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Abstract

Background: Increased concentration of haptoglobin (Hp) in serum is associated with

survival of critically ill humans and horses. High serum activity of liver-derived

enzyme is associated with sepsis in children and foals.

Hypothesis/Objectives: Investigate whether admission serum Hp and glutamic dehy-

drogenase (GLDH) are associated with systemic inflammatory response syndrome

(SIRS) and survival of sick calves.

Animals: One hundred two calves.

Methods: Retrospective cross-sectional study. Electronic medical records from all

calves <30 days of age admitted to a teaching hospital for 8 years were reviewed.

The signalment, clinicopathological findings, the presence of SIRS, final diagnosis,

hospitalization time and outcome were recorded. A Cox proportional hazard ratio

(HzR) were calculated to assess the association between clinicopathological variables

and survival to discharge.

Results: Serum Hp concentrations were similar between SIRS (0.29 g/L; range,

0.05-3.6) and non-SIRS calves (0.22 g/L; range, 0-4.2; P = .62). GLDH activity was

similar between SIRS (12 U/L; range, 1-1025) and non-SIRS calves (9 U/L; range,

2-137; P = .2). Absent suckle reflex (HzR: 6.44, 95% CI: 1.44-28.86), heart rate (HR)

< 100 beats per minute (bpm; HzR: 12.2; 95% CI: 2.54-58.62), HR > 140 bpm (HzR:

3.59, 95% CI: 1.05-12.33), neutrophil count <1.7 � 109/L (HzR: 7.36; 95% CI:

2.03-26.66) and increased gamma-glutamyl transferase activity (every 50-unit, HzR:

1.12; 95% CI: 1.03-1.21) were predictive of nonsurvival.

Conclusions and Clinical Importance: The use of Hp and GLDH for prediction of sur-

vival in sick calves cannot be recommended at this time.

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; FTPI, failure of transfer of passive immunity; GGT, gamma-glutamyltransferase;

GLDH, glutamic dehydrogenase; Hp, haptoglobin; HzR, hazard ratios; SDH, sorbitol dehydrogenase; SIRS, systemic inflammatory response syndrome.
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1 | INTRODUCTION

Haptoglobin (Hp) is a positive acute phase inflammatory protein that

is produced by the liver, and increased production during inflamma-

tion is stimulated by interleukin-1, interleukin-6, and tumor necrosis

factor α released from macrophages and monocytes at the site of

inflammation.1,2 The anti-inflammatory properties of Hp are associated

with its antioxidant activity because hemoglobin binding to Hp prevents

heme and iron release, which reduce radical oxygen species generation.3

Haptoglobin (Hp) improves immune-tolerance via suppressing the

proinflammatory mediators and plays a role in preventing bacterial pro-

liferation during bacteremia.4 In humans, increased serum Hp concentra-

tions are associated with decreased in-hospital mortality because sepsis,

whereas an increased risk of mortality occurs in septic subjects with

increased concentrations of circulating free-hemoglobin because of low

serum Hp concentrations.5 There is increased concentration of Hp in

calves with diarrhea,6 respiratory disease complex7,8 and during experi-

mentally induced Salmonella Dublin infection.9 In those diseases, serum

Hp concentration correlates positively with the severity of illness.6,9 In

bovine medicine, Hp concentration is utilized in cattle to assist in the

diagnosis and prediction of several diseases (eg, pneumonia, traumatic

reticuloperitonitis, metritis),7,8,10-12 however, evidence to suggest that

Hp at hospital admission is associated with clinical outcomes of sick cal-

ves is lacking. Specifically, it is unknown whether Hp concentration of

hospitalized calves is only a marker of severity of disease (eg, systemic

inflammatory response syndrome) or if increased Hp concentration dur-

ing disease have a protective function and are associated with improved

survival.

Assessment of hepatic necro-inflammatory activity and cholesta-

sis in large animals requires the measurement of serum activity of

liver-derived enzyme including serum aspartate aminotransferase

(AST), glutamic dehydrogenase activity (GLDH), sorbitol dehydroge-

nase (SDH), gamma-glutamyltransferase (GGT), alkaline phosphatase

(ALP). In ruminants, GLDH is a sensitive indicator of hepatic necrosis,

more specific than AST, and has a better in vitro storage ability than

SDH.13 In children, high serum activity of liver-derived enzyme is

commonly identified in hospitalized subjects and increased activity is

associated with death.14 In foals, serum activity of liver-derived

enzyme (GGT and SDH) is increased during sepsis, but their concen-

trations are not associated with survival.15 Calves are frequently pres-

ented to tertiary hospitals with primary diseases associated with

systemic alterations such as hypoxia, hypoperfusion, or sepsis that

can lead to hepatic injury. However, the association between serum

activity of liver-derived enzyme with SIRS or survival during hospitali-

zation of sick calves is yet to be described. The objectives of this

study were: (a) To describe serum Hp concentration and GLDH activ-

ity and other clinicopathological variables in sick hospitalized calves,

particularly in calves suffering from SIRS; and (b) to investigate

whether admission serum Hp and GLDH and other clinicopathological

variables in hospitalized sick calves are associated with survival to

hospital discharge. We hypothesized that admission serum Hp con-

centration and GLDH activity are associated with SIRS and outcome

(survival) of sick calves.

2 | MATERIALS AND METHODS

2.1 | Animals

Electronic medical records from all calves <30 days of age admitted to

the Ontario Veterinary College of the University of Guelph from

January 2011 through December 2019 were reviewed. Calves were

included if: (a) their history and physical exam indicated they were

admitted because of compromised health status, and (b) serum bio-

chemistry profile including Hp concentrations and GLDH activity were

measured upon admission using a serum biochemistry multianalyzer

(Cobas 6000 C501; Roche Canada, Laval Quebec, Canada).

Signalment information extracted from each record was: breed,

sex (male, female), and age (days). Recorded physical examination

findings included attitude (bright, obtunded, or stuporous), posture

(standing, sternal or lateral recumbence), suckling reflex (strong, weak,

or absent), heart rate (HR, beats/minute, bpm), respiratory rate (RR,

respirations/minute, rpm), mucus membranes (normal, congestive,

pale, toxic), rectal temperature (T, �C), and degree of dehydration esti-

mated based on clinical signs by the attending clinician (5%-6%, mild

dehydration; 7%-9%, moderate dehydration; >10%, severe dehydra-

tion). Clinicopathologic data extracted from the complete blood cell

count analysis performed using an Advia 2120i (Sofware 6.9.0—MS,

Siemens Healthcare GmbH, Erlangen, Germany) included: Complete

white blood cell count (WBC, �109 cells/L), absolute neutrophils

count (�109 cells/L), lymphocytes (�109 cells/L), monocytes (�109

cells/L), basophils (�109 cells/L), eosinophils (�109 cells/L), bands

counts (�109 cells/L), PCV (%) and total red blood cell count (�1012

cells/L). The following data were extracted from the serum biochemis-

try profile: total protein (g/L), albumin (g/L), globulin (g/L), Alb/Glob

ratio, urea (mmol/L), creatinine (μmol/L), glucose (mmol/L), beta-

hydroxybutyrate (BHBA, μmol/L), haptoglobin (g/L) and GGT (U/L),

AST (U/L), GLDH (U/L) and creatine kinase (CK, U/L) activities. The

biochemistry analysis was performed using the Cobas 6000 c501

(Roche, Software # 7277112-05-01) chemistry analyzer. Creatinine

concentration was measured using the Kinetic Jaffe's reaction with

alkaline picrate and urea concentration was determined using the

Urea Urease-GLDH kinetic assay. Glucose concentration was mea-

sured using the hexokinase/G6PD method, total protein concentra-

tion with the biuret method and albumin concentration with the

Bromocresol Green colorimetric reaction. The catalytic activity
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concentrations of GGT, AST, GLDH and CK were determined using

enzymatic colorimetric assays. The BHBA concentration was determined

spectrophotometrically (optical; Roche. Software # 7277112-05-01).

Haptoglobin concentrations were measured by determining the hemo-

globin binding capacity of serum, which was quantified against a stan-

dard sample.16 From the blood gas analysis, the blood pH, venous PCO2

(PvCO2, mm Hg), HCO3
� (mmol/L), L-lactate (L-Lact, mmol/L) and ion-

ized calcium (iCa, mmol/L) concentrations were recorded. Blood gas anal-

ysis was performed using an ABL Flex Plus (Sofware 3.3, Radiometer,

Mississauga, Canada) analyzer.

Hospitalization time (days), survival to discharge (yes, no), and the

final diagnosis determined by the attending clinician or postmortem

examination results or both were also recorded. Calves were consid-

ered to have SIRS if they met at least 2 of the following criteria17: leu-

kocytosis (WBC count >13.3 � 109 cells/L), leukopenia (WBC count

<5.05 � 109 cells/L); hypothermia (T < 38.5�C [101.5�F]) or hyper-

thermia (T > 39.4�C [103�F]); tachycardia (HR ≥140 bpm) or bradycar-

dia (HR < 100 bpm); and tachypnea (RR > 60 rpm).

2.2 | Statistical analysis

Normality of the data was evaluated using the Kolmogorov-Smirnov

test. The mean and SD were calculated for normally distributed vari-

ables and the median and ranges were determined for nonnormally

distributed variables. Numerical variables were compared between

groups (eg, SIRS vs non-SIRS and survivors vs nonsurvivors) using a t-

student or Mann-Whitney U-tests, depending on the normality of the

data, whereas categorical variables were compared using the Fisher

exact or X2 tests.

A Cox proportional hazard model was constructed to assess the

impact of potential predictor variables on the outcome of interest

(survival). Days from admission to the hospital until discharged or

died/euthanized was used as the time variable. Variables evaluated in

the model were sex, breed, attitude, posture, suckling reflex, HR, RR,

rectal temperature (T), mucus membranes, estimated concentration of

dehydration, total WBC, absolute counts of neutrophils, lymphocytes,

monocytes, basophils, and eosinophils, serum total protein, albumin,

glucose, urea, creatinine, GGT, AST, CK, GLDH, BHBA, and

Hp. Martingale residuals were plotted against the continuous variables

to assess the linearity of each continuous predictor variable offered to

the cox proportional hazard models. If the variable failed to meet the

linearity assumption, it was categorized based on previously published

reference ranges or references ranges provided by the institutional

animal health laboratory (Table S1). Collinearity among variables was

tested using Pearson correlation coefficients and if r ≥ .6, only 1 vari-

able was retained in the model. Variables with moderate statistical

associations (P < .2) with the outcome of interest in univariable

models were subsequently included in the multivariable analyses. A

manual forward stepwise multivariable regression analysis was used

for the model. Variables were retained in the multivariable model if

P < .05 or if the effect of removing the variable resulted in a change

of at least 20% in the coefficient of a significant variable, indicating

potential confounding. Two-way interactions were evaluated between

variables based on evidence from the literature and retained in the

model if significant. Model fit was assessed using the test of propor-

tional hazards for the cox proportional hazards models. The Harrell's

C concordance statistic for each survival model was calculated to

evaluate the overall predictive ability. P-values < .05 were considered

significant. Statistical analyses were performed using Minitab 19 (Mini-

tab, LLC, State College, PA) and STATA 16 (StataCorp LLC, College

Station, TX) statistical software.

3 | RESULTS

A total of 102 of 267 calves met the inclusion criteria, 42 (41%) males

and 60 (59%) females. Included breeds were Holstein Friesian

(90, 88%), Jersey (7, 7%) and others breeds (5, 5%; 2 Angus, 2 Speckle

Park, and 1 mix-breed). The median age at admission was 12.5 days

(range, 1-30). Seventy-six (74%) calves had diarrhea, 32 (31%) had

pneumonia, 28 (27%) had sepsis and 10 (10%) had gastrointestinal dis-

eases other than diarrhea (ie, mesentery volvulus [n = 2], abomasal

ulcers [n = 2], hepatitis [n = 2], constipation [n = 2], ileus [n = 1],

inguinal hernia [n = 1]). Concurrent diarrhea and pneumonia were

documented in 19 (18%) calves, whereas concurrent diarrhea, pneu-

monia and sepsis were diagnosed in 10 (10%) patients. The overall

hospitalization time was 6 days (range, 1-24). The proportion of calves

that survived was 78% (n = 80).

3.1 | SIRS and non-SIRS calves

Eighty-four (82%) calves had available data for SIRS classification.

Forty-nine (58%) of 84 calves were considered as having SIRS. Calves

with SIRS had a significantly lower temperature than non-SIRS calves;

however, the median temperature for both groups was within the nor-

mal ranges (SIRS: 38.6 ± 1.16�C and non-SIRS: 39.2 ± 0.7�C;

P < .003). The proportion of calves presenting in standing or in lateral

recumbency was significantly different between the SIRS group (40%

standing and 55% in lateral recumbency) compared with the non-SIRS

group (74% standing and 23% in lateral recumbency; P < .001;

Table S2).

The serum Hp concentrations were similar between SIRS (0.29 g/

L; range, 0.05-3.6) and non-SIRS calves (0.22 g/L; range, 0-4.2;

P = .62; Table S3). Calves with SIRS had significantly higher serum

globulin concentrations (25 g/L; range, 10-46) than the non-SIRS

group (22 g/L; range, 9-59; P = .05). The albumin/globulin ratio was

significantly lower in calves with SIRS (1.05; range, 0.4-2.7) than the

non-SIRS group (1.3; range, 0.5-2.4; P < .007). L-lactate was signifi-

cantly higher in calves with SIRS (3.1 mmol/L; range, 0.5-22) than

non-SIRS group (2 mmol/L; range, 0-14; P < .01). GLDH activity was

similar between SIRS (12 U/L; range, 1-1025) and non-SIRS calves

(9 U/L; range, 2-137; P = .2). The AST activity was also similar

between the SIRS (55 U/L; range, 24-19 140) and non-SIRS calves

(181 U/L; range, 50-24 875; P = .31). The GGT activity was
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significantly higher in SIRS (124 U/L; range, 8-1576) than non-SIRS

calves (60 U/L; range, 12-952; P = .03; Table S4).

3.2 | Survivors and nonsurvivors

A total of 22 (22%) calves died (2/22; 9%) or were euthanized (20/22;

81%) during hospitalization. Postmortem examination diagnosis of non-

surviving calves included sepsis (n = 14), peritonitis (n = 3), ischemic

strangulating obstruction of the small intestine (n = 1), prematurity and

omphalitis (n = 1), flexural deformities (n = 1), cardiac congenital abnor-

malities (n = 1), and liver failure of unknown origin (n = 1). Hospitaliza-

tion time was longer in surviving (7 days; range, 1-25) than nonsurviving

calves (2 days; range, 1-26; P < .001; Table 1). Age, posture at presenta-

tion, suckling reflex quality, the presence of diarrhea, and pneumonia

were significantly different between surviving and nonsurviving calves

(Table 1). The number of calves classified as having SIRS were signifi-

cantly higher in the nonsurviving (81%) than in the surviving group

(51%; P = .02). The serum Hp concentration was similar between survi-

vors and nonsurvivors (Table 2). The absolute WBC, neutrophil count,

TABLE 1 Physical examination
findings obtained on admission and
hospitalization times of 102 survivors
and nonsurvivors sick calves <30 days
of age

Variable Survivors (n = 80) Nonsurvivors (n = 22) P-value

Age (days) 14 (1–30) 3 (1-30) .003

Sex .22

Male 32 (40%) 10 (45%)

Female 48 (60%) 12 (56%)

Breed .87

Holstein 70 (88%) 20 (90%)

Jersey 6 (7%) 1 (5%)

Other 4 (5%) 1 (5%)

Attitude .34

Bright 7 (9%) 4 (5%)

Obtunded 55 (70%) 13 (59%)

Comatose 17 (21%) 8 (36%)

Posture .001

Standing 57 (72%) 7 (32%)

Sternal 2 (3%) 0

Lateral 20 (25%) 15 (68%)

Suckling reflex .001

Strong 50 (63%) 5 (23%)

Weak 23 (29%) 8 (36%)

Absent 6 (8%) 9 (41%)

Heart rate (bpm) 120 (52-210) 147 (68-190) .08

Respiratory rate (rpm) 36 (12-100) 56 (24-140) .001

Temperature (�C) 39 (35.1-40.8) 39 (36.5-41.6) .66

Diarrhea 67 (85%) 9 (41%) .001

Pneumonia 19 (25%) 12 (55%) .007

SIRSa 32 (51%) 17 (81%) .02

Dehydration .07

None 16 (20%) 3 (14%) .67

Mild (5%-6%) 32 (40%) 7 (32%)

Moderate (7%-9%) 22 (28%) 8 (36%)

Severe (>10%) 10 (12%) 4 (18%)

Days in hospital 7 (1–25) 2 (1–26) .001

Note: References ranges for heart rate (100-140 bpm); respiratory rate (30-60 rpm); temperature

(38.5-39.4�C). P-values obtained from t-student or Mann-Whitney U-tests, while P-values for categorical

were obtained from Fisher exact or X2 tests.

Abbreviations: bpm, beats per minute; rpm, respirations per minute; SIRS, systemic inflammatory

response syndrome.
aData for SIRS classification was only available for 84 calves.

JARAMILLO ET AL. 815



and total serum protein, albumin and globulin concentrations were sig-

nificantly lower in nonsurvivors than survivors (P < .05, for all compari-

sons). The absolute number of bands was significantly higher in

nonsurvivor than in survivor calves (P < .001). Serum creatinine, sodium,

and whole blood lactate concentrations and GLDH and AST activities

were significantly higher in nonsurviving than surviving calves (P < .05,

for all comparisons). GGT activity was similar between surviving (75 U/

L; range, 12-952) and nonsurviving calves (125 U/L, 8-1576; P = .73;

Table 2).

3.3 | Clinicopathologic variables associated with
survival of sick calves

Age, sex, posture, suckling reflex, HR, RR, mucus membrane color,

WBC count, neutrophil, lymphocyte and monocyte count, along with

the concentrations of total protein, albumin, globulin, creatinine, glu-

cose, GGT, AST, and GLDH were significant in univariable analysis

and offered to the multivariable model (Table S1). In the final model,

suckle reflex quality, HR, neutrophil count, and GGT concentration

TABLE 2 Hematologic and serum biochemistry variables obtained on admission from 102 surviving and nonsurviving sick calves <30 days
of age

Variable Survivors Nonsurvivors Reference rangeb,18-20 P-value

RBCa (� 1012/L) 7 (3.8-13.4) 6.3 (3.9-9.3) 4.9-7.5 .05

WBCa (� 109/L) 9.8 (3.4-32) 5.7 (1.2-18) 5-13 .01

Neutrophilsa (� 109/L) 5.1 (1.1-26) 1.5 (0.03-12) 1.7-6 .001

Bandsa (� 109/L) 0.1 (0-6.1) 0.4 (0-2.1) 0-0.2 .04

Lymphocytesa (� 109/L) 2.5 (0.2-7) 1.9 (0.7-6) 1.8-8.1 .05

Monocytesa (� 109/L) 0.6 (0-2.8) 0.4 (0-2.2) 0.1-0.7 .19

Haptoglobin (g/L) 0.23 (0–4.2) 0.2 (0.05-0.9) 0-0.5 .48

Total serum protein (g/L) 56 ± 12 47 ± 10 66-86 .001

Albumin (g/L) 29 ± 6.2 24 ± 6.5 30-42 .006

Globulin (g/L) 25 (9-59) 23 (10-35) 30-53 .03

Albumin/globulin ratio 1 (0.45-2.4) 1 (0.4-2.7) N/A .97

BHBA (μmol/L) 83 (0-534) 34 (0-375) 324-1296 .02

Glucose (mmol/L) 4.8 (1.5-18) 4.9 (0.1-12) 2.6-4.4 .34

Urea (mmol/L) 5.6 (1.3-103) 4.7 (1.8-31) 3-8 .78

Creatinine (μmol/L) 92 (7.1-561) 152 (61-1025) 34-88 .01

GLDH (U/L) 9 (1-137) 20 (5-1280) 3-52 .001

GGT (U/L) 75 (12-952) 125 (8-1576) 11-51 .73

AST (U/L) 48 (1-3107) 65 (24-4062) 44-153 .02

CK (U/L) 193 (27-24 875) 198 (37-19 140) 44-211 .94

pH 7.3 (6.7-7.5) 7.3 (6.9-7.46) 7.31-7.53 .67

PvCO2 (mm Hg) 50 ± 12 55 ± 13 35-44 .13

HCO3
� (mmol/L) 26 (4.6-53) 26 (5.4-38.1) 17-29 .6

BE (mmol/L) 1.4 (�26 to 28) 2.2 (�23 to 15) �3.5 to 3.5 .71

Na+ (mmol/L) 136 (113-147) 140 (118-154) 132-145 .005

K+ (mmol/L) 4.5 (2-11) 4.9 (3.7-6.3) 3.9-5.6 .33

Cl� (mmol/L) 96 (69-123) 97 (67-111) 90-113 .85

iCa++ (mmol/L) 1.3 (0.8-2.5) 1.3 (0.9-1.7) 1.2-1.5 .2

L-Lactate (mmol/L) 2.5 (0-14) 6.2 (0.4-22) 0-2 .001

AG (mmol/L) 17 (3.8-38) 21 (6.4-36) 13-22 .07

TS (g/L) 61 ± 11 55 ± 10 60-80 .01

Note: P-values obtained from t-student or Mann-Whitney U-tests, while P-values for categorical were obtained from Fisher exact or X2 tests.

Abbreviations: AG, anion gap; AST, aspartate aminotransferase; BE, base-excess; BHBA, ß-hydroxybutyrate; CK, creatine kinase; GGT, gamma-glutamyl

transferase; GLDH, glutamate dehydrogenase; HCO3
�, bicarbonate; iCa2+, ionized calcium; PvCO2, partial venous pressure of carbon dioxide; RBC, red

blood cells count; TS, total solids; WBC, white blood cells count.
aValues available only for 84 calves.
bReference values provided by the institutional animal health laboratory based on samples obtained from 60 clinical healthy cows from 10 different farms.
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were significant (Table 3). Specifically, calves with a strong suckle

reflex and a normal HR had a lower hazard of nonsurvival. Calves with

a neutrophil count below the reference range had a higher hazard of

nonsurvival and as the concentrations of GGT rose, the hazard of

mortality increased. The Harrell's C concordance statistic was 0.93,

indicating the model could correctly order survival times for pairs of

calves 93% of the time based on HR, quality of suckling reflex, neutro-

phil count, and GGT concentration.

4 | DISCUSSION

In the present study, no significant differences were identified in Hp

concentration of calves with or without SIRS. Similarly, admission

serum Hp concentration was not associated with survival of hospital-

ized sick calves. This is in contrast to our hypothesized outcomes, in

which we expected associations between serum Hp with severity of

the disease (eg, SIRS) or survival in sick calves. We based our hypothe-

ses on previous studies in calves showing that serum or blood concen-

tration of Hp in diarrheic calves,6 and calves with respiratory disease

complex7,8 correlated with the severity of clinical signs. Higher Hp con-

centration occurs in calves with fever, obtundation and severe dehydra-

tion compared to calves without mild clinical signs.6 Additionally, in

humans with sepsis5 and horses with colic,21 plasma Hp are higher in

survivors than nonsurvivors. The reasons for the lack of association

between serum Hp concentration and severity of illness or survival in

our study are unknown. However, similar to our results, no association

between Hp concentrations at hospital admission and survival was iden-

tified in cats,22 critically ill foals23 or humans with sepsis.24 Our results

indicated that in the study sample of calves included in this study, Hp

was useful to identify an ongoing inflammatory process; however, its

ability to predict severity of disease or survival was poor. Future studies

should investigate whether longitudinal monitoring, rather than a single

Hp measurement, can better predict survival of sick calves as reported

with other acute phase proteins in dogs.25

The GLDH activity, an indicator of hepatic insult, was not a pre-

dictor of survival in the calves included in our study based on

multivariable analysis; however, GLDH activity was higher in non-

surviving than surviving calves. Similarly, serum activity of liver-

derived enzyme (GGT and SDH) is increased in foals with sepsis, but

they are not useful predictors of survival.15 Primary hepatic disease

was only reported in 1 calf included in this study, and high GLDH

activity was most commonly identified secondary to other diseases,

such as sepsis, diarrhea, and pneumonia. Therefore, high GLDH activ-

ity likely resulted from hepatic insult associated with hypoperfusion,

tissue hypoxia or hematogenous dissemination of bacteria or

endotoxin.26,27

The number of calves with SIRS was higher in the nonsurviving

than in the surviving group. In addition, the clinical diagnoses and

postmortem examinations of nonsurviving calves indicated that most

of the calves died because of sepsis (n = 17/22). This could explain

the association of higher percentages of dehydration, L-lactate, and

creatinine concentration in nonsurviving calves in the univariable anal-

ysis, and the association of low neutrophil count with nonsurvival

identified in the multivariable analysis. High GGT activity was also

associated with nonsurvival. In contrast, low serum GGT activity

(<31 U/L) was reported as a risk factor for nonsurvival of sick neona-

tal calves with diarrhea.16 The authors of that study proposed that

lack of consumption of colostrum, suggested by the low GGT activity,

and therefore failure of transfer of passive immunity (FTPI) could

explain the association between low GGT activity and mortality of

sick neonatal calves with diarrhea in an age-dependent manner. In our

study, it is likely that nonsurviving calves consumed colostrum, as

suggested by the high serum GGT activity, but nothing is known

about the IgG concentration in the consumed colostrum because the

predictor capacity of GGT activity for transfer of passive immunity is

poor.28 No information was available regarding TPI in our calves, thus

it is possible that FTPI could still have played a role in predisposing

calves to sepsis.

A potential source of serum GGT activity is an insult to the biliary

epithelium. Primary hepatic disease was only documented in a single

calf; however, structural cholestasis, biliary necrosis and cholestasis

secondary to endotoxin-induced inhibition of bile salt uptake could

have contributed to the increase in serum GGT activity.29,30 Age

TABLE 3 Results of the cox
proportional hazards model evaluating
the association between
clinicopathological variables on admission
and survival of 84 sick, hospitalized
calves

Variables Haz. ratio SE P 95% CI

Suckling reflex Strong

Weak 4.09 3.17 .07 0.89-18.71

Absent 6.44 4.93 .02 1.44-28.86

Heart rate Normal

<100 bpm 12.2 9.77 .002 2.54-58.62

>140 bpm 3.59 2.26 .04 1.05-12.33

Neutrophil count Normal

<1.7 � 109/L 7.36 4.83 .002 2.03-26.66

>6 � 109/L 0.38 0.31 .24 0.08-1.89

GGT Every 50-unit increase 1.12 0.00 .008 1.03-1.21

Abbreviations: bpm, beats per minute; CI, confidence interval; GGT, gamma-glutamyl transferase; haz.

ratio, hazard ratio.
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might also be a contributing factor to the changes in liver enzyme

activity.18,31 The retrospective nature of our study prevented us from

determining the specific source of GGT activity elevation in this group

of calves.

Limitations of this study include its retrospective nature, the sub-

sequent lack of standardized data collection, and the lack of categori-

zation of clinical signs and treatments, which prevented assessment of

the effect of individual treatment variations on the survival analysis.

Economic constraints could have contributed to the decision to eutha-

nize calves in the nonsurvival group. However, the diagnosis of most

euthanized calves had a grave prognosis regardless of the available

economic resources. Our study sample was a heterogeneous group of

sick calves with different levels of sickness. Thus, we classified the cal-

ves as SIRS and non-SIRS, and our results are comparable to those

reported previously in hospitalized calves with diarrhea using the

same SIRS classification criteria.16 An additional limitation of our

study was that the reference ranges used to dichotomize selected var-

iables of the biochemical profile were based on values for calves 3 to

4 weeks of age or for adult cattle. The rational for choosing these ref-

erences ranges was that in our study 70% (n = 72) calves

were > 7 days of age (mean age 12 days) and biochemical variables of

calves >1 week of age are comparable to those obtained from adult

animals.18,31 Similarly, reference ranges for hematological variables of

calves >5 days of age are comparable to those from 3 to 4 weeks of

age.19,20,32 Another limitation of our study is that only 38% of poten-

tially eligible sick calves admitted during the study period fulfilled the

inclusion criteria which would likely tend to bias the study toward

sicker or high-risk septic calves. Therefore, the results of our study

should be interpreted taking this limitation into consideration when

extrapolating to a different study sample.

In summary, serum Hp concentrations and GLDH activity were

not useful in predicting SIRS or nonsurvival in sick, hospitalized calves

younger than 30 days of age enrolled in this study. In contrast, suckle

reflex quality, HR, neutrophil count, and GGT concentration were pre-

dictive of mortality.

ACKNOWLEDGMENT

No funding was received for this study.

CONFLICT OF INTEREST DECLARATION

Authors declare no conflict of interest.

OFF-LABEL ANTIMICROBIAL DECLARATION

Authors declare no off-label use of antimicrobials.

INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE

(IACUC) OR OTHER APPROVAL DECLARATION

Authors declare no IACUC or other approval was needed.

HUMAN ETHICS APPROVAL DECLARATION

Authors declare human ethics approval was not needed for this study.

ORCID

Camilo Jaramillo https://orcid.org/0000-0002-6227-8572

Luis G. Arroyo https://orcid.org/0000-0002-6007-5413

Lisa Gamsjaeger https://orcid.org/0000-0002-9645-2583

Diego E. Gomez https://orcid.org/0000-0001-7495-4868

REFERENCES

1. Andersen CBF, Stødkilde K, Sæderup KL, et al. Haptoglobin. Antioxid

Redox Signal. 2017;26(14):814-831.

2. Eckersall PD. Recent advances and future prospects fir the use of

acute phase proteins as markers of disease in animals. Revue Med Vet.

2000;151(7):577-584.

3. Schaer DJ, Buehler PW. Cell-free hemoglobin and its scavenger pro-

teins: new disease models leading the way to targeted therapies. Cold

Spring Harbor Perspect Med. 2013;3(6):1-18.

4. Raju SM, Kumar AP, Yadav AN, Rajkumar K, MVS S, Burgula S. Hapto-

globin improves acute phase response and endotoxin tolerance in

response to bacterial LPS. Immunol Lett. 2019;207:17-27.

5. Janz DR, Bastarache JA, Sills G, et al. Association between haptoglo-

bin, hemopexin and mortality in adults with sepsis. Crit Care. 2013;

17(6):2-9.

6. Ali H, Saeed N, Maryam AL, et al. Identifying relationships among

acute phase proteins (haptoglobin, serum amyloid A, fibrinogen, ceru-

loplasmin) and clinical findings in dairy calf diarrhea. Comp Clin Path.

2013;22(2):227-232.

7. Angen JT, Larsen LE, Larsen J, et al. Respiratory disease in calves:

microbiological investigations on transtracheal aspirated bronchoalveolar

fluid and acute phase protein response. Vet Microbiol. 2009;137:

165-171.

8. Svensson C, Liberg J, Hultgren J. Evaluating the efficacy of serum

haptoglobin concentration as an indicator of respiratory-tract disease

in dairy calves. Vet J. 2007;174:288-294.

9. Deignan T, Alwan A, Kelly J, et al. Serum haptoglobin: an objective

indicator of experimentally-induced salmonella infection in calves. Res

Vet Sci. 2000;69(2):153-158.

10. Chebel RC. Predicting the risk of retained fetal membranes and

metritis in dairy cows according to prepartum hemogram and immune

and metabolic status. Prev Vet Med. 2021;187:105204.

11. Murray CF, Windeyer MC, Duffield TF, et al. Associations of serum

haptoglobin in newborn dairy calves with health, growth, and mortal-

ity up to 4 months of age. J Dairy Sci. 2014;97(12):7844-7855.

12. Hirvonen J, Pyörälä S. Acute-phase response in dairy cows with surgi-

cally treated abdominal disorders. Vet J. 1998;155(1):53-61.

13. Stäempfli H, Oliver-Espinosa O. Clinical chemistry test. In: Smith BP,

Van Metre DC, Pusterla N, eds. Large Animal Internal Medicine. 6th ed.

St. Louis, MO: Elsevier; 2020:412-415.

14. Oswari H, Widjaja RK, Rohsiswatmo R, Cleghorn G. Prognostic value

of biochemical liver parameters in neonatal sepsis-associated chole-

stasis. J Paediatr Child Health. 2013;49(1):E6-E11.

15. Haggett EF, Magdesian KG, Kass PH. Clinical implications of high liver

enzyme activities in hospitalized neonatal foals. JAVMA. 2011;239(5):

661-667.

16. Skinner JG, Brown RA, Roberts L. Bovine haptoglobin response in

clinically defined field conditions. Vet Rec. 1991;128(7):147-149.

17. Trefz FM, Lorenz I, Lorch A, Constable PD. Clinical signs, profound

acidemia, hypoglycemia, and hypernatremia are predictive of mortal-

ity in 1,400 critically ill neonatal calves with diarrhea. PLoS One. 2017;

12(8):1-27.

18. Yu K, Canalias F, Solà-Oriol D, et al. Age-related serum biochemical

reference intervals established for unweaned calves and piglets in the

post-weaning period. Front Vet Sci. 2019;6:123.

818 JARAMILLO ET AL.

https://orcid.org/0000-0002-6227-8572
https://orcid.org/0000-0002-6227-8572
https://orcid.org/0000-0002-6007-5413
https://orcid.org/0000-0002-6007-5413
https://orcid.org/0000-0002-9645-2583
https://orcid.org/0000-0002-9645-2583
https://orcid.org/0000-0001-7495-4868
https://orcid.org/0000-0001-7495-4868


19. Tennant B, Harrold D, Reina-Guerra M, Kendrick JW, Laben RC.

Hematology of the neonatal calf: erythrocyte and leukocyte values of

normal calves. Cornell Vet. 1974;64:516-532.

20. Constable PD, Hinchcliff KW, Done S, Gruenberg W. Clinical assess-

ment and care of critically ill newborns. In: Constable PD,

Hinchcliff KW, Done S, Gruenberg W, eds. Veterinary Medicine. A

Textbook of the Diseases of Cattle, Horses, Sheep, Pigs and Goats. 11th

ed. St. Louis, MO: Elsevier; 2017:1856-1873.

21. Dondi F, Lukacs RM, Gentilini F, Rinnovati R, Spadari A, Romagnoli N.

Serum amyloid a, haptoglobin, and ferritin in horses with colic: associ-

ation with common clinicopathological variables and short-term out-

come. Vet J. 2015;205(1):50-55.

22. Petini M, Drigo M, Zoia A. Prognostic value of systemic inflammatory

response syndrome and serum concentrations of acute phase pro-

teins, cholesterol, and total thyroxine in cats with panleukopenia.

J Vet Intern Med. 2020;34(2):719-724.

23. Zabrecky KA, Slovis NM, Constable PD, Taylor SD. Plasma C-reactive

protein and haptoglobin concentrations in critically ill neonatal foals.

J Vet Intern Med. 2015;29(2):673-677.

24. Brendan JK, Ebbing L, Irving N, et al. Combined biomarkers predict

acute mortality among critically ill patients with suspected sepsis. Crit

Care Med. 2018;46(7):1106-1113.

25. Gebhardt C, Hirschberger J, Rau S, et al. Use of C-reactive protein to

predict outcome in dogs with systemic inflammatory response syn-

drome or sepsis. J Vet Emerg Crit Care. 2009;19(5):450-458.

26. Cotovio M, Monreal L, Armengou L, Prada J, Almeida JM, Segura D.

Fibrin deposits and organ failure in newborn foals with severe septi-

cemia. J Vet Intern Med. 2008;22:1403-1410.

27. Koterba AM, Drummond WH, Kosch PC. Neonatal hyper-

bilirubinemia. In: Koterba AM, ed. Equine Clinical Neonatology. Phila-

delphia: Lea & Febiger; 1990:589-601.

28. Weaver DM, Tyler JW, VanMetre DC, et al. Passive transfer of

colostral immunoglobulins in calves. J Vet Intern Med. 2000;14:

569-577.

29. Moseley RH. Sepsis and cholestasis. Clin Liver Dis. 2004;8(1):83-94.

30. Bulle F, Mavier P, Zafrani ES, et al. Mechanism of gamma-glutamyl

transpeptidase release in serum during intrahepatic and extrahepatic

cholestasis in the rat: a histochemical, biochemical and molecular

approach. Hepatology. 1990;11(4):545-550.

31. Pérez-Santos M, Castillo C, Hernández J, Abuelo �A. Biochemical vari-

ables from Holstein-Friesian calves older than one week are compara-

ble to those obtained from adult animals of stable metabolic status on

the same farm. Vet Clin Pathol. 2015;44:145-151.

32. Divers TJ, Peek SF. The clinical examination. In: Peek SF, Divers TJ,

eds. Rebhun's Diseases of Dairy Cattle. 3rd ed. St. Louis, MO: Elsevier;

2018:2-17.

SUPPORTING INFORMATION

Additional supporting information may be found in the online version

of the article at the publisher's website.

How to cite this article: Jaramillo C, Renaud DL, Arroyo LG,

Kenney DG, Gamsjaeger L, Gomez DE. Serum haptoglobin

concentration and liver enzyme activity as indicators of

systemic inflammatory response syndrome and survival of sick

calves. J Vet Intern Med. 2022;36(2):812-819.

doi:10.1111/jvim.16357

JARAMILLO ET AL. 819

info:doi/10.1111/jvim.16357

	Serum haptoglobin concentration and liver enzyme activity as indicators of systemic inflammatory response syndrome and surv...
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Animals
	2.2  Statistical analysis

	3  RESULTS
	3.1  SIRS and non-SIRS calves
	3.2  Survivors and nonsurvivors
	3.3  Clinicopathologic variables associated with survival of sick calves

	4  DISCUSSION
	ACKNOWLEDGMENT
	  CONFLICT OF INTEREST DECLARATION
	  OFF-LABEL ANTIMICROBIAL DECLARATION
	  INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE (IACUC) OR OTHER APPROVAL DECLARATION
	  HUMAN ETHICS APPROVAL DECLARATION
	REFERENCES


