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Abstract

Background: Sepsis is a life-threatening disease for which critically important antimi-

crobials (CIA) frequently are used. Diagnostic and therapeutic guidelines for sepsis

and critically ill calves are largely lacking.

Objectives: Identify factors associated with mortality in critically ill calves and

describe bacteria obtained from blood cultures of critically ill calves with sepsis and

their antimicrobial resistance.

Animals: Two-hundred thirty critically ill calves, mainly Belgian Blue beef cattle.

Methods: Retrospective cohort study. Logistic regression, survival analysis, and deci-

sion tree analysis were used to determine factors associated with mortality.

Results: Of the critically ill calves, 34.3% had sepsis and 61.3% died. The final survival

model indicated that calves with sepsis (hazard risk [HR]: 1.6; 95% confidence inter-

val [CI]: 1.0-2.5; P = .05), abnormal behavior (HR: 2.3; 95% CI: 1.3-4.0; P = .005), and

hypothermia (HR: 0.82; 95% CI: 0.72-0.95; P = .01) had a significantly higher mortal-

ity risk. In a second survival model, hypothermia (HR: 0.87; 95% CI: 0.78-0.96;

P = .004) and hypoglycemia (HR: 2.2; 95% CI: 1.5-3.3; P < .001) were risk factors for

mortality. Decision tree analysis emphasized the importance of behavior, hypochlore-

mia, hypoglycemia, hyperkalemia, and lung ultrasonography for mortality risk.

Escherichia coli (30.6%) was most frequently isolated from blood cultures, of which

90.9% were multidrug resistant. Inappropriate use of antimicrobials was frequent for

penicillin, amoxicillin, and sulfamethoxazole/trimethoprim, but less for CIA.

Conclusions and Clinical Importance: Many critically ill calves have sepsis, which

increases mortality risk. Bacteria involved are often resistant to first-intention antimi-

crobials but less resistant to CIA. The other identified risk factors for mortality can

support therapeutic decision-making.
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1 | INTRODUCTION

Sepsis is the life-threatening dysregulated response of the body to

infectious pathogens or their toxins present in the bloodstream, and a

leading cause of mortality in animals and humans.1-5 Sepsis is poorly

explored in farm animals, but older studies estimate that up to 30%

of calves with neonatal diarrhea or illness are septic.6,7 Guidelines

from human medicine emphasize the importance of rapid IV broad-

spectrum bactericidal antimicrobial treatment, followed by timely

antimicrobial de-escalation to guarantee future effectiveness and

counter resistance selection against these products.8-10 Antimicrobial

use can be considered appropriate or inappropriate. The latter being

defined as use of an antimicrobial agent to which the causal pathogen

is resistant.11 In humans, inappropriate treatment and delayed initia-

tion of treatment are associated with decreased survival.11-13 To treat

sepsis, critically important antimicrobials (CIA), such as cephalosporins

and fluoroquinolones, frequently are preferred in veterinary practice.

However, public concern about antimicrobial use in farm animals

warrants decreased use of these CIA in light of the One Health

approach.14,15 Also, different national guidelines for antimicrobial

treatment in cattle recommend the use of first intention treatment

with, for example, potentiated sulphonamides to safeguard fluoro-

quinolones and cephalosporins as last resort agents.16,17 In Belgium,

the Netherlands and Germany, fluoroquinolones and cephalosporins

can only be used in farm animals under strict legal conditions, mostly

including the requirement of microbiological testing.18-20 Blood cul-

ture is preferred for the confirmation of sepsis and in humans its use

significantly increases the chance of survival.6,10,21 Information on

bacteria involved in sepsis in calves and their antimicrobial resistance

profile is scarce. Most studies are outdated and none are available for

the European Union, where legislation on CIA is most strict.7,22-24

Regional resistance data could help avoid inappropriate or unneces-

sary antimicrobial use, unnecessary costs, and adverse effects of

these medications.6 Calf mortality is an important welfare and eco-

nomic problem, but it is unclear to what extent sepsis increases

mortality risk in calves.25 Moreover, risk factors for mortality in crit-

ically ill calves rarely are documented.26-28 Information on the prog-

nosis in critically ill calves can contribute to more rational decision-

making to initiate treatment, taking economic, animal welfare, and

antimicrobial resistance aspects into account. Therefore, our first

objective was to determine factors associated with mortality in criti-

cally ill calves. Our second objective was to describe the bacteria

involved in critically ill calves with sepsis and their antimicrobial

resistance profiles.

2 | MATERIALS AND METHODS

2.1 | Study design and inclusion criteria

A retrospective cohort study was conducted on the medical records

of critically ill calves presented between February 2017 and

December 2020 in the university clinic, because from 2017 routine

blood culturing from critically ill calves to confirm sepsis was per-

formed. Inclusion criteria for the calves were an age <130 days and

critical illness.

2.2 | Definitions

Critical illness was defined as severe respiratory, cardiovascular, or

neurological abnormalities (apathy, decubitus, or neurological signs),

alone or in combination.29 Sepsis was defined as a positive blood cul-

ture in combination with critical illness. Neonatal respiratory distress

syndrome (NRDS), to which Belgian Blue cattle are predisposed, was

defined as respiratory distress a few hours after birth, caused by sur-

factant deficiency.30,31 Diagnosis was based on historical information,

clinical examination, blood tests, and ultrasound examination of the

animal. Comorbidity was defined as the presence of multiple health

conditions in the animal. No index disease was taken into account (i.

e., no distinction was made for multimorbidity).32

Multidrug resistance (MDR) was defined as a pathogen resistant

to at least 1 agent belonging to 3 different antimicrobial classes;

intrinsic resistance was not included.33 Inappropriate antimicrobial

treatment was defined as the use of an antimicrobial to which the

pathogen obtained from the blood culture was resistant (i.e., low

chance of clinical efficacy due either to acquired or intrinsic resis-

tance).11 We further differentiated between theoretical and observed

appropriateness. Theoretical appropriateness was calculated for all

antimicrobials, regardless of whether this antimicrobial was used in the

respective animal. In contrast, observed appropriateness was limited to

cases where the specific antimicrobial was given to the animal, and thus

indicates whether the administered antimicrobial was effective in the

animal. Similar to a previous study,33 penicillins and cephalosporins

were included as 2 classes (not combined as β-lactam agents). Sulfa-

methoxazole/trimethoprim (SXT) was considered 1 class, given that

during testing with disk diffusion mainly combination disks were used,

making separate interpretation impossible. Included antimicrobials in

the analysis were: penicillins, cephalosporins, macrolides, lincosamides,

aminoglycosides, phenicols, quinolones, tetracyclines, and SXT.

2.3 | Clinical and blood examination

Clinical examination was performed on the day of blood culture sam-

pling.34 Three demographic factors (breed, age, sex), 15 clinical factors

(temperature [�C], heart rate [beats/min], respiratory rate [breaths/

min], mucosa color [pink, pink pale, congested], capillary filling time

[seconds], skin pinch test [seconds], enophthalmos [mm], abnormal

behavior, congestion of scleral vessels, and presence of morbidities

such as arthritis, phlebitis, omphalitis, diarrhea, enteritis, and pneumo-

nia) were evaluated during clinical examination. For phlebitis, the jugu-

lar vein was evaluated for swelling or inflammation. Dehydration was

determined on the duration of the prolonged turgor time and degree

of enophthalmos (mm). Pneumonia and enteritis were evaluated by

ultrasound examination, using a linear 7.5 MHz probe (Easote

2 PAS ET AL.
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TABLE 1 Mortality and sepsis risk in 230 critically ill calves according to diagnosis and comorbidity

Diagnosis Percentage (N) Mortality % (N) Sepsis % (N)

Enteritis/diarrhea total 51.7 (119) 54.6 (65) 29.4 (35)

Only enteritis/diarrhea 13.0 (30) 53.3 (16) 40.0 (12)

Comorbidity with pneumonia 13.9 (32) 59.4 (19) 31.3 (10)

Comorbidity with pneumonia + omphalitis 4.3 (10) 70.0 (7) 20.0 (2)

Comorbidity with pneumonia + NRDS 1.3 (3) 66.6 (2) 33.3 (1)

Comorbidity with pneumonia + others

Including phlebitis (2), hepatitis (3), arthritis

+ nephritis, pleuritis, abomasitis

3.5 (8) 37.5 (3) 12.5 (1)

Comorbidity with NRDS 3.9 (9) 33.3 (3) 22.2 (2)

Comorbidity with NRDS + omphalitis 2.2 (5) 60.0 (3) 0 (0)

Comorbidity with NRDS + hepatitis 0.4 (1) 100.0 (1) 0 (0)

Comorbidity with omphalitis 2.2 (5) .2 (1) 40.0 (2)

Comorbidity with omphalitis +

others Including BNP, hepatitis, splenitis, phlebitis

1.7 (4) 75.0 (3) 25.0 (1)

Comorbidity with others

Including abomasitis, BNP, pleuritis,

cerebrocortical necrosis, abomasitis/ruminitis,

hepatitis, peritonitis, nervous signs, salt

intoxication

5.2 (12) 50.0 (6) 33.3 (4)

Pneumonia total 45.7 (105) 68.6 (72) 39.0 (41)

Only pneumonia 10.0 (23) 73.9 (17) 43.5 (10)

Comorbidity with omphalitis 1.7 (4) 100.0 (4) 50.0 (2)

Comorbidity with omphalitis + NRDS 0.9 (2) 50.0 (1) 50.0 (1)

Comorbidity with omphalitis + arthritis 0.9 (2) 100.0 (2) 100.0 (2)

Comorbidity with omphalitis + others

Including peritonitis, cystitis + meningitis,

paralysis hindquarters

1.3 (3) 100.0 (3) 33.3 (1)

Comorbidity with NRDS 3.9 (9) 66.7 (6) 55.6 (5)

Comorbidity with phlebitis 1.3 (3) 100.0 (3) 66.6 (2)

Comorbidity with others

Including abomasitis, arthritis, lead toxicity,

peritonitis, pleuritis, pleuritis + osteomyelitis

2.6 (6) 66.7 (4) 66.7 (4)

NRDS total 17.8 (41) 53.7 (22) 22 (9)

Only NRDS 4.3 (10) 60.0 (6) 0 (0)

Comorbidity with omphalitis 0.9 (2) 50.0 (1) 0 (0)

Comorbidity with atresia ani 0.4 (1) 0 (0) 0 (0)

Omphalitis total 17.8 (41) 61.0 (25) 22.0 (9)

Only omphalitis 1.7 (4) 50.0 (2) 0 (0)

Comorbidity with arthritis 0.4 (1) 0 (0) 0 (0)

Comorbidity with nervous signs 0.4 (1) 50.0 (1) 0 (0)

Hemorrhage 1.3 (3) 66.7 (2) 0 (0)

Phlebitis 1.3 (3) 33.3 (1) 100.0 (3)

Arthritis 1.3 (3) 100.0 (3) 100.0 (3)

Others

Including abomasitis, Clostridium perfringens, hepatitis,

renal failure, pleuritis, spinal fracture, nervous signs,

otitis media, peritonitis (ulcer), peritonitis (atresia

ani), abomasitis + phlebitis, hepatitis + abomasitis

+ ruminitis

5.2 (12) 75.0 (9) 41.7 (5)

Unknown 8.3 (19) 63.2 (12) 31.6 (6)

Total 230 61.3 (141) 34.3 (79)

Abbreviations: N, number of calves; NRDS, neonatal respiratory distress syndrome.

PAS ET AL. 3
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TABLE 2 Results of univariable analysis of clinical factors associated with mortality in 230 critically ill calves

Variable Categories Observed mortality P-value OR 95% CI

Positive blood culture (sepsis) Blood culture negative (ref) 53.6% (81/151)

Blood culture positive 76.9% (60/78) <.001 2.9 1.6-5.3

Breed Belgian Blue (ref) 64.7% (121/187) .09

Holstein Friesian 40.0% (8/20) .04 0.36 0.14-0.93

Others 55.0% (11/20) .39 0.67 0.26-1.7

Age <5.5 d (ref) 57.1% (60/105)

≥5.5 d 65.3% (81/124) .21 1.4 0.83-2.4

Gender Female (ref) 56.6% (60/106)

Male 68.5% (76/111) .07 1.7 0.96-2.9

Temperature (continue) <.001 0.62 0.48-0.79

Temperature (categorical) 38�C-39.9�C (ref) 58.6% (78/133) <.001

<38�C 85.4% (35/41) .003 4.1 1.6-10.4

≥40�C 40.5% (15/37) .05 0.48 0.23-1.0

Heart rate <126 bpm (ref) 55.6% (60/108)

≥126 bpm 65.9% (54/82) .15 1.5 0.85-2.8

Respiratory rate (continue) .76 1.0 0.99-1.0

Respiratory rate (categoric) 30-45 bpm (ref) 51.1% (23/45) .33

<30 bpm 65.7% (23/35) .19 1.8 0.74-4.6

>45 bpm 62.8% (70/112) .19 1.6 0.79-3.2

Mucosae Pink (ref) 53.5% (46/86) .003

(Pink) pale 85.4% (35/41) <.001 5.1 1.9-13.3

Congested 52.3% (23/44) .9 0.95 0.46-2.0

Capillary refill time Normal (ref) 58.1% (43/74)

Prolonged (>2 sec) 67.2% (43/64) .27 1.5 0.74-3.0

Turgor Normal (ref) 47.8% (33/69)

Prolonged (>2 sec) 70.5% (67/95) .004 2.6 1.4-5.0

Enophthalmos Absent (ref) 53.3% (8/15)

Present 60.9% (14/23) .65 1.4 0.37-5.1

Arthritis Absent (ref ) 60.0% (18/30)

Present 87.5% (7/8) .17 4.7 0.51-42.9

Phlebitis Absent (ref) 60.0% (18/30)

Present 60.0% (6/10) 1.0 1.0 0.23-4.3

Fecal consistency Normal or pasty feces 56.9% (33/58)

Watery feces (incl. blood. fibrine.…) 56.6% (30/53) .98 0.99 0.47-2.1

Omphalitis Absent (ref) 60.3% (35/58)

Present 63.4% (26/41) .76 1.1 0.50-2.6

Scleral injections Absent (ref) 52.2% (12/23)

Present 72.2% (13/18) .20 2.4 0.64-8.9

Behavior Normal and slightly lethargic (ref) 36.7% (18/49)

Abnormal. Cannot get up without help 77.8% (63/81) <.001 6.0 2.8-13.2

Enteritis Present (ref) 51.6% (32/62)

Absent 61.0% (47/77) .27 1.5 0.75-2.9

Pneumonia No lesions and consolidation <1 cm (ref) 54.9% (67/122)

Consolidation ≥1 cm 70.0% (49/70) .04 1.9 1.0-3.6

Abbreviations: 95% CI, 95% confidence interval; bpm, beats or breaths per minute; d, day(s); OR, odds ratio; ref, reference.

4 PAS ET AL.
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MyLab30 Gold unit, the Netherlands or Sonosite M-Turbo, Fujifilm).

For lung ultrasonography, both sides of the thorax were scanned,

focusing on the presence of comet tail artifacts (few, multiple, diffuse)

on the pleura as well as size of consolidations and presence of free fluid

in the thorax. Umbilical infections were evaluated macroscopically and

by ultrasound examination as previously described, distinguishing among

local umbilical infection, omphalophlebitis, omphaloarteritis, and ompha-

lourachitis.35 Blood samples (heparin, EDTA, and serum) were collected

TABLE 3 Results of univariable analysis of laboratory factors in venous blood associated with mortality in 230 critically ill calves

Variable Categories Observed mortality P-value OR 95% CI

pH >7.18 (ref) 55.0% (72/131)

≤7.18 78.7% (37/47) .005 3.0 1.4-6.6

pCO2 <45.35 mm Hg (ref) 49.4% (38/77)

≥45.35 mm Hg 69.7% (69/99) .007 2.4 1.3-4.4

pO2 (mmHg) .17 0.98 0.95-1.0

HCO3 91.6-171.4 mg/dL (15.1-28.0 mmol/L) (ref) 55.1% (43/78) .25

≤91.5 mg/dL (15.0 mmol/L) 71.1% (27/38) .1 2.0 0.87-4.6

≥171.5 mg/dL (28.1 mmol/L) 57.5% (23/40) .81 1.1 0.51-2.4

Packed cell volume <47.5% (ref ) 57.0% (81/142)

≥47.5% 85.7% (18/21) .02 4.5 1.3-16.0

Base excess ≥�5 mEq/L (ref) 51.5% (50/97)

<�5 mEq/L 69.0% (58/84) .02 2.1 1.1-3.9

Hypoglycemia >55 mg/dL (ref) 53.4% (71/133) <.001 5.5 2.2-14.0

≤55 mg/dL 86.4% (38/44)

Sodium <147.55 mEq/L (ref) 57.0% (81/142)

≥147.55 mEq/L 70.6% (24/34) .15 1.8 0.81-4.1

Potassium <6.08 mEq/L (ref) 57.7% (94/163)

≥6.08 mEq/L 90.0% (18/20) .01 6.6 1.5-29.4

Chloride (mEq/L) .16 0.97 0.93-1.0

Calcium ≥4.69 mg/dL (1.17 mmol/L) (ref) 55.9% (66/118)

<4.69 mg/dL (1.17 mmol/L) 73.2% (41/56) .03 2.2 1.1-4.3

Lactate <96.22 mg/L (10.68 mmol/L) 48.8% (20/41)

≥96.22 mg/L (10.68 mmol/L) 92.3% (12/13) .02 12.6 1.5-106.0

Urea <26.13 mg/dL (4.35 mmol/L) 52.2% (12/23)

≥26.13 mg/dL (4.35 mmol/L) 73.2% (30/41) .09 2.5 0.86-7.3

Creatinine <2.22 mg/dL (196 μmol/L) 50.0% (18/36)

≥2.22 mg/dL (196 μmol/L) 83.3% (25/30) .007 5.0 1.6-16.0

Leukocytes 3.40-11.30 � 109/L 64.3% (9/14) .27

≤3.39 � 109/L 85.7% (6/7) .32 3.3 0.31-36.1

≥11.31 � 109/L 44.4% (4/9) .35 0.44 0.08-2.5

Neutrophils 2.1-12.3 � 109/L 61.5% (8/13) .7

≤2.1 � 109/L 71.4% (5/7) .66 1.6 0.22-11.4

≥12.3 � 109/L 50.0% (4/8) .61 0.63 0.11-3.7

Lymphocytes 1.2-10.6 � 109/L 55.6% (10/18)

<1.2 � 109/L 75.0% (9/12) .29 2.4 0.48-11.9

>10.6 � 109/L /

Thrombocytes <359.5 K/μL 58.8% (10/17)

≥359.5 K/μL 75.0% (9/12) .37 2.1 0.41-10.7

Total protein ≥5.5 g/dL 47.1% (16/34)

<5.5 g/dL 78.3% (18/23) .02 4.1 1.2-13.4

Abbreviations: 95% CI, 95% confidence interval; bpm, beats or breaths per minute; d, day(s); OR, odds ratio; ref, reference.

PAS ET AL. 5
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from the jugular vein using a vacutainer system (Venoject, Terumo,

Leuven, Belgium) for blood gas analysis (RAPIDPoint 405 Siemens

Healthcare, Beersel, Belgium), hematology (IDEXX ProCyte Dx

Hematology Analyzer, DEXX Europe B.V., Hoofddorp, The Netherlands)

and biochemical analysis (IDEXX Catalyst One Chemistry Analyzer,

IDEXX Europe B.V., Hoofddorp, The Netherlands). History about

previous antimicrobial treatment from the owner or local veterinarian

was recorded in the worksheet.

2.4 | Blood culture and bacteriology

Blood was taken from the jugular vein after clipping, scrubbing with

chlorhexidine, and disinfection with ethanol or isopropanol for aseptic

preparation. Samples were taken with a 21G needle and 10 to 20 mL

syringe by an operator wearing sterile gloves. Aerobic enriched media

were used for sampling; BACTEC Plus Aerobic medium 8 to 10 mL,

BD BACTEC Peds Plus medium 1 to 3 mL (BD, Erembodegem,

Belgium) or both. Blood cultures were aerobically incubated at 35�C

in an automated system for detection of microbial growth (BACTEC

FX). Samples were considered negative after >5 days without growth

in the BACTEC FX system. During the study, bacterial isolates were

identified at 1 of 3 different laboratories using conventional

(biochemical) identification methods, matrix-assisted laser desorption/

ionization time-of-flight mass spectrometry (MALDI-TOF MS) or both.

The disk diffusion method was used for antimicrobial susceptibility

testing and interpreted according to either Clinical and Laboratory

Standards Institute standards (CLSI),36 European committee on anti-

microbial susceptibility testing (EUCAST)37 or Comité de l'antibio-

gramme de la Société Française de Microbiologie (CASFM).38

Susceptibility results of fastidious organisms (e.g., Corynebacterium

spp., Trueperella pyogenes) using the disk diffusion method were con-

sidered unreliable because only broth microdilution methods should

be used to interpret susceptibility testing results for these bacteria.39

2.5 | Statistical analysis

Data were collected in a worksheet (Excel, Microsoft Inc, Washington)

and transferred to a statistics program (IBM SPSS Statistics for Win-

dows, Version 27.0. Armonk, NY: IBM Corp) for descriptive and statis-

tical analysis. Binary logistic regression was used to determine risk

factors for mortality. Three separate models were built: 1 including

only clinical signs, a second using only blood variables and a third

combining both. For each model, all factors first were tested univari-

ably. Continuous factors were tested continuously as well as

TABLE 4 Clinical, laboratory, and combined multivariable regression models for factors associated with mortality in 230 critically ill calves

Variable Mortality OR 95% CI P-value Se (%) Sp (%) Acc (%)

Clinical model

n = 116 Gender (male) 70.3% (45/64) 4.3 1.5-11.9 .01 85.9 66.7 78.4

Temperature (/�C increase) 0.55 0.36-0.85 .01

Color mucosae (pale) 84.4% (27/32) 7.1 1.9-26.2 .003

Abnormal behavior 77.1% (54/70) 3.3 1.3-8.5 .01

Laboratory model

Model A Blood culture positive 79.3% (46/58) 3.3 1.6-7.0 .002 60.6 71.0 64.6

n = 178 Acidosis (≤7.18) 78.7% (37/47) 2.9 1.3-6.4 .01

Model B Hypoglycemia (≤55 mg/dL) 87.5% (35/40) 5.2 1.9-14.4 .001 54.3 84.1 65.5

n = 168 Acidosis (≤7.18) 78.7% (37/47) 3.5 1.4-8.8 .01

Combined (clinical + laboratory) model

Model A Abnormal behavior 75.0% (48/64) 3.3 1.1-10.0 .03 85.7 73.2 80.8

n = 104 Gender (male) 68.3% (41/60) 4.3 1.4-13.2 .01

Tachycardia (>126 bpm) 67.4% (29/43) 3.4 1.1-10.8 .04

Color mucosae (pale) 84.6% (22/26) 10.4 2.5-43.7 .001

Acidosis (≤7.18) 86.2% (25/29) 5.3 1.3-21.9 .02

Blood culture positive 80.0% (28/35) 6.9 1.9-25.0 .003

Model B Abnormal behavior 73.1% (49/67) 3.1 1.2-8.0 .02 78.6 70.3 73.6

n = 106 Tachycardia (>126 bpm) 69.0% (29/42) 2.7 1.0-7.2 .05

Acidosis (≤7.18) 85.7% (24/28) 4.2 1.2-15.0 .03

Hypoglycemia (≤55 mg/dL) 92.0% (23/25) 10.4 2.1-51.5 .004

Note: Abnormal behavior included an apathic state, decubitus, and/or neurological signs.

Abbreviations: 95% CI, 95% confidence interval; Acc, accuracy; n, calves in model; N, calves with variable present; OR, odds ratio; Se, sensitivity; Sp,

specificity.
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categorically, based on deviations from normal reference values,40 quar-

tiles, and binaries using a cut-off as determined by receiver operating

characteristics curve analysis (ROC). Categorical factors with ≤20 obser-

vations were merged and recorded into broader categories or excluded

if doing so was not possible and no final model could be generated oth-

erwise. All factors with P < .2 were retained in the multivariable model,

which was built backwards stepwise, gradually excluding nonsignificant

predictors. Correlations between significant continuous factors were

tested and, when >0.6, only the most significant factor was used for fur-

ther modeling. Similarly, for categorical factors, associations were tested

by Chi-square testing and logistic regression. When a significant associa-

tion was found, variables were not withheld in the same model. Biologi-

cally plausible interactions were tested. Model fit was evaluated using

the Hosmer-Lemeshow test for logistic models. Overall model fit was

determined by accuracy. Significance was set at P ≤ .05.

In a second approach, a classification and regression tree analysis

(CART) was performed using SPSS (IBM). The CART method attempts

to continuously split the data with maximum homogeneity within the

node until homogeneity or imposed stopping criteria are met in a

node.41 The degree of nonhomogeneous subset in a node is an indica-

tion of impurity.42 This impurity is measured by the Gini index,

whereby the minimum of decrease in impurity was set at 0.0001.

Growth limit was set at 20 observations in the parent node and 10 in

the child node whereby the maximum depth of the decision tree was

determined automatically. Missing values were excluded from the tree-

growing process, because the number of surrogates was preset as

0, resulting in no surrogates or alternative predictors in the develop-

ment of the decision trees. For validation of the tree, cross-validation

was selected because of the small sample size.42 Tree performance was

evaluated based on diagnostic accuracy, sensitivity and specificity, posi-

tive (PPV) and negative (NPV) predictive value, and area under the

curve (AUC). Both logistic regression and tree analysis models were

solely explanatory models. Sample size was too small to have a training

and validation data set of sufficient size for predictive modeling.

Finally, a survival analysis was performed. A Cox proportional haz-

ards model was built with mortality as the outcome. The time until dis-

charge or death was defined as survival time and mortality as the event

(0/1). Right censoring was done at the day animals left the clinic. Time

was calculated by subtracting the date of blood culture (inclusion) from

the date of death or discharge from the clinic. Similar to logistic regres-

sion, a stepwise backwards approach was used, where variables that

had univariable significance (P < .05) or P < .2 were included in the 3

multivariable models after correlation was excluded. Visualization of sig-

nificant factors of interest was done using Kaplan-Meier survival curves.

3 | RESULTS

3.1 | Animals, diseases, and mortality risk

Our study population consisted of 230 critically ill calves. Mean ± SD

and median age were 15.4 ± 22.6 and 8 days, respectively (range [R],

0-129). Of the calves, 87% (199/230) were <1 month of age. Most

calves (81.7%, n = 188) belonged to the Belgian Blue (BB) beef breed,

8.7% (n = 20) were Holstein Friesian (HF), 3.9% (n = 9) Blonde

d'Aquitaine, 1.7% (n = 4) Maine Anjou, 1.7% (n = 4) crossbreds, 1.3%

(n = 3) other breeds, and 0.9% (n = 2) were of unknown breed.

There were slightly more male (n = 112) than female (n = 106) calves

and sex was not recorded for 12 calves. Mean ± SD and median

rectal temperature were 38.8�C ± 1.53�C and 38.9�C, respectively

(R, unmeasurably low-41.9�C). Mean and median heart rate were

Mortality

Cat % N

Alive 63.3 31

Dead 36.7 18

Total 21.4 49

Cat % N

Alive 31.7 57

Dead 68.3 123

Total 78.6 180

Cat % N

Alive 38.4 88

Dead 61.6 141

Total 100 229

Cat % N

Alive 37.5 54

Dead 62.5 90

Total 62.9 144

Cat % N

Alive 8.3 3

Dead 91.7 33

Total 15.7 36

Cat % N

Alive 13.8 4

Dead 86.2 25

Total 12.7 29

Cat % N

Alive 43.5 50

Dead 56.5 65

Total 50.2 115

Cat % N

Alive 47.6 50

Dead 52.4 55

Total 45.9 105

Cat % N

Alive 0 0

Dead 100 10

Total 4.4 10

Cat % N

Alive 55.6 40

Dead 44.4 32

Total 31.4 72

Cat % N

Alive 30.3 10

Dead 69.7 23

Total 14.4 33

Behavior
(I: 0.080)

AbnormalNormal

Chloride
(I: 0.037)

> 98.5 mmol/L ≤ 98.5 mmol/L

Glucose
(I: 0.033)

Potassium
(I: 0.03)

Pneumonia 
(I: 0.022)

Absent Present

≤ 6.34 mmol/ > 6.34 mmol/L

≤ 55 mg/dL >55 mg/dL

F IGURE 1 Decision tree for mortality in 229 critically ill calves
based on clinical and laboratory findings. Cat, Category; I,
improvement; N, calves included. Abnormal behavior included an
apathic state, decubitus and/or neurological signs.
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122.2 ± 33.3 and 120 beats/min (R, 48-220) and these values were

61.4 ± 33.8 and 52 breaths/min (R, 10-156) for respiratory rate.

An overview of clinical diagnosis in relation to sepsis and mortal-

ity risk is given in Table 1. Enteritis and diarrhea (51.7%) and pneumo-

nia (45.7%) were diagnosed most frequently, followed by neonatal

respiratory distress syndrome (NRDS, 17.8%) and omphalitis (17.8%).

In 19 calves, the final diagnosis was either unknown or not recorded.

In 34.3% (79/230) of the calves, sepsis was confirmed by positive

blood culture. Mortality risk was significantly higher in calves with

sepsis than in non-septic calves (76.9% [60/78] vs 53.6% [81/151];

odds ratio [OR], 2.9; 95% confidence interval [CI]: 1.6-5.3; P = .001)

as shown in Table 2. Of the calves with sepsis, 44.3% (35/79) had

enteritis, 51.9% had pneumonia (41/79), 11.4% (9/79) omphalitis,

7.6% (6/79) arthritis, and 11.4% (9/79) had NRDS. Comorbidities

(Table 1) were frequent (54.8% [126/230]), but a comorbidity did not

significantly increase the risk of mortality (OR: 0.93; 95% CI: 0.54-1.6;

P = .79), or the risk of sepsis (OR: 0.91; 95% CI: 0.52-1.6; P = .72).

In total, 61.3% (n = 141) of the calves died, and in 1 case informa-

tion about mortality was absent. Mean ± SD and median survival time

in all cases was 9.2 ± 12.5 and 5, respectively (R, 1-88). Mean ± SD and

TABLE 5 Clinical, laboratory, and combined multivariable survival analysis for factors associated with mortality in 230 critically ill calves

Variable HR 95% CI P-value

Clinical model

n = 128 Temperature (/�C increase) 0.82 0.71-0.94 .005

Abnormal behavior 2.4 1.3-4.2 .003

Laboratory model

Model A Blood culture positive 1.9 1.3-2.7 .002

n = 178 Acidosis (≤7.18) 1.6 1.0-2.3 .03

Model B Hypoglycemia (≤55 mg/dL) 2.1 1.4-3.2 <.001

n = 168 Acidosis (≤7.18) 1.7 1.1-2.5 .01

Combined (clinical + laboratory) model

Model A
n = 128

Abnormal behavior 2.3 1.3-4.0 .005

Temperature (/�C increase) 0.82 0.72-0.95 .01

Blood culture positive 1.6 1.0-2.5 .05

Model B
n = 175

Temperature (/�C increase) 0.87 0.78-0.96 .004

Hypoglycemia (≤55 mg/dL) 2.2 1.5-3.3 <.001

Note: Abnormal behavior included an apathic state, decubitus, and/or neurological signs.

Abbreviations: 95% CI, 95% confidence interval; HR, hazard ratio.

F IGURE 2 Survival graph for
mortality of critically ill calves with or
without positive blood culture (228 cases;
2017-2020; Log Rank test: χ2 13.4;
df = 1; P < .001)
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median survival time in the animals discharged from the clinic was 17.1

± 15.7 and 13, respectively (R, 1-88). Mean ± SD and median survival

time in the animals that died was 4.3 ± 6.3 and 2, respectively (R, 1-39).

3.2 | Risk factors for mortality in critically ill calves

Tables 2 and 3 present associations with mortality in critically ill

calves for clinical and laboratory variables, respectively. Univariable

analysis showed that septicemic, dehydrated, or hypothermic calves

with either metabolic or respiratory acidosis were more likely to die,

as well as calves with hypoglycemia or pale mucous membranes.

Several factors were significantly correlated with skin turgor

(dehydration, hematocrit, and serum sodium, urea, and creatinine

concentrations), and skin turgor was selected for the multivariable

model. Acidosis was highly correlated with partial pressure of carbon

dioxide (pCO2), bicarbonate (HCO3
�) concentration, base excess

(BE), and serum potassium concentration, and thus pH was included

in the final model. Positive blood culture was significantly correlated

with hypoglycemia. Because both factors were relevant, both

multivariable logistic models (1 with sepsis [A] and 1 with blood

glucose [B]) are shown in Table 4. The final combined model including

blood culture (Model A) had the highest accuracy, but in model B

results are more rapidly available to the practitioner because it contains

cow-side tests.

The results of the CART analyses with clinical and laboratory fac-

tors are found in Figure 1. The tree including history and clinical vari-

ables (not shown) consisted of behavior (abnormal), followed by

mucous membranes (pale), temperature (≤37.2�C), diarrhea (absent),

and breed (BB). Its accuracy was 69.9%, with a sensitivity of 83.0%

and specificity of 48.9%. The AUC was 0.659 and PPV and NPV were

72.2% and 64.2%, respectively. The combined (clinical findings and

blood test results) tree consisted of behavior; serum chloride, glucose,

and potassium concentrations and pneumonia in consecutive order.

This tree was 70.7% accurate, and had sensitivity and specificity of

64.5% and 80.7%, respectively. The AUC was 0.715, and the PPV and

NPV were 84.3% and 58.6%, respectively.

Results of the survival analysis are shown in Table 5. In the uni-

variable survival analysis, the same risk factors as in logistic regres-

sion had P < .20 and therefore were included in the multivariable

model, with the exception of breed and tachycardia (data of univari-

able analysis not shown). Figure 2 shows survival in critically ill

calves stratified based on blood culture test results (positive vs nega-

tive). Lactate was significant in the univariable analysis, but not

included in the multivariable model because of the limited number of

observations (Figure 3).

3.3 | Bacteria and antimicrobial resistance

Table 6 provides an overview of the most frequently isolated bacteria

and their respective antimicrobial susceptibility. Blood culture was

positive in 79 cases, but in only 67 animals were ≥1 bacteria identified

to species level. In 4 blood cultures, >1 bacterial species was isolated:

(1) Escherichia coli and Streptococcus pluranimalium, (2) Klebsiella pneu-

moniae and Streptococcus pluranimalium, (3) Bacillus pumilus,

S. pluranimalium, and Bibersteinia trehalosi, and (4) Enterococcus sp. and

Staphylococcus sciuri. In 12 cases, after a positive result from the BAC-

TEC FX, no bacteria were isolated either as a result of human error

(clinician or laboratory) or because involved bacteria did not grow on

the standard media used after enrichment medium, thus resulting in a

total of 72 bacterial isolates.

F IGURE 3 Survival graph for
mortality of critically ill calves with or
without lactate ≥96.22 mg/L (54 cases;
2017-2020; Log Rank test: χ2 12.2;
df = 1; P < .001)
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In total 62.5%, (45/72) Gram-negative and 37.5% (27/72) Gram-

positive isolates were obtained. Bacteria isolated from blood culture,

not listed in Table 6 because of low isolation frequency included;

Enterococcus sp. (1), Mannheimia haemolytica (1), Trueperella pyogenes

(1), Bibersteinia trehalosi (1), Campylobacter jejuni (1), Serratia ureilytica

(1), Chryseobacterium hominis (1), Microbacterium lacticum (1), Globica-

tella sp. (1), Myroides odoratimimus (1), Proteus mirabilis (1), Paenibacil-

lus amylolyticus (1), and unidentified coryneforms (1), Gram-negative

Cocci (1), Gram-positive cocci (1), Gram-positive rods (1), and Gram-

negative rods (1). The most frequently isolated species was E. coli

30.6% (22/72). Other Enterobacteriaceae, including Salmonella sp.,

Klebsiella oxytoca, Klebsiella pneumoniae, Raoultella ornithinolytica, coli-

forms, and Enterobacter cloacae, also were prevalent (19.4%, 14/72).

The most frequently isolated Gram-positive genus was Staphylococcus

spp. (15.2%, 11/72). Of the isolated staphylococci, 4 were methicillin-

resistant and 1 produced beta-lactamase. Multidrug resistance (MDR)

according to bacterial genus and species also is presented in Table 6.

Especially for E. coli (90.5%), the prevalence of MDR isolates was high.

Overall, 59.3% (35/59) of the bacteria with available susceptibility

data featured MDR.

Table 7 presents the antimicrobial resistance and theoretical appro-

priateness of the isolates by antimicrobial class, including intrinsic resis-

tance. Theoretically inappropriate treatment in frequently used (first

intention) antimicrobials such as penicillin (86.0%), SXT (50.8%), and

aminopenicillins (66.7%) was high, whereas resistance was lower, but

still noteworthy for the critically important antimicrobials (CIA) ceftiofur

(30.4%), cefquinome (28.6%), and enrofloxacin (19.1%).

In the 79 sepsis cases, clinicians most often opted for combina-

tion treatment of enrofloxacin and penicillin (40). This combination

was only inappropriate in 12.1% (4/33) of the bacteria for which

it could be determined. Other combination treatments included

gentamicin-penicillin (3), SXT-enrofloxacin (2), enrofloxacin-ampicillin

(1), SXT-enrofloxacin-penicillin (1), SXT-gentamicin-penicillin (1), and

lincomycin-spectinomycin-penicillin (1). In some cases, the combina-

tion of the antimicrobials was not immediately administered, but was

given subsequently on the same day, because of lack of clinical

improvement or rapid deterioration of the treated calf. In a few

cases, monotherapy with enrofloxacin (5), amoxicillin (4), ceftiofur

(3), amoxicillin clavulanic acid (2), and penicillin (2) was administered.

Three antimicrobials were only given once (SXT, oxytetracycline,

neomycin-penicillin). For 11 calves, no records about antimicrobial

treatment were available. Observed appropriateness per case could

be determined in 48 animals. Treatment per case (taking combina-

tion therapy into account) was appropriate in 79.1% (38/48) of the

cases. Observed inappropriate treatment did not significantly affect

mortality risk (64.9% appropriate vs 70.0% inappropriate treatment;

OR: 1.3; 95.0% CI: 0.28-5.7; P = .76). Also, the use of CIA (quino-

lones and cephalosporins) did not improve survival (OR: 1.0; 95.0%

CI: 0.28-3.8; P = .97).

4 | DISCUSSION

Different diseases can result in critical illness in calves. As shown in

our study, sepsis is very frequent (34.3%) in this population and

increases mortality risk. As expected, calves with enteritis, NRDS, and

pneumonia can present as critically ill, but only pneumonia signifi-

cantly increased the odds of mortality.

TABLE 7 Theoretical inappropriateness per antimicrobial for the isolated bacteria of 79 blood cultures of critically ill calves

Antimicrobial (number isolates with

known susceptibility)

Acquired resistance %

(number)

Intrinsic resistance %

(number)

Unclear mechanism %

(number)

Inappropriate treatmenta

% (number)

Penicillin (57) 20.4 (10) 79.6 (39) / 86.0 (49)

Ampicillin/amoxicillin (60) 82.5 (33) 17.5 (7) / 66.7 (40)

Amoxicillin + clav. acid (52) 89.5 (17) 10.5 (2) / 36.5 (19)

Cefalexin (52) 56.0 (14) 40.0 (10) 4.0 (1) 48.1 (25)

Ceftiofur (56) 88.2 (15) 5.9 (1) 5.9 (1) 30.4 (17)

Cefquinome (56) 87.5 (14) 6.3 (1) 6.3 (1) 28.6 (16)

Macrolides (52) 14.0 (6) 86.0 (37) / 82.7 (43)

Lincosamides (49) 21.3 (10) 78.7 (37) / 95.9 (47)

Florfenicol (46) 100 (14) / / 30.4 (14)

Spectinomycin (39) 46.2 (6) 53.8 (7) / 33.3 (13)

Gentamicin (43) 66.7 (14) 33.3 (7) / 48.8 (21)

Flumequine (42) 75.0 (12) 25.0 (4) / 38.1 (16)

Enrofloxacin (56) 100 (11) / / 19.6 (11)

Tetracycline (57) 97.4 (38) 2.6 (1) / 68.4 (39)

Doxycycline (56) 100 (31) / / 55.4 (31)

Potentiated sulphonamides (59) 100 (30) / / 50.8 (30)

aAppropriateness based on antimicrobial sensitivity results and intrinsic resistance, displaying whether the antimicrobial would have been appropriate if

therapy was initialized with that particular drug.
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In our study, general mortality in these critically ill calves (61.3%)

was higher than previously reported in a German veterinary teaching

hospital (22%).28 One explanation might be that Belgian farmers and

veterinarians refer animals at a more advanced disease stage, thereby

hampering survival chances. This hypothesis is substantiated by the

fact that nearly 18% of the calves were hypothermic at presentation.

Hypothermia is highly associated with mortality both in our study as

well as in human medicine, and results in worse Sequential Organ Fail-

ure Assessment (SOFA) scores in patients with sepsis.43,44 Humans

with septic shock also have mortality of up to 60% to 80%.45 Differ-

ences in clinician experience or in-house protocols between both

clinics might be another explanation. However, the most likely expla-

nation for the high mortality is the large proportion of BB cattle in our

study. In the final multivariable model, breed was not significant. The

BB breed however is known to be very susceptible to diseases, espe-

cially those affecting the respiratory system.46 A high percentage of

calves in our study had respiratory disease. Bovine respiratory disease

is associated with an increased hazard for mortality in calves.47

Increased mortality risk is seen in calves with lung consolidation

≥6 cm in depth on lung ultrasound examination.48 In the population in

our study, mortality risk even increased with consolidation ≥1 cm in

depth. Also, a substantial proportion of critically ill calves suffered from

NRDS, which is in BB cattle linked with low surfactant protein C.30

Lung ultrasound examination in NRDS calves often shows diffuse B-

lines, indicating an interstitial lung pattern (i.e., lung edema). However,

other causes of edema (e.g., heart defects) should be excluded. In

human medicine, chest radiography is preferred, but lung ultrasound

examination is seen as a valuable complementary diagnostic tool,49 and

can be utilized in cattle as a cow-side test.50

The high mortality in these calves remains remarkable, emphasiz-

ing the need for prognostic information to make a rational economic

decision about treatment. Our study aimed at identifying risk factors

for mortality that can be useful for this purpose. Regarding clinical

variables associated with mortality in calves, hypothermia, pale

mucous membranes, and abnormal behavior appear most promising,

because they were significant in logistic regression, survival analysis,

and included in clinical tree analysis. In humans, mental state also is

considered an important predictive factor for survival in critically ill

patients (eg, Glasgow Coma Score).44 Clinically abnormal behavior in

calves often is associated with acidosis (D-lactatemia), hypoglycemia,

and hypercapnia,28,51 which were all significantly linked with mortality

in our study. Acidemia and hypoglycemia were included in 1 or both

final mortality models. Other promising significant laboratory variables

were hyperkalemia, hemoconcentration, and L-lactatemia, but these

were not selected for the multivariable model-building process

because of correlation with pH and dehydration or because of insuffi-

cient observations (e.g., lactate).26-28 Acidosis, as well as glucose and

lactate concentrations, appeared most promising as cow-side tests,

and should be further explored. In human medicine, as well as in diar-

rheic calves, hyperchloremia appears to predict mortality.27,52 In our

study, hypochloremia was included in the decision tree. A possible

explanation may be that hypochloremia often is associated with ileus

in cattle.53 Ileus is associated with abdominal emergencies, which is a

known risk factor for mortality.28 Our study population had a limited

number of arthritis cases, making it impossible to evaluate its contri-

bution to mortality. However, previous studies in critically ill and veal

calves identified arthritis as an important contributor to mortality.28,47

It was remarkable that none of the comorbidities increased mortality

risk in calves, contrary to what is observed in human medicine.54

When evaluating the different mortality models, it is important to

acknowledge that these are explanatory models, that try to identify

which factors contribute to mortality. It was not our objective to

develop a predictive tool for mortality, because our sample size was

too small to provide a training and validation data set of sufficient

size. Overall, the best-performing model was the logistic regression

combined model A (Table 4). However, although high accuracy is

desirable, practical applicability also is important and models contain-

ing immediately determinable variables (e.g., clinical or cow-side tests)

are more likely to be used in practice. Hence, the clinical logistic

regression model, with almost equivalent accuracy to the combined

model, should be considered for cost-benefit and pragmatic reasons.

However, a main reason for predicting mortality is that in animals with

very unfavorable prognosis, the client might opt for euthanasia instead

of treatment. In this context, high specificity is desirable, because high

PPV is needed so as not to recommend euthanasia unnecessarily.

Specificity was higher in the combined clinical and laboratory model.

The combined clinical and laboratory tree had the highest specificity,

but was less accurate. The risk factors in the combination tree and

survival analysis might have the highest external validity, because with

the exception of behavior, only objectively measurable factors were

involved. In conclusion, several clinical and laboratory variables showed

promising predictive possibilities for mortality, with sepsis among them.

To our knowledge, our study is the first observational study demon-

strating increased mortality risk in calves with sepsis, a contested topic

in human medicine.55-61

Information on bacteria involved in sepsis and their antimicrobial

resistance profile is limited, especially in Europe. Therefore, our sec-

ond objective was to obtain knowledge on the bacteria involved in

sepsis in critically ill calves and their antimicrobial susceptibility.

Gram-negative bacteria predominated, but the difference with respect

to Gram-positive bacteria was not as large as previously reported.62

As in previous studies, E. coli was most prevalent,62 and often showed

MDR. The most rational way to use antimicrobials for sepsis in calves,

and to maximize survival, is likely the same as in humans, namely de-

escalation.10,12,13,63 With this concept, treatment is started with IV

administration of a broad-spectrum bactericidal antimicrobial. As soon

as antimicrobial susceptibility test results are available, a narrow-

spectrum antimicrobial can be selected, limiting selection pressure on

commensals.10,63 Administration of an appropriate antimicrobial early

in the disease course is crucial for survival.12 However, in our study,

this association could not be made in calves, likely because of limited

power.

In a clinical setting, animals often are submitted after treatment

failure by the ambulatory veterinarian. Therefore, it is plausible that,

provided appropriate sampling, antimicrobials with a broader working

spectrum such as CIA, are used more often in referral institutes. This
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also is seen in our clinic with the use of fluoroquinolones. Neverthe-

less, a critical determination of whether the animal needs CIA remains

indispensable. Based on our study results, SXT or aminopenicillins

would have been appropriate in only 49.2% and 33.3% of the cases,

respectively. In contrast, fluoroquinolones and cephalosporins both

would have been appropriate in approximately 80% to 70% of the

cases. In our clinic, penicillin often is added to extend the spectrum of

fluoroquinolones. The frequent inappropriate use of penicillin (86%)

against aerobes in our study suggests that it is not systematically nec-

essary. However, penicillin is known to be effective against anaer-

obes, which were not included in our study. In addition, a meaningful

decrease in inappropriate usage is seen if enrofloxacin monotherapy

(19.1%) is compared with enrofloxacin-penicillin (12.1%). Overall, the

prevalence of bacteremia in this population of critically ill calves and

their high frequency of resistance against current primary treatment

products might be seen as a justification for the IV use of broad spec-

trum, bactericidal antimicrobials, and potentially CIA. On the other

hand, it might be reasoned that 34% sepsis prevalence is too low for

standardized use of CIA in critically ill calves, and additional tests to

identify sepsis should be considered.

Our study had some limitations. Its retrospective nature is an

important limitation for both the bacteriology as well as for the risk

factors associated with mortality. Poorly documented clinical factors

and historical information about earlier treatment by an ambulatory

veterinarian hamper the integrity of the data. In addition, the descrip-

tion and interpretation of clinical factors are susceptible to interobser-

ver and intraobserver bias. The latter is partly countered by clinician

training provided by the same senior supervisor. Nonetheless, we

sought to divide the factors into categories that could be objectively

differentiated when constructing the database. Failure to identify cer-

tain bacterial isolates also resulted in a substantial loss of data. As a

result of using outsourced data for bacterial identification and suscep-

tibility testing, the reliability of these data cannot be assured. None-

theless, withholding the antimicrobial data also was not desirable

because our study represented a first attempt to display regional

resistance data. Regrettably, for economic reasons, we did not include

selective media for anaerobic, fungal, or yeast infections. In humans,

Candida sp. is responsible for approximately 5% of all cases of severe

sepsis and septic shock and constitutes the fourth most common

hematogenous infection.64 Likely, these type of infections are more

common in the intensive care setting, and their role in calf sepsis on

farm remains to be determined. Considering the antimicrobial suscep-

tibility testing, there are several important limitations. The first is the

use of disk diffusion instead of broth microdilution, which is regarded

as the gold standard for antimicrobial susceptibility testing, especially

for fastidious organisms. Considerable disk diffusion data were miss-

ing, and not all data were reliable to interpret. However, disk diffusion

is considered a cost-effective method for most bacterial species and is

used routinely in many veterinary and human medical laborato-

ries.65-67 Nonetheless, the lack of raw antimicrobial susceptibility data

(diameter) affects reliability in our study because several laboratories

were involved throughout the study period, resulting in the use of dif-

ferent (and sometimes inappropriate) antibiotic testing panels, and in

the use of different standards and associated clinical breakpoints to

interpret the antibiograms. Currently presented bacteriological data

provide a first assessment of the antimicrobial resistance in bacteria

causing sepsis in calves. Care should be exercised, however, in extrap-

olating these results for the abovementioned reasons. In addition,

these bacteria were isolated at a single university clinic in a single

country, and might not be representative for septicemic calves else-

where. More data, taking the limitations of the current dataset into

account, are needed to validate these observations.

As a last limitation, we were confronted by a lack of information

on clinical recognition of septicemic calves. Although recent studies

on the hemodynamic aspects of sepsis and its treatment exist,68,69

these were not within the scope of our study. The definition of sepsis

in former articles relied on the combination of systemic inflammatory

response syndrome (SIRS) and the suspicion of infection. Neverthe-

less, SIRS was not taken as a criterion in our article, because SIRS also

was dismissed as sepsis criterion in human medicine because of its

lack in specificity and sensitivity.1 Our study showed that a positive

blood culture is linked to increased mortality and therefore should not

be ignored when trying to define sepsis. Also in human medicine,

blood culture remains the gold standard and primary tool for detect-

ing bloodstream infections70 and is a more objective tool to help

define sepsis, compared to focusing only on clinical signs. Nonethe-

less, blood cultures are not 100% sensitive, even when using a larger

volume of blood.70 Use of more modern and enriched blood culture

media in our study did not result in more positive blood cultures

compared to previous studies.6,7 However, we believe the preva-

lence of sepsis in our study likely was underestimated, because a

number of calves received antimicrobials before referral. Hence, the

bacteria might already have been removed from the blood, without

resolution of clinical signs. Both for research purposes and for veteri-

nary practice, an accurate definition of sepsis in calves is needed to

improve the quality of studies on predictive models, risk factors and

biomarkers.

In conclusion, sepsis is frequent among critically ill calves and

increases mortality risk. Mostly Gram-negative, but also Gram-positive

bacteria are involved, necessitating the use of broad-spectrum antimi-

crobial treatment in the absence of rapid diagnostic testing. Antimi-

crobial resistance is frequent in isolates from calves with sepsis and,

as a consequence, primary antimicrobial treatment is often inappropri-

ate. Different clinical and laboratory risk factors for mortality in criti-

cally ill calves were identified that show potential for future research

aiming at creating predictive models to assist farmers and veterinar-

ians in their decision making process for critically ill calves, potentially

cow-side, on the farm.
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