DNA metabarcod-
ing results are available upon request from the authors.

Forage sample DNA metabarcoding confirmed the presence of 
dallisgrass and another ESV of an unknown Poaceae. Rumen 
DNA metabarcoding identified dalligrass in the rumen con-
tents of both animals. Dallisgrass represented 94 and 6% of 
the total reads in each respective sample. Other ESVs that cor-
responded to greater than 2% of the total reads in any one of 
the rumen samples corresponded to the following plant fami-
lies/genera: Poaceae (grass, 3 ESVs); Rubiaceae, Spermacoce 
(buttonweed, 2 ESVs); Euphorbiaceae, Euphorbia, (spurge, 1 
ESV); and Polygonacaeae, Polygonum (smartweed/knotweed, 1 
ESV). DNA metabarcoding of the forage sample identified sev-
eral fungi, one of which was Claviceps paspali. Claviceps paspali 
represented 76% of the total fungal reads in the single forage 
sample. The complete DNA metabarcoding results dataset is 
available from the authors upon request. 

Discussion
Definitive diagnosis of suspected cases of tremorgenic ergot-
ism in grazing livestock is often challenging. In most cases, 
diagnoses are made using a preponderance of many types 
of data. History of access to poisonous plants, clinical signs 
consistent with ingestion of the suspected poisonous plant, 
body condition, histopathology, evidence of plant ingestion 
by detection of the bioactive compounds in gastrointestinal 
contents and/or animal tissues, and diet analysis by plant mi-
crohistological analyses and/or DNA metabarcoding may all 
be used to support a diagnosis of plant poisoning or an associ-
ated mycotoxicosis. 

In cases of tremorgenic ergotism, clinical signs typically in-
dicate neurologic disease, however, no characteristic lesions 
are produced and common veterinary laboratory methods 
(i.e., serum chemistry, histopathology, etc.) typically yield 

non-specific findings.6 Furthermore, cases may occur sporad-
ically, or in outbreaks affecting several animals at once such 
as in the present report. When investigating cases of suspect-
ed tremorgenic mycotoxicosis, the practitioner must 1) iden-
tify a history of exposure to pasture with evidence of Claviceps 
sp. ergot infection, 2) observe clinical signs such as exercise-
exacerbated nervousness, belligerent attitude, tremors, ataxia 
and convulsions, and 3) rule out other differential diagnoses 
for these clinical signs.14,15 In this report, ergotized (Claviceps 
paspali) and non-ergotized dallisgrass (Paspalum dilatatum) 
seedheads were collected from pasture 2 grazed by cows that 
developed clinical signs. The clinical signs and behavior ob-
served in affected cows were consistent with those reported 
for dallisgrass staggers. DNA metabarcoding of the rumen 
contents and forage sample confirmed the ingestion of dallis-
grass and that the dallisgrass was infected by C. paspali. The 
presence of identical, known tremorgenic indole diterpene 
compounds in both samples collected from pasture 2 where 
known exposure occurred, as well as from the rumen and 
abomasum of cows displaying clinical signs consistent with 
dallisgrass staggers provides strong evidence for Claviceps 
paspali-mediated ergotism as the cause of this outbreak. In 
this report, temporality of clinical signs relative to exposure 
also supports this diagnosis, as clinical signs of dallisgrass 
staggers typically occur within days after the animals have 
been exposed to the source. Spontaneous resolution of clini-
cal signs following removal from the source is also supportive 
of this diagnosis.14,15 Other differential diagnoses that were 
considered at some point in the investigation included salt tox-
icity, organophosphate toxicity and rabies virus. Spontaneous 
resolution of clinical signs as well as history and non-defini-
tive brain sodium results ruled out salt toxicity. No history or 
evidence of organophosphate exposure could be identified, 
and both necropsy results and the unlikelihood of a large, si-
multaneous outbreak helped rule out rabies virus as a cause. 

Tremorgenic indole diterpene mycotoxins are lipophilic mol-
ecules that, after ingestion, easily cross the blood-brain bar-
rier, rapidly gaining access to the central nervous system.16 

Once within the central nervous system, tremorgenic myco-
toxins are thought to act by interfering with inhibitory neuro-
receptors and enhancing excitatory amino acid neurotrans-
mitter release mechanisms.14,17,18 Sheep, cattle and horses are 
particularly susceptible to the “grass staggers” syndrome that 
can occur within a few days of ingesting sclerotia of Claviceps 
paspali growing on the seedheads of mature dallisgrass (Pas-
palum dilatatum), bahiagrass (paspalum notatum), and bermu-
dagrass (Cynodon dactylon). Ingestion of perennial ryegrass 
(Lolium perenne) infected with the endophyte Neotyphodium 
lolii has also been implicated in causing a similar “grass stag-
gers” syndrome in sheep, cattle, horses and deer.15,19 These 
conditions all exhibit self-limiting clinical signs that are usu-
ally reversible when the affected animal is removed from the 
tremorgen-contaminated source.14 Conversely, annual rye-
grass toxicosis, caused by highly toxic corynetoxins produced 
by the bacteria Clavibacter toxicus, produces similar clinical 
signs of incoordination, high-stepping gait and convulsions, 
but is often lethal due to the extensive cerebellar injury that 
results.20 Tall fescue (Lolium arundinaceum) is perhaps the 
most common pasture forage associated with ergot-mediated 
mycotoxicosis events in livestock populations. Ergot alkaloids 
produced by the endophyte fungus Epichloë coenophiala result 
in vasoconstriction, leading to clinical signs such as loss of 
ear tips and tail switches, lameness and sloughing of hooves, 
fat necrosis, elevated body temperature, heat intolerance, 
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failure to shed winter hair coat, decreased feed intake and 
weight gain, reduced conception rates and milk production, 
and death.21–26 Similar clinical signs may be seen in livestock 
that consume grains contaminated with ergot alkaloids pro-
duced by Claviceps purpurea.27,28 Ergovaline is the most preva-
lent ergot alkaloid found in tall fescue, and is distinct from 
tremorgenic indole diterpene alkaloids. Thus, diagnostic ap-
proaches for ergot-mediated mycotoxicosis events involving 
tall fescue typically focus on the detection of ergovaline and 
other related ergot alkaloids.26

Epidemiologic investigations of suspected toxicosis events in 
livestock can be difficult. It is essential to collect a thorough 
history, perform physical examinations, develop a problem 
list, and consider appropriate differential diagnoses when in-
vestigating livestock toxicosis events.29 A systematic approach 
to investigations of suspected toxicosis events helps the prac-
titioner work towards a diagnosis, as well as rule-out other, 
non-toxic causes of morbidity or mortality. Timely descrip-
tion of morbidity/mortality or decreased production events is 
often one of the first steps in any outbreak investigation.30,31 
Epidemic curves of toxicosis events in livestock populations 
typically follow point-source or common-source patterns, 
and recording the occurrence of cases over time can provide 
evidence as to the nature of the outbreak.31,32 Establishing a 
timeline of events prior to and during the discovery of cases 
may also point to changes in management, environment, 
diet, etc. that could be responsible for the outbreak. In many 
cases, the source of the toxin may not be found. For example, 
if a contaminated feedstuff is suspected as the source of the 
toxin, there may be no remaining unfed samples to evalu-
ate. In these cases, diagnosis depends on collecting samples 
from affected animals. Because of the near infinite number of 
compounds that may result in toxicity when exposure to a suf-
ficient dose occurs, a systematic investigation of the environ-
ment, diet and management should occur. The practitioner 
should also consider that although a particular toxin may be 
responsible for clinical signs, other factors contributing to the 
ingestion of the toxin may need to be addressed (e.g., if cattle 
are forced to consume poisonous plants due to a lack of ap-
propriate forage). In the present report, the sudden onset of 
clinical signs in many animals within a short period of time 
strongly suggested toxin exposure. During the early stages of 
the investigation, the pasture movement history of the cattle 
was not clear; therefore, investigators searched pastures 3 and 
4 believing they held the source of the toxin. It was not until 
all employees of the operation were questioned that the his-
tory of some cows having exposure to pasture 2 became clear, 
and the investigation was expanded to include this pasture. 

This case provides an excellent example of the importance of 
interpreting ancillary testing critically and in context of both 
the clinical history of the case and the submitted sample. The 
frontal lobe submitted from J065 for sodium analysis yielded 
a concentration of 2,154 ppm. Sodium concentrations above 
2,000 ppm in brain tissue have been reported to be diagnostic 
of salt toxicity in calves.33,34 That being said, sodium concen-
tration may vary considerably between anatomic regions of 
the brain by up to 35%.25 As such, homogenization of an en-
tire hemisphere is the ideal sample for brain sodium analysis; 
however, this may not be practical unless there is a very high 
clinical suspicion for salt toxicosis over other differentials 
for neurologic disease.35 Standard practice during postmor-
tem examination at many diagnostic laboratories is to col-
lect the majority, if not all, of the brain for histopathologic 

examination to maximize chances of detecting and charac-
terizing patchy or non-localizing CNS lesions. In the cases of 
J065 and F039, sections of cerebellum, brainstem including 
the obex, and frontal lobe were saved frozen for additional an-
cillary testing, with the remainder of the brain being fixed in 
formalin. Therefore, only the frontal lobe was submitted for 
sodium analysis with the cerebellum and brainstem reserved 
for additional testing as needed. Because of this, it is suspect-
ed that the elevated sodium is the result of uneven sodium dis-
tribution within the neuroparenchyma and other contributing 
factors such as dehydration, which is common in debilitated 
cattle and further elevates the sodium concentration. 

When herd outbreaks occur, it is useful to collect and freeze 
feed samples or forage samples from the pastures where af-
fected animals are located if a feed or forage toxicosis is sus-
pected. Although analysis of gastrointestinal contents may be 
rewarding in detecting toxic compounds such as in this case, 
false negative results may occur if the compound is rapidly 
absorbed or metabolized following ingestion. Additionally, 
some compounds or agents may be labile at room temperature 
or even refrigeration temperature, so consultation with the 
diagnostic or toxicologic laboratory may guide appropriate 
sample handling based on the etiology of suspicion.

Outbreaks of dallisgrass staggers have also been reported in 
Spain and South Africa.10,36,37 Similar to the observations in 
the present report, Ayala-Soldado et al. reported that when 
affected animals were handled in the pasture, clinical signs 
immediately worsened with animals displaying aggressive-
ness and often collapse if they were able to stand. Since cases 
of dallisgrass staggers are most often first observed and exam-
ined in the pasture, the practitioner should exercise caution 
with these animals as the stress associated with examination 
and physical restraint of the animal (i.e., ropes or halters) 
may result in death. 

In the present report, serum chemistry values demonstrated 
non-specific indicators of muscle damage and inflammation. 
Ayala-Soldado et al. noted a general increase in the serum bio-
chemistry values aspartate aminotransferase (AST) and cre-
atine kinase (CK), as was seen in the individual serum chemis-
try values from animals in this report.37 Both CK and AST are 
found in high concentrations in muscle tissue, and therefore 
are often used as general indicators of muscle damage in do-
mestic animals.38 Muscle damage associated with a combi-
nation of recumbency, ataxia, tremors and propensity to fall 
likely explain the increase in these enzymes. The nonspecific 
lesions at necropsy and findings on serum chemistry panels 
demonstrate the diagnostic difficulty of identifying dallis-
grass staggers, though the findings ruled out other systemic 
infectious, inflammatory and neoplastic disease differentials. 
Perhaps the strongest evidence of dallisgrass staggers as the 
cause of the clinical signs observed in this case is the total res-
olution of clinical signs within days following the removal of 
the animals from contaminated pasture; as has been observed 
in other case reports as well.36,37 The serum chemistry results 
for J065 displayed several other abnormalities (e.g., hypoal-
buminemia, hypoglycemia, hypermagnesemia, etc.) that may 
be attributed to ocular fluid as the source of the chemistry val-
ues.39–41 Postmortem autolysis may also be partially respon-
sible for differences seen in the chemistry values of J065, as 
this cow had presumably been dead for several hours prior to 
discovery.
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Interestingly, no reproductive consequences were observed 
in this herd in the days following resolution of clinical signs. 
Routine herd work (i.e., vaccinations, pregnancy examina-
tions, etc.) was postponed for approximately 3 weeks to al-
low for complete recovery prior to the stress of gathering and 
working. When pregnancy examinations were performed on 
November 9, 2023, 21-days following discovery of the initial 
case, all cattle that had displayed clinical signs, regardless of 
whether they were treated or not, remained pregnant. 

Conclusion
This report describes the epidemiologic investigation of an 
outbreak of ataxia, tremors and hyperexcitability in a cow-
calf herd on pasture in Mississippi following ingestion of 
tremorgenic mycotoxins produced by Claviceps paspali in in-
fected dallisgrass. Open communication between the farm 
staff, managers, clinicians, pathologists and toxicologists was 
essential to arriving at a definitive diagnosis in this case. In-
vestigations of suspected toxicosis cases can be challenging, 
and consultation is recommended to narrow down differen-
tials and guide appropriate testing. In this case, routine nec-
ropsy procedures ruled out many potential disease processes. 
Diagnostic necropsy procedures are typically affordable to 
the producer and offered through state diagnostic laboratory 
systems. While diagnostic laboratories may offer toxicology 
screening, the additional cost may be prohibitive to produc-
ers. The USDA-ARS Poisonous Plant Research Laboratory pro-
vides diagnostic services, particularly chemical analysis of 
suspected plant toxicosis cases in livestock, to producers and 
referring veterinarians on a case-by-case basis. Dallisgrass 
staggers can be difficult to diagnose due to the sporadic nature 
of its occurrence, the lack of specific necropsy and other di-
agnostic testing results, and the tendency of cases to improve 
without intervention if removed from the source. Prevention 
depends on pasture and grazing management, and there is no 
specific treatment for affected individuals beyond supportive 
care. 
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