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ABSTRACT

Antimicrobials are frequently administered to calves 
with diarrhea, despite evidence suggesting questionable 
efficacy. Even if efficacious, providing the appropriate 
therapy to an animal requires accurate disease detec-
tion. The objective of this study was to use previously 
collected data and compare clinical scoring by a vet-
erinarian to treatment decisions by on-farm personnel. 
Data describing daily clinical scores and farm treat-
ments were previously collected from 4 farms for calves 
from birth to age 28 d. In this data set, a total of 460 
calves were enrolled. Daily observations and clinical as-
sessments were made on each farm by the same veteri-
narian, for a total of 12,101 calf observation days. Farm 
personnel made all treatment decisions based on their 
own observations, and these treatments were recorded 
by study personnel. Overall, the cumulative incidence 
of a calf exhibiting at least one abnormal clinical sign 
over the 28-d observation period was 0.93, with cu-
mulative incidences of 0.85 and 0.33 for diarrhea and 
dehydration, respectively. The cumulative incidence of 
any treatment (including antibiotics and electrolytes) 
was 0.85, although the majority of treatments used an 
antimicrobial. The farm-specific probabilities that a 
calf with clinical signs of dehydration or diarrhea, re-
spectively, received fluid or electrolyte therapy ranged 
from 0.08 to 0.27 and 0.03 to 0.12. These probabilities 
were greater for the day a clinical sign was first ob-
served. The farm-specific probabilities that a calf with 
clinical signs of diarrhea received an antimicrobial was 
0.23 to 0.65, and the probability that a calf exhibit-
ing clinical signs of respiratory disease received an 
antimicrobial was 0.33 to 0.76. The first observation 
of diarrhea had similar probabilities to those for all 
observations of diarrhea. There was greater probability 
of treatment for calves with their first observed ab-

normal respiratory signs. Probabilities that treatment 
with antimicrobials, or fluids or electrolytes, was as-
sociated with an abnormal clinical sign were low—that 
is, calves received treatments in the absence of any 
abnormal clinical signs. This study illustrates incongru-
ity between treatment decisions by calf treaters (the 
designated personnel on each farm responsible for calf 
health assessment and treatment decisions) and those 
of an observer using a clinical scoring system to identify 
calves with abnormal clinical signs. These findings in-
dicate opportunities and the need for dairy farmers and 
advisors to evaluate calf treatment protocols, reasons 
for treatment, and training programs for calf health 
and disease detection, as well as to develop monitoring 
programs for treatment protocol compliance and health 
outcomes following therapy.
Key words: dairy calf, diarrhea, respiratory disease, 
treatment

INTRODUCTION

Disease is commonly reported as a problem in the 
management of preweaned dairy calves. A USDA 
(2018) national study of US dairy operations reported 
that 21% of preweaned dairy calves were affected by 
diarrhea or other digestive disorders, and 76% of these 
calves were treated with an antibiotic. A survey of 
calf-raising facilities reported the median farm-level 
percentage of preweaned calf diarrhea to be 20% (in-
terquartile range = 26.9%, n = 78), and a median of 
50% of all premise-level calf deaths were attributable 
to diarrhea (Walker et al., 2012). At the premise level, 
the median diarrhea-associated antibiotic treatment 
percent was 83% (interquartile range = 70%, n = 
73). These data highlight an important issue for the 
food-animal industries, including dairy and veterinary 
medicine: the use of antimicrobials for the management 
of calf health is common, and understanding how, why, 
and where antimicrobials are used is fundamental to 
developing, promoting, and fostering antibiotic stew-
ardship (AVMA, 2018).

A retrospective cohort study comparing dairy calf treatment decisions 
by farm personnel with veterinary observations of clinical signs
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Although the use of antibiotics to treat preweaned 
calf diarrhea is common and well documented, Smith 
(2015) raises a legitimate concern about their use. A 
very limited number of antimicrobials are approved 
to treat calf diarrhea (based on label claims), yet the 
data supporting the treatment efficacy of these labeled 
antimicrobials is inconsistent. In addition, although 
the industry has collected data describing how often 
antimicrobials are used, we know very little about the 
on-farm decision processes regarding calf health (such 
as what signs or cues define a calf as healthy or sick) or 
about the decision processes for intervening and treat-
ing (for instance, whether a calf receives supportive 
care or an antimicrobial).

Clinical scoring systems for diarrhea, dehydration, 
and respiratory disease have been developed to per-
form systematic assessments of calves to detect and 
rank severity of clinical disease (Fecteau et al., 1997; 
McGuirk, 2008). These tools can inform treatment 
decisions, support judicious use of antimicrobials, and 
improve calf health. Combining these scoring systems 
with important clinical signs such as attitude, appetite, 
swollen joints, ear droop, and navel swelling is effective 
in staging the health of a calf. In a study where the 
investigator based calf health assessments and antimi-
crobial treatment decisions upon a set of clinical scor-
ing systems that included signs of fever, depression, or 
poor appetite, a substantial decrease in antimicrobial 
use and concomitant savings in drug costs were realized 
without affecting the farm’s historic low mortality rates 
or targeted weight gains (Berge et al., 2009b). Although 
clinical scoring systems are prevalent in research stud-
ies, it is not known how commonly they are used on 
commercial dairy farms or calf ranches.

In a perfect world, all health and treatment decisions 
and associated treatment protocols would be evidence-
based. However, farmers’ and animal health workers’ 
behaviors and decision-making are complex and based 
on intrinsic sociopsychological factors that are difficult 
to measure and predict. A study of dairy farmers’ will-
ingness to restrict use of anthelmintic drugs to reduce 
drug resistance revealed that their “attitude toward a 
novel treatment” and the “opinion of their significant 
other” had the strongest influence on adoption of re-
stricted drug use (Vande Velde et al., 2015). Another 
study estimated that 17 to 47% of the variation in mas-
titis detection could be explained by a farmer’s attitude 
(Jansen et al., 2009). A study of producer diagnosis of 
diarrhea in piglets found that producers with less than 
4 years of experience were more accurate at diagnosing 
diarrhea than were producers with more than 4 years 
of experience (Pederson and Strunz, 2013). If level of 
experience, attitude, and influence by family members 

can have significant effects in other areas of agriculture, 
it seems that similar factors might play a role in dairy 
calf disease detection and treatment decisions.

Studies of disease diagnosis by producers, relative to 
veterinarian or diagnostic findings, have revealed dis-
crepancies. Sivula et al. (1996) reported low sensitiv-
ity (Se = 58%) and good specificity (Sp = 93%) when 
comparing farmers’ diagnoses of enteritis-associated 
calf mortality with necropsy findings. Producers’ diag-
noses of pneumonia-associated mortality were similarly 
aligned with necropsy findings (Se = 56% and Sp = 
100%). A multifarm study comparing veterinary on-
farm diagnosis of calf pneumonia (based on a set of 
clinical criteria) with treatment by on-farm personnel, 
based on their experiential criteria, reported that the 
farm personnel estimate of pneumonia population risk 
was 0.16 compared with the clinician estimate of 0.26 
(Virtala et al., 1996a). Agreement between the groups 
was low (Kappa = 0.24), and the discrepancy was at-
tributed to underdetection of subclinical pneumonia 
by caregivers. In a companion paper comparing esti-
mates of diarrhea risk on the same herds, Virtala et 
al. (1996b) reported their impression that caregiver 
treatment decisions overdiagnosed diarrhea compared 
with veterinary diagnosis based on clinical signs. In 
a study of morbidity in calves, Svensson et al. (2003) 
found that farmers were underdiagnosing respiratory 
disease compared with veterinarians who visited the 
farm monthly.

As the structure of US dairy and calf-rearing enter-
prises continues to move toward larger and more spe-
cialized operations, health care and treatment decisions 
are increasingly put in the hands of employees. In this 
context, we know relatively little about the relationship 
of employee decisions to treat a calf compared with dai-
ly clinical scoring of calf disease. The objective of this 
project was to compare clinical scoring of preweaned 
dairy calves by a veterinarian with treatment decisions 
by farm personnel and to describe on-farm treatment 
practices for calf health conditions.

MATERIALS AND METHODS

Study Design and On-Farm Procedures

For the purpose of this retrospective cohort study, 
data were sourced from previously conducted clinical 
trial studies, and specific details of farm management 
are described by Berge et al. (2009a,b). Briefly, data 
from 4 farms that rear calves were included. Three 
farms were calf ranches (CR1, dairy-source bull calves; 
CR2, dairy-source bull and heifer calves; CR3, dairy-
source bull calves), and during the study these farms 
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enrolled 90, 84, and 95 calves, respectively. The fourth 
was a dairy farm (DF) raising their own heifer and bull 
calves; this farm enrolled 191 calves during the study. 
In these studies, all calves placed in the calf housing 
area were enrolled at birth (DF) or upon their arrival 
on the farm (CR1, CR2, CR3) and evaluated daily for 
up to 28 d. Blood samples were collected on d 2 of life 
and evaluated for serum IgG using a radial immunodif-
fusion assay commercial kit (Immunocheck, VMRD, 
Pullman, WA). For this study, calves with values below 
1,000 mg/dL were classified as failure to transfer pas-
sive immunity (FTPI). Clinical scores were assigned 
by a veterinary observer based on a multisymptom 
scoring system (Berge et al., 2005). Health parameters 
evaluated and scored included appetite (based on liquid 
feed consumption), fecal consistency, hydration, respi-
ratory disease signs, and observations of eyes, ears, 
navel, joints, and calf attitude (Table 1). For analyses, 
all scores were dichotomized. Specifically, fecal clinical 
scores 0–1 were classified as “normal,” and scores of 
2–4 classified as “diarrhea.” Calf hydration score 0 was 
classified as “normal,” and scores of 1–3 were classified 
as “dehydrated.” Respiratory disease was classified as 
“normal” in the absence of clinical signs and classified 
as “diseased” with any sign of rhinitis, coughing, or 
heavy thoracic or abdominal breathing, and attitude 
was dichotomized as “alert” or “depressed.” Calves were 
scored twice daily before milk feeding.

Personnel responsible for treatments on each farm 
made health and treatment decisions independent of 
veterinary observations and without diagnostic infor-
mation. On all farms, one person was designated as 
a “treater” or “calf manager” and was responsible for 
treatment decisions. In addition, a designated person 
on each farm helped with treatments (often respon-
sible for older preweaned calves) and was the “treater” 
on days when the primary treater was off farm. On 
all farms, the daily work routine included prescribed 
times allocated for health assessments and treatments. 
During this time, the veterinary investigator followed 
the treater and recorded events while treatments were 
administered; farm records were not used. Administra-
tion of an oral electrolyte solution (OES) was noted at 
this time, but actual administration of OES was usually 
deferred until after the clinical observation rounds and 
passively delivered as a bottle between feedings, veri-
fied at the subsequent health evaluation round. Data on 
clinical observations and treatments for calves within 
the first 28 d of life were merged, resulting in 460 calf 
records and a total of 12,101 calf-days of observation.

Data Management and Analysis

All health and treatment data were recorded in a 
spreadsheet program (Excel, Microsoft Corp., Red-
mond, WA). Descriptive statistics for total observation 
days, mortality, and clinical events during the observa-
tion period were calculated using R (version 3.4.3, R 
Project for Statistical Computing). Several outcome 
metrics were of interest, including cumulative incidence 
of clinical events, treatments, and mortality; ratio of 
cumulative number of clinical events to cumulative calf 
observation days for the 28-d follow-up period (28D-
CumE); daily prevalence of clinical events or treat-
ments; time to first clinical or treatment event; and 
probability of an event.

Cumulative incidence was determined as the number 
of calves first observed with an event, relative to the 
calves at risk. The 28D-CumE for a clinical event or 
treatment was calculated as the ratio of the number of 
clinical events across the 28-d follow-up period relative 
to the number of cumulative observed calf-days. In this 
calculation, all observed daily events (not just first ob-
servation of an event) were counted. Daily prevalence of 
an event explicitly allowed calves to contribute several 
observations across the entire 28-d follow-up period. 
This was calculated as the number of observed events 
relative to the total number of calves observed that 
day and resulted in 28 discrete prevalence estimates. 
Time to first event, either clinical sign or treatment, 
was determined and reported as median time and in-

Table 1. Clinical scoring system used as criteria for defining disease 
in preweaned calves

Observation  Clinical signs Score

Fecal score Formed 0
 Semi-formed/soft 1
 Runny 2
 Watery 3
 Runny/watery with fecal blood 4
Respiratory Normal 0
 Rhinitis (nasal discharge) 1
 Coughing 2
 Heavy thoracic breathing 3
 Abdominal breathing 4
Hydration Normal appearance 0
 Sunken eyes 1
 Skin tented 5–10 s 2
 Skin tented >10 s 3
Attitude Alert 0
 Depressed 1
 Nonresponsive 2
Eyes Normal 0
 Swelling/redness/discharge 1
Ears Normal 0
 Head tilt, hanging head 1
Navel Normal 0
 Swelling/heat/pain 1
Joints Normal 0
 Swelling/heat/pain/lameness 1
Appetite Finished 2-L a.m. liquid meal Yes/No
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terquartile range. Specifically, time to first observation 
of treatment was also described, using Kaplan-Meier 
methods (R packages survival and survminer). Logistic 
regression models were used to estimate odds ratios 
(OR) and probabilities of first treatments with either 
electrolytes or antibiotics, conditional on the presence 
of clinical signs, and to estimate probabilities of first 
clinical signs conditional on a treatment event. A set 
of mixed logistic regression models for calves evaluated 
daily across the entire 28-d follow-up period were used 
to model treatments conditional on clinical signs. So-
lutions for multivariable logistic regression and mixed 
model multivariable logistic regression were determined 
using R packages glm and lme4, respectively. Probabili-
ties for an outcome and their 95% confidence intervals 
were determined from the logistic regression variable 
estimates stratified by farm and solved using a spread-
sheet program.

RESULTS

Veterinary-Observed Abnormal Clinical Scores

Our analysis included 460 Holstein calves. The all-
farm 28-d mortality proportion was 0.10 and varied 
between farms, ranging from 0.02 to 0.28 (Table 2). 
The percentages of calves with FTPI (serum IgG values 
<1,000 mg/dL) were 64.4, 45.6, and 75.0% in CR1, 
CR2, and CR3, respectively. The percentage of calves 
with FTPI was 13% for DF. Daily health information 
was recorded over 12,101 calf observation days. Ab-
normal clinical scores were recorded on every farm. A 
total of 426 of 460 calves (92.6%) exhibited at least 
one abnormal score during their 28-d follow-up. The 
28D-CumE for abnormal signs observed on each farm 

and overall is shown (Table 2). Although some of the 
28D-CumE were similar between study farms, farms 
had unique disease patterns.

First observations of abnormal clinical scores oc-
curred during the first 3 d on CR1, CR2, and CR3, and 
primarily after d 9 on DF. The median days to observe 
the first sign were 3, 1, 3.5, and 11 d, with interquartile 
ranges of 4, 6, 5, and 4 for CR1, CR2, CR3, and DF, 
respectively.

Diarrhea was the most common abnormal clinical 
score across all farms, with 393 of 460 calves (cumula-
tive incidence = 0.85) observed with at least one day 
of diarrhea and farm-specific diarrhea cumulative inci-
dences of 0.9 (81/90), 0.75 (63/84), 0.73 (69/95), and 
0.94 (179/191) for CR1, CR2, CR3, and DF, respec-
tively. Diarrhea was also the most commonly observed 
first abnormal clinical score and accounted for 324 of 
the 426 observations. Across all observed calf-days, 
normal fecal scores (FS) were noted on 10,832 d and 
diarrhea observed 1,269 d (Table 2). The 28D-CumE 
for diarrhea was 0.10, with farm-specific values ranging 
from 0.07 to 0.12 (Table 2). Based on the all-farm daily 
diarrhea prevalence, the interquartile range (i.e., half 
of the prevalence density) occurred in calves between 
ages 7 and 14 d (Figure 1). The temporal pattern for 
daily observations of diarrhea varied between farms. 
DF had a unimodal pattern, but CR1 and CR2 had 
bimodal patterns with peaks at d 1–3 and subsequent 
sets of observations uniformly distributed. However, 
daily diarrhea prevalence on CR2 persisted throughout 
the 28-d follow-up. For CR3 we discovered a fairly uni-
form pattern of daily diarrhea prevalence through d 9 
and relatively low prevalence throughout the remaining 
follow-up (Figure 1). The overall median time to first 
observation of diarrhea was 9 d, with an interquartile 

Table 2. Summary of overall 28-d mortality and morbidity1

Item2

Herd3

OverallCR1 CR2 CR3 DF

No. of calves (no. of calf observation days) 90 (2,395) 84 (2,230) 95 (2,179) 191 (5,297) 460 (12,101)
28-d mortality proportion 0.08a 0.08a 0.28b 0.02c 0.10
Calf-days (28D-CumE) for diarrhea (FS ≥2) 270 (0.11)a 203 (0.09)b 155 (0.07)c 641 (0.12)a 1,269 (0.10)
Calf-days (28D-CumE) for respiratory signs (R ≥1) 78 (0.03)a 113 (0.05)b 68 (0.03)a 9 (0.002)d 268 (0.02)
Calf-days (28D-CumE) for depressed attitude (AT ≥1) 34 (0.01)a 44 (0.02)a 100 (0.05)b 74 (0.01)a 252 (0.02)
Calf-days (28D-CumE) for poor appetite (AP = No) 24 (0.01)a 39 (0.02)b 132 (0.06)c 53 (0.01)a 248 (0.02)
Calf-days (28D-CumE) for dehydration (H ≥1)4 81 (0.03)a 74 (0.03)a 251 (0.13)b 10 (0.002)c 416 (0.03)
a–dProportions within a row with different superscripts were statistically different (P < 0.05).
1Morbidity is based on daily veterinary clinical observations. Data are stratified by clinical sign and farm.
2FS = fecal score; R = respiratory; AT = attitude; AP = appetite (finished a.m. liquid meal); H = hydration. 28D-CumE was the ratio of cu-
mulative number of observed clinical events to cumulative calf observation days for the 28-d follow-up. A calf observed multiple days with an 
event, for example, diarrhea, would be counted multiple times with that event.
3CR1, CR2, CR3, DF = calf ranches 1, 2, and 3, and dairy farm, respectively.
490% of calves were scored as H = 1 (sunken eyes).
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range of 9 d. For the calf ranches, the median day to 
first observation of diarrhea occurred within the first 
week (d 3, 2, and 5), with an interquartile range of 6, 
8, and 6 d for CR1, CR2, and CR3, respectively. In 
contrast, the median day to first diarrhea observation 
for DF was 11 d, with an interquartile range of 3 d.

The second most common abnormal clinical score 
was dehydration. Across all farms, 150 out of 460 
calves (cumulative incidence = 0.33) were observed 
with at least one day of dehydration. This varied by 
farm, with cumulative incidences of 0.38 (34/90), 0.44 
(37/84), 0.74 (70/95), and 0.05 (9/191) for CR1, CR2, 
CR3, and DF, respectively. For 65 calves, dehydration 
was the first observed abnormal score (15% of first 
observations). The overall 28D-CumE for dehydration 
was 0.03 (416 d/12,101 observation days), with farm-
specific 28D-CumE ranging from 0.002 to 0.13 (Table 
2). Based on the overall daily dehydration prevalence, 
the interquartile range was between 7 and 17 d, with no 
clear peak day of occurrence (Figure 2). Farm CR3 was 
responsible for 62% of the cumulative daily dehydra-
tion events (11.5/18.4 dehydration events × 100) and 

consistently had clinical scores of dehydration across 
the 28-d follow-up period, while DF had few calves ob-
served with dehydration (Figure 2). The overall median 
time to observe a first dehydration event was 8 d, with 
an interquartile range of 8 d. The patterns of first ob-
servation varied somewhat by farm, with median values 
of 8, 14, 7, and 17, and interquartile ranges of 2, 9, 8, 
and 7 for CR1, CR2, CR3, and DF, respectively.

The remaining abnormal clinical observations (respi-
ratory, attitude, appetite) were observed approximately 
250 d each, for a 28D-CumE of 0.02 (Table 2). Across 
all observed abnormal clinical scores we observed a con-
sistent pattern, with the 28D-CumE for farm DF below 
the overall value (the exception being diarrhea) and the 
28D-CumE for farm CR3 above the overall value (the 
exception being diarrhea; Table 2).

Approximately 9% of calves observed with diarrhea 
on any day were also observed as clinically dehydrated, 
compared with 3% of calves with normal FS. Approxi-
mately 20% of dehydrated calves were also observed 
with a depressed attitude, compared with 2% of hy-
drated calves.

Figure 1. Daily prevalence of observed calf diarrhea stratified by farm across all observation days. Prevalence was calculated as daily cases 
of diarrhea relative to the total number of calves observed each day by farm and multiplied by 100. CR1, CR2, CR3, DF = calf ranches 1, 2, 
and 3, and dairy farm, respectively.
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Antimicrobial and Non-Antimicrobial Treatments  
by On-Farm Personnel

A total of 390 of the 460 calves (84.7%) were treated 
at least once by farm personnel during their 28-d fol-
low-up period. This included any administration of an 
antimicrobial, oral or intravenous fluids, an anti-inflam-
matory, or other palliatives, although 83% of first treat-
ments were antimicrobials. Time to first treatment had 
2 patterns, with similar median days at first treatment 
on the calf ranches: 5, 5.5, and 5 d, with interquartile 
ranges of 8.25, 14, and 12 d for CR1, CR2, and CR3, 
respectively. Calves in DF had a later median of 11 d to 
first treatment, with a tight interquartile range of 3 d. 
A Kaplan-Meier time-to-event curve demonstrates the 
same trend and also shows that by the end of the 28-d 
follow-up, nearly all calves on CR3 and DF had been 
treated, but slightly less than 75% of calves on CR1 
and CR2 had been treated (Figure 3). By d 18, more 
than 96% of the treated cohorts for farms CR1, CR3, 
and DF had been treated. The survival curve for days 
to first treatment for CR2 had a more gradual slope, 
and 20% of first treatments had yet to be administered 
by d 18 (Figure 3).

Based on the daily prevalence of treatment, the 
interquartile range (i.e., 50% of daily treatments ad-
ministered) was between 9 and 18 d (Figure 4). The 
temporal patterns of daily treatment prevalence varied, 
with the calf ranches treating in a more even pattern 
across the follow-up period and DF having a set of days 
with clear higher prevalence. The interquartile ranges 
for treatment overlapped between farms: d 6 to 13, 8 to 
20, 7 to 16, and 8 to 18 for CR1, CR2, CR3, and DF, 
respectively.

The overall 28D-CumE for a calf to receive an an-
timicrobial treatment was 0.25 (Table 3). On more 
than 10% of calf-days with a FS = 0 (1,118 antibiotic 
treatment days/9,223 calf-days) and 15% of calf-days 
with FS = 1 (237/1,609), calves were treated with an 
antimicrobial. Although all farms used 4 to 6 differ-
ent antimicrobials in the first 28 d of life, the array of 
antimicrobials was unique to each farm. There was a 
between-farm difference in the number of observed days 
that antimicrobials were used. The greatest 28D-CumE 
for antimicrobial treatments occurred at DF, which was 
mainly due to their use of a 2-antimicrobial protocol for 
the first treatment (Table 3).

Figure 2. Daily prevalence of observed dehydration stratified by farm across all observation days. Prevalence was calculated as daily cases 
of dehydration relative to the total number of calves observed each day by farm and multiplied by 100. CR1, CR2, CR3, DF = calf ranches 1, 
2, and 3, and dairy farm, respectively.
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On 673 calf-days (28D-CumE = 0.056) an OES/IV 
fluid treatment was recorded, of which 13 d were IV 
fluids. Among the OES/IV fluid treatments, 75% were 
administered in conjunction with another treatment, 
and most of the associated treatments were antimi-
crobials (66.3%). We observed farm differences, with 
DF having the lowest 28D-CumE for observed OES/
IV (0.024) compared with CR1, CR2, and CR3, which 
had 28D-CumE of 0.073, 0.073, and 0.095, respectively.

There were 187 recorded flunixin meglumine treat-
ment days across the 4 farms. No specific clinical ob-
servations were associated with flunixin treatment, and 
antimicrobials were given at the same time on 85% of 
flunixin treatment days.

Risk Factors for Electrolyte Treatments

Using all observation days (n = 12,101), from a mixed 
model logistic regression (controlling for farm and re-
peat observations on calves), we estimated OR and 
probabilities of OES/IV fluid treatment conditional on 
observing abnormal clinical signs associated with diar-
rhea, dehydration, poor appetite, and abnormal respi-
ratory signs. Analysis revealed an increased likelihood 
that a calf with any symptom received an OES/IV fluid 
treatment compared with asymptomatic calves. The 
largest OR for receiving an OES/IV fluid treatment, 
compared with asymptomatic calves, were associated 

with observed dehydration (16.21, 95% CI 12.01–22.42) 
and observed diarrhea (5.85, 95% CI 4.69–7.30). These 
findings are tempered by the low probabilities of treat-
ing dehydrated calves and calves with diarrhea with 
OES/IV fluids. Similar probabilities (≈0.26) of treating 
dehydrated calves with fluids occurred for CR1, CR2, 
and CR, and DF was the least likely (probability 0.08) 
to treat with OES/fluids when the clinician observed 
clinical signs of dehydration only (Table 4). A similar 
pattern for farms was observed for calves with diarrhea, 
although these calves were very unlikely to receive an 
OES/IV treatment, with the probability of receiving 
fluids being approximately half of that for dehydrated 
calves (Table 4).

Logistic regression models for OES/IV treatment at 
first observation of dehydration or diarrhea also showed 
an increased risk for dehydrated calves to receive fluids 
(OR = 20.46, 95% CI 7.86–58.25). In contrast to the re-
sults using the full set of calf-day observations, the OR 
for calves with first day of observed diarrhea to receive 
fluids was diminished (OR = 1.97, 95% CI 0.83–4.85). 
However, these findings are also tempered by the low 
probabilities for calves to receive electrolytes, ranging 
from 0.18 to 0.59 for calves first observed as dehydrated 
and 0.02 to 0.12 for calves first observed with diarrhea 
(Table 5). It is notable that calves at first observa-
tion of dehydration were about 2 times more likely to 
receive an OES/IV treatment than were dehydrated 

Figure 3. Kaplan-Meier plot of days to first treatment (electrolytes or antimicrobials) stratified by farm. CR1, CR2, CR3, DF = calf ranches 
1, 2, and 3, and dairy farm, respectively.
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calves across the entire follow-up period. There was no 
such difference in probability for receiving fluid therapy 
between overall and first observation of diarrhea.

Risk Factors for Antimicrobial Treatment

Using all calf-day observations, from the results of a 
mixed model logistic regression controlling for farm and 
repeat observations of calves, we estimated OR and 
probability that a calf received an antimicrobial treat-
ment if the calf was observed with diarrhea, did not fin-
ish its morning milk, exhibited respiratory signs, or was 
dehydrated compared with asymptomatic calves. All 
calves with any observed abnormal clinical signs were 
at increased risk for antimicrobial treatment compared 
with healthy calves, although the largest OR for receiv-
ing an antimicrobial were associated with calves ob-
served with diarrhea (OR = 11.06, 95% CI 9.54–12.84) 
and calves with respiratory signs (OR = 18.48, 95% CI 
11.36–30.04). The probabilities of a calf receiving an 
antimicrobial for either diarrhea or respiratory signs 
varied by farm from 0.23 to 0.76, with DF consistently 
having the greatest probability of using an antimicro-

bial (Table 6). From the logistic regression evaluating 
antimicrobial treatment on first abnormal clinical score 
for diarrhea, the OR for antimicrobial treatment was 
comparatively muted (OR = 2.92, 95% CI 1.35–6.42), 
although calves with respiratory signs had a similar risk 
for treatment on first sign as for signs across the entire 
follow-up period (OR = 15.08, 95% CI 4.90–51.28). The 
probabilities that a calf with first observed day of diar-
rhea received an antimicrobial varied by farm but were 
relatively low for the calf ranches (0.17–0.40), with DF 
having the highest probability (0.67) of treating calves 
first observed with diarrhea with an antimicrobial 
(Table 7). The probabilities that a calf with first day 
of respiratory signs was treated with an antimicrobial 
were relatively high for all farms, with DF treating 0.91 
of calves with signs (Table 7).

Abnormal Clinical Observations Associated  
with First Treatments

We evaluated a multivariable logistic regression 
model of the probability of observing a clinical sign, 
conditional on first treatment with an electrolyte or an 

Figure 4. Daily prevalence of treatment stratified by farm across all observation days. Prevalence was calculated as number of daily treat-
ments relative to the total number of calves observed each day by farm and multiplied by 100. CR1, CR2, CR3, DF = calf ranches 1, 2, and 3, 
and dairy farm, respectively.
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antimicrobial, controlling for farm. There was a strong 
association for a fluid-treated calf to be observed as 
dehydrated (OR = 13.5, 95% CI 4.86–43.54) compared 
with a normal calf. The farm-specific probabilities of 
observing dehydration associated with a fluid treat-
ment were variable and ranged between 0.12 and 0.62, 
with CR3 having the greatest and DF the lowest prob-
ability (Table 8). We discovered no association for an 
antimicrobial-treated calf to be observed as dehydrated 
compared with a normal calf (OR = 0.79, 95% CI 
0.36–1.73). The farm-specific probabilities reflected 

this finding, as the probabilities for an antimicrobial-
treated calf to be observed with dehydration were all 
below 10% (Table 8).

The results from a multivariable logistic regression 
model of the probability of observing diarrhea, con-
ditional on a first fluid and antimicrobial treatment, 
found little evidence of an association between receiv-
ing a fluid treatment and being observed with diar-
rhea (OR = 1.70, 95% CI 0.90–3.24). The farm-specific 
probabilities for a fluid-treated calf observed with diar-
rhea ranged from 0.19 to 0.40, with DF the most likely 
to have associated a fluid therapy with diarrheic calves 
(Table 9). There was a modest association between the 

Table 3. Number of treatments (N; ratio of cumulative number of clinical events to cumulative calf observation days for the 28-d follow-up 
period in parentheses) stratified by antimicrobial and farm; data include 460 calves and 12,101 calf-days of observation

Antimicrobial

Herd1

OverallCR1 CR2 CR3 DF

Ampicillin 7 (0.0) 0 0 0 7 (0.0)
Penicillin 0 17 (0.0) 0 633 (0.12) 650 (0.05)
Ceftiofur 122 (0.05) 132 (0.06) 279 (0.13) 0 533 (0.04)
Florfenicol 0 37 (0.02) 61 (0.03) 2 (0.0) 100 (0.0)
Fluoroquinolone 0 0 1 (0.005) 0 1 (0.0)
Gentamicin 0 4 (0.0) 0 0 4 (0.0)
Spectinomycin 0 0 0 633 (0.12) 633 (0.05)
Tilmicosin 4 (0.0) 10 (0.4) 0 0 14 (0.01)
Tylosin 18 (0.0) 0 0 0 18 (0.0)
Trimethoprim-sulfa 65 (0.03) 83 (0.04) 49 (0.02) 828 (0.16) 1,025 (0.08)
Total 216 (0.09) 283 (0.13) 390 (0.18) 2,096 (0.4) 2,985 (0.25)
Total observation days 2,395 2,230 2,179 5,297 12,101
1CR1, CR2, CR3, DF = calf ranches 1, 2, and 3, and dairy farm, respectively.

Table 4. Probability of calf treatment by farm personnel, stratified by 
farm, with an oral electrolyte solution (OES) or IV fluids on any day 
given the clinical sign of dehydration only or diarrhea only, determined 
independently by a veterinarian1

Herd
Probability of  

OES/fluid 95% CI

Dehydration   
 CR1 0.27 0.18, 0.37
 CR2 0.26 0.18, 0.37
 CR3 0.26 0.17, 0.36
 DF 0.082 0.057, 0.12
Diarrhea   
 CR1 0.12 0.075, 0.18
 CR2 0.12 0.073, 0.18
 CR3 0.11 0.070, 0.17
 DF 0.031 0.021, 0.045
1Probabilities estimated from mixed model logistic regression account-
ing for repeat observation of calves (n = 460) during their first 28 d 
of life (12,101 total days of observation), conditional on clinical sign 
and farm:
Pr OES/Fluid =

CR1 CR2 CR3 DF

1

1 5 2 1 41 1 4 1 35 0+ −− + ( )+ ( )+ ( )+ ( )e . . . . ++ ( )+ ( )+ ( )+ ( )



2 79 1 77 1 15 1 94. . . .
,

dehyd dia ap resp

where presence of abnormal clinical scores, dehyd = dehydration, dia 
= diarrhea, ap = not completing a.m. milk, resp = respiratory disease, 
and CR1, CR2, CR3, DF = calf ranches 1, 2, and 3, and dairy farm, 
respectively.

Table 5. Probability of calf treatment by farm personnel, stratified 
by farm, with an oral electrolyte solution (OES) or IV fluids on first 
observation of a clinical sign of dehydration only or diarrhea only, 
determined independently by a veterinarian1

Herd
Probability of  

OES/fluid 95% CI

Dehydration
 CR1 0.59 0.32, 0.86
 CR2 0.59 0.33, 0.86
 CR3 0.40 0.16, 0.74
 DF 0.18 0.054, 0.45
Diarrhea
 CR1 0.12 0.04, 0.34
 CR2 0.12 0.041, 0.35
 CR3 0.059 0.018, 0.20
 DF 0.020 0.005, 0.067
1Probabilities were estimated from a logistic regression accounting for 
clinical sign and farm:
Pr OES/Fluid

CR1 CR2 CR3 DF

=

+ −− + ( )+ ( )+ ( )+ ( )
1

1 4 54 1 88 1 89 1 1 0e . . . . ++ ( )+ ( )+ ( )+ ( )



3 029 0 68 0 1 1 8. . . .
,

dehyd dia ap resp

where presence of abnormal clinical scores, dehyd = dehydration, dia 
= diarrhea, ap = not completing a.m. milk, resp = respiratory disease, 
and CR1, CR2, CR3, DF = calf ranches 1, 2, and 3, and dairy farm, 
respectively.
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first antimicrobial treatment and observing the treated 
calf with diarrhea (OR = 3.22, 95% CI 1.54–6.99). The 
farm-specific probabilities ranged from 0.31 to 0.56 
(Table 9).

DISCUSSION

Our study, using previously collected data involving 
4 commercial farms rearing dairy-source calves, found 
that an observation of an abnormal clinical sign or 
score by a veterinary observer was not consistently as-
sociated with a calf caretaker’s decision to treat with 
either an antimicrobial or electrolytes or fluid (OES/
fluid). In addition, calf workers’ decisions to treat a 

Table 7. Probability of calf treatment by farm personnel, stratified 
by farm, with an antimicrobial on first observation of a clinical sign 
of diarrhea only or respiratory disease only, determined independently 
by a veterinarian1

Herd

Probability of  
antimicrobial  

treatment 95% CI

Diarrhea
 CR1 0.17 0.069, 0.36
 CR2 0.40 0.24, 0.59
 CR3 0.23 0.12, 0.38
 DF 0.67 0.51, 0.80
Respiratory disease
 CR1 0.58 0.28, 0.74
 CR2 0.77 0.62, 0.88
 CR3 0.60 0.40, 0.76
 DF 0.91 0.84, 0.95
1Probabilities were estimated from a logistic regression accounting for 
clinical sign and farm:
Pr Antimicrobial Treatment

CR1 CR2

=

+ −− + ( )+ ( )+
1

1 2 64 0 1 15 0 3e . . . 55 2 26 0 97 1 07 0 18 2 71CR3 DF dehyd dia ap resp( )+ ( )+ ( )+ ( )+ ( )+ ( ). . . . .




,

where presence of abnormal clinical scores, dehyd = dehydration, dia 
= diarrhea, ap = not completing a.m. milk, resp = respiratory disease, 
and CR1, CR2, CR3, DF = calf ranches 1, 2, and 3, and dairy farm, 
respectively.

Table 8. Probability of observing a calf with dehydration only 
(determined independently by a veterinarian) stratified by farm, 
conditional on the first application of an electrolyte treatment or an 
antimicrobial treatment1

Herd

Probability of  
observing  

dehydration 95% CI

Electrolyte treatment
 CR1 0.33 0.17, 0.49
 CR2 0.27 0.086, 0.46
 CR3 0.62 0.46, 0.77
 DF 0.12 0, 0.31
Antimicrobial treatment
 CR1 0.028 0.00, 0.060
 CR2 0.021 0.00, 0.047
 CR3 0.082 0.010, 0.16
 DF 0.0082 0.00, 0.020
1Probabilities were estimated from a logistic regression:
Pr Dehydration

+ CR1 + CR2 + CR3 -

=

+
− − ( ) ( ) ( )

1

1
3 32 0 0 27 1 19 1 236

e
. . . . DDF -0 1st Abx + 1st OES( ) ( ) ( )[ ]. .

,
24 2 6

where Abx = antibiotic treatment, OES = electrolyte treatment, and 
CR1, CR2, CR3, DF = calf ranches 1, 2, and 3, and dairy farm, re-
spectively.

Table 9. Probability of observing a calf with diarrhea only (determined 
independently by a veterinarian) stratified by farm, conditional on 
the first application of an electrolyte treatment or an antimicrobial 
treatment1

Herd

Probability of  
observing  
diarrhea 95% CI

Electrolyte treatment
 CR1 0.25 0.12, 0.38
 CR2 0.23 0.091, 0.37
 CR3 0.19 0.084, 0.30
 DF 0.40 0.20, 0.60
Antimicrobial treatment
 CR1 0.39 0.23, 0.54
 CR2 0.36 0.22, 0.51
 CR3 0.31 0.19, 0.44
 DF 0.56 0.49, 0.64
1Probabilities were estimated from a logistic regression:
Pr Diarrhea

CR1 CR2 CR3 DF

=

+
− − + − − +( ) ( ) ( ) (

1

1
1 63 0 0 094 0 32 0 72

e
. . . . )) ( ) ( )[ ]+ +1 17 0 53. .

,
1st Abx 1st OES

where Abx = antibiotic treatment, OES = electrolyte treatment, and 
CR1, CR2, CR3, DF = calf ranches 1, 2, and 3, and dairy farm, re-
spectively.

Table 6. Probability of calf treatment by farm personnel, stratified 
by farm, with an antimicrobial on any day given the clinical sign of 
diarrhea only or respiratory disease only, as determined independently 
by a veterinarian1

Herd

Probability of  
antimicrobial  

treatment 95% CI

Diarrhea
 CR1 0.23 0.18, 0.28
 CR2 0.34 0.27, 0.43
 CR3 0.45 0.37, 0.54
 DF 0.65 0.58, 0.72
Respiratory disease
 CR1 0.33 0.27, 0.40
 CR2 0.46 0.38, 0.56
 CR3 0.58 0.49, 0.66
 DF 0.76 0.70, 0.80
1Probabilities estimated from mixed model logistic regression, account-
ing for repeat observation of calves during their first 28 d of life (12,101 
total days of observation), conditional on clinical sign and farm:
Pr Antimicrobial Treatment =

CR1 CR2

1

1 3 62 0 0 55 1+ −− + ( )+ ( )+e . . .001 1 82 1 25 2 4 1 59 2 92CR3 DF dehyd dia ap resp( )+ ( )+ ( )+ ( )+ ( )+ ( ). . . . .




,

where presence of abnormal clinical scores, dehyd = dehydration, dia 
= diarrhea, ap = not completing a.m. milk, resp = respiratory disease, 
and CR1, CR2, CR3, DF = calf ranches 1, 2, and 3, and dairy farm, 
respectively.
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calf with an antimicrobial or OES/fluid were also not 
consistently associated with an abnormal clinical sign 
or score.

Although we observed variation among farms in the 
use of electrolytes, the consistent pattern was that all 
study farms used fluid treatment sparingly. The 28D-
CumE of a calf receiving an OES/fluid treatment was 
only 0.06, and the overall 28D-CumE of diarrhea or 
dehydration was 0.13. The calf ranches had relatively 
similar use patterns, and DF rarely used OES/fluids. 
Although calves with abnormal clinical scores associ-
ated with dehydration or diarrhea were more likely to 
receive OES/fluid than normal calves, the probabilities 
were low that calves with those symptoms did receive 
fluids. Despite calves first observed with dehydration 
being more likely to receive an OES/fluid than for any 
observation, calves with first observation of diarrhea 
were no more likely to receive fluids than normal calves 
or for any observation of diarrhea. It was also true that 
calves receiving electrolyte therapy had low probabili-
ties of being observed as dehydrated or with diarrhea. 
Given that the 28D-CumE of diarrhea or dehydration 
was 0.13, and considering the importance of fluid ther-
apy in correcting dehydration and metabolic imbalance 
associated with diarrhea (Smith and Berchtold, 2014), 
all farms had opportunities to increase treatment with 
electrolytes.

There was also variation among farms in the use 
of antimicrobials, but the consistent finding was that 
antimicrobials were used less frequently than would be 
indicated by observed abnormal clinical scores. The 
exception was DF, in that it overused antibiotics. The 
28D-CumE for all abnormal clinical score risk was 0.19 
for DF, yet its 28D-CumE for antimicrobial use was 
0.25. This is mainly explained by DF’s use of a 2-an-
tibiotic combination therapy. Even though a calf with 
diarrhea (at any time or on first observation) was more 
likely to receive an antimicrobial treatment than an 
electrolyte, a high probability remained that a calf with 
diarrhea symptoms would not receive an antimicrobial. 
The probability was also high that calves receiving an 
antimicrobial had no recorded clinical sign of diarrhea. 
There was no difference in the probability of receiving 
an antimicrobial, whether it was first observation or 
any observation of diarrhea. Even though the use of 
antimicrobials was muted relative to the observation 
of abnormal clinical signs, a high proportion (84.7%) 
of calves were treated with antimicrobials, and the 
mismatch between observed signs and treatment deci-
sions suggests that we have much to understand about 
how, when, and why antimicrobials are administered to 
preweaned dairy calves. This information is necessary 
in order to implement judicious use practices on farms 
(AVMA, 2018).

We observed a similar pattern of probability for 
antimicrobial use to treat respiratory signs, although 
analysis revealed that the probability of treatment was 
greater on first observation than for any other observa-
tion. This may be associated with treatment protocols 
that do not have every-day treatment regimens. Even 
focusing on first observation of respiratory disease and 
assuming that first therapy is with an antimicrobial, 
a high proportion of calves with respiratory signs re-
mained untreated, presumably because calf-care per-
sonnel did not recognize respiratory signs. Sivula et al. 
(1996) reported discrepancies between necropsy results 
and producer diagnoses of enteric and respiratory dis-
ease. Producers were only slightly better than a coin 
flip at diagnosing enteric- and respiratory-associated 
mortality. Svensson et al. (2003) reported that, com-
pared with a veterinarian, producers underdiagnosed 
respiratory disease, which supports our finding that 
many calves with first observation of an abnormal re-
spiratory score were left untreated.

In our study, we relied on a simple clinical scoring 
system to establish the health status of calves and com-
pared these results to treatment decisions made by on-
farm personnel (Berge et al., 2009b). Current evidence 
indicates that this system is a good reflection of calf 
health and should act as criteria for treatment decisions 
(McGuirk and Peek, 2014; Mahendran et al., 2017). 
When analyzing clinical signs associated with the first 
day of treatment, a high proportion of treated calves 
in our study had no abnormal clinical scores recorded 
associated with either dehydration or diarrhea. For re-
spiratory disease, there was some discordance between 
signs observed and treatment decisions by farm staff. 
In a study of thoracic ultrasound of preweaned calves 
to identify respiratory disease, investigators found that 
28% of calves had been treated but had no thoracic 
ultrasound lesions (Buczinski et al., 2014). This find-
ing suggests several explanations for the discordance. 
First, the clinical scoring systems may be flawed and 
do not reflect risk of disease and other criteria being 
used for treatment decisions by on-farm calf-care per-
sonnel. A second explanation is that on some farms we 
may have failed to teach employees how to use clinical 
criteria to support treatment decisions. In previous 
work, we have shown that veterinarians have infre-
quently been involved in calf-care worker training and 
that most training occurs within the farm workforce, 
either worker-to-worker or manager-to-worker (Sischo 
et al., 2019). Either way, if treatment protocols include 
clear definitions of disease, particularly for diarrhea, 
calf-care workers might be better able to target ap-
propriate interventions and reduce antimicrobial use. 
This requires veterinarians and producers to investigate 
whether calf caretakers are identifying clinical signs 
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before treatment and on what criteria they are basing 
treatment decisions.

The wide variety of antimicrobials used for treat-
ments, particularly diarrhea, indicates the need for 
data on efficacy of these different therapies and how 
efficacy may change based on varying clinical criteria. 
Because most of these antimicrobials lack on-label indi-
cations for treatment of diarrhea, off-label use of these 
drugs requires a prescription and protocol. Although 
veterinarians might provide a protocol for use of these 
drugs, it is possible for those responsible for treatment 
to use alternative strategies for the drugs, such as anti-
biotic “cocktails,” or combinations of drugs, because of 
the perceived lack of efficacy when following protocols. 
Without knowledge of specific signs upon which to base 
treatments, as well as knowledge of what criteria could 
determine a successful treatment, treatment decisions 
may be based on beliefs of efficacy rather than science.

Although our study farms were not purposively se-
lected as a reflection of the US dairy industry, these 
farms may reflect the diversity of clients of many vet-
erinary practitioners and dairy consultants. Our study 
farms were heterogeneous; they had different mortality 
experiences during the times of observation, experi-
enced different risks of FTPI, followed different strate-
gies for treating similar health conditions, and faced 
different management challenges during the follow-up 
periods. As an example, the farm with the highest mor-
tality during the study (CR3, 28% mortality in 28 d of 
observation) experienced a Salmonella outbreak dur-
ing the observation period. In addition, the number of 
observed and recorded abnormal clinical scores differed 
across the study farms, as did the temporal patterns 
of when signs were observed. Despite these differences, 
the patterns of electrolyte and antimicrobial use were 
relatively similar across these farms.

The results reported from our study farms provide 
some insight on how some farms might approach imple-
menting judicious use guidelines for treating preweaned 
calves: (1) Data summaries based on farm treatment 
information may not represent actual disease events; 
(2) the processes and criteria or cues for making treat-
ment decisions may be variable among farms and 
likely reflect variability in decision processes among 
those responsible for treatment; (3) veterinarians and 
farmers should consider evaluating treatment decisions 
and protocol compliance; and (4) treatment protocols 
should include criteria for disease detection as well as 
the adjunct and effective therapies for clinical signs 
and most likely disease processes. All of these elements 
represent opportunities for education and training pro-
grams on disease detection, appropriate therapy, and 
appropriate health monitoring.

CONCLUSIONS

This study illustrates incongruity between treatment 
decisions by calf treaters and those of an observer using 
a defined set of clinical signs on 4 farms and highlights 
an opportunity for dairy farmers and advisors to evalu-
ate calf treatment protocols, reasons for treatment, and 
training programs for calf health and disease detection, 
as well as to develop monitoring programs for treat-
ment protocol compliance and health outcomes.
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