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- Maternity and neonatal care
- Fit-for-transport criteria and logistics
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Rationale for the Study 

In 2025, there are 
~24.800 dairy farms 

with ~9.3M cows
• Over 64% of calves are 

raised-off farms
• Most studies assessing calf 

transport involve veal calves 

• Long-distance transport has been associated with poor calf 
health (diarrhea and pneumonia), and reduced growth or 
increased morality

• Management, housing and nutrition are key for calf survival 
and growth

(Uetake et al. 2011 ASJ 82:587–590; USDA, 2016; Renaud et al. 2018 JDS 101:2659–2668; Scott et al. 2019 JDS 
102:92249235; Cramer et al. 2024 JDS 107:2454–2464; Fernandes et al. 2024 J. Dairy Sci. 108:3980–3990)
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Source Dairy Farm Transport

Local MarketCalf-Raising Facility Transport

Maternity

To assess the association of transport duration (0.5, 8, 17 or 24 
h) with calf survival, diseases (diarrhea and pneumonia), and 
preweaning average daily gain (ADG) 

Objective

Hypothesis
We hypothesized that calves exposed to transport longer than 8 
h will have increased incidence of diarrhea and pneumonia, 
decreased survival, and reduced preweaning ADG

(©2026 G.M. Schuenemann)

• Retrospective observational study:
o One integrated production system with same genetic base for all cows, 

under the same operational management and logistics (e.g., transportation)

• From January 2022 to March 2024:
o 15 dairy farms, 2 calf raising-facility with 392,064 cales
o Transport duration: 0.5, 8, 17 and 24 hours

24 h
(2500 km) 17 h

(1700 km)

8 h
(830 km)

0.5 h
(10 km)

(©2026 G.M. Schuenemann)

• Parity, Dystocia, Calf Sex, Calf Breed
• Gestation length:

o Short: 254-269 d
o Average: 270-283 d
o Extended: 284-298 d

• Failure of passive transfer:
o FPT was assessed in a subset of calves (n=46,377) 
o Total calf serum protein <5.1 mg/dL at 2-3 d of age

• Calf Survival:
o Calf mortality upon arrival and calf mortality at weaning

• Health Status: 
o Calf diarrhea and calf pneumonia

• Calf Growth:
o Calf birthweights were recorded at calving for all calves
o Weaning BW were recorded in a subset of calves (n=84,449)
o Individual ADG = [(calf birthweights - weaning BW)/ calf age 

at weaning]
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Calf Collection
Center Facility

0.5-1.5 h (10 to 150 km)

North System

Dairy  
Replacement 
Calf  Facility

Dairy-Beef  Cross 
Calf Facility

Farm 12
South System

0.5 h
(10 km)

24 h
(2500 km)

17 h
(1700 km)

8 h
(830 km)
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Farms

Multiparous cows
Dairy and beef sires

First calf heifers
Dairy and beef sires

(©2026 G.M. Schuenemann)

Fit-for-Transport Criteria

(©2026 G.M. Schuenemann)

Criteria Description

1) Calving pen and maternity
• Clean and dry environment
• Sanitation: Hygiene, Hygiene, Hygiene
• All newborn calves were washed with warm water

2) Navel (Umbilicus) • Disinfected, completely dry, no signs of swelling

3) Colostrum intake • Quantity + quality + timing to ensure proper IgG transfer

4) Handling calves with care
• Gentle loading and unloading with emphasis on safety for 

both calves and people

5) General health status
• Alert, responsive, normal posture and without signs of illness
• Conditioning protocol consisting of 4 consecutive meals + 

free choice water

5) Mobility • Able to stand and walk without fractures or joint swelling

6) Transport trailers

• Clean and dry bedding (deep sawdust or wheat straw)
• Adequate space per calf (~0.36 m2  per calf)
• Periodic checks
• Thoroughly washed and disinfected once per day

(©2026 G.M. Schuenemann)

Hygiene, Hygiene, and Hygiene

Pasteurizer (valve): <5 RLU 
Tube or bottle: <5 RLU

If reading is ≥30 Reading Light Units (RLU) on 
SystemSURE Plus, surface is considered dirty. Reading 

<10 is considered clean

Maternity Box (20-24 m2)

ATP Swabs
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Neonatal care:
• Birthweight
• Washed with warm water
• ID with an ear tag
• Colostrum (≥22% Brix): 

o 1st meal of 3.8 L within 2 h of birth (n=142,892) 
o 2nd meal of 2 L 6 h later (n=249,172)

• Umbilical cord disinfection 
• …

A B

C D

Schematic Representation 
Loading and Unloading Calves

(©2026 G.M. Schuenemann)

• At least 4 consecutive feedings:
• 2 L per calf (4 L per d with 14% solids)
• Fourth milk feeding + 1.9 L electrolyte

• All calves who drank 4 consecutive meals and without any 
signs of illness were considered fit to transport starting at 3 
d of age

• Calves were loaded onto the trailers between 30 min and 1 h 
after their last feeding

(©2026 G.M. Schuenemann)

What was the Conditioning Protocol 
Prior to Transport?
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A
n=22

D
n=10

H
n=23

G
n=33

F
n=33

E
n=23

B
n=33

C
n=33

Team drivers

2,973 loads
~0.36 m2 of space

(©2026 G.M. Schuenemann)

Calf Age (d) at Transport

(©2026 G.M. Schuenemann)

Overall Calf Outcomes

• 392,064 calves transported in 2973 loads

Calf Mortality:
- Upon arrival: 0.015%
- At weaning: 2.49%

(©2026 G.M. Schuenemann)
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Calf Mortality upon Arrival was 0.015%, 
did not differ by Transport Duration 

Calf Mortality at Weaning Differed, Mostly Due 
to FPT, Calf Diarrhea, Short Gestation, Etc.

(©2026 G.M. Schuenemann)

0.84

0.86

0.88

0.9

0.92

0.94

0.96

0.98

1

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60

C
a

lf
 S

u
rv

iv
a

l 
P

ro
b

a
b

il
it

y

Age of Calves, d

0.5 h 8 h 17 h 24 h

Cumulative Calf Survival Curves for 
Time to Mortality (n = 392,064) by 

Transport Duration

Adjusted HR (95% CI) for calf mortality (P < 0.0001) were 2.30 (2.14–2.55) 
for 0.5 h, 0.65 (0.55–0.76) for 8 h, and 1.43 (1.29-1.54) for 17 h

(©2026 G.M. Schuenemann)

Cumulative Survival Curves for Time 
to Calf Diarrhea (A) or Pneumonia (B)

Dairy calvesDB cross
∆5 kg in BW

(©2026 G.M. Schuenemann)
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Given the shared timing (~22 d) of disease onset across 
all groups, transport duration alone is unlikely to 

account for the pneumonia cases observed

(©2026 G.M. Schuenemann)

0 d 7 14 21

Fluid diet (~13.5-15.25% solids)
Solid feed (19% CP, 35% starch)

60 d

Transition

Sensitive to >450 mOsm/kg

GI tract: maturing tight-junctions & mucosa

(Meale et al., 2017 JDS 100:5984–5995; Mellors et al., JDS 106:2408–2427; Steele et al., 2016 JDS 99:4955–4966; Wood et al., 2015 JDS 98:7226–7237)

Maternal IgG Diarrhea

Calf IgG

• Heavier calves had ~10% less  ME
• This points to a feeding program-level driver

Respiratory

46

3.8 L/d

5.86 L/d

2.84 L/d

1.89 L/d

Calf Diarrhea Was the Single Most Important 
Factor Explaining Calf Mortality at Weaning

(©2025 G.M. Schuenemann)

Gestation length: Average vs Extended

Gestation length: Short vs Extended

What Is the Effect of Two Colostrum 
Feedings on Calf Diarrhea?

(n=142,892) (n=249,272) 

Calves fed two colostrum meals were ∼50% less likely to develop diarrhea 
compared to one meal, primarily within the first 20 d

(Schuenemann and Piñeiro, 2025 JAS 103, skaf341)

6.2% 

12.3% 

(©2026 G.M. Schuenemann)
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Gestation length:
• Short: 254-269 d
• Average: 270-283 d
• Extended: 284-298 d

Calf birthweights:
• <30 kg
• 30-38 kg
• >38 kg

Two Colostrum Feedings Mitigates 
Compromised Fetal Programming

(©2026 G.M. Schuenemann)

(©2026 G.M. Schuenemann)

Calves are born without antibodies (IgG, IgM, IgA),
 but not immunologically naïve

Why Does this Matter? 
COLOSTRUM intake is necessary but not sufficient 

If fetal programming is compromised before birth:
IgG may absorb normally, yet fail to respond effectively to pathogens

 This explains “high colostrum Brix >> high IgG in blood >> sick calves”

(Hulbert and Moisá, 2016 J. Dairy Sci. 99:3199–3216; Saun and Sniffen, 2014 Clin North Am Food Anim Pract 30:689-719) 

Why the Last 60 d of Gestation Matters 
for Calf Immunity?

(©2026 G.M. Schuenemann)

• ~50% of fetal growth
• Rapid development of calf immunity:

o Lymph nodes, thymus & spleen
o Innate immune cells: Neutrophils, macrophages
o Barrier tissues: GI tract & lung epithelium) 

• Hypothalamus: Stress, thermoregulation & GI permeability

(Hulbert and Moisá, 2016 J. Dairy Sci. 99:3199–3216; NASEM 2021
Saun and Sniffen, 2014 Clin North Am Food Anim Pract 30:689-719) 

Prepartum Nutrition & ↓Inflammation >> Fetal Programming:
• Energy status: ↑cortisol, ↓fetal immune development, ↓IgG
• Protein & AA: Lymphocyte proliferation and antibody synthesis
• Trace minerals: Zn (epithelium integrity, innate immunity), 
        Se (antioxidant defense, neutrophil function), Cu (phagocytosis, cytokine signaling)
• Vitamins: A (mucosal immunity in gut and lung), E (antioxidant protection, immune cell stability)
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Key Health-Related Factors Early 
in Life Play a Much Larger Role in 
Calf Mortality at Weaning than 

Transport Duration

(©2026 G.M. Schuenemann)

 Calf immunity is largely set before or at 
calving

Prepartum nutrition
Management
Environment

Housing
…

Calves that Are NOT Fit-for-Transport

(©2026 G.M. Schuenemann)

• Have not received colostrum
• Unable to thermoregulate
• Dehydrated
• Showing signs of illness (diarrhea, pneumonia)
• Navel swelling or infection
• Fracture, lameness or other injuries
• Unable to stand or walk unassisted
• Recent surgical procedure (e.g., hernia)
• …

What are the Opportunities?

(©2026 G.M. Schuenemann)

- 5 Principles of teamwork:
- Appropriate training

1) Shared goals
2) Clear roles
3) Mutual trust
4) Effective communication
5) Assessing results & continuous improvement

Prepartum:
Last 60 d of gestation

Maternity:
Hygiene & colostrum

Transport:
Comfort & logistics

Pre-weaning:
Nutrition, housing & 

management
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THANK YOU!

Gustavo M. Schuenemann
Email: schuenemann.5@osu.edu; Ph: +1-614-625-0680

(©2026 G.M. Schuenemann)
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