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Lung Inflammatory Response in Neonatal Diarrheic Bovine Calves 
with Respiratory Disease Syndrome (RDS)

To investigate the lung inflammatory response during diarrheic episodes in neonatal calves with respiratory 
disease syndrome, 27 newly born bovine Friesian calves of both sexes (up to 30 days old) were studied, of 
which 17 diarrheic calves with RDS admitted to the Hospital of the Faculty of Veterinary Medicine Zagazig 
University and ten apparently healthy calves with no history of any previous illness kept as a control group 
in the same age range. The examined calves were admitted with a history of diarrhea with respiratory disease 
syndrome and presented with a variety of clinical signs, including anorexia, diarrhea, cough, dyspnea, and 
variable degrees of nasal discharge dehydration, weight loss, dullness and pale mucous membranes. The lab-
oratory findings reveal significant changes in diarrheic calf blood parameters, with the RDS group showing 
significantly lower pH, PaO2, HCO3, BE, and significantly higher PaCO2 and blood lactate values compared 
to healthy group. Serum glucose, Na, and Cl levels were also significantly lower, whereas serum K levels 
were significantly higher compared to healthy group. There was a positive correlation between pH and PaO2, 
HCO3, and BE concentrations, but a negative correlation between pH and PaCO2 and lactate concentrations. 
The lung-specific epithelial and endothelial biomarkers in healthy and diarrheic neonatal calves with ARD in-
cluded in the present study revealed that, serum ADMA and SP-D levels were significantly lower, while ET-1 
concentrations increased significantly in diarrheic calves with RDS compared to control group measurements. 
The relationship between ADMA, ET-1 and SP-D concentrations, showed a very strong negative correlation 
between ADMA and SP-D concentrations and the concentration of ET-1. Whereas a strong positive correlation 
between ADMA and SP-D concentrations.
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INTRODUCTION

Neonatal calf diarrhea is a commonly reported disease and a 
major cause of economic loss to cattle producers. Calf mortality 
due to diarrhea is reported to be high in the 3rd week of life, 
and mostly attributed to infectious causes (Cho and Yoon, 2014). 
Immunodeficiency, season effects (Berber et al., 2021), difficult 
parturition, and poor management conditions are all important 
causes of calf mortality. Diarrhea and respiratory disease are the 
two most common medical conditions that negatively impact the 
health of dairy calves (Medrano-Galarza et al., 2018). Both are 
clinical signs that are most common in calves under one month 
old. Both conditions are complicated and require different treat-
ment approaches.

Diarrhea in young calves is a syndrome with a mixed eti-
ology that is exacerbated by a combination of environmental, 
dietary, physiological, and management factors. While, pneu-
monia is a fairly predominant condition that affects the claves 
and causes major economic losses as well as death (Zhang et al., 
2015). Recent advances in human medicine have led to the use 
of biomarkers specific to pulmonary epithelium and endothelial 

damage as a noninvasive method of assessing lung inflammatory 
response in diarrheic patients (Galie et al., 2004; Garcia-Laorden 
et al., 2017).

Asymmetric dimethylarginine (ADMA), endothelin-1 (ET-1), 
and surfactant protein-D (SP-D) concentrations are lung-specific 
epithelial and endothelial biomarkers used to assess endothelial 
cell proliferation and mortality in bronchopneumonia (Gutierrez 
et al., 2001; Nickel et al., 2011; Zhang et al., 2015; Ider et al., 2021).

Asymmetric dimethylarginine is an oxidative stress end prod-
uct and a naturally occurring amino acid that prevents the pro-
duction of nitric oxide. Increased ADMA concentrations reduce 
nitric oxide concentrations, resulting in an increase in vascular 
tone. As a result, it has been proposed that ADMA can be used as 
a biomarker in bronchopneumonia (Zhang et al., 2015).

Endothelin-1 is a peptide that is abundant in the lung and is 
important in the development of bronchopneumonia due to the 
presence of endothelin receptors on the vascular smooth muscle 
cells (Galie et al., 2004). Surfactant protein-D is secreted by type II 
pneumocytes and is important in ensuring and maintaining alve-
olar surface integrity. SP-D concentrations in patients with acute 
respiratory disease syndrome (ARDS) decreased with destruction 
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of type II pneumocytes in the lungs, depending on the severity 
of lung damage (Greene et al., 1999). Changes in SP-D concen-
trations in ARDS patients could provide useful information about 
the disease’s prognosis (Ware et al., 2010; Calfee et al., 2011). In 
humans and other species, elevated surfactant protein D levels in 
bronchoalveolar lavage fluid and blood have been linked to early 
alveolar inflammation and basal membrane damage.

Therefore, we aimed to determine the concentration of 
lung-specific epithelial and endothelial biomarkers (ADAM, ET-1 
and SP-D) and to determine the prognostic value of these mark-
ers in predicting mortality in neonatal calves with diarrhea com-
plicated with respiratory disease.

MATERIALS AND METHODS

Animals

The present study was performed using 27 newly born bovine 
Frisian calves (with an age of up to 30 days old) of both sexes. 
Of which, 17 diarrheic calves with respiratory disease syndrome 
(RDS) were collected from calves admitted for clinical examina-
tion at the Hospital of the Faculty of Veterinary Medicine, Zaga-
zig University, Egypt, were enrolled in the study. Ten apparently 
healthy calves with no history of any previous illness were kept as 
a control group in the same age range. Because this study did not 
include any experimental work, approval from the Zagazig Uni-
versity Institutional Animal Care and Use Committee (ZU-IACUC) 
was not required.  

Clinical examination 

Diseased calves were admitted with a history of diarrhea 
combined with respiratory disease syndrome and presented with 
a variety of clinical signs, including anorexia, diarrhea, cough, 
dyspnea, and variable degrees of nasal discharge dehydration, 
weight loss, dullness, and pale mucous membranes. A thorough 
clinical examination was performed (Constable et al., 2016) which 
included body temperature, respiration, and heart rate. Ultraso-
nographic examination was performed for both diseased and 
control calves on both sides of the thorax according to standard-
ized examination techniques (Tharwat and Oikawa, 2011).

Collection of blood samples 

At the time of admission, blood samples were collected from 
healthy and control calves for hematology, arterial blood gas 
analysis and lung-specific biomarker measurements. Two blood 
samples were collected from the jugular vein, the first placed in 
an EDTA tube for whole blood collection and the second in a 
plain tube for serum collection. 

Hematological analysis

Whole blood sample was used for hematological analysis, 
including hematocrit (%), hemoglobin (%), erythrocyte count 
(106/ml) and total leucocytic count were performed using an au-
tomated cell counter (HA-Vet Hematology Analyzer®, Clindiag 
Systems B.V.B.A, Belgium). 

Blood gas analysis

An arterial blood sample was collected using heparinized sy-
ringes for measuring blood gases (pH, PaCO2, PaO2, HCO3, base 
excess (BE) and lactate concentration) using a blood gas analyzer 

(ST-200 CC, Blood Gas Analyzer®, Sensacore, India).

Lung inflammation biomarker analyses

The second blood samples were centrifuged for 10 minutes 
at 3000 rpm, serum samples were collected and then kept fro-
zen at -20 oC until further analysis. Serum ADMA, ET-1 and SP-D 
concentration of all calves were measured using commercial 
bovine-specific ELISA test kits according to the manufacturer’s 
instructions (Bioassay Technology Laboratory, Shanghai, Chi-
na): bovine asymmetrical dimethylarginine ELISA kit (Bioassay 
Technology Laboratory), bovine endothelin-1 ELISA kit (Bioas-
say Technology Laboratory) and bovine SP-D ELISA kit (Bioassay 
Technology Laboratory).

Thoracic ultrasonography

The ultrasonographic examination was done according to 
previously described studies. The area of ultrasonographic ex-
amination extends from the 3rd to 11th intercostal spaces (ICS) 
and was prepared by clipping, shaving, and cleaning with alcohol, 
and then ultrasonographic gel was used. Lungs were examined 
from both sides according to a standard examination technique. 
Ultrasonography was performed with a 3.5 MHz convex trans-
ducer (WED, WELLD®, Shenzhen Well D Medical Electronics Co., 
Ltd., China). Lungs were examined from a dorso-ventral plane by 
holding the transducer parallel to the ribs (Tharwat and Oikawa, 
2011; El-Zahar et al., 2021).

Statistical analysis 

All data were statistically analyzed using SPSS Statistics® 22.0 
(Version 22.0, Armonk, NY: IBM Corp). The data were tested for 
normal distribution using Shapiro Wilks W Test and were found 
normally distributed. The obtained results were analyzed using 
analysis of variance ANOVA test, all data are listed as mean±SE. 
Differences between parameters were tested for significance at 
probability level of P<0.05. Pearson correlation was used for esti-
mating the relationship between the concentration of blood gas 
parameters and ADMA, ET-1, and SP-D concentrations in diar-
rheic and healthy calves.

RESULTS

Clinical findings

Based on clinical examination, the most common clinical signs 
in calves with diarrhea and respiratory disease syndrome at the 
time of hospitalization are summarized in Table 1. Severe clinical 
signs (depression, inappetence, loss of body weight, hyperventi-
lation, dyspnea, nasal and ocular discharge, and coughing) were 
present in the majority of cases. Mean rectal temperature was 
39.1±0.6, mean heart rate was 127±2.37 bpm, mean respiratory 
rate was 37.17±1.19 rpm. Sixty five percent (n = 11) of the calves 
were considered to have mild dehydration, while 35% (n = 6) 
calves were classified as having moderate dehydration. On lung 
percussion, all diseased animals had a reduced resonance sound, 
while lung auscultation revealed a 24% exaggerated vesicular 
sound, 70% wheezes, 6% pleuritic frictional sounds on lung aus-
cultation. There were 24% of diarrheic calves who coughed up on 
stimulation and 76% who coughed spontaneously. The clinical 
evaluation revealed that the other ten calves (controls) showed 
no symptoms as well.  
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Hematological analysis

The mean values of hematological indices in healthy and di-
arrheic calves with RDS are summarized in Table 2. Erythrocyte 
count (7.19±0.12) and hemoglobin (8.1±0.17) were significantly 
lower in the diseased calves compared to the control group mea-
surements (9.11±0.12 and 11.92±0.24, respectively). While the 
total white blood cell count (17.4±0.42), neutrophils (73.62±0.63) 
and HCT (38.48±0.25) increased significantly when compared 
to the control group measurements (9.43±0.22, 59.1±2.9 and 
31.97±0.44, respectively).

Blood gas analysis and glucose

The mean values of arterial blood gas analysis in healthy 

and diarrheic calves with RDS are summarized in Table 2. The 
results revealed that diarrheic calves with respiratory disease 
syndrome had significantly lower values for pH (7.12±0.01), PaO2 
(30.26±1.8), HCO3 (18.17±0.33), BE (-6.22±0.4) while significantly 
higher values for PaCO2 (60.73±1.3) and blood lactate (52.69±4.5). 
In addition, serum glucose (76.03±1.15), Na (124.5±1.02) and Cl 
(73.84±1.6) levels were significantly (p< 0.05) lower in diarrheic 
calves with RDS compared to the control group measurements, 
whereas serum K (5.39±0.11) levels were significantly (p< 0.05) 
higher.

Inflammation biomarker analysis 

The mean values of lung inflammation biomarkers in healthy 
and diarrheic calves with RDS are summarized in Table 3. Serum 
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Clinical signs and physical examination findings
Healthy calves

(n = 10)
(Mean±SE)

Diarrheic calves with RDS
(n = 17)

(Mean±SE)

Body weight (Kg) 42.4±2.8a 27.32±2.1b

General systemic statement

- Body temperature °C 38.5±0.3a 39.1±0.6b

- Heart rate (beats/min) 96.9±2.7b 127±2.37a

- Respiratory Rate/ minute 24.34±1.2b 37.17±1.19a

Coughing

- Coughing up on stimulation, n (%) n = 0 n = 4 (24%)

- Spontaneous coughing, n (%) n = 0 n = 13 (76%)

Percussion of lung

- Reduced resonance, n (%) n = 0 n = 17 (100%)

- Increased resonance, n (%) n = 0 n = 0 (00)

Auscultation of the lungs

- Exaggerated vesicular sound, n (%) n = 0 n = 4 (24%)

- Wheezing sound, n (%) n = 0 n = 12 (70%)

- Absence of lung sounds, n (%) n = 0 n = 0

- Pleuritic frictional sounds, n (%) n = 0 n = 1 (6%)

Ocular discharge

Moderate amount, n (%) None n = 10 (59%)

Heavy amount, n (%) None n = 7 (41%)

Sunken eyes, n (%) None n = 14 (82%)

Dehydration

Mild, n (%) None n = 11 (65%)

Moderate, n (%) None n = 6 (35%)

Table 1. Frequencies of clinical signs and physical examination findings in healthy and diarrheic calves with RDS included in the present study.

The data are presented as Mean±S.E and n = absolute number.; a,b Means carrying different superscripts differ significantly

Figure 1. Correlation analysis graph between serum lung-specific epithelial and endothelial biomarkers (ADMA, ET-1 and SP-D). (A) strong negative correlation between ET-1 and ADMA 
(r = -0.975). (B) strong negative correlation between ET-1 and SP-D (r = -0.901). (C) strong positive correlation between SP-D and ADMA (r = 0.900).
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ADMA (0.33±0.05) and SP-D (34.32±0.89) levels were significant-
ly (p<0.05) lower, while ET-1 (19.18±0.38) concentration was in-
creased significantly (p< 0.05) in diarrheic calves with RDS com-
pared to control group measurements.

The relationship between the serum lung-specific epithelial 
and endothelial biomarkers (ADMA, ET-1 and SP-D) concentra-
tions were measured using Pearson correlation by plotting the 
results of ADMA and SP-D concentrations against the measure-
ments of the ET-1 concentrations in the same samples of 17 diar-
rheic calves with RDS; the results showed a very strong negative 
correlation (r = -0.975, r = -0.901, respectively) (Figures 1.A and 
1.B). Whereas a strong positive correlation between ADMA and 
SP-D concentrations (r = 0.900) (Figures 1.C).

Correlations between the arterial blood gas parameters 
and the lung-specific biomarkers (ADMA, ET-1 and SP-D) con-
centrations in diarrheic calves with RDS and control group are 
presented in Table (4). Positive correlations between blood pH, 
PaO2, HCO3, BE and ADMA whereas a negative correlation was 
found among PaCO2, lactate and ADMA (Figure 2). A positive 
correlation between PaCO2, lactate and ET-1, whereas a negative 
correlation was found among blood pH, PaO2, HCO3, BE and ET-1 
(Figure 3). Positive correlations between blood pH, PaO2, HCO3, 
BE and SP-D whereas a negative correlation was found among 
PaCO2, lactate and SP-D (Figure 4).

Ultrasonographic findings

The ultrasonographic examination of lungs in healthy control

Figure 2. Correlation analysis graph between ADMA and blood gas parameters (pH, PaCO2, PaO2, HCO3, BE and lactate. (A) Positive correlation between ADMA and pH (r = 0.973). (B) 
strong negative correlation between ADMA and PaCO2 (r = -0.946). (C) Positive correlation between ADMA and PaO2 (r = 0.957). (D) Positive correlation between ADMA and HCO3 (r 
= 0.971). (E) Positive correlation between ADMA and BE (r = 0.813). (F) strong negative correlation between ADMA and lactate (r = -0.828).

Parameters Healthy calves
(n=10)

Diarrheic calves
(n=17)

Hematological analysis

Hemoglobin (g/l) 11.92±0.24a 8.1±0.17b

HCT (%) 31.97±0.44b 38.48±0.25a

RBCs (x106/ul) 9.11±0.12a 7.19±0.12b

WBCs (x103/ul) 9.43±0.22b 17.4±0.42a

Neutrophils    % 59.1±2.9b 73.62±0.63a

                  (x103/ul) 5.57±0.06b 6.94±0.01a

Blood gas analysis

pH 7.46±0.03a 7.12±0.01b

PaCO2 (mmHg) 37.11±0.61b 60.73±1.3a

PaO2 (mmHg) 66.25±0.35a 30.26±1.8b

HCO3 (mmol/l) 30.72±0.15a 18.17±0.33b

BE (mmol/l) 1.3±1.2a -6.22±0.4b

Lactate (mg/dl) 19.14±1.2b 52.69±4.5a

Glucose (mg/dl) 114.31±1.38a 76.03±1.15b

Na+ (mmol/l) 136.68±0.46a 124.5±1.02b

K+ (mmol/l) 4.43±0.04b 5.39±0.11a

Cl- (mmol/l) 98.9±1.1a 73.84±1.6b

Table 2. The hematological findings and mean values of glucose, acid-base bal-
ance parameters and electrolyte levels in healthy and diarrheic neonatal calves 
with RDS included in the present study.

The data are presented as Mean±S.E.; a,b Means carrying different superscripts differ sig-
nificantly
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group showed the pleural layers as long, smooth, white linar echo 
lines that move synchronously with respiration. The normal lung
parenchyma was imaged as reverberation artifacts that appear 
regularly and parallel to the pleura owing to the presence of air 
(Figure 5).

Diseased calves suffered from bronchopneumonia showed 
small hypoechoic circular zones on the lung surface with a com-
et-tail artifact on ultrasonographic examination. In severe pneu-
monia with lung consolidation, reverberation artifacts were ill 
defined and unclear (Figure 6).

In calves with pleurisy, the ultrasonographic examination 
showed echogenic fluid in the pleural sac with the presence of 

fibrin shreds and the pleura appeared thick and corrugated, pleu-
ral effusion revealed hypoechoic fluid (Figure 7).

Parameters Healthy calves
(n = 10)

Diarrheic calves
(n = 17)

ADMA (nmol/ml) 0.62±0.12a 0.33±0.05b

ET-1 (ng/l) 6.67±0.14b 19.18±0.38a

SP-D (ng/ml) 53.34±1.9a 34.32±0.89b

Table 3. The lung-specific epithelial and endothelial biomarkers in healthy and 
diarrheic neonatal calves with ARD included in the present study.

The data are presented as Mean±S.E.; a,b Means carrying different superscripts differ sig-
nificantly

Figure 3. Correlation analysis graph between ET-1 and blood gas parameters (pH, PaCO2, PaO2, HCO3, BE and lactate. (A) Negative correlation between ET-1 and pH (r = -0.972). (B) 
Positive correlation between ET-1 and PaCO2 (r = 0.950). (C) Negative correlations between ET-1 and PaO2 (r = -0.967). (D) Negative correlation between ET-1 and HCO3 (r = -0.978). (E) 
Negative correlation between ET-1 and BE (r = -0.784). (F) Positive correlation between ET-1 and lactate (r = 0.869).

Parameters pH PaCO2 PaO2 HCO3 BE Lactate ADMA ET-1 SP-D

pH 1 -0.965** 0.969** 0.985** 0.771** -0.854** 0.973** -0.972** 0.878**

PaCO2 1 -0.985** -0.967** -0.768** 0.864** -0.946** 0.950** -0.848**

PaO2 1 0.979** 0.739** -0.860** 0.957** -0.967** 0.853**

HCO3 1 0.787** -0.853** 0.971** -0.978** 0.885**

BE 1 -0.664** 0.813** -0.784** 0.681**

Lactate 1 -0.828** 0.869** -0.730**

ADMA 1 -0.975** 0.900**

ET-1 1 -0.901**

SP-D 1

Table 4. Correlation results between arterial blood gas parameters and ADMA, ET-1, and SP-D concentrations in diarrheic and healthy calves (Pearson correlation 
analysis).

ADMA, asymmetric dimethylarginine; BE, base deficit; ET-1, endothelin-1; PaCO2, arterial partial pressure of carbon dioxide; PaO2, arterial partial pressure of oxygen; SP-D, surfactant 
protein. **P < 0.01.
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DISCUSSION

Calf diarrhea and pneumonia are the two primary diseases 
affecting dairy calves’ welfare, causing massive economic and 
productivity losses to the global bovine industry (Cho and Yoon, 
2014; Medrano-Galarza et al., 2018). Both are the leading caus-
es of neonatal morbidity and mortality in dairy and beef calves 
under a month old (Altuğ et al., 2013; Uetake, 2013; Lorenz et 
al., 2011; Boussena and Sfaksi, 2009). Both are multifactorial dis-
eases with distinct management approaches (Windeyer et al., 
2014). The most common clinical observations in bovine diarrhe-
ic neonatal calves (up to 30 days old) with signs of respiratory 
disease syndrome were depression, inappetence, loss of body 
weight, hyperventilation, dyspnea, exaggerated vesicular sound, 
wheezes, nasal and ocular discharge, and coughing were present 
in the majority of cases, and this was in accordance with a pre-
vious study by Constable et al. (2016). The obtained results were 
also in agreement with previous findings reported by Ider et al. 
(2021), who observed that the most clinical signs appeared are 
mainly the presence of apnea or tachypnea, abdominal or wheez-
ing respirations, cyanotic or pale mucous membranes, prolonged 
capillary refill time, and hypothermia were present in premature 
calves with RDS. 

The mean body temperature, respiration, and heart rate all 
increased significantly, while calves’ body weight decreased sig-
nificantly. This observation agrees with previous reports (Walker 
et al., 1998; Leal et al., 2008). In fact, it appears that compensatory 
polypnea occurs in response to acidosis to eliminate excess CO2 
in order to achieve normal pH values, and tachycardia compen-
sates for hypovolemia caused by diarrheal episodes. The rectal 
temperature could be influenced by the duration of the diarrheal 
episode and the severity of dehydration (Leal et al., 2008; Berch-

told, 2009; Torche et al., 2020).
In the current study, the mean values of arterial blood gas 

analysis, serum electrolytes concentrations and hematological in-
dices in diarrheic calves with RDS revealed that erythrocyte count 
and hemoglobin concentration were significantly lower, while the 
total white blood cell count, neutrophils and HCT increased sig-
nificantly when compared to the control group measurements. 
In fact, leukocytosis and neutrophillia in calves suffered from di-
arrhea than apparently healthy group is due to the pathogenic 
infection. Thus, our results coincided with those of previous re-
ports (Leal et al., 2008; Freitas, 2009; Malik et al., 2013). Hema-
tocrit provides important information about the overall erythro-
cytes volume in addition; it tended to be higher at birth and then 
decreased with age. Furthermore, hemoglobin is related to the 
rate of oxygen transported in the bloodstream. Hematocrit and 
hemoglobin reflect accurately the hydration status and used to 
assess it (Malheu, 2007).

Diarrheic claves with respiratory disease syndrome elicit sig-
nificant changes in blood results where it showed significantly 
lower values of pH, PaO2, HCO3, BE, and significantly higher val-
ues for PaCO2 and blood lactate. In addition, serum glucose, Na 
and Cl levels were significantly lower, whereas serum K levels 
were significantly higher. Thus, our results coincided with those 
of previous reports (Klein et al., 2008; Sayers et al., 2016). The low 
blood pH value indicates acidemia in calves with diarrhea. In gen-
eral, metabolic acidosis may be a compensatory decrease in PCO2 
due to hyperventilation. However, since calves with severe acido-
sis have already lost much respiratory function, hypoventilation 
does not serve a compensatory function (Constable et al., 2016).

Previous research on calves with RDS indicated that changes 
in blood gases and acid-base balance varied in severity (Yildiz 
et al., 2017; Ok et al., 2020). In neonatal calves with RDS, mixed 

Figure 4. Correlation analysis graph between SP-D and blood gas parameters (pH, PaCO2, PaO2, HCO3, BE and lactate. (A) Positive correlation between ET-1 and pH (r = 0.878). (B) 
Negative correlation between ET-1 and PaCO2 (r = -0.848). (C) Positive correlations between ET-1 and PaO2 (r = 0.853). (D) Positive correlation between ET-1 and HCO3 (r = 0.885). (E) 
Positive correlation between ET-1 and BE (r = 0.681). (F) Negative correlation between ET-1 and lactate (r = -0.730).
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acidosis (respiratory-metabolic acidosis) is prevalent in addition 
to hypercapnia and hypoxia. In our investigation, a positive as-
sociation was seen between pH and PaO2, HCO3, and BE con-
centrations, while a negative correlation was seen between pH 
and PaCO2 and lactate concentrations. Blood pH and BE are fre-
quently regarded as useful indicators for detecting the respira-
tory and metabolic acidosis in newborn calves. The decrease in 
blood pH is caused by insufficient CO2 removal from the lungs. A 
high lactate concentration, in addition to PCO2, contributes to the 
development of acidosis. Lactate is an indirect marker of tissue 
hypoxia produced when there is hypoxia and poor tissue perfu-
sion. Lactate is responsible for metabolic acidosis in newborns 
with asphyxia and plays an important role in the development of 
acidosis (Bleul and Gotz, 2013; Ok et al., 2020).

In the neonatal diarrheic calves with RDS in this investiga-
tion, elevated PaCO2 and lactate concentrations and decreased 
PaO2, HCO3, and BE indicate extensive tissue hypoxia as a result 
of compromised lung function, and these cases indicate severe 
respiratory acidosis. Metabolic acidosis in these calves was orig-

inally attributed to intestinal HCO3- loss, as well as the presence 
of organic acids in plasma and a decrease in the glomerular fil-
tration rate in response to severe dehydration (Klein et al., 2008). 

The concentrations of serum Na and Cl levels were signifi-
cantly decreased while serum K level was significantly increased 
in the diarrheic calves with RDS compared to healthy calves. The 
observed changes in the levels of serum Na, Cl and K could be 
due to excessive water loss with feces which leads to dehydration 
and impaired cell membrane permeability (Sayers et al., 2016; 
Constable et al., 2016).

The lung-specific epithelial and endothelial biomarkers in 
healthy and diarrheic neonatal calves with ARD included in the 
present study revealed that, serum ADMA and SP-D levels were 
significantly lower, while ET-1 concentration increased signifi-
cantly in diarrheic calves with RDS compared to control group 
measurements. By investigating the relationship between the 
ADMA, ET-1 and SP-D concentrations, Pearson correlation was 
performed, and the results showed a very strong negative cor-
relation between ADMA, SP-D concentrations against the con-
centration of ET-1. Whereas a strong positive correlation be-
tween ADMA and SP-D concentration. The obtained results were 
also in agreement with previous findings reported by Ider et al. 
(2021), who observed that the ADMA and SP-D concentrations 
of premature calves with RDS were lower and serum ET-1 con-
centrations higher than those of non-RDS premature and healthy 
calves. 

Additionally, by investigating the relationship between the 
alterations of these lung-specific markers and the blood gas 
concentrations in calves with RDS compared to control group 
measurements, the results showed positive correlations between 
blood pH, PaO2, HCO3, BE and ADMA whereas a negative cor-
relation was found among PaCO2, lactate and ADMA. A positive 
correlation between PaCO2, lactate and ET-1, whereas a negative 
correlation was found among blood pH, PaO2, HCO3, BE and ET-
1. Positive correlations between blood pH, PaO2, HCO3, BE and 
SP-D whereas a negative correlation was found among PaCO2, 
lactate and SP-D. These results were in agreement with those ob-
tained in previous reports (Rubens et al., 2001; Galie et al., 2004; 
Ok et al., 2020; Ider et al., 2021).

ADMA is an endogenous inhibitor of nitric oxide synthase, 
increased ADMA levels result in a decrease in nitric oxide, which 
raises vascular tone. As a result, in patients with congestive bron-
chopulmonary dysplasia, heart failure, and pulmonary hyperten-
sion, an increase in the concentration of ADMA is thought to be 

Figure 5. Ultrasonography of the normal lung in healthy calves using a 3.5 MHz transducer. 
The pleural layers appear as white linear echogenic lines. Reverberation artifacts appear as 
echogenic lines parallel to the pulmonary surface.

Figure 6. Ultrasonography of the lung of calves suffered from bronchopneumonia using a 
3.5 MHz transducer. Showed small hypoechoic circular zones on the lung surface with a 
comet-tail artifact on ultrasonographic examination.

Figure 7. Ultrasonography of the lung of calves with pleurisy using a 3.5 MHz transducer. 
The ultrasonographic examination showed echogenic fluid in the pleural sac with the pres-
ence of fibrin shreds and the pleura appeared thick and corrugated.

A. Mansour et al. /Journal of Advanced Veterinary Research (2022) Volume 12, Issue 6, 677-685

683



an indication of poor prognosis when it coincides with endothe-
lial damage (Trittmann et al., 2015; Klok et al., 2011; Zhang et al., 
2015; Kavurt et al., 2017). 

Endothelin-1 is a polypeptide with significant vasoconstric-
tion activity, and it has been established that it has a variety of 
fibrinogenic actions (Rubens et al., 2001; Ok et al., 2020). In con-
junction with the development of bronchopneumonia, hypoxia 
and acidosis in neonatal diarrheic calves induced RDS, plasma 
ET-1 concentrations and PaCO2 increased and pH and PaO2 de-
creased in response to RDS (Galie et al., 2004). However, increas-
es in plasma and pulmonary ET-1 concentrations were found to 
be positively correlated with the severity of hypoxia in rats, and 
ET-1 may play a role in hypoxia-related pulmonary arterial nar-
rowing or pulmonary hypertension (Kamiyama et al., 2014). 

Type II pneumocytes release surfactant protein D, which is 
essential for preserving the surface integrity of alveoli and of-
fers crucial information regarding the prognosis of the illness. It 
was discovered that SP-D concentrations reduced following the 
death of type II pneumocytes in the lungs and were closely cor-
related with the degree of lung injury (Ware et al. 2010; Calfee 
et al., 2011; Yildiz et al., 2019). Surfactant protein D (SP-D) is a 
type of collagenous glycoprotein that serves several functions in 
the lung. SP-D appears to be primarily a host defense molecule, 
binding a diverse range of pathogens such as viruses, bacteria, 
fungi, and pneumocystis. Furthermore, immunologic methods 
have been used to measure it in the systemic circulation, and 
it may be useful biomarkers of disease (Ider et al., 2021). In hu-
mans and other species, elevated surfactant protein D levels in 
bronchoalveolar lavage fluid and blood have been linked to early 
alveolar inflammation and basal membrane damage. If elevated 
levels of SP-D can be reliably found in the blood of cattle with 
bronchopneumonia, it may be possible to replace the existing 
diagnostic test as a more accurate one.

CONCLUSION

It is concluded that, serum asymmetric dimethylarginine, en-
dothelin-1 and surfactant protein D concentrations are useful in 
determining lung inflammatory response and damage during di-
arrheal episodes in newly born bovine calves, particularly during 
the first month of life.

ACKNOWLEDGMENTS

The authors would like to thank the Animal Medicine Depart-
ment of Faculty of Veterinary Medicine, Zagazig University for all 
the assistance they provide.

CONFLICT OF INTEREST

There is no conflict of interest to disclose regarding the con-
tent of this article.

REFERENCES

Altuğ, N., Yuksek, N., Ozkan, C., Keleş, I., Başbuğan, Y., Ağaoğlu, Z.T., Kaya, 
A., Akgul, Y., 2013. Rapid Etiological Diagnosis of Neonatal Calf 
Diarrhoea with Immunochromatographic Test Kits. Van. Vet. J. 24, 
123-128.

Berber, E., Canakoglu, N., Sozdutmaz, I., Simsek, E., Sursal, N., Ekinci, G., 
Kokkaya, S., Arikan, E., Ambarcioglu, P., Goksu, A.G., Keles, I., 2021. 
Seasonal and Age-Associated Pathogen Distribution in Newborn 
Calves with Diarrhea Admitted to ICU. Vet. Sci. 8, 128.

Berchtold, J., 2009. Treatment of calf diarrhea: intravenous fluid therapy. 
Vet. Clin. North Am. Food Anim. Pract. 25, 73-99.

Bleul, U., Gotz, E., 2013. The effect of lactic acidosis on the generation and 
compensation of mixed respiratory-metabolic acidosis in neona-
tal calves. Vet. Rec. 172, 528.

Boussena, S., Sfaksi, A., 2009. Incidence et étiologies des diarrhées néo-
natales du veau dans l’Est Algérien. Sciences & Technologies C30, 
16-21.

Calfee, C.S., Ware, L.B., Glidden, D.V., Eisner, M.D., Parsons, P.E., Thomp-

son, B.T., Matthay, M.A., 2011. Use of risk reclassification with 
multiple biomarkers improves mortality prediction in acute lung 
injury. Crit. Care Med. 39, 711-717.

Cho, YI, Yoon, KJ., 2014. An overview of calf diarrhea - infectious etiolo-
gy, diagnosis, and intervention. Journal of Veterinary Science 15, 
1-17.

Constable, P.D., Hinchcliff, K.W., Done, S., Stanley, H., Grünberg, W., 2016. 
Veterinary medicine book: a textbook of the diseases of cattle, 
horses, sheep, pigs and goats., Elsevier Health Sciences.

El-Zahar, H., Gouda, H., El-Naggar, A., Eissa, A., Gouda, S., 2021. Monitor-
ing the hemato-biochemical values in clinical cases of cattle with 
respiratory disorders. J. Anim. Health Prod. 9, 391-397.

Freitas, M.D., 2009. Avaliação dos parâmetros clínicos e laboratoriais de 
bezerros com diarréia neonatal naturalmente adquirida, Escola 
de Veterinária – UFMG.

Galie, N., Manes, A., Branzi, A., 2004. The endothelin system in pulmonary 
arterial hypertension. Cardiovasc. Res. 61, 227-237.

Garcia-Laorden, M.I., Lorente, J.A., Flores, C., Slutsky, A.S., Villar, J., 2017. 
Biomarkers for the acute respiratory distress syndrome: how to 
make the diagnosis more precise. Ann. Transl. Med. 5, 283.

Greene, K.E., Wright, J.R., Steinberg, K.P., Ruzinski, J.T., Caldwell, E., Wong, 
W.B., Hull, W., Whitsett, J.A., Akino, T., Kuroki, Y., Nagae, H., Hud-
son, L.D., Martin, T.R., 1999. Serial changes in surfactant-associ-
ated proteins in lung and serum before and after onset of ARDS. 
Am. J. Respir. Crit. Care Med. 160, 1843-1850.

Gutierrez, J.A., Parry, A.J., McMullan, D.M., Chapin, C.J., Fineman, J.R., 2001. 
Decreased surfactant proteins in lambs with pulmonary hyper-
tension secondary to increased blood flow. Am. J. Physiol. Lung 
Cell Mol. Physiol. 281, L1264-1270.

Ider, M., Naseri, A., Ok, M., Uney, K., Erturk, A., Durgut, M.K., Parlak, T.M., 
Ismailoglu, N., Kapar, M.M., 2021. Biomarkers in premature calves 
with and without respiratory distress syndrome. J. Vet. Intern. 
Med. 35, 2524-2533.

Kamiyama, J., Jesmin, S., Sakuramoto, H., Shimojo, N., Islam, M.M., Kha-
tun, T., Oki, M., Kawano, S., Mizutani, T., 2014. Assessment of cir-
culatory and pulmonary endothelin-1 levels in a lavage-induced 
surfactant-depleted lung injury rabbit model with repeated open 
endotracheal suctioning and hyperinflation. Life Sci. 118, 370-
378.

Kavurt, S., Demirel, N., Bas, A.Y., Ulubas Isık, D., Ozcan, B., Aydemir, O., 
2017. Increased ADMA levels are associated with poor pulmonary 
outcome in preterm neonates. J. Matern. Fetal Neonatal Med. 30, 
864-869.

Klein, P., Kleinova, T., Volek, Z., Simunek, J., 2008. Effect of Cryptosporidi-
um parvum infection on the absorptive capacity and paracellular 
permeability of the small intestine in neonatal calves. Vet. Para-
sitol 152, 53-59.

Klok, F.A., Surie, S., Kempf, T., Eikenboom, J., van Straalen, J.P., van Kralin-
gen, K.W., van Dijk, A.P., Vliegen, H.W., Bresser, P., Wollert, K.C., 
Huisman, M.V., 2011. A simple non-invasive diagnostic algorithm 
for ruling out chronic thromboembolic pulmonary hypertension 
in patients after acute pulmonary embolism. Thromb. Res. 128, 
21-26.

Leal, M.L.R., Cyrillo, F.C.C., Mori, C.S., Michima, L.E.S., Nichi, M., Ortolani, 
E.L., Benesi, F.J., 2008. Modelo de indução de diarréia osmótica 
em bezerros holandeses. Ciência Rural 38, 1650-1657.

Lorenz, I., Fagan, J., More, S.J., 2011. Calf health from birth to weaning. II. 
Management of diarrhoea in pre-weaned calves. Irish Veterinary 
Journal 64, 1-6.

Malheu, J., 2007. Clinical, hematological and biochemical study of cattle 
resulting from somatic cloning between 4 months and 24 months 
– Thesis in french. Sciences du Vivant, Ecole Nationale Vétérinaire 
d’Alfort.

Malik, S., Kumar, A., Verma, A.K., Gupta, M.K., Sharma, S.D., Sharma, A.K., 
Rahal, A., 2013. Haematological Profile and Blood Chemistry in 
Diarrhoeic Calves affected with Collibacillosis. Journal of Animal 
Health and Production 1, 10-14.

Medrano-Galarza, C., LeBlanc, S.J. Jones-Bitton, A., DeVries, T.J., Rushen, J., 
Marie de Passille, A., Endres, M.I., Haley, D.B., 2018. Associations 
between management practices and within-pen prevalence of 
calf diarrhea and respiratory disease on dairy farms using auto-
mated milk feeders. J. Dairy Sci. 101, 2293-2308.

Nickel, N., Jonigk, D., Kempf, T., Bockmeyer, C.L., Maegel, L., Rische, J., 
Laenger, F., Lehmann, U., Sauer, C., Greer, M., Welte, T., Hoep-
er, M.M., Golpon, H.A., 2011. GDF-15 is abundantly expressed in 
plexiform lesions in patients with pulmonary arterial hyperten-
sion and affects proliferation and apoptosis of pulmonary endo-
thelial cells. Respir. Res. 12, 62.

Ok, M., Yildiz, R., Traş, B., Başpinar, N., Akar, A., 2020. Effect of nebulized 
formoterol, ipratropium bromide, and furosemide in combina-

A. Mansour et al. /Journal of Advanced Veterinary Research (2022) Volume 12, Issue 6, 677-685

684



tion with fluticasone propionate on arterial blood gases of pre-
mature calves with respiratory distress syndrome. Journal of the 
Hellenic Veterinary Medical Society 71, 2011–2018.

Rubens, C., Ewert, R., Halank, M., Wensel, R., Orzechowski, H.D., Schulthe-
iss, H.P., Hoeffken, G., 2001. Big endothelin-1 and endothelin-1 
plasma levels are correlated with the severity of primary pulmo-
nary hypertension. Chest 120, 1562-1569.

Sayers, R.G., Kennedy, A., Krump, L., Sayers, G.P., Kennedy, E., 2016. An 
observational study using blood gas analysis to assess neonatal 
calf diarrhea and subsequent recovery with a European Commis-
sion-compliant oral electrolyte solution. J. Dairy Sci. 99, 4647-
4655.

Tharwat, M., Oikawa, S., 2011. Ultrasonographic evaluation of cattle and 
buffaloes with respiratory disorders. Trop. Anim. Health Prod. 43, 
803-810.

Torche, S., Boussena, S., Beroual, K., Guidoum, B.M., Kerrour, M., Moula, N., 
2020. Physiopathology of diarrhea in young calves: clinical signs 
and metabolic disturbances. Journal of new sciences, Agriculture 
and Biotechnology 76, 4443-4451.

Trittmann, J.K., Peterson, E., Rogers, L.K., Chen, B., Backes, C.H., Klebanoff, 
M.A., Nelin, L.D., 2015. Plasma asymmetric dimethylarginine lev-
els are increased in neonates with bronchopulmonary dyspla-
sia-associated pulmonary hypertension. J. Pediatr. 166, 230-233.

Uetake, K., 2013. Newborn calf welfare: a review focusing on mortality 
rates. Anim. Sci. J. 84, 101-105.

Walker, P.G., Constable, P.D., Morin, D.E., Drackley, J.K., Foreman, J.H., 
Thurmon, J.C., 1998. A reliable, practical, and economical proto-
col for inducing diarrhea and severe dehydration in the neonatal 
calf. Can J Vet Res 62, 205-213.

Ware, L.B., Koyama, T., Billheimer, D.D., Wu, W., Bernard, G.R., Thomp-
son, B.T., Brower, R.G., Standiford, T.J., Martin, T.R., Matthay, M.A., 
2010. Prognostic and pathogenetic value of combining clinical 
and biochemical indices in patients with acute lung injury. Chest 
137, 288-296.

Windeyer, M.C., Leslie, K.E., Godden, S.M., Hodgins, D.C., Lissemore, K.D., 
LeBlanc, S.J., 2014. Factors associated with morbidity, mortality, 
and growth of dairy heifer calves up to 3 months of age. Prev. Vet 
.Med. 113, 231-240.

Yildiz, R., Aydogdu, U., Guzelbektes, H., Coskun, A., Sen, I., 2017. Venous 
lactate, pH and partial pressure of carbon dioxide levels as prog-
nostic indicators in 110 premature calves with respiratory distress 
syndrome. Vet. Rec. 180, 611.

Yildiz, R., Ok, M., Ider, M., Akar, A., Naseri A., Koral, E., 2019. The changes in 
biomarkers for necrotising enterocolitis in premature calves with 
respiratory distress syndrome. Veterinarni Medicina 64, 440-447.

Zhang, S., Yang, T., Xu, X., Wang, M., Zhong, L., Yang, Y., Zhai, Z., Xiao, F., 
Wang, C., 2015. Oxidative stress and nitric oxide signaling related 
biomarkers in patients with pulmonary hypertension: a case con-
trol study. BMC Pulm. Med. 15, 50.

A. Mansour et al. /Journal of Advanced Veterinary Research (2022) Volume 12, Issue 6, 677-685

685


