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Abstract

Background Summer scour syndrome (SSS) is a recently identified pathological condition affecting weaned dairy
and dairy-beef calves during their first grazing season in Ireland. The syndrome is characterised by diarrhoea, weight
loss, weakness, and can ultimately lead to death in some calves. Oral and oesophageal ulcerations are present in some
cases. This study aimed to characterise a series of SSS cases in weaned dairy-bred calves on Irish commercial farms.

Results Five farms with calves having unexplained diarrhoea at grass were referred by private veterinary practitioners
(PVP) following preliminary testing to exclude coccidiosis and parasitic gastroenteritis. Farms were visited within 2

to 5 days following PVP’s referrals, or 2 days to 3 weeks relative to the onset of clinical signs. Farm management data,
grass and concentrate samples, and biological samples from 46 calves (8 to 10 calves/farm) displaying clinical signs
were collected. Two farms were subsequently found positive for coccidiosis and/or had chronic pneumonia problems
after a thorough herd investigation and were designated as non-case farms (NCF). The remaining three farms were
deemed typical SSS outbreaks (case farms; CF). Mean rumen fluid pH per farm ranged from 6.67 to 7.09 on CF, and
6.43-6.88 on NCF. Mean rumen fluid ammonia concentrations ranged from 17.6 to 29.6 mg/L and 17.2-45.0 mg/L on
CF and NCF, respectively. Corresponding blood ammonia concentrations ranged from 129 to 223 umol/L and 22-25
umol/L. Mean blood copper and molybdenum concentrations were within normal range on all farms. Grass crude
protein concentrations on the paddocks where the calves had grazed, and were currently grazing on the day of visit
ranged from 137 to 148 g/kg DM and 106-177 g/kg DM, respectively on CF, and 160-200 g/kg DM and 151-186 g/
kg DM, respectively on NCF. On CF, inorganic nitrogen fertiliser was applied 1 to 3 weeks pre-grazing, whereas on the
two NCF, inorganic nitrogen fertiliser was applied 2 to 3 weeks pre-grazing on one farm and no fertiliser was applied
on the other.

Conclusion These findings suggest that copper or molybdenum toxicity, and ruminal acidosis are not the primary
causes of SSS. High blood ammonia concentrations and the timing and level of inorganic nitrogen fertiliser
application to paddocks pre-grazing, warrant further investigation.
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Background

Summer scour syndrome (SSS) is a recently identified
pathological condition that primarily affects both weaned
dairy and dairy-beef calves during their first grazing
season. Affected calves show clinical signs of weight
loss, diarrhoea, weakness, oral and oesophageal ulcer-
ations, and mortality are observed in some cases [1-3].
The syndrome is reported to occur in weaned calves
within one-month post-turnout to grass or after moving
to new pasture [3]. The term SSS is used widely in Ire-
land [1] and the United Kingdom (UK; [2, 3]) and very
similar clinical presentations termed upper alimentary
ulcerative syndrome (UAUS) have been documented in
Australia [4]. In their surveillance report of 20 case sub-
missions in the UK, Swinson et al. [3] found that while
the overall prevalence of SSS was low, calf mortality in
the groups of calves from which the cases were submitted
varied from 2 to 40% and morbidity from 10 to 100%, and
no consistent pathogens were identified in SSS calves. In
Ireland and the UK [3], the syndrome is diagnosed after
the common causes of calf diarrhoea at grass, includ-
ing coccidiosis, parasitic gastroenteritis (PGE), infec-
tious agents (e.g., bovine viral diarrhoea virus (BVDV),
Salmonella), and copper or molybdenum toxicities, are
excluded. In Australia, UAUS diagnosis is based on the
presence of oesophageal necrosis lesions, with BVDV
infection having been excluded [4]. The syndrome has
not been reported in suckler cow-calf operations and
appears to only occur in dairy or dairy-beef calves. The
available literature to date suggests that the occurrence
of the syndrome is similar across countries, with grass as
a common exposure and artificially reared calves within
their first grazing season. However, the primary cause/s
of the syndrome remains unclear [1, 3, 4] and there is
limited information available regarding the characteris-
tics of the affected calves. The objectives of the present
study were to characterise SSS in weaned dairy-bred
calves and to determine the common conditions under
which SSS occurs naturally on Irish commercial farms.

Methods

Ethical approval for the present study was reviewed
and granted by the Teagasc Animal Ethics Committee
(TAEC0323-375).

Case definition and veterinary referral

In May 2023, private veterinary practitioners (PVP)
across Ireland were contacted and asked to refer poten-
tial SSS cases for investigation to the herd health section
in the School of Veterinary Medicine, University College
Dublin. Farms with potential SSS cases were defined as
“any dairy or dairy-beef farm with weaned calves display-
ing signs of unexplained diarrhoea at grass, and negative
for coccidiosis or PGE”. The case definition was developed
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in order to include farms with conditions that were typi-
cal of SSS. In the experience of the author (CMcA) inves-
tigating cases of calf diarrhoea at grass, SSS is usually a
diagnosis that can only be given after other common
plausible causes of diarrhoea in weaned calves at grass
are ruled out. In June 2023, five farms were referred by
the PVP’s with suspected SSS cases. History of the sus-
pected SSS cases on each farm is summarised in Table 1.
The farms were located in Counties Louth (Farms 1 and
4), Kilkenny (Farms 2 and 3), and Offaly (Farm 5).

Farm visits and sample collections

Farm visits were conducted within 2 to 5 days following
the PVP’s referrals, or 2 days to 3 weeks since the farmers
observed the onset of clinical signs within the group of
affected calves. On the day of the farm visit, calves were
grazing on their respective paddocks and had received
concentrate supplementation earlier in the morning,
before being brought indoors for clinical examinations
and sample collection, as described below. The investiga-
tion protocol and samples collected from affected calves
were the same across all farms. With the consent of the
farmers, data relating to calf breed, date of birth, age, sex,
and farm enterprise were retrieved from the Irish Cattle
Breeding Federation (ICBF) database (www.icbf.com).
An interview, by means of a questionnaire, was con-
ducted with each farmer during the farm visits to record
on-farm management practices, including calf nutrition,
weaning procedures, fertiliser use, turnout to pasture and
grazing management.

Clinical examinations

During the farm visits, a general clinical examination
was performed by a certified veterinarian (CMcA) on
8 to 10 affected calves per farm resulting in a total of
46 calves. The examined calves were randomly selected
from calves with observed clinical signs in the affected
group. Clinical variables (calf’s demeanor, mucous mem-
branes, enophthalmos score, presence of nasal or eye
discharge, respiratory and heart rate, hydration status,
rumen contraction and filling, and rectal temperature)
were assessed by visual observation, auscultation, and/or
palpation. Calf body weight was estimated using a weigh
band (Kamer, Ukal, Niederbronn-les-Bains, France). A
focused thoracic ultrasound (Tecnoscan SR-1 C, Impor-
vet, Spain) was performed on the right thoracic side of
each calf, and calves with area of lung consolidation >1

cm? were considered to have pneumonia [5, 6].

Faecal samples

Rectal faecal samples were collected, and the faecal con-
sistency was assigned a score, as follows: (1) runny, liq-
uid consistency, splatters on impact, spreads rapidly; (2)
loose (watery), may pile slightly, spreads and splatters
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Table 1 Overview of suspected SSS case history on each farm

Farm 5

Farm 4

Farm 3

Farm 2

Farm 1

History

Diarrhoea and ill-thrift
ca. 2 weeks

Diarrhoea
21

Diarrhoea

Dullness and diarrhoea

ca. 4 weeks

38

Lethargy and diarrhoea

ca. 6 weeks

52

Clinical signs

ca. 2 weeks

28

ca. 6 weeks

38

Onset of clinical signs®

Number of calves®

Yes®

Yes, seven worst-affected calves

Yes, eight worst-affected

calves

Yes, four worst-affected calves

Yes, four worst-affected calves

Affected calves moved

indoors

Oral sulfadimidine antibiotic and  Coccidiostat and

Re-introduced hay at grass

Oral yeast supplement (Rumi-

Increased concentrate feeding (from 1 to 1.5 kg/

Treatments

anthelmintic

yeast supplement (Ruminate
powders; Acravet, Ireland)

No

nate powders; Acravet, Ireland)

h/d); calcium carbonate buffer and coccidiostat?

Yes

No

Yes

Yes

Moved paddock®

(2024) 77:14

Lungworm health

SSS type clinical signs observed
in the previous year (2022)

SSS type clinical signs ob-

SSS type of clinical signs ob-

spiratory disease (BRD) in April 2023 before turnout  served over the past 3 years

Cryptosporidiosis in February 2023 and bovine re-

Farm health history

problems in the pre-
vious year (2022)

ca. - circa; 2 Observed by the farmers, relative to turnout; ® Within the affected group; © Shortly after the onset of clinical signs; ¢ Despite of negative for coccidiosis; ¢ Number of affected calves that were moved indoor was

not provided by the farmer

served over the past 4 years
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moderately on impact and settling; (3) soft, piles but
spreads slightly on impact and settling; (4) dry, hard, dry
appearance, original form not distorted on impact and
settling. Calves with a faecal score of 1 or 2 were consid-
ered to have diarrhoea [7]. Faecal samples were pooled (3
to 5 samples from the same farm per pool) and analysed
using the McMaster technique [8]. Farms with at least
one faecal pool detected to have >200 eggs/gram of fae-
ces [8] or 2500 oocysts/gram of faeces [9] were consid-
ered to have a high parasitic burden.

Blood samples

Blood samples were collected via jugular venepunc-
ture into vacutainer tubes: 1x4 ml K;EDTA, 3x9 ml Li
Heparin (Greiner Vacuette; Cruinn Diagnostics, Dub-
lin, Ireland), and 1x8.5 ml no-anticoagulant (BD SST II
vacutainers; Unitech, Dublin, Ireland) and placed in a
cool box (8°C). Immediately, following blood collection,
20 pL of whole blood from the K;EDTA tube was anal-
ysed for ammonia using a point-of-care analyser (Pock-
etChem BA, Arkray, Japan), as described by Gultekin
et al. [10] and Goggs et al. [11]. Whole blood K;EDTA
samples were analysed for complete blood profiles using
an ADVIA haematology analyser (ADVIA 2120, Siemens
Healthineers, UK) as described by McGettigan et al. [12].
Plasma and serum samples were harvested from the Li
Heparin and no-anticoagulant blood tubes, respectively,
after centrifugation (1900 x g for 15 min at 4 °C) and
stored at —20 °C until analysis. Plasma samples were ana-
lysed for blood biochemical concentrations (total protein,
creatinine kinase (CK), albumin, and globulin) using an
automated chemistry analyser (Olympus AU480, Beck-
man Coulter Ltd., Co. Clare, Ireland), and blood urea
nitrogen (BUN), gamma glutamyl transferase (GGT) and
glutamate dehydrogenase (GLDH), using a clinical chem-
istry analyser (RX Imola, Randox Laboratories, UK).
Serum samples were analysed for blood mineral pro-
files using Agilent 7850 analyser (FarmLab Diagnostic,
Emlagh, Elphin, Co. Roscommon).

Rumen fluid

Rumen fluid samples were collected using a modified
trans-oesophageal tube, as described by Smith et al. [13].
Rumen pH was measured immediately using a digital
pH meter (Orion Star A221; Thermo Fisher Scientific,
United States) that has been calibrated at the start of
each visit. Rumen fluid samples were preserved by trans-
ferring 4 ml of each sample to tubes containing 1 ml of
50% trichloroacetic acid (TCA) as described by Smith et
al. [13]. Rumen ammonia, lactic acid, and volatile fatty
acids (VFAs) concentrations were measured according to
O’Connor et al. [14].
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Grass and concentrate samples
Herbage mass (kg dry matter (DM)/ha) on paddocks
where calves had previously grazed (previous) and on
paddocks where calves were grazing on the day of the
farm visit (current) was estimated based on the sward
height that was measured using a rising plate meter
(Grasstec Ltd, Co. Cork, Ireland), as described by
O’Connor et al. [14]. Representative samples of grass
were collected from each paddock using an electric grass
shears (Bosch Isio, Grasstec Ltd., Cork, Ireland) and
placed in ziplock plastic bags before being transported
to Teagasc, Grange. A sub-sample (~200 g) of fresh grass
was dried at 90°C for 24 h to determine the DM con-
centration, and another sub-sample (~200 g) was dried
at 40°C for 72 h and ground through a Retsch SM100
mill (1 mm aperture; Retsch GmbH, Haan, Germany)
to determine chemical composition. Crude protein
(CP), neutral detergent fibre (NDF), acid detergent fibre
(ADF), ash and water-soluble carbohydrate (WSC) con-
centrations, and DM (DMD) and organic matter (OMD)
digestibility was measured using wet chemistry methods
[14]. Grass mineral composition was analysed using acid
extraction method on Perkin Elmer NexION 2000 ICP-
MS (FBA Laboratories Ltd., Co. Waterford, Ireland).
Concentrate samples (~200 g) were collected in a zip-
lock plastic bag and transported to Teagasc, Grange. The
samples were dried at 40°C for 72 h, ground through a
CT 293 Cyclotec mill (1 mm aperture; FOSS, Denmark)
and analysed for DM, CP, NDF, ash, and starch concen-
trations as described by O’Kiely [15].

Statistical analysis

The data were analysed descriptively (PROC FREQ and
PROC MEANS) using SAS 9.4 (SAS Institute Inc., Cary,
North Carolina, United States).

Results

Calves sampled on Farms 1, 2, and 4 had undetected or
low parasitic burden, and satisfied the SSS case defini-
tion, and therefore were designated as case farms (CF; CF
1, CF 2, and CF 3, respectively). Calves sampled on Farm
3 had a high coccidial burden, and 50% were diagnosed
with chronic pneumonia. Similarly on Farm 5, 63% of
calves were diagnosed with chronic pneumonia, and the
farm had evidence of mineral issues based on very high
forage molybdenum. Consequently, Farm 3 and Farm 5
were designated as non-SSS case farms (NCF; NCF 1 and
NCEF 2, respectively).

Farm managements

All CF were dairy farms with calves born during the
spring calving season, whereas NCF 1 was a mixed enter-
prise farm (dairy cow and dairy-beef systems) and NCF
2 was a dairy-beef farm. All farms had BVDV-negative
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status, with calves tested for BVDV at birth as part of the
national eradication programme. The summary of man-
agement practices and weaning procedures implemented
on each farm are shown in Table 2.

On CF and NCF 1, inorganic nitrogen fertiliser was
applied 1 to 3 weeks prior to calves grazing the paddocks
(Table 3); however, the farmers did not have the record
of fertiliser application rate. During the visits, granules
of fertiliser were observed in some parts of the paddocks
on CF 2. On NCF 2, no fertiliser was applied to the pad-
docks pre-grazing.

Grass and concentrates analyses

The grass and concentrate chemical composition, and
grass trace minerals are presented in Table 4. Grass DM
concentrations varied between farms, with grass samples
from CF having higher DM concentrations compared to
NCE. The CP concentrations in all grass samples were
equal to or less than 200 g/kg DM, with the lowest CP
in grass samples from the current paddock on CF 1.
Grass samples from all farms had NDF concentrations
above 400 g/kg DM, except for the previous and current
paddocks on CF 2 and NCF 2, respectively. Grass WSC
concentrations from the current and previous paddocks
were numerically higher on CF compared to NCF. Grass
molybdenum concentrations from NCF 1 (previous
paddock) and NCF 2 exceeded the normal range. Grass
copper concentrations were within the normal range on
all farms except for grass samples from CF 1 and CF 3.
Conversely, grass cobalt concentrations from most farms
were above the normal range. The CP concentration of
the concentrate supplements were similar between CF
and NCF. Concentrates from CF 1 and NCF 1 had the
highest NDF but the lowest starch content compared to
the other farms.

Clinical examinations

Calf characteristics and clinical data are shown in
Table 5. Calves on CF predominantly had diarrhoesa,
weight loss, poor coat, and some calves had hyper-saliva-
tion. Traces of healed mouth ulcers were observed in four
calves and one calf on CF 1 and CF 2, respectively. On
NCF 1 and NCF 2, calves had clinical signs of diarrhoea
and pneumonia.

Rumen fluid analysis

The mean ruminal pH of calves on CF and NCF were
within normal reference levels (Table 6). Mean ammonia
concentrations varied across farms, with the concentra-
tions on CF 3 and NCF 2 below the minimum concentra-
tions to support microbial growth. Mean concentrations
of D-lactic acid, L-lactic acid, and DL-lactic acid were
comparable between CF and NCF. Mean total VFAs con-
centration was lowest in rumen fluid samples from CF 1.
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Table 2 Farm description, management, and weaning procedures on CF and NCF
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Description/management CF NCF
CF1 CF2 CF3 NCF 1 NCF 2

Farm type Dairy Dairy Dairy Mixed dairy and Dairy-beef
dairy-beef

Calf breed HO x FR HO x FR HO x FR HO x FR; AAX HO, LM AA X FR
X HO; BA x HO

Calf source Homebred Homebred Homebred Homebred Purchased (at 3

weeks of age)

Dam diarrhoea vaccination Yes Yes Yes Yes N/A

Calves vaccination status BRD BRD BRD BRD Clostridia

Coccidiostat? Yes Yes Yes Yes Yes

Anthelmintic® Yes Yes Yes Yes Yes

Water pre-weaning Yes, ad libitum Yes, ad libitum Yes, ad libitum Yes, ad libitum Yes, ad libitum

Age water offered 1 day 7 days 7 days 1 day At arrival (3 weeks)

Concentrate pre-weaning Yes Yes Yes Yes Yes

Age concentrate offered N/A N/A 2 weeks 2 weeks At arrival (3 weeks)

Forage pre-weaning Yes, straw Yes, straw Yes, straw Yes, hay Yes, straw and

silage

Method of milk feeding Automatic feeder  Automatic feeder ~ Manual Manual Manual

Type of milk feeding Milk replacer Milk replacer Whole milk Transition milk; Milk Milk replacer
replacer

Amount of milk feeding

Decision for weaning
Target weaning age on farm
Weaning procedure

Indoor weaning

Immediate turnout
post-weaning

Mineral supplementation at
turnout

Concentrate at grass (amount)

Forage at grass

Gradually reduced
milk feeding
(amount at the
start phase N/A)

Age

10-12 weeks
Gradual®
Yes

Yes

No

Yes (1 kg/h/d)
No

3 LTAD at the
start phase, and
gradually reduced
over the last 10d
to wean

Age

10-12 weeks
Gradual®

Yes

No, stay indoor for
3 weeks

Yes

Yes (1.5 kg/h/d)
Yes, straw

5 L divided into two feed-
ings for 4 weeks, then 5 L
OAD and gradually reduced
to3Land 1L OAD over the
last 10 d to wean

Age

10-12 weeks

Gradual®

Yes

No, stay indoor for 2 weeks

No

Yes (1-2 kg/h/d)
No

2 LTAD for 1 week
(transition milk), then
3 LTAD (milk replacer)

Age

10 weeks
Gradual®
Weaning at grass®
Weaning at grass®

No

Yes (1 kg/h/d)
Yes, straw

3 LTAD, and then
3 L OAD over the
last 7-10d to
wean

Age

11-12 weeks
Gradual®

Yes

No, stay indoor for
1 week

No

Yes (2 kg/h/d)
Yes, hay

HO - Holstein, FR - Friesian, LM - Limousin, AA - Aberdeen Angus, BA - Blonde D'Aquitane; BRD - bovine respiratory disease; N/A - not available; OAD - once a day;
TAD - twice a day;  Timing of dosing was not provided by the farmers; ® Step-down milk feeding; ¢ Milk feeding continued at grass before fully weaned

Table 3 Turnout date, grazing system, fertiliser applications, and herbage mass on CF and NCF

Description/management CF NCF

CF1 CF2 CF3 NCF 1 NCF 2
Date of visit 14/06/2023 15/06/2023 23/06/2023 22/06/2023 27/06/2023
Turnout 15/04/2023 11/05/2023 25/05/2023 21/04/2023 15/05/2023
Duration of clinical signs® ca. 2 weeks 2 days ca. 2.5 weeks ca. 2 weeks ca. 3 weeks
Grazing system Rotational grazing Strip grazing Rotational grazing Rotational grazing Strip grazing
Type of fertiliser applied® Protected urea NPK Protected urea NPK No fertiliser
Timing of fertiliser application® 3 weeks 2 weeks 1 week 2-3 weeks No fertiliser
Herbage mass (kg DM/ha)® 2629 423 1838 836 742

ca. - circa; NPK - nitrogen, phosphorus, and potassium; Rotational grazing - pasture was divided into several paddocks and grazing was rotated sequentially; Strip
grazing - grazing was allocated per strip of the paddock using a movable electric fence; 2 Since the onset of clinical signs to farm visits; ® On the paddocks where
the onset of clinical signs were observed, prior to calves grazing the paddocks; < Herbage mass on paddocks where calves were grazing on the day of farm visit
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Table 4 Grass and concentrate chemical composition, and grass trace minerals on CF and NCF

Analyses CF

NCF Normal references®

CF3

CF1 CF2

NCF 1 NCF 2

Current Previous®

Current Previous® Current®®

Current Previous® Current Previous?

Grass chemical composition

DM (g/kg)? 268 308 272 254 245
CP (g/kg DM) 106 148 177 137 125
Ash (g/kg DM) 70 97 38 161 43
NDF (g/kg DM) 471 480 433 396 454
ADF (g/kg DM) 258 265 239 223 265
WSC (g/kg DM) 216 141 173 140 174
DMD (g/kg DM) 746 720 732 724 724
OMD (g/kg) 739 713 750 689 725
DOMD (g/kg DM) 688 643 723 565 692
Grass mineral composition

Phosphorus (%) 0.24 0.34 0.33 0.33 0.22
Potassium (%) 2.20 2.28 2.74 2.85 1.57
Calcium (%) 045 0.78 0.65 0.55 0.15
Magnesium (%) 013 0.25 0.21 0.20 0.12
Sodium (%) 0.13 0.14 0.25 027 0.14
Sulphur (%) 0.20 0.30 0.34 0.35 0.20
Manganese (mg/kg) 106 137 71 117 68
Copper (mg/kg) 30 53 6.6 9.0 4.0
Zinc (mg/kg) 18 25 27 34 18
Iron (mg/kg) 183 721 916 523 285
Molybdenum (mg/kg) 1.5 23 1.8 1.0 1.0
Selenium (ug/kg) 65 78 95 % 33
lodine (ug/kg) 305 537 396 561 347
Cobalt (ugrkg) 118 394 285 323 132
Concentrate chemical composition

DM (g/kg) 884 861 886
CP (g/kg DM) 173 184 193
Ash (g/kg DM) 102 70 74
NDF (g/kg DM) 260 188 164
Starch (g/kg DM) 147 320 317

258 244 179 187 -

151 160 186 200 -

96 86 106 129 -

477 506 370 457 -

262 277 240 261 -

124 83 138 63 -

676 621 778 668 -

664 626 764 653 -

596 597 679 564 -

0.25 0.31 043 0.35 0.25-0.50
217 211 265 264 1.7-33
0.53 0.60 1.01 0.76 0.38-0.75
0.17 0.19 0.18 0.21 0.14-0.25
0.09 0.07 0.17 0.04 0.17-0.32
0.21 0.26 032 0.32 0.18-0.35
174 136 74 64 100-200
74 9.5 8.2 8.3 6-12

23 29 25 26 25-50
599 312 105 633 120-300
2.2 3.2 5.1 11.9 1.5-26
59 101 158 142 70-140
458 669 205 306 200-420
244 198 101 306 100-180
825 866

192 177 -

87 64 -

239 183 -

180 274 -

DM - dry matter; CP - crude protein; NDF - neutral detergent fibre; ADF - acid detergent fibre; WSC - water soluble carbohydrate; DMD - dry matter digestibility;
OMD - organic matter digestibility; DOMD - dry organic matter digestibility; 2 Paddocks where the onset of clinical signs were observed; ® First paddock since
turnout; < Reference values for grass mineral were sourced from FBA laboratories; ¢ DM concentration after drying

The molar proportions of VFAs varied between farms,
with acetate being the most abundant component. The
acetate to propionate ratio was lowest on NCF 2.

Blood analyses

The complete blood count, blood biochemistry, and
blood mineral profiles of calves sampled on CF and NCF
are summarised in Table 7. The majority of haematologi-
cal variables had mean values within the normal range
and were similar between CF and NCEF. Calves originat-
ing from CF 1 and NCF 1 had mean CK activities that
were above the normal range. On CF 1, CF 2, and NCF
1, the mean concentrations of GLDH were elevated from
the normal range. The mean blood ammonia concen-
trations of all CF sampled calves exceeded the normal
range and concentrations were 5 to 10 times greater than

concentrations measured in NCF calves (Fig. 1). The
mean concentrations of BUN of calves on CF 1 and CF 2
were similar and almost double the mean concentrations
on CF 3 and NCEF, but all were within the normal range.
Calf blood cobalt concentrations exceeded the normal
range on all farms, with the exception of CF 1. Mean
blood molybdenum concentrations on NCF were double
the concentrations on CF but all values were within the
normal range. Similarly, the mean concentrations of the
remaining blood minerals in calves from both CF and
NCF were within the normal range.

Discussion

General SSS case presentation

The onset of SSS clinical signs in the present study was
reported between 2 and 6 weeks after the calves were
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Table 5 Calf characteristics and clinical data of calves on CF and NCF
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Characteristics/clinical variables CF NCF
CF1 CF2 CF3 NCF 1 NCF 2
(n=10) (n=10) (n=10) (n=8) (n=8)
Calf characteristics
Calf sex (number) Female (10) Female (10) Female (10) Female (3); Male (5) Male (8)
Age at turnout to grass (day) 67 (6) 100 (4) 100 (4) 51(13) 85(11)
Age at visit (day)® 127 (6) 135 (4) 129 (4) 113(13) 128 (11)
Body weight (kg)b 116 (12.4) 123(11.7) 129(10.2) 112(10.8) 103 (21.4)
Clinical examinations
Rectal body temperature (°C) 39.0(0.2) 39.1(04) 38.1(1.0) 39.2(1.0) 39.1(0.3)
Respiratory rate per minute 32(8) 40 (9) 27 (6) 42 (11) 39 (6)
Heart rate per minute 74(12) 71(22) 90 (13) 77 (12) 77 (12)
(Number calves, and % of total on each farm)
Dullness 2 (20) 0 0 0 0
Enopthalmus© 2 (20) 0 2 (20) 0 0
Eye discharge® 1(10) 0 0 0 3(38)
Nasal discharged 5(50) 2 (20) 2 (20) 3(38) 6 (75)
Mouth ulcer 4 (40) 1(10) 0 1(13) 0
Muzzle ulcer 0 0 0 0 2 (25)
Hyper-salivation® 6 (60) 8(80) 7 (70) 4 (50) 0
Diarrhoea 7(78)f 7(70) 8 (80) 2(25) 7(88)
Pneumonia 0 2 (20) 1(10) 4 (50) 5(63)
Poor coat 6 (60) 9 (90) 8 (80) 6 (75) 4 (50)

Age, body weight, rectal body temperature, respiratory rate, and heart rate are presented as mean (standard deviation) per farm; ® The age of all calves in the group
ranged from 118 to 149 days old on CF, while the age range of all calves in the group was not available for NCF; ® Body weight at sampling; € Dull, sunken, or deeply

sunken eyes; ¢
emptying (7 out of 9 calves)

Based on the presence or absence of discharge; ¢ Deemed present during oral examinations; fFaecal sample not collected from one calf due to rectal

Table 6 Mean (standard deviation) rumen fluid pH, ammonia, lactic acid, and volatile fatty acids (VFAs) concentrations on CF and NCF

Analyses CF NCF Normal references
CF1(n=10) CF2(n=10) CF3(n=9)" NCF 1 (n=8) NCF 2 (n=6)"
pH 7.09(0.23) 6.75 (0.40) 6.67 (O 40 6.88 (0.14) 6.43 (0.31) >58°
Ammonia (mg/L) 29.6 (15.6) 20.7 (18.5) 176 (15 45.0(8.8) 17.2 (8.8) 20°
D-Lactic acid (g/L) 0.07 (0.02) 0.06 (0.01) 0.08 (O 01 0.08 (0.01) 0.06 (0.02) <0.09°
L-Lactic acid (g/L) 0.04 (0.01) 0.03 (0.01) 0.05(0.01 0.04 (0.01) 0.03 (0.01) <0.09°
DL-Lactic acid (g/L) 1(0.03) 0.09 (0.02) 0.13 (0.01 0.12 (0.02) 0.09 (0.30) -
Total VFAs (mM) 1536 (37.3) 2432 (83.1) 286.0 (67.4) 273.5(48.8) 250.9(93.2) -
Molar proportions of VFAs (mol/100 mol)
Acetate 72.7 (3.0) 61.2(3.9) 71828 72.8(2.0) 66.1 (1.1) -
Propionate 16.7 (2.5) 20.2 (2.0) 165 (1.8 149 (2.1) 22.6(0.7) -
Butyrate 70(1.3) 13.6(1.7) 8.8(1.5) 10.0 (2.0) 8.9(0.9) -
Isobutyrate 1.1(0.7) .8 (0.1) 04(0.2) 6 (0.1) 0.5(0.1) -
Valeric 0.7 (0.2) 1.9(0.9) 0.8 (0.6) .5(0.1) 1.0(0.3) -
Isovaleric 1.8(1.1) 2.3(04) 1.7 (0.3) 1.2(0.3) 0.9(0.1) -
Acetate:Propionate 4.5(0.9) 3.1(0.5) 44(0.6) 50(0.8) 29(0.1) -

*Calves with available rumen fluid samples on CF 3 (9 out of 10 calves) and NCF 2 (6 out of 8 calves); 2

Values for grazing dairy cows in Ireland [16]; ® Minimum

concentration to support microbial growth, with optimum microbial growth at 50 mg/L [17]; € Values for clinically healthy calves — adapted from Gentile et al. [18]

turned out to grass. This is consistent with the observa-
tions that SSS commonly occurs in calves within a month
after turnout to grass [2, 3]. The time gap between turn-
out and the onset of SSS clinical signs in affected calves
is interesting. It may suggest that the syndrome is not an
acute condition that occurs suddenly at grass but slowly
progresses until it reaches a certain critical threshold of

severity before clinical signs are observed, potentially
related to the variation in grass growth and quality.
Calves with SSS predominantly had diarrhoea, weight
loss, poor coat condition, and a subset of calves had what
appeared to be hyper-salivation. Although these clini-
cal presentations are commonly observed in calves with
SSS [3], however, they are not pathognomonic. Hunnam
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Table 7 Complete blood count, blood biochemistry, and mineral profiles of calves on CF and NCF

Analyses CF NCF Normal references®®

CF1 CF2 CF3 NCF 1 NCF 2

(n=10) (n=10) (n=10) (n=8) (n=8)
Complete blood count
WBC (x10° cells/ul) 109 (2.2) 11.1(2.5) 11.0(2.1) 11.8(3.2) 114 (4.0) 4.8-16.3
RBC (x10° cells/ul) 104 (0.6) 9.6 (0.8) 9.9(0.9) 9.8 (0.6) 10.5(0.9) 6.2-11.9
Haemoglobin (g/dL) 12.9(0.8) 11.8(0.8) 13.1(1.6) 12.1(0.7) 126 (04) 73-14.8
Haematocrit (%) 30.5(1.8) 2902 30.8 (2.4) 30.1(1.3) 30.9(2.3) 23-45
Platelet (x10° cells/ul) 470 (74) 623 (112) 560 (107) 674 (194) 671(272) 238-1213
Neutrophil (x10° cells/pL) 3.0(1.8) A1) 35(1.0) 4.1(2.5) 34(1.8) 09-13.0
Lymphocyte (x10° cells/uL) 56(1.0) 6.0 (14) 68(12) 6.9 (1.6) 7.1(26) 0.1-84
Monocyte (x1 03 cells/uL) 19(0.7) 5(0.5) 04(0.2) 0.5(0.1) 0.6(0.3) 0-1.7
Eosinophil (x1 0? cells/ul) 0.11(0.09) 0.04 (0.01) 0.12 (0.05) 0.13(0.11) 0.15 (0.06) 0-04
Basophil (x1 0’ cells/uL) 0.10 (0.04) 2(0.07) 0.15 (0.03) 0.15 (0.05) 0.20 (0.08) 0-03
Blood biochemistry
Albumin (g/L) 404 (1.4) 37.5(3.0) 40.3(3.0) 379(24) 35.7(2.8) 27-36
Total protein (g/L) 71.3(2.8) 69.1 (3.0) 71.8 (4.0) 73.9(5.5) 70.5 (4.8) 45-82
Globulin (g/L) 31.0(2.5) 316(1.7) 314(39) 36.0(6.3) 34.8(5.1) 14-53
CK (WL 373(73) 271 (47) 275 (74) 363 (119) 311(193) 46-326
GGT (U/L) 237 (74) 227 (54) 16.2 (5.7) 19.3(5.7) 24.8(2.7) 11.0-27.6
GLDH (U/L) 93 (60) 95 (69) 19(11) 94 (76) 53 (63) 5-60
Ammonia (umol/L) 152 (49)* 129 (35) 223 (42) 25(11) 22(18) <90¢
BUN (mmol/L) 6.8 (4.6) 6.6 (44) 37(19) 32(13) 35(1.0) 1.7-7.7
Ammonia: BUN 20:1" 20:1 60:1 81 6:1 9:1¢
Blood mineral profiles
Calcium (mmol/L) 25(0.2) 2.5(0.0) 25(0.0) 25(0.0) 25(0.2) 24-31f
Cobalt (ug/L) 1.7(0.7) 3.133) 26 (0.9 35(4.9) 12.0(5.0) 0.17-2.00
Copper (umol/L) 144(1.7) 14.8 (1.3) 154 (1.4) 15.7 (4.0) 144 (1.4) 94-173
Magnesium (mmol/L) 1.01(0.12) 0.99(0.11) 1.00 (0.10) 1.00(0.12) 1.00 (0.08) 0.74-1.10
Molybdenum (ug/L) 6.5 (3.5) 6.6 (2.4) 75(2.6) 133 (5.1) 124 (8.6) 2-35
Phosphorus (mmol/L) 2.1(03) 2.1(0.2) 20(03) 20(03) 2.2(0.5) 18-2.1f
Selenium (ug/L) 689 (7.7) 66.1(12.2) 785 (8.5) 63.3(11.4) 80.7 (14.5) 65-140
Zinc (umol/L) 19.7 (2.1) 183 (2.7) 18.7 (3.0) 16.3(1.7) 17.0 (4.5) 9.2-29.0

All results are presented as mean (standard deviation) per farm; WBC - white blood cells; RBC - red blood cells; CK - creatinine kinase; BUN - blood urea nitrogen;

GGT - gamma glutamyl transferase; GLDH - glutamate dehydrogenase; * Blood ammonia results were only available for five calves; *
Reference for blood biochemistry and complete blood count - adopted from Roadknight et al. [19]; ® Reference for blood

with complete blood ammonia results;

Ammonia: BUN of five calves

mineral profiles — adopted from Herdt and Hoff [20];  Yu et al. [21]; ¢ Buczinski et al. [22]; ¢ West [23]; f Constable et al. [24]

et al. [4] contended that the presence of clinical signs in
affected calves within a herd is not sufficient to distin-
guish herds with or without UAUS and that post-mor-
tem and histopathological examinations are required to
confirm a diagnosis. However, using the aforementioned
diagnostic approach requires post-mortem examina-
tion of a dead calf or of an affected calf that had been
euthanized, and this was beyond the scope of the present
study. The approach to SSS diagnosis in the present study
was based on collecting farm and clinical data as part
of the herd investigation, and eliminating the potential
plausible differential diagnoses, which is consistent with
the current diagnostic approach that is being applied in
Ireland and the UK [3]. There is no consensus on either
an animal-level or farm-level case definition for this syn-
drome [3, 4]. Nonetheless, the present study does suggest
that the clinical presentation of this syndrome is broadly

similar across farms in Ireland, with affected calves
exhibiting diarrhoea and loss of condition in their first
grazing season, which cannot be explained by common
plausible causes such as coccidiosis or PGE.

Hyperammonemia in SSS calves

An important finding in the present study was the high
blood ammonia concentrations (hyperammonemia) in
affected calves on CF. A study by Gultekin et al. [10]
reported that calves with acute diarrhoea, irrespective
of the aetiology, had elevated blood ammonia concen-
trations that were double the concentrations found
in healthy calves, as measured using the point-of-
care blood ammonia analyser. Interestingly, although
the median blood ammonia concentrations were
within the normal range, some calves with infectious
diarrhoea had blood ammonia concentrations that
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Blood ammonia concentrations (mean + SEM)

(o]

wn

=
]

(]

=

=]
L

[y

h

<
L

v

A\

Ammonia (umol/L)
=
=

i
[—]
L

N

[[1

NCF 1 NCF 2
) 1

NCF

Fig. 1 Mean blood ammonia concentrations on CF (129-223 pmol/L) and NCF (22-25 umol/L) (normal <90 pmol/L; [22])

exceeded the normal range (normal <90 umol/L; [22]),
which is similar to the blood ammonia concentrations
found in SSS calves in the present study. This simi-
larity could suggest potential infectious aetiology for
diarrhoea and hyperammonemia in SSS calves. How-
ever, it is important to note that the infectious agents
(e.g., Cryptosporidium parvum, Escherichia coli, rota-
virus, and coronavirus) identified in that study com-
monly cause diarrhoea in calves less than a month old
[25], which was not the case for calves (age more than
3 months old) in the present study. Additionally, the
clinical presentations, epidemiological pattern, and
historic case presentations of SSS calves are not con-
sistent with infectious aetiologies. The level of blood
ammonia concentrations in the present study appears
to have an inconsistent pattern in relation to the sever-
ity of diarrhoea (see Additional file 1), and is contrary
to the findings of Gultekin et al. [10], who reported a
positive relationship between blood ammonia concen-
trations and severity of diarrhoea. This discrepancy
raises questions about the potential causal relation-
ship between diarrhoea and hyperammonemia in SSS
calves, specifically whether the presence of diarrhoea
leads to hyperammonemia or vice versa. A recent sur-
veillance report by Swinson et al. [3] suggested that the
histopathological lesions in calves with SSS are indica-
tive of potential chemical insults, such as those caused
by acidosis and high blood urea or ammonia. How-
ever, the authors of that study did not measure blood
ammonia concentrations in SSS calves. Nonetheless,
due to the absence of histopathological examinations
in the present study, the relationship between hyper-
ammonemia and the formation of histopathological

lesions in SSS calves is speculative and warrants fur-
ther investigation.

Potential cause for hyperammonemia in SSS calves

In the present study, farmers on CF reported recent
application (1 to 3 weeks) of inorganic nitrogen fertil-
isers (i.e., protected urea and NPK) prior to grazing.
Excessive application of inorganic nitrogen fertiliser
can increase the amount of nitrogen in the soil that
is taken up by the grass, resulting in higher herbage
nitrogen and CP [14, 26]. Interestingly, the grass sam-
ples from the paddocks where the affected calves had
grazed (137-148 g/kg DM), and were currently graz-
ing on the day of visit (106—177 g/kg DM) had low to
moderate CP concentrations. This finding was also
surprising and may not agree with the hypothesis on
the association between grazing highly fermentable
grass and SSS. The grazing of lush grass that is high in
CP (greater than 200 g/kg DM; [27]) and low in fibre
(less than 400 g/kg DM; [27]) is a common factor that
is often associated with SSS [1]. However, the results
of grass analysis in the present study should be inter-
preted with caution, as the stage of grass growth at the
time of sampling may not have been representative of
the grass condition when the calves were turned out or
when the onset of SSS clinical signs was first evident.
Furthermore, the time of investigation and grass sam-
pling (June 2023) was exceptionally dry, and lush grass
growth expected at that time of the year was not avail-
able. Grass chemical composition varies depending on
the stage of grass growth [28]. It is possible that the
grass was lush at the time of turnout or at the onset of
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SSS clinical signs and had grown to stemmy grass at
the time of farm visits and sample collections.

Upon ingestion by the calves, grass nitrogen is con-
verted into ammonia by rumen bacteria, mediated by
urease activities [29]. If there is an imbalance between
the ammonia produced from nitrogen metabolism and
the rate of ammonia that can be utilised for microbial
protein synthesis, this condition leads to excess ammo-
nia accumulation in the rumen, and the ammonia will
then be absorbed into the bloodstream [29]. The rumi-
nal ammonia concentrations in the present study were
not indicative of excess accumulation (below the opti-
mum concentration of 50 mg/L; [17]), and appear to
be consistent with the grass CP concentrations [14,
26]. However, it was surprising that there was a mis-
match in the increments of blood ammonia and rumi-
nal ammonia concentrations. One possible explanation
could be related to the disruption in the mechanism of
ammonia clearance post-ruminal. Under normal phys-
iological conditions, systemic ammonia is converted
into urea in the liver before being further excreted by
the kidney [29]. However, in cases of liver dysfunc-
tion, this conversion process is impaired, resulting in
hyperammonemia [29]. This underlying mechanism
may explain the simultaneous findings of hyperam-
monemia and high GLDH concentrations, an indicator
of liver damage [30] in affected calves on CF 1 and CF
2, although the increments in GLDH concentrations
may be insufficient to indicate severe liver damage.
An increase in liver enzymes of more than 10-fold is
generally indicative of severe liver damage, while an
increase of less than 5-fold is considered mild to mod-
erate [31]. Interestingly, the decreased BUN concen-
tration that is typically associated with liver damage
[32] was not observed in the present study. A study by
West [23] reported that the blood ammonia: urea in
normal healthy cattle was 9:1 while a ratio greater than
30:1 was an indicator of liver damage. Unlike plasma
urea, which reflects degradable protein intake, plasma
ammonia levels are more variable and dependent on
the liver for removal. In the present study, 16 of the
25 calves on CF with complete blood ammonia results
had a blood ammonia: urea greater than 30:1. This
finding further supports the liver damage as potential
mechanism for hyperammonemia. Cattle with liver
disease are reported to have clinical manifestations
such as depression, anorexia, weight loss, and diar-
rhoea [23]. Nonetheless, it is also possible that other
factors or yet undetermined underlying mechanisms
may contribute to the hyperammonemia in the pres-
ent study, particularly in affected calves without indi-
cation of liver damage (blood ammonia: urea less than
30:1). Other factors, such as overgrowth of ammonia-
producing microorganisms [33] and deficiency of urea
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cycle enzymes [34] have been suggested as causes of
hyperammonemia without liver damage in other ani-
mal species.

There may also an indirect association between the
timing and level of fertiliser application and hyperam-
monemia detected in SSS calves, specifically due to
potential nitrate or non-protein nitrogen (NPN; e.g.,
urea) poisonings as a result of fertiliser use [35, 36]; but
that is of course if the hyperammonemia findings are
relevant to the development of the clinical symptoms
such as diarrhoea. Clinical signs such as hyper-sali-
vation and/or diarrhoea have been observed in rumi-
nants with these types of poisonings [37, 38], which
is consistent with the clinical signs observed in SSS
calves in the present study. However, it is important to
note that cases of nitrate or NPN poisonings are often
acute and fatal, where animals usually exhibit neuro-
logical clinical signs or die within hours [35, 36]. No
calf deaths were reported in the present study, suggest-
ing that acute nitrate or NPN poisonings were unlikely
causes of SSS. Nonetheless, it is also probable that
SSS calves consumed grass that contained sub-lethal
nitrate and NPN over time, causing chronic nitrate or
NPN poisonings [39]. Chronic nitrate poisonings have
been reported to cause reproductive problems in adult
cattle [40]; however, to our knowledge no studies have
reported effects on growing calves.

Differential diagnoses of SSS

Several differential diagnoses of SSS were considered in
the present study to inform the sample strategy during
herd investigation, including coccidiosis, PGE, mineral
deficiencies or toxicities (e.g., copper or molybdenum),
and ruminal acidosis, as each of these conditions can
cause calf diarrhoea at grass [25]. None of the above
conditions were evident, as parasitology analysis of fae-
cal samples from CF found a low parasitic burden, and
blood copper and molybdenum concentrations were
within the normal range. Moreover, the ruminal pH
indicated normal rumen acidity, and the alteration of
D-lactic acid concentrations in ruminal fluid— which is
commonly reported in cases of ruminal acidosis [18], was
not observed. However, the normal ruminal pH might be
questionable due to the potential saliva contamination
during sample collections and the farmers supplemented
the affected calves with ruminate powders or buffers,
which may have increased the ruminal pH [41, 42].
Nonetheless, affected calves continued to show clinical
signs despite having normal ruminal pH may also suggest
that rumen acidosis is unlikely to be the primary cause of
SSS. All of the visited farms had a BVDV-negative status,
thus ruling out BVDV as a possible cause of infection.
Other differential diagnoses, such as Salmonella infec-
tions, were not investigated in the present study. In the
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case of Salmonella infection, diarrhoea is generally pre-
sented with mucus or traces of blood that are frequently
accompanied by fever and neutropenia [43, 44] due to the
systemic nature of the infection. These conditions were
not observed in affected calves in the present study.

Challenge the widespread hypothesis of SSS causes
Anecdotal reports in Ireland suggest that the cause of SSS
could be related to inadequate rumen development. In
conditions where the rumen is inadequately developed,
there may be an imbalance in microbial composition,
which can disrupt the digestive process in the rumen [45].
This can lead to an accumulation of undigested or unfer-
mented grass substances in the small intestines, result-
ing in malabsorption and subsequently diarrhoea [46].
Another consequence is related to the reduction of rumen
capacity to absorb VFAs, leading to higher accumulation
of VFAs in the rumen and decreased rumen pH [47]. The
total VFAs concentrations in the present study, either from
calves sampled on CF or NCFE, were numerically greater
than the values reported by O’Grady et al. [16], in grazing
Irish dairy cows. Although the high VFAs concentrations
could indicate potential VFAs accumulation, it is impor-
tant to note that the concentration of VFAs in rumen fluid
generally increases after feeding, and its relationship with
rumen pH is influenced by diet [47]. Calves in the present
study had received concentrate supplementation before
rumen fluid collection, which may explain the high VFAs
concentrations. Intervention in early feeding manage-
ment during the pre-weaning period is crucial in promot-
ing rumen microbial colonization and subsequent rumen
development [45, 48]. Studies have reported that the intro-
duction of step-down milk feeding [49], concentrate feed-
ing [50], and forage provision [51] during the pre-weaning
period facilitates rumen development. Considering those
effects of early feeding practices on rumen development, it
is likely that the pre-weaning feeding practices (e.g., step-
down milk feeding, concentrate feeding, and forage pro-
vision pre- and post-weaning) implemented on CF have
stimulated adequate rumen development in calves. How-
ever, despite many studies and reviews published in recent
years that evaluated different calves’ feeding strategies on
performance and health [52-57], there is a concern that
calves are commonly underfed or receive inadequate
amounts of milk feeding, which results in suboptimal
growth performance and organ development. While inad-
equate milk or milk replacer feeding practices and inade-
quate rumen development could be potential contributing
factors for SSS occurrence, further research is warranted
to investigate their involvement.

Study limitations
The time lapse between the onset of SSS clinical signs
and sample collections could be considered a limitation
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of the present study. Ideally, the biological samples or
grass samples should be collected shortly after the onset
of SSS clinical signs in order to accurately reflect the con-
ditions that potentially trigger the SSS occurrence. How-
ever, this is a challenge in field studies as there is often a
delay from the times that farmers observe the SSS clini-
cal signs until the reporting of cases. For example, farm-
ers on CF observed calves displaying SSS clinical signs
between 2 days and 2.5 weeks before the farm visits and
sample collections. Consequently, it is possible that the
affected calves had already passed the ‘peak’ period of the
SSS clinical signs and had started to recover, albeit they
still exhibited the clinical signs at the time of the farm
visits. The calves selection for clinical examination was
somewhat ad hoc owing to the nature of clinical investi-
gation, and in addition the farmers reported most of the
calves in the group were affected but to varying sever-
ity. This lack of clarity and robust numbers of affected
calves in the group is considered weakness of the present
study. Another limitation could possibly be the sensitiv-
ity and specificity of the semi-quantitative point-of-care
ammonia analyser used in the present study, which have
not been determined in calves. However, a study in small
animals provides supporting evidence that the identical
point-of-care ammonia analyser (PocketChem BA) has
adequate precision and positive linearity (R°=0.98), and
negative proportional bias (R°=0.71) with the standard
enzymatic method [11]. Lastly, the self-selected nature
of farms referred for herd investigation and the limited
number of farms reporting the cases in June 2023 may
underestimate the true occurrence of SSS on Irish com-
mercial farms.

Conclusion

The present study provides interesting information on the
occurrence and characteristics of SSS on Irish commer-
cial farms. The findings suggest that copper or molybde-
num toxicities, and ruminal acidosis are not the potential
causes of SSS, and that ruling out common causes of
diarrhoea at grass seems a logical approach to defining
the SSS condition. In addition, the present study provides
further evidence that calves with SSS present with clini-
cal signs of diarrhoea and loss of condition after recent
turnout to grass for first time grazing. The presence of
hyperammonemia in calves with SSS and the potential
association with the timing and level of inorganic nitro-
gen fertiliser application prior to calves grazing the pad-
docks warrant further investigation to determine the
potential definitive cause of SSS.
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AA Aberdeen angus

ADF Acid detergent fibre

BA Blonde d’Aquitane

BRD Bovine respiratory disease



Male Here et al. Irish Veterinary Journal (2024) 77:14
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BVDV Bovine viral diarrhoea virus
CF Case farms

CcK Creatinine kinase

CcpP Crude protein

DM Dry matter

DMD Dry matter digestibility

DOMD  Dry organic matter digestibility
FR Friesian

GGT Gamma glutamyl transferase
GLDH Glutamate dehydrogenase

HO Holstein

ICBF Irish Cattle Breeding Federation
LM Limousin

NCF Non-case farms

NDF Neutral detergent fibre

NPK Nitrogen, phosphorus, and potassium
NPN Non-protein nitrogen

OAD Once a day
OMD Organic dry matter

PGE Parasitic gastroenteritis

PVP Private veterinary practitioners

RBC Red blood cells

SSS Summer scours syndrome

TAD Twice a day

TCA Trichloroacetic acid

UAUS Upper alimentary ulcerative syndrome
UK United Kingdom

VFAs Volatile fatty acids
WBC White blood cells
WSC Water-soluble carbohydrate
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