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Purpose: Neonatal calf diarrhea (NCD) is a major cause of death and economic loss in the 
cattle industry. Although NCD is caused by a variety of nutritional factors and non-bacterial 
pathogens, treatment typically includes systemic antimicrobial therapy, even for non-severe 
cases that are more likely to have non-bacterial causes. Novel, non-antimicrobial therapies 
are needed to reduce antimicrobial use and optimize production efficiency.
Methods: This production-level study compared the efficacy of activated charcoal to that of 
an antimicrobial regimen for treating mild-to-moderate cases of NCD, and identified the 
most common etiological agents. Calves diagnosed with non-severe diarrhea were randomly 
allocated into 3 treatment groups (n = 86 per group): group A received a standard anti-
microbial regimen, B received both antimicrobials and activated charcoal, and C received 
activated charcoal only. Animals were monitored over the course of 7 days for mortality and 
recovery from diarrhea. Fecal samples were collected upon enrollment (day 0) and on day 7 
to assess the presence of major NCD-causing pathogens.
Results: Mortality was higher for groups B and C relative to A, although this difference was 
only statistically significant for group B vs A. No significant difference in the number of 
recovered animals was observed among the treatment groups, although group C was sig-
nificantly slower to recover than A or B. The vast majority of day 0 samples were positive 
for non-bacterial organisms (mainly rotavirus and Cryptosporidium parvum), which 
decreased significantly by day 7 regardless of treatment group.
Conclusion: Antimicrobials only moderately improved outcomes for non-severe diarrhea 
cases relative to activated charcoal. Thus, systemic antimicrobial treatment is likely unne-
cessary for the majority of NCD cases and should be limited to severe cases.
Keywords: antimicrobial stewardship, activated charcoal, scours, non-bacterial, rotavirus, 
cryptosporidium

Introduction
Neonatal calf diarrhea (NCD) is a major cause of death and economic loss in the 
cattle industry.1 Diarrhea in calves is a multi-factorial disease that can be caused by 
nutritional factors and a variety of pathogens, including viruses (bovine rotavirus, 
bovine coronavirus, bovine viral diarrhea virus, bovine torovirus, bovine norovirus, 
nebovirus), bacteria (Escherichia coli, Clostridium perfringens, Salmonella spp.), 
and parasites (Cryptosporidium and Eimeria spp.).2,3 Some pathogens produce 
toxins (eg, enterotoxigenic E. coli, Salmonella spp., Clostridia spp.) and cause 
a secretory diarrhea, where water and electrolytes are secreted into the lumen of 
the small intestine,2 whereas others (eg, rotavirus, coronavirus, Cryptosporidium, 

Correspondence: Joseph Ross  
Email joe.ross@ccr01.com

Veterinary Medicine: Research and Reports 2021:12 359–369                                              359
© 2021 Ross et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Veterinary Medicine: Research and Reports                                          Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 10 September 2021
Accepted: 24 November 2021
Published: 24 December 2021

V
et

er
in

ar
y 

M
ed

ic
in

e:
 R

es
ea

rc
h 

an
d 

R
ep

or
ts

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0002-0432-8383
http://orcid.org/0000-0003-1993-5554
http://orcid.org/0000-0003-3654-7692
mailto:joe.ross@ccr01.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com


Eimeria, and enteroinvasive E. coli and Salmonella spp.) 
infect the enterocytes of the intestines, causing villous 
atrophy and a maldigestive, malabsorptive diarrhea.2,4 

Campylobacter spp. have also been associated with 
NCD.5,6 Clinically, calves with NCD will produce large 
volumes of watery manure (with or without blood and 
fibrin) and display varying degrees of dehydration and 
acidosis, inappetence, depression, and in severe cases, 
septicemia.7 Therapy typically involves treatment with 
fluids to correct hydration status and acid-base balance, 
anti-inflammatory therapy to improve comfort and reduce 
inflammation, and systemic antimicrobials.8

Given the multifactorial nature of NCD (bacterial, 
viral, protozoal, nutritional, etc.), there is a paucity of 
evidence for the effectiveness of routine antimicrobial 
use in non-severe diarrhea cases.8 Recent work has found 
that calves with mild or moderate diarrhea and no signs of 
systemic infection (eg, without fever and/or blood in their 
manure) do not require antimicrobial therapy,9 and that 
targeted therapy improves NCD recovery, feed intake, 
and weight gain relative to more conventional, antimicro-
bial-intensive husbandry.10 Moreover, aggressive treat-
ment with antimicrobials may adversely affect the 
protective functions of the healthy gut microbiome by 
killing commensal bacteria.11 Given the current level of 
concern surrounding antimicrobial stewardship and resis-
tance in food-producing animals, novel non-antimicrobial 
therapies are needed. Non-antimicrobial treatments for 
non-severe NCD could provide an effective tool to reduce 
antimicrobial use, minimize mortality, and optimize pro-
duction efficiency.12

Activated charcoal is the product of thermal decomposi-
tion of organic plant materials.13 Activated charcoal can 
adsorb a variety of substances, including bacteria, toxins, 
and viruses.14 In vitro studies have found that activated 
charcoal can adsorb verotoxic E. coli,14 rotavirus, and 
coronavirus.15 Further, field studies have found that com-
pounds containing activated charcoal may reduce the clinical 
signs associated with Cryptosporidium induced diarrhea in 
goats and cattle.16,17 Thus, activated charcoal might repre-
sent an effective alternative to antimicrobials for the treat-
ment of mild to moderate NCD. The present study compares 
the efficacy of activated charcoal to that of a standard anti-
microbial regimen for treating non-severe NCD and aims to 
identify the most common etiological agents associated with 
non-severe NCD. To best replicate real-world, industry- 
relevant conditions, this study was conducted at a typical 

commercial calf raising facility, thus producing production- 
level evidence for NCD management.

Materials and Methods
Overview and General Husbandry
This study was reviewed and approved by Chinook 
Contract Research’s Institutional Animal Care and Use 
Committee (OLAW #F19-00433, Application #19042- 
002). Animals were cared for in accordance with 
Canadian Council on Animal Care (CCAC) guidelines.18 

The study was conducted at a typical commercial calf 
raising facility in southern Alberta, Canada. Calves were 
male Holstein or Holstein × Beef crosses, which were 
brought to the facility from multiple dairy farms in 
Alberta, British Columbia, and Manitoba. Upon arrival at 
the farm (at approximately 3–7 days of age), calves were 
placed into individual pens (2.1 × 0.76 m) with a partially 
slatted floor. All animals were housed in multiple rooms of 
a barn with mechanical ventilation. Calves were vacci-
nated upon arrival with an 8-way clostridial vaccine 
(Tasvax 8, Merck Animal Health, Kirkland, QC, Canada) 
and an intranasal respiratory disease vaccine (Inforce 3, 
Zoetis Canada Inc., Kirkland, QC, Canada). Calves were 
fed milk replacer containing 30 mg/kg Decoquinate, 
>24.0% (w/w) crude protein, >20.0% crude milk protein, 
>17.0% crude fat, <0.25% crude fiber, 0.95% calcium, 
0.75% phosphorus, 0.55% sodium, >44,000 IU/kg vitamin 
A, >12,000 IU/kg vitamin D, >275 IU/kg vitamin E, and 
0.3 mg/kg selenium (Functional Protein Blend + Deccox, 
Mapleview Agri Ltd., Drayton, ON, Canada). Milk repla-
cer was diluted in water to 130 g/L and fed twice daily 
(morning and afternoon). The total volume of milk repla-
cers fed to neonatal calves upon arrival was 3 L per day; 
this was gradually increased to 6 L per day by the time 
they reached approximately 4 weeks of age. Calves were 
also fed, ad libitum, a dry textured custom feed containing 
450 g/tonne chlortetracycline hydrochloride, 20 g/tonne of 
virginiamycin, and 33 g/tonne monensin (Trouw Nutrition, 
Lethbridge, Ab, Canada). Water was freely available via 
nipples.

Study Enrollment and Treatment Regimen
All animals were assessed daily by a facility technician for 
fecal consistency in the first 10 days following arrival. 
Specifically, each calf’s feces were scored as follows: 0 
= normal (feces hold its shape), 1 = semi-formed or pasty, 2 
= loose (semi-formed pile, still stays on top of bedding), 3 = 
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watery diarrhea (mostly sifts through bedding; clear or yel-
low-hued liquid with some fecal matter).19 Diarrhea was 
defined as a fecal consistency score of ≥2. If a calf presented 
with diarrhea in the first 10 days after arrival, a more thor-
ough examination was completed, and a fecal sample was 
stored at 4°C until analysis. As this study aimed to focus on 
mild-to-moderate cases of diarrhea, animals were excluded 
from the study if they presented with one or more of the 
following complicating conditions: pyrexia (> 39.5°C), 
blood/fibrin in the manure, clinical score of >1 in two of 
four categories assessed (in accordance with the Wisconsin- 
Madison Calf Health Scoring Chart), >8% dehydration 
(assessed based on demeanor, eyeball recession, and skin 
tent duration),20 depression, or abnormal umbilicus (assessed 
by visual examination and manual palpation). Over the 
course of 14 months (from November 2019 to 
January 2021), animals were enrolled in the study sequen-
tially (ie, continuously enrolled as they were diagnosed with 
diarrhea), and the date of enrollment was considered Day 0. 
Upon enrollment in the study, the animals were randomly 
allocated to one of the three treatment groups (Table 1): (1) 
Treatment group A received a standard antimicrobial treat-
ment (Cocci Scour Bolus, Alberta Veterinary Laboratories 
Ltd., Calgary, AB, Canada; 2 boluses administered orally per 
50 kg of body weight twice daily the first day, and 1 bolus per 

50 kg of body weight twice daily for the following 2 con-
secutive days); (2) group B received both antimicrobials (as 
in A) and activated charcoal (Charcoal-Kaolin Oral Paste, 
Alberta Veterinary Laboratories Ltd., Calgary, AB, Canada; 
30 mL/calf administered orally, twice per day, for 2 days); 
and (3) group C received activated charcoal only (Charcoal- 
Kaolin Oral Paste, Alberta Veterinary Laboratories Ltd., 
Calgary, AB, Canada; 30 mL/calf administered orally, 
twice per day, for 2 days). Regardless of their assigned 
treatment group, all the animals in the study received 
a single dose of 5 mL of Meloxicam Oral Suspension 
(Alberta Veterinary Laboratories Ltd., Calgary, AB, 
Canada) upon a diarrhea diagnosis. Electrolyte therapy 
(Electrolyte Powder, Alberta Veterinary Laboratories Ltd., 
Calgary, AB, Canada) was given according to facility proto-
col, wherein animals received electrolytes on any day that 
they were assigned a dehydration score ≥2, or if they have 
spent more than one day with a dehydration score ≥1. 
Following enrollment, animals were monitored daily, and 
fecal consistency scores were assessed for 7 consecutive 
days. On the seventh day after enrollment (Day 7), a final 
fecal sample was collected. During the study, all researchers 
and staff were blinded to the treatment groups except the 
technician responsible for administering the treatments. 
A different technician was responsible for general health 

Table 1 Treatment Groups and Dosing Regimen

Group Route Dosage Productb Active Ingredient(s)

A (Antimicrobials) 

n=86

Oral 2 boluses per 50 kg of body weight 

twice daily the first day, and 1 bolus per 

50 kg of body weight twice daily for 2 
days

Cocci Scour Bolus 250 mg neomycin, 2000 mg sulfamethazine per 

bolus

B (Antimicrobials + 
Charcoal) n=86

Oral Antimicrobials as above (A) 
Charcoal as below (C)

Cocci Scour Bolus 
as above (A) and 

Charcoal as below 

(C)

C (Charcoal) n=86 Oral 30 mL/calf; twice per day (separated by 

2–4 hrs) for 2 days

Charcoal-Kaolin 

Oral Paste

100 mg Activated Charcoal, 197 mg Kaolin 

per mL

Electrolytes 

n=104a

Oral 1 pouch in 2 L, repeat treatment twice 

daily as necessary

Electrolyte 

powder

Per 76 g pouch: 41.734 g dextrose, 3.507 

g sodium chloride, 6.756 g glycine, 1.940 
g potassium chloride, 13.125 g sodium acetate, 

0.6 g sodium phosphate monobasic, 0.349 

g dipotassium phosphate, 0.012 g calcium 
d-pantothenate

Meloxicam n=258 
(all animals)

Oral 
Drench

5 mL, once per calf Meloxicam Oral 
Suspension

15 mg/mL Meloxicam, USP

Notes: aElectrolytes given to dehydrated calves according to facility protocols. bAll products were obtained from Alberta Veterinary Laboratories Ltd.
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assessments, enrollment, recovery, and exit from the study. 
Individuals processing samples were also blinded to the 
treatment groups.

Detection of Microorganisms
To detect Rotavirus A, Betacoronavirus 1, Escherichia coli 
K99 (F5), and Cryptosporidium parvum, the Bovine 
Enterichek kit (Biovet Inc., Saint-Hyacinthe, QC, 
Canada) was used according to the manufacturer’s instruc-
tions. Briefly, using the provided measuring spoon, a level 
spoonful of feces was removed from the sampling tube and 
mixed with the sterile Dilution Solution. Test strips were 
immersed in the diluted sample for up to ten minutes 
before reading the results (+ or -). Additionally, the 
remaining sample (Dilution Solution plus feces) was seri-
ally diluted and plated onto two types of agar: Colorex 
Campylobacter Agar (Dalynn Biologicals, Calgary, AB, 
Canada) to enumerate Campylobacter species (yielding 
C. jejuni, C. coli, and C. lari as bright red colonies) or 
Chromocult Agar (Dalynn Biologicals, Calgary, AB, 
Canada) to enumerate total E. coli (yielding blue/violet 
colonies) and total coliforms (yielding pink/salmon red 
colonies). The campylobacter plates were incubated for 
2–3 days at 41°C under microaerobic conditions (5% O2, 
10% CO2, 85% N2). The Chromocult plates were incu-
bated for 16–24 hours at 37°C under standard aerobic 
conditions.

Enumeration of Cryptosporidium Parvum 
Oocysts
Oocysts were enriched from fecal samples and enumerated 
as previously described.21 Briefly, fecal samples were 
weighed, filtered, and washed with phosphate-buffered 
saline (PBS). The resulting filtrate was layered over 1 
M sucrose (sp. gr. 1.13) and centrifuged at 800 × g for 5 
min to concentrate oocysts at the sucrose layer surface. 
The upper filtrate layer and sucrose surface were pipetted 
into a clean tube and centrifuged again at 800 × g for 5 
min. The resulting supernatant was decanted, and the pel-
let resuspended in 1 mL of PBS before spotting 0.015 mL 
onto a fluorescent microscope slide (Erie Scientific Co., 
Portsmouth, NH, USA). The slides were air dried in 
a biosafety cabinet before applying 0.02 mL of 
a Cryptosporidium-specific FITC-labeled monoclonal anti-
body solution (Crypt-a-glo, Waterborne, New Orleans, 
LA, USA). The slides were then placed in a moist con-
tainer and incubated at 37°C for at least 1 hour before 

rinsing with PBS and air drying. Finally, slides were 
mounted with a fluorescent antibody mounting fluid 
(Aqua-polymount, Polysciences, Warrington, PA, USA) 
and a coverslip before enumerating oocysts at 400 
x magnification with a dry objective on an epifluorescence 
microscope. The number of oocysts per gram of feces was 
calculated as follows:

N = s/(V × m)
Where N is the number of oocysts per gram of feces, 

s is the number of oocysts counted on the slide, V is the 
volume of sample examined (0.015 mL) and m is the mass 
of the fecal sample originally processed (in grams). The 
sensitivity of this detection method was 66 oocysts/g of 
feces.

Statistical Analyses
Mortality and time-to-recovery data were analyzed using 
Kaplan–Meier survival curves; overall P-values were calcu-
lated using a log-rank (Mantel-Cox) test. To account for 
multiple comparisons, P-values for pairwise comparisons 
were adjusted using the Holm-Šídák method and a family- 
wise significance level of 0.05. For all data with binary out-
comes (ie, dead or alive, + or -), statistical significance was 
determined using Fisher’s exact test and a significance level 
of P < 0.05. The experimental unit was defined as each 
individual animal. Statistical analyses were carried out in 
Prism v 9.1.2 (GraphPad Software, San Diego, CA, USA).

Results
Effects of Antimicrobials versus Activated 
Charcoal on Mortality and Morbidity
The overall mortality of the animals enrolled in this study 
was 6.2% over the course of the 7-day observation period 
(Table 2). Mortality was 1.2%, 9.3%, and 8.1%, respectively, 
for treatments A, B, and C (Table 2). No significant differ-
ences in mortality were observed for treatments A vs C (P = 
0.06) or B vs C (P >0.99), although mortality was signifi-
cantly higher for treatment B vs A (P = 0.03) (Table 2). 
Kaplan–Meier analysis indicated no significant differences 
in survival time for A vs C or B vs C, although group B had 
a shorter survival time than A (P = 0.05) (Figure 1A). The 
majority of animals (91.5%) recovered over the 7-day obser-
vation period (ie, their fecal score returned to 0 or 1), with no 
significant differences among the treatments (Table 3). The 
mean time-to-recovery (ie, time to reach a fecal score of 1 
or 0) was 2.27 days (standard deviation = 1.3; range = 1 to 7 
days) (Table 3). Kaplan–Meier analysis indicated a median 
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time-to-recovery of 2, 2, and 3 days for groups A, B, and C, 
respectively, with group C being significantly slower to 
recover than A or B (P < 0.01 and P = 0.02, respectively) 
(Figure 1B).

Etiology of Non-Severe Neonatal Calf 
Diarrhea
According to the Enterichek kit, the vast majority of 
positive samples were non-bacterial: 61.9%, 1.9%, and 

77.0% of the animals were positive for rotavirus, corona-
virus, and C. parvum, respectively, while just 0.8% of the 
animals were positive for E. coli K99 (F5) (Table 4). 
Notably, 45.1% were positive for both rotavirus and 
C. parvum, and only 5.1% were negative for all four 
organisms. The recovery rate for Campylobacter spp. by 
direct culture was also low (1.6% of animals, with an 
average recovery of approximately 104 CFU/mL in the 
positive samples), although total E. coli and coliforms 
were recovered at rates of 99.6% and 92.2%, respectively, 
with average recoveries of approximately 105 CFU/mL 
(Table 4). The performance of the Enterichek C. parvum 
strips was confirmed by comparing its results to a count of 
C. parvum oocysts, which yielded 10.5% false negatives 
and 0.8% false positives; the mean oocyst count for the 
false negatives was 1045 oocysts/g feces, suggesting 
a lower limit of detection in this range (Table 4 and 
Supplemental Table S1). Overall, the diagnostic perfor-
mance of the Enterichek kit, at least for C. parvum detec-
tion, was deemed acceptable for the purposes of this study.

Effects of Antimicrobials versus Activated 
Charcoal on Microbial Burden
Within each of the treatment groups (A, B, or C), significant 
reductions were observed in the positivity rate for rotavirus 
(Table 5) and C. parvum (Table 6) by Day 7, relative to Day 0. 
The initial numbers for E. coli K99 (F5) (Table 7) and corona-
virus (Table 8) were too low to demonstrate significant 
decreases by Day 7, although both dropped to zero over this 
period. No significant differences in pathogen load were 
observed amongst the various treatment groups (ie, A vs B, 
A vs C, or B vs C) at Day 0, indicating a similar overall 
diagnosis rate of the various pathogens among the treatment 
groups (Tables 5–8). By day 7, rotavirus was significantly 
lower in group A relative to B (P = 0.03) (Table 5), with no 

Figure 1 Kaplan–Meier curves of survival (A) or recovery (B) for animals treated 
with antimicrobials, charcoal, or antimicrobials + charcoal. A=antimicrobials (n=86); 
C=charcoal (n=86); B=both (n=86). For panel B, animals were censored when they 
died, as were animals that failed to recover over the 7-day period. Overall P-values 
were 0.0594 and 0.0063 for panels A and B, respectively (calculated using a Log 
rank test). The indicated P-values (A vs B, A vs C, and B vs C) were adjusted for 
multiple comparisons using the Holm-Šídák method and a family-wise significance 
level of 0.05. *P<0.05; **P<0.01.

Table 3 Recovery of Animals Treated with Antimicrobials (A), 
Charcoal (C), or Both (B)

Treatment Number of 
Animals

Number of Recovered 
Animals (Percent)

A 86 83 (96.5%)

B 86 78 (90.7%)

C 86 75 (87.2%)

Total 258 236 (91.5%)

Notes: A vs B: P=0.21; B vs C: P>0.99; A vs C: P=0.13; A vs Total: P=0.22; B vs 
Total: P=0.65; C vs Total: P=0.50. P values were Calculated using Fisher’s Exact Test.

Table 2 Mortality of Animals Treated with Antimicrobials (A), 
Charcoal (C), or Both (B)

Treatment Number of 
Animals

Number of Deceased 
Animals (Percent)

A 86 1 (1.16%)a

B 86 8 (9.30%)a

C 86 7 (8.14%)

Total 258 16 (6.20%)

Notes: aA vs B: P=0.03; B vs C: P>0.99; A vs C: P=0.06; A vs Total: P=0.08; B vs 
Total: P=0.33; C vs Total: P=0.62. P values were Calculated using Fisher’s Exact Test.
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other significant differences in pathogen load amongst the 
various treatment groups observed (Tables 5–8). Overall, 
these results indicate that the shedding of pathogens in calf 

Table 4 Pathogens Detected in Fecal Samples from Diarrhetic Calves

Method of Detection Organism Mean log10 CFU/mL or Oocysts/g Feces 
±SD

Number of Positive 
Animalsa

Positivity Rate 
(%)

Enterichek Rotavirus N/A 159 61.9

Coronavirus 5 1.95

E. coli K99 (F5) 2 0.778

C. parvum 198 77.0

Rotavirus + 
C. parvum

116 45.1

Plating on chromogenic 
agar

Campylobacter spp. 4.25 ± 0.83b 4 1.56

Total E. coli 5.90 ± 1.23 256 99.6

Total coliforms 4.99 ± 1.86 237 92.2

Fluorescence microscopy C. parvum oocystsc 3.40 ± 1.47 223 86.8

Notes: aThe total number of animals sampled was 257. bOnly calculated for the 4 positive samples. c2/257 (0.78%) of samples yielded false positives (ie, Enterichek was 
positive but the oocyst count was 0); 27/257 (10.5%) of samples yielded false negatives (ie, Enterichek was negative but oocysts were counted). 
Abbreviations: SD, standard deviation; N/A, not applicable.

Table 5 Enterichek Positivity Rate for Rotavirus at Days 0 and 7, 
Organized by Treatment Group

Treatment Number of 
Samples

Number of Positive 
Samples (Percent)

P (Day 
0 vs 7)a

Day 0 Day 7

A 85 54 (63.5%) 1 (1.2%)b <0.0001

B 80 45 (56.3%) 7 (8.8%)b <0.0001

C 78 49 (62.8%) 2 (2.6%) <0.0001

Total 243 148 (60.9%) 10 (4.1%) <0.0001

Notes: aCalculated using Fisher’s Exact Test. bFor A vs B on Day 7, P=0.03. For all 
other pairwise comparisons, P≥0.17.

Table 6 Enterichek Positivity Rate for C. parvum at Days 0 and 7, 
Organized by Treatment Group

Treatment Number 
of 
Samples

Number of Positive 
Samples (Percent)

P (Day 
0 vs 7)a

Day 0 Day 7

A 85 70 (82.4%) 33 (38.8%) <0.0001

B 80 66 (82.5%) 37 (46.3%) <0.0001

C 78 54 (69.2%) 39 (50.0%) 0.0220

Total 243 190 (78.2%) 109 (44.9%) <0.0001

Notes: aCalculated using Fisher’s Exact Test. For B vs C on Day 0, P=0.06; for A vs C on 
Day 0, P=0.07; for A vs C on Day 7, P=0.16; for all other pairwise comparisons, P≥0.35.

Table 7 Enterichek Positivity Rate for E. coli K99 (F5) at Days 0 
and 7, Organized by Treatment Group

Treatment Number of 
Samples

Number of 
Positive 
Samples 
(Percent)

P (Day 0 
vs 7)a

Day 0 Day 7

A 85 0 0 >0.9999

B 80 2 (2.5%) 0 0.4969

C 78 0 0 >0.9999

Total 243 2 (0.8%) 0 0.4990

Notes: aCalculated using Fisher’s Exact Test. For A vs B on Day 0, P=0.23; for all 
other pairwise comparisons, P≥0.50.

Table 8 Enterichek Positivity Rate for Coronavirus at Days 0 and 
7, Organized by Treatment Group

Treatment Number of 
Samples

Number of 
Positive 
Samples 
(Percent)

P (Day 0 
vs 7)a

Day 0 Day 7

A 85 1 (1.2%) 0 >0.9999

B 80 0 0 >0.9999

C 78 3 (3.8%) 0 0.2452

Total 243 4 (1.6%) 0 0.1235

Notes: aCalculated using Fisher’s Exact Test. For B vs C on Day 0, P=0.12; for all 
other pairwise comparisons, P≥0.35.
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feces decreased significantly in the first 7 days following the 
diagnosis of diarrhea, regardless of which treatment regimen 
was applied.

Discussion
As of December 1, 2018, Health Canada regulations stipulate 
that all Medically Important Antimicrobials (MIAs) for 
veterinary use are sold by prescription only.22,23 As part of 
the stewardship pillar for the national framework for the 
responsible use of antimicrobials, the Canadian Veterinary 
Medicine Association aims to conserve the effectiveness of 
antimicrobials by ensuring good antimicrobial 
stewardship.24 Antimicrobial stewardship includes those set 
of practices that ensure that MIAs are used in a responsible 
manner to preserve their efficacy. An important aspect of 
stewardship is replacement—finding efficacious non- 
antimicrobials alternative products that fight infectious dis-
ease and reduce the need to use antimicrobials. The present 
study sets out to evaluate the efficacy of activated charcoal as 
an alternative treatment to standard antimicrobials for the 
treatment of non-severe neonatal diarrhea, as well as to 
investigate the most common etiological agents. To best 
replicate real-world, industry-relevant conditions, this study 
was conducted at a typical commercial calf-raising facility in 
Southern Alberta, Canada. The results herein are potentially 
complicated by the lack of a control group that received no 
antimicrobials or activated charcoal. Such a control was 
deemed impractical and unethical, as neither the animal 
care and use committee nor the producer would consent to 
denying treatment to animals diagnosed with NCD. 
Similarly, meloxicam had to be given to all animals to 
address abdominal pain and inflammation. Instead, this 
study focused on comparing the efficacy of the proposed 
alternative treatment to that of the standard-of-care treatment 
used in this industry, ie, systemic antimicrobials.

To better understand the etiology of non-severe diarrhea 
in calves, this study determined which of a specific group of 
microorganisms were present at detectable levels in Day 0 
fecal samples (ie, upon diagnosis of diarrhea). The chosen 
organisms represent the pathogens known to most commonly 
cause NCD, including bovine rotavirus A, bovine corona-
virus, enterotoxigenic E. coli K99 (F5), and C. parvum 
(reviewed in).2,3 The four major bovine enteropathogens 
were detected using a commercially available “dipstick” 
test (Bovine Enterichek), which is based on an antigen- 
capture enzyme-linked immunosorbent assay (ELISA). 
This kit is marketed as a rapid pen-side test that can be 

performed in the field. The manufacturer states the diagnostic 
sensitivity to be 96.0%, 63.6%, 82.6%, and 78.3% for rota-
virus, coronavirus, E. coli K99 (F5), and C. parvum, respec-
tively; the manufacturer states the specificity to be 100.0%, 
97.4%, 94.4%, and 93.3% for the same organisms (Biovet 
Inc. Technical Support, personal communication). Notably, 
the manufacturer assessed sensitivity and specificity against 
polyacrylamide gel electrophoresis with silver staining (for 
rotavirus), real-time (RT) PCR (for coronavirus), and con-
ventional PCR (for E. coli K99 (F5) and C. parvum). An 
independent verification of the kit’s diagnostic performance, 
relative to a multiplex RT-PCR assay, concluded the sensi-
tivity to be 42.3%, 60.0%, 71.4%, and 81.5%, and the speci-
ficity to be 100.0%, 51.4%, 100.0%, and 98.6% for rotavirus, 
coronavirus, E. coli K99 (F5), and C. parvum, respectively.25 

In the present study, the diagnostic performance of the kit for 
detecting C. parvum was compared to a quantitation of 
C. parvum oocysts by immunofluorescence microscopy, 
indicating a false negative and false positive rate of 10.5% 
and 0.78%, respectively (indicating a sensitivity of 89.5% 
and specificity of 99.2%). A caveat here is that oocysts only 
represent one life stage for this organism.26 The mean oocyst 
count for the false negatives in the present study was 1045 
oocysts/g feces, suggesting a lower limit of detection in this 
range. For comparison, one study reports the median infec-
tious dose (ID50) in dairy calves experimentally challenged 
with C. parvum oocysts is 6 to cause fecal oocyst shedding, 
10 to cause diarrhea, and 17 to cause fecal oocyst shedding 
with diarrhea;27 however, the number required to cause iden-
tifiable disease characteristics would likely vary greatly 
between individual animals.26 The current study identified 
61.9%, 1.9%, and 77.0% of calves with non-severe diarrhea 
as positive for rotavirus A, coronavirus, and C. parvum, 
respectively. A recent study that sent frozen fecal samples 
to a commercial laboratory for RT-PCR analysis reports 
positivity rates of 94.2%, 85.8%, and 57.4% for rotavirus 
A, coronavirus, and C. parvum, respectively.28 It is unclear 
why the coronavirus prevalence was so much lower in the 
current study, although it could be partially explained by 
a lower sensitivity of the Enterichek assay used here relative 
to the RT-PCR assay employed in the former. It is also 
possible that coronavirus prevalence was simply lower in 
the animals used in the present study.

Only 0.8% of Day 0 samples were positive for E. coli K99 
(F5). As Campylobacter spp. have also been associated with 
NCD,5,6 the present study sought to further explore this asso-
ciation by directly plating onto chromogenic agar to evaluate 
the presence of common Campylobacter species. As noted for 
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E. coli K99 (F5), the prevalence of Campylobacter spp. was 
also quite low, with only 1.6% of samples yielding colonies. 
For comparison, a Campylobacter spp. positivity rate of 4.4% 
has been reported for a similar direct-plating method.29 

Unsurprisingly, that 4.4% positivity rate increased to 37.4% 
when the samples were first enriched in a Campylobacter- 
promoting growth medium prior to plating,29 suggesting that 
direct plating will lead to a systematically low positivity rate. 
However, direct plating allows for an accurate quantitation of 
Campylobacter colony forming units, as was employed in the 
present study, yielding an average recovery of approximately 
104 CFU/mL for those samples that were positive for 
Campylobacter spp. The generally low positivity rates of 
E. coli K99 (F5) and Campylobacter spp. reported herein 
could possibly be explained by the fact that all animals enrolled 
in this study received an in-feed antimicrobial regimen, which 
is still commonly practiced in Canada. However, total E. coli 
and coliforms—which were used in this study as a measure of 
total bacterial loads—were recovered at rates of 99.6% and 
92.2%, respectively, with average recoveries of approximately 
105 to 106 CFU/mL (after diluting roughly 1 g of fecal sample 
in roughly 2 mL of Enterichek dilution buffer). For reference, 
a study of enteric bacteria in fresh bovine feces from grazing 
animals reports numbers of approximately 106 CFU/g wet 
weight for E. coli and 105 CFU/g wet weight for 
Campylobacter.30 It is thus unlikely that in-feed antibiotics 
led to a severe reduction of total bacterial loads in the present 
study. Another possible explanation for the low recovery rate 
of E. coli K99 could be the age of the animals in this study: 
while E. coli can enter intestinal epithelial cells within hours of 
calving,31,32 the calves studied here were 3–7 days old. In any 
case, it would be interesting to replicate this study in 
a jurisdiction where in-feed antimicrobial use is not practiced.

NCD is the most common cause of death in dairy 
calves under 30 days of age, with a case-fatality rate of 
approximately 5%.33–35 Overall mortality of the animals 
enrolled in the present study was 6.2% over the course of 
the 7-day observation period, which was considered typi-
cal for this facility. Importantly, the animals on this study 
were managed according to the existing facility practices. 
Overall, 91.5% of the animals recovered over the same 
period. It is worth noting that the sources of the calves at 
this commercial operation were known and the transfer of 
passive immunity (TPI) status from each calf supplier was 
established as a condition of sale. We nonetheless tested 
a subset of animals prior to initiating the present study, 
confirming that most animals (83.4%) had at least a fair 
TPI status, while 16.6% were considered poor (Table S2). 

While it would be ideal for the facility to test for TPI for 
all incoming animals, this would be impractical due to 
labor constraints. It is tempting to speculate that improved 
nutrition and colostrum management would have a more 
profound impact on overall animal health—including the 
prevention of NCD—than intervention with antimicro-
bials. It is also worth noting that all of the animals enrolled 
in the present study were given a non-steroidal anti- 
inflammatory (meloxicam) upon diagnosis of NCD, 
which is not approved for use in cattle in some jurisdic-
tions. It is certainly possible that this anti-inflammatory 
treatment influenced overall recovery rates, suggesting that 
the results presented here might change if the study were 
repeated in the absence of meloxicam.

Fewer animals died in the antimicrobial-treated group (A) 
than in the charcoal-treated (C) or dual-treated (B) group, 
although only the B vs A comparison met the threshold for 
statistical significance, raising the possibility that activated 
charcoal in addition to antimicrobials is detrimental. For 
instance, there could be an interaction between activated char-
coal and the antimicrobials administered orally. However, this 
is not supported by the recovery data, as no significant differ-
ence in percent recovery was observed between groups A, B, 
and C, although the charcoal-treated group was significantly 
slower to recover than the antimicrobial-treated or dual-treated 
animals. Taken together, these results suggest that antimicro-
bials lead to, at best, a moderate improvement in outcomes for 
calves with non-severe diarrhea relative to the calves treated 
with activated charcoal or the dual treatment. This raises an 
important question: is the slight improvement worth the added 
financial expense of indiscriminate antimicrobial treatment, as 
well as its detrimental effects on the cattle industry’s social 
license? The utility of treating non-severe NCD—which is less 
likely to have a bacterial cause—with antimicrobials is parti-
cularly questionable when the animals already receive in-feed 
antimicrobials. For instance, targeted antimicrobial therapy in 
herds managed without in-feed antimicrobials has been shown 
to improve NCD recovery, feed intake, and weight gain relative 
to more conventional, antimicrobial-intensive husbandry.10 

Given that most day 0 fecal samples were positive for non- 
bacterial pathogens, and that other studies have suggested little 
or no benefit to using antimicrobials in mild-to-moderate cases 
of NCD,8,9 it is unlikely that antimicrobials will improve out-
comes for the majority of NCD cases. Indeed, regardless of 
treatment, most animals in the present study recovered—and 
the microbial burden decreased significantly—by day 7. These 
data suggest that a strong immune response is more effective 
than treatment with either antimicrobials or charcoal, which 
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likely warrants a large-scale clinical study to evaluate the 
efficacy of calfhood vaccination to protect calves from rota-
viral and coronaviral diarrhea. Vaccination of the dam is a good 
practice, but it may fail to protect the calves when colostrum is 
not provided in adequate amounts.36–39

Conclusion
The majority of non-severe NCD cases are likely caused by 
non-bacterial organisms (mainly rotavirus and C. parvum); 
accordingly, antimicrobials only moderately improved out-
comes for calves with non-severe NCD relative to activated 
charcoal. Systemic antimicrobial treatment is likely unneces-
sary for the majority of non-severe cases of NCD and should be 
limited to severe cases, which are more likely to have 
a bacterial cause.

Abbreviation
NCD, neonatal calf diarrhea.
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