
23 May 2023

AperTO - Archivio Istituzionale Open Access dell'Università di Torino

Original Citation:

Sepsis and bacterial suppurative meningitis-meningoencephalitis in critically ill neonatal
Piedmontese calves: clinical approach and laboratory findings

Published version:

DOI:10.1024/0036-7281/a000339

Terms of use:

Open Access

(Article begins on next page)

Anyone can freely access the full text of works made available as "Open Access". Works made available
under a Creative Commons license can be used according to the terms and conditions of said license. Use
of all other works requires consent of the right holder (author or publisher) if not exempted from copyright
protection by the applicable law.

Availability:

This is the author's manuscript

This version is available http://hdl.handle.net/2318/123914 since 2017-05-15T15:04:02Z



 1 

 

 

 

 

This is an author version of the contribution published on: 

Questa è la versione dell’autore dell’opera: 

 Schweizer Archiv für Tierheilkunde, volume 15, issue 6, 2012, DOI: 

10.1024/0036-7281/a000339 

The definitive version is available at: 

La versione definitiva è disponibile alla URL: 

http://medcontent.metapress.com/content/9km5977658121252/?genre=article

&id=doi%3a10.1024%2f0036-7281%2fa000339 

  

http://medcontent.metapress.com/content/122287/?p=0660b6d715b24169b5632a904bb8ad57&pi=0


 2 

SEPSIS AND BACTERIAL SUPPURATIVE MENINGITIS-

MENINGOENCEPHALITIS IN CRITICALLY ILL NEONATAL PIEDMONTESE 

CALVES: CLINICAL APPROACH AND LABORATORY FINDINGS 

 

C. Biolatti
1
, C. Bellino

1
,A. Borrelli

1
, M. T. Capucchio

1
, P. Gianella

1
, C. Maurella

2
, B. 

Miniscalco
1
, P. Nebbia

3
, S. Zoppi

4
, 

A. Cagnasso
1
, A. D'Angelo

1 

1
Department of Animal Pathology, Clinical Section, University of Torino, Grugliasco 

(TO), 
2
BEAR Biostatistics, Epidemiology and Risk Analysis Laboratory, Istituto Zooprofilattico 

Sperimentale di Piemonte, 

Liguria e Valle d'Aosta Torino,3Department of Animal Production, Infectious Diseases 

Section, University of Torino, 

Grugliasco (TO), General Diagnostic Laboratory, Istituto Zooprofilattico Sperimentale di 

Piemonte, Liguria e Valle 

d'Aosta, Torino 

 

SUMMARY 

Sepsis (S) and bacterial suppurative meningitis-meningoencephalitis (M-ME) are common 

causes of death in bovine neonates. The aim of this prospective study was to evaluate the 

prevalence of S and M-ME in critically ill neonatal Piedmontese calves. Critically ill 

animals up to 15 days old referred by practitioners were registered according to their status 

and subsequently assigned to clinical standardized score. Calves with a clinical score ≥ 5 

were further assessed under a clinical and clinical-pathological protocol to strengthen the 

suspicion of S and M-ME. Critically ill neonatal calves sent for necropsy were included in 

the study as well. Fifty-nine calves were investigated, 26 of which referred alive and 33 

dead. Ten out of the 26 clinically evaluated calves were classified as suspicious of S on the 

basis of the clinical and clinical-pathological protocols. S was confirmed by positive 

bacteriologic culture in 7 cases and in 3 cases on the basis of necroptic lesions. 

Concomitant suppurative M-ME suspected in 6 of these 10 calves was subsequently 

confirmed by CSF analysis or histological findings. Of the 33 calves examined only post-

mortem, 20 showed pathognomonic findings of S and 14 signs of M-ME. The prevalence 

of S and M-ME was 46 and 36%, respectively. Clinical signs of S were confirmed to be 

vague and overlapping with other diseases. The developed protocol was highly accurate in 

predicting S in these neonatal calves. 

 

KEYWORDS: bovine, neonatal diseases, sepsis, meningitis ,meningoencephalitis, clinical 

signs. 

 

Sepsis und bakterielle eitrige Meningitis-Meningoencephalitis bei kritisch erkrankten 

neugeborenen Kälbern der Piemonteser Rasse: Klinische Studie und Ergebnisse der 

Laboruntersuchungen 

Sepsis (S) und bakterielle eitrige Meningitis-Meningoencephalitis (M-ME) sind haüfige 

Ursachen, die zum Tod von neugeborenen Kälbern führen. Ziel der Untersuchung war es, 

die Prävalenz von S und M-ME bei kritisch erkrankten neugeborenen Kälbern der 
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Piemonteser Rasse zu evaluieren. Zu diesem Zweck wurden kritisch erkrankte Tiere im 

Alter von bis zu 15 Tagen von Tierärzten untersucht und anschließend auf der Grundlage 

eines standardisierten klinischen Protokolls ausgewertet. Kälber mit einem klinischen Wert 

≥5 wurden einem klinischen und klinisch-pathologischem Protokoll unterzogen. 

Mitberücksichtigt wurden auch kritisch erkrankte neugeborene Kälber, die einer 

Nekroskopie unterzogen wurden. Insgesamt wurden 59 Kälber untersucht, darunter 26 

lebende und 33 tote Tiere. 10 der 26 klinisch erkrankten Kälber wurden anhand der 

klinischen und klinisch-pathologischen Protokolle als S-verdächtig eingestuft. S wurde in 7 

Fällen anhand von positiven bakteriologischen Kulturen diagnostiziert und in 3 Fällen von 

Läsionen nahe gelegt. Gleichzeitig auftretende eitrige M-ME, die bei 6 dieser 10 Kälber zu 

erwarteten war, wurde durch Liquor Analysen oder histologische Befunde im Nachhinein 

bestätigt. Von 33 Kälbern, die ausschließlich post-mortem untersucht wurden, zeigten 20 

charakteristische Befunde von S und 14 Anzeichen von M-ME. Die Prävalenz von S 

betrug 46%; die von M-ME lag bei 36%. Klinische Anzeichen von S waren nicht eindeutig 

und überlappten sich mit anderen Krankheiten. Das erstellte Protokoll war ausgesprochen 

präzise, was die Identifikation von S bei diesen neugeborenen Kälbern betraf. 

Schlüsselwörter: Kalb Krankheiten bei Neugeborenen, Sepsis, Meningitis-

Meningoencephalitis, klinische Symptome 

 

INTRODUCTION: Sepsis (S), a major health problem in calves less than 2 weeks of age 

associated with a high mortality rate (Aldridge et al., 1993; Fecteau et al., 2009), is 

described as the systemic inflammatory response syndrome (SIRS) to an active infectious 

process (Bone et al., 1992; Levy et al., 2003; Goldsteine t al., 2005). Decreased or failed 

passive transfer (FPT) of immunity and exposure to virulent pathogens are important risk 

factors for the development of S. The most frequent etiological agent is Escherichia coli 

(Lofstedt eî al., 1999; House and Gunn, 2009; Fecteau et al., 2009), followed by 

Salmonella spp., Campylobacter spp., Kebsiella spp, Staphylococcus spp., and 

Streptocococcus spp. (Seimiya et al., 1992; Fecteau et al., 2009). S usually involves 

multiple organs and most commonly affects the respiratory and gastrointestinal systems 

with rapid and often fatal progression of disease. Early clinical signs are vague and 

nonspecific (Fecteau et al., 2009; Vaala et a1.,2009) and laboratory values may be altered 

(Lofstedt et al., 1999; Irmak et al., 2006). Since blood culture has a low sensitivity and 

results are available only after 24-72 h, scoring schemes have been developed for several 

species to help identify septic subjects early in the course of the disease and to improve 

favorable outcome of therapy (Brewer and Koterba, 1988; Fecteau et al., 1997a; Lofstedt 

et al., 1999; Moore et al., 2009).  

Neonatal bacterial suppurative meningitis-meningoencephalitis (M-ME) is commonly a 

result of S (Fecteau and George, 2004; House and Gunn, 2OO9). Bacteria can spread 

hematogenously to the leptomeninges, although the mechanism of pathogen entry is not 

clearly understood (Kim, 2003; Zachary, 2007; Fecteau et al., 2009). The definitive 
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diagnosis relies on abnormal findings of cerebrospinal fluid (CSF) which, in acute stages, 

shows elevated neutrophils and increased protein content and/or intracellular bacteria 

(Green and Smith, 1992; Scott and Penny, 1993; Fecteau et al., 2009; Mayhew, 2009a; 

Stokol et al., 2009) . The aim of this prospective study was to evaluate and refine a 

protocol for diagnosis of S and bacterial M-ME in young Piedmontese calves. The 

proportion of S and bacterial M-ME was also investigated in the referred population. 

 

ANIMALS, MATERIAL AND METHODS 

ANIMALS 

A total of 59 critically ill Piedmontese calves up to 15days referred live or dead to the 

Teaching Hospital of the Faculty of Veterinary Medicine of Turin, between February 2008 

and March 2010, were used for our study. All animals underwent complete phvsical and 

neurologic examination. A total clinical score, based on the classification scheme of 

Fecteau et al. (1997a) made up of five individual scores (attitude, hvdration, feces, navel 

and sclera vessels), was assigned to each animal. Detailed anamnestic information of the 

dam and the calf were collected.  

DEFINITION OF DISEASES  

Calves were classified as suspicious of S if the clinical score was ≥ 5 and met at least one 

of the following criteria: presence of a focal infection site other than enteritis; serum 

glucose < 3.3 mmol/L; blood smear suggestive of S (left shift of neutrophils and signs of 

toxicity in neutrophils). S was confirmed by positive blood culture (in vivo) and/or 

bacterial isolation from tissue samples (post-mortem), along with evidence of macro- and 

microscopic lesions strongly suggestive of S. Calves were considered suspicious of M-ME 

if the neurologic examination was suggestive of an intracranial localization and CSF total 

cell count showed pleocytosis (> l0 cells/µL). M-ME was confirmed when the CSF 

analysis showed a neutrophilic pleocytosis and increased proteins (> 40 mg/dl) and/or 

when histological findings were indicative of the disease (Zachary, 2007). Calves with a 

clinical score < 5 were managed with specific investigation to diagnose the underlying 

disease. Calves with a clinical score ≥ 5 were included in the protocol described below. For 

critically ill Piedmontese calves up to 15 days of age sent for necropsy, a standardized data 

collection form was compiled by interviewing the referring veterinarian. A control group 

of 20 healthy Piedmontese calves, 1- l5 days old, was included in the study. All animals 

were examined simultaneously by a board certified person in neurology and bovine health 

management (ADA). The study was performed according to ethical recommendations, 

animal welfare considerations and regulations and approved by the Health Direction 

Section of Piedmont Region (reference number 466/2008).  
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PROTOCOL FOR ASSESSMENT OF CALVES WITH A SCOTE ≥ 5 

Blood for hematoìogical and serum analyses was collected in EDTA-containing and plain 

tubes, respectively. Samples for blood gas analysis (pH, bicarbonate, Beeef), electrolytes 

(Na
+
, Cl

-
, iCa

2+
, K*), glucose, hemoglobin (Hb) concentrations and hematocrit (Hct) were 

anaerobically collected in a 2.5-mL heparinized plastic syringe (Preza-Pak II, Terumo) and 

immediately determined ( i-STAT1 Analyzer, i- STAT Corporation). Blood samples for 

Celite Activate Clotting Time measurement (
CELITE

ACT -Abbot Point of Care Inc) were 

drawn into a plastic syringe and immediately dispensed in to the sample well of a 

cartridge. For blood culture, a volume of l0 mL of blood was asepticallv collected, added 

to a proper broth (Signal Blood Culture System, Oxoid Limited) and submitted for bacteria 

culturing and isolation.  

A CSF sample was collected from the lumbosacral site from all calves showing neurologic 

signs, and stored at 4°C. Total nucleated cell count was assessed in the field using a 

Nageotte hemacytometer. For CSF differential cell count and total microprotein 

concentration, samples were analyzed within 1 h of collection in the lab. Blood culture and 

organism identification were performed using standard procedures.  

Hematology (ADVIA120 Hematology System, Siemens Diagnostics), blood chemistry 

analysis including ALP, AST, CK, BUN, CREA, total bilirubin, R and Mg (ILab 300 Plus, 

Instrumentation Laboratories), and standard clotting profile composed of aPTT, PT and 

fibrinogen (Start 4 Hemostasis Analyzer, Diagnostica Stago) were performed in the lab. 

For left shift of neutrophils and toxicity, a blood smear was stained with May-Grùnwald 

Giemsa and esamined. Passive transfer of immunity was indirectly estimated in total serum 

solids by a temperature compensated hand-held refractometer (Leica VET 360 Total 

Strlids Refractometer, Leica Inc.). 

POST-MORTEM EXAMINATION AND BACTERIOLOGICAL ISOLATION 

Calves that did not survive or were humanely euthanized were sent for post-mortem 

examination. 

Complete necropsy was performed. The internal organs and brain of all animals were 

collected and routinely processed for histopathological examination. Aerobic and 

anaerobic culture of tissue samples was performed. 

STATISTICAL ANALYSIS 

Statistical analysis was performed using a freeware statistical software package (R 1.12.2; 

http://www.r-project.org/). Normally distributed data were tested using the Shapiro-Wilk 

Normality Test. The analytical parameters (5
th

- 95
th

 percentiles) of the control group were 

used as internal comparison data. The analytical parameters of the septic calves (median 

values) out of the 5
th

 – 95
th

 percentiles obtained from the control group were tested using 

the Wilcoxon signed-rank test. The sensitivity, specificity, positive predictive value (PPV) 

and negative predictive value (NPV) of the clinical and clinical-pathological methods used 

to suspect S were calculated. Results were considered significant if the P-value was less 

than 0.05. 

 

RESULTS  

Fifthy-nine critically ill calves (29 males and 30 females; mean age, 9.6 ± 5.4 days) were 

investigated, 26 (44%) of which were clinically evaluated and 33 (56%) were examined 

only post-mortem. 

CRITICALLY ILL CALVES 

S was suspected in 10/26 (38%) calves with a score   5 and confirmed in 7/10 animals by 

positive blood culture and/or tissue isolation. In the 3 remaining animals, macro- and 

microscopic lesions were strongly suggestive o f S (Tab. 1). Analytical parameters 

between the septic and control groups are listed in Table 2. In 5 animals a failure of 
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passive transfer of immunity was determined o the basis of decreased total serum solids 

(≤50 g/L). Table3 shows the accuracy of clinical and clinical-pathological methods used to 

suspect S .  

M-ME was clinically suspected in 6 but confirmed in 7/10 calves with a score  5 (Tab. 1). 

The median number of CSF nucleated cells in suspicious M -ME calves was 92.3 cells/µl 

(39.7- 1840.0); the mean CSF protein concentration was 151.4 + 122.8 mg/dl.  

The 16 non septic animals (score< 5) included calves with neonatal diarrhea (n= 7), otitis 

media/ interna (n = 3), spinal trauma (n= 2), acute perinatal asphyxia (n= 2), arthritis (n= l) 

and abomasal ulceration(n= 1). 

CRITICALLY ILL REPORTED DEAD CALVES  

Twenty (61%) out of the 33 dead calves were confirmed as septic on the basis of tissue 

bacterial isolation; 3 additional animals showed macro- and microscopic lesions strongly 

suggestive of S. Fourteen out of the 20 (70%) septic calves showed concurrent histological 

features of M-ME. The frequency of the most common signs in the septic and M-ME 

animals is reported in Figure 1; some of the calves showed more than one sign. Neonatal 

diarrhea (n= 8) and bronchopneumonia (n= 1) were diagnosed in 9 critically ill calves with 

negative tissue bacterial isolation but without gross and histopathological findings of S 

and/or M-ME. The cause of death in one other case was undetermined, but S and M-ME 

were excluded. E. coli accounted for 19 isolates (one of which yielded E. coli and 

Streptococcus bovis). Streptococcus pneumonia was isolated in only one subject. The 

prevalence of S and M.ME in the critically ill calves was 46%  and 36%, respectively. 

 

DISCUSSION 

The reason to choose the Piedmontese breed was motivated by its economic relevance in 

Italy. Unweaned calves are very valuable and early diagnosis and treatment of neonatal 

infectious disease should be mandatory for a favorable outcome and cost reduction. 

Among infectious diseases, S accounts for considerable morbility and mortality in bovine 

neonates (Fecteau et al., 2009; Vaala et al., 2009). To the best of our knowledge, this is the 

first report to evaluate the proportion and clinical features of S and M-ME in Italy and in 

the Piedmontese Breed.  

The high prevalence of S (46%) in this study is similar to that (51%) reported by Mosher et 

al. (1968) but higher than that found by other authors (Fecteau et al., 1997b; Lofstedt et al. 

1999). Aldridge et al. (1993) reported an incidence of 26% in dairy and beef critically ill 

calves considering criteria similar to those we applied in our study. Clinical signs of S in 

this study were nonspecific, confirming that early diagnosis remains a challenge for the 

veterinarian and that clinical signs are likely to be attributed to other diseases (Fecteau et 

al., 2009; Vaala et al., 2009). Hematological and biochemical changes as described in our 

study, are both a consequence of systemic inflammation and evidence of organ 

dysfunction; our observation are in line with previous data (Aldridge et al., 1993; Gerros et 

al., 1995; Lofstedt et al., 1999; Irmak et al., 2006). The 
CELITE

ACT test measures the time 

required for complete activation of the coagulation cascade (H attersley1, 966).The 
CELITE

ACT reference values of the present study were comparable to those of a previous 

one (Riley and Lassen, 1979). In the present report, the 
CELITE

ACT was  used assuming that 

the bleeding disorders resulting from S could be identified in the field. Significant 

differences between septic and healthy animals were found; however, more extensive 

research of critically ill calves is required to validate the clinical reliability of this test.  

Calves with FTP have a high risk for developing neonatal S and subsequent M -ME 

(Fecteaue t al.,2 009). In the present study, 5 septic live animals showed a FPT on the basis 

of low total serum protein concentration, which may have been underestimated since 

dehydration may have contributed to an individual increase in total protein (Constable et 
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a1., 1998). On the other hand, as it is customary for the Piedmontese breed to leave calves 

uncontrolled with the dam and allow them to suckle naturally erratic nursing attempts in 

contaminated areas (tail, hock) may have exposed the calves to a massive pathogen load , 

regardless of their immune status. Escherichia coli was confirmed to be the most frequent 

agent isolated from blood and tissue cultures from septic 

calves (Raska et al., 1978; Hariharan ef al.,1992; Aldridge et al., 1993; Fecteau et al., 

1997b; Lofstedt et al., 1999). Streptococcus spp. and Staphylococcus spp. cultured in 2 

calves and one calf, respectively, have rarely been reported  as a cause of S and M-ME 

(Seimiya et al., 1992; Fecteau et al.,1997b Lofstedt et al., 1999). In 6 critically ill calves, 

although S was strongly suspected at necropsy, bacteriological culture of tissue specimens 

was negative. This could be related to prior antibiotic therapy, number of bacteria, and 

course of the disease. The clinical and clinical-pathological protocols developed in this 

study showed a sensitivity and specificity superior to those previously described (Fecteau 

et al., 1997a; Lofstedt et al., 1999). Since a score of 5 or more can be achieved with 

diseases other than S (i.e. severe acidosis and dehydration), the score was modified by also 

using the presence of hypoglycemia and/or alterations in neutrophils. With the use of these 

protocols we were able to identify septic calves earlier than before and to exclude the 

disease in a large number of animals thus limiting costly antimicrobial and supportive 

therapies. Furthermore, the sensitivity value of the protocols (lower 95% confidence 

interval: 59%) was probably underestimated due to the 3 calves in which bacteriological 

isolation was negative. The fact that all 3 had M-ME also reinforces the suspicion that they 

could actually have had S. A limitation to this study is the small sample size on which we 

were able to apply the clinical laboratory protocols. Their use on a larger population of 

critically ill calves is needed to confirm the promising results. M-ME is commonly 

secondary to S (Green and Smith, 1992; Fecteau et al., 2009). The overall prevalence of 

M-ME in the present study (36%) is similar to that (43%) reported by Mosher et al. (1968) 

in 103 necropsied calves. In other studies (Green and Smith, 1992; Stokol et al. 2009)), the 

prevalence was 2% and 18%, respectively. All animals with M-ME had concomitant S. 

The clinical signs in the 7 calves that underwent a complete neurological examination were 

only partly similar to those previously described. No hyperesthesia or exaggerated spinal 

reflexes were observed (Green and Smith, 1992; Scott and Penny, 1993; Fecteau and 

George, 2004; Fecteau et al., 2009). Trismus- detected in 3  animals- has rarely been 

reported (Jamison and Prescott, 1987), while gait abnormalities, proprioceptive and cranial 

nerves deficits are a confirmation of neuroparenchymal involvement. Neurologic signs, 

reported by the referring veterinarian in septic calves without M-ME lesions could be 

related to extreme terminal weakness, electrolyte and acid-base disturbances, 

hvpoglvcemia, hypothermia and pain (Scott and Penny, 1993; House and Gunn, 2009; 

Moore, 2009). 

A neutrophilic pleocytosis was detected in all except one calf with clinical signs of M-ME 

in which CNS involvement was confirmed at necropsy. A previous steroid therapy could 

explain the normal CSF in this case.  

In conclusion, failure of passive antibody transfer remains an important risk factor for 

neonatal S and subsequent M-ME. Clinical signs of M-ME were mostly indicative of brain 

parenchymal involvement. Clinical signs of S were confirmed to be vague and overlapping 

with other diseases. The in field application of the clinical and clinical-pathological 

protocols was found to be highly sensitive and specific in predicting S in these neonate 

calves. 

 

AKNOWLEDGEMENTS 

The authors wish to thank the Piedmont Region for financial support. 



 8 

REFERENCES 

1. Aldridge B.M., Garry F.B., Adams R.: Neonatal septicemia in calves: 25 cases 

(1985- 1990). J. Am. Vet. Med. Assoc. 1993, 203: 1324-1329. 

2. Bone R.C., Balk R.A., Cerra F.B., Dellinger R.P., Fein A.M., Knaus W.A., Schein 

R.M.,  Sibbald W.J.: Definitions for sepsis and organ failure and guidelines for the 

use of innovative therapies in sepsis. The ACCP/SCCM Consensus Conference.

 Chest 1992, 101: 1644-1655. 

3. Brewer B.D., Koterba A.M.: Development of a scoring system for the early 

diagnosis of equine neonatal sepsis. Equine Vet. J. 1988, 20: 18-22. 

4. Constable P.D., Walker P.G., Morin D.E., Foreman J.H.: Clinical and laboratory

 assessment of hydration status of neonatal calves with diarrhea. J. Am. Vet. 

Med. Assoc. 1998, 212: 991-996.  

5. Fecteau G., Paré J., Van Metre D.C., Smith B.P., Holmberg C.A., Guterbock W., 

Jang S.: Use of a clinical sepsis score for predicting bacteremia in neonatal 

dairy calves on a calf rearing farm. Can. Vet. J. 1997a, 38: 101-104. 

6. Fecteau G., Van Metre D.C., Paré J., Smith B.P., Higgins R., Holmberg C.A., Jang 

S., Guterbock W.: Bacteriological culture of blood from critically ill neonatal 

calves. Can. Vet. J. 1997b, 38: 95-100. 

7. Fecteau G., George L.W.: Bacterial meningitis and encephalitis in ruminants. Vet. 

Clin. North. Am. Food. Anim. Pract. 2004, 20: 363-377. 

8. Fecteau G., Smith B.P., George L.W.: Septicemia and meningitis in the newborn 

calf. Vet. Clin. North. Am. Food. Anim. Pract. 2009, 25: 195-208. 

9. Gerros T.C., Semrad S.D., Proctor R.A.: Alterations in clinical, hematological and

 metabolic variables in bovine neonatal endotoxemia. Can. J. Vet. Res. 1995, 

59: 34-39. 

10. Goldstein B., Giroir B., Randolph A.: International pediatric sepsis consensus 

conference: definitions for sepsis and organ dysfunction in pediatrics. Pediatr. 

Crit. Care. Med. 2005, 6: 2-8. 

11. Green S.L., Smith L.L.: Meningitis in neonatal calves: 32 cases (1983-1990). J. 

Am. Vet. Med. Assoc. 1992, 201: 125-128. 

12. Hariharan H., Bryenton J., St. Onge J., Heaney S.: Blood cultures from calves and 

foals. Can. Vet. J. 1992, 33: 56-57. 

13. Hattersley P.G.: Activated coagulation time of whole blood. JAMA 1966, 196: 

436- 440. 



 9 

14. House J.K., Gunn A.A.: Manifestations and management of disease in neonatal 

ruminants. In: Large Animal Internal Medicine, Fourth Edition. Eds. P.B. 

Smith, Mosby Elsevier, St. Louis MO, USA, 2009, 333-366.  

15. Irmak K., Sen I., Cöl R., Birdane F.M., Güzelbektes H., Civelek T., Yilmaz A., 

Turgut K.: The evaluation of coagulation profiles in calves with suspected 

septic shock. Vet. Res. Commun. 2006, 30: 497-503. 

16. Kim K.S.: Pathogenesis of bacterial meningitis: from bacteraemia to neuronal 

injury. Nat. Rev. Neurosci. 2003, 4: 376-385. 

17. Jamison J.M., Prescott J.F.: Bacterial meningitis in large animals-Part I. Comp. 

Cont. Educ. Pract. Vet. 1987, 9: 399-406. 

18. Levy M.M., Fink M.P., Marshall J.C., Abraham E., Angus D., Cook D., Cohen J., 

Opal S.M., Vincent J.L., Ramsay G.: 2001 SCCM/ESICM/ACCP/ATS/SIS 

International Sepsis Definitions Conference. Intensive Care Med. 2003, 29: 530-

538. 

19. Lofstedt J., Dohoo I.R., Duizer G.: Model to predict septicemia in diarrheic calves. 

J. Vet. Intern. Med. 1999, 13: 81-88. 

20. Mayhew I.G.J.: Infectious, inflammatory, and immune diseases. In: Large animal

 neurology, Second Edition. Eds. I.G.J. Mayhew, Wiley-Blackwell, Oxford, 

UK, 2009a, 225-293. 

21. Moore J.N.: Pain. In: Large Animal Internal Medicine, Fourth Edition. Eds. P.B. 

Smith, Mosby Elsevier, St. Louis MO, USA, 2009, 23-31. 

22. Moore L.J., Jones S.L., Kreiner L.A., McKinley B., Sucher J.F., Todd S.R., Turner 

K.L., Valdivia A., Moore F.A.: Validation of a screening tool for the early 

identification of sepsis. J. Trauma 2009, 66: 1539-1547. 

23. Mosher A.H., Helmboldt C.F., Hayes K.C.: Coliform meningoencephalitis in 

young calves. Am. J. Vet. Res. 1968, 29: 1483-1487. 

24. Raska K., Matĕjovská D., Matĕjovská V., Polák L., Kacovská D., Hládek J., Kuzel 

M., Linek J., Palounek V., Zima L., Rasková H.: Neonatal Escherichia coli 

infections in calves II. Post mortem verification of septicaemia. Zentralbl. 

Veterinarmed. B 1978, 25: 134-139. 

25. Riley J.H., Lassen E.D.: Activated coagulation times of normal cows. Vet. Clin. 

Pathol. 1979, 8: 31-34. 



 10 

26. Scott P.R., Penny C.D.: A field study of meningoencephalitis in calves with 

particular reference to analysis of cerebrospinal fluid. Vet. Rec. 1993, 133: 

119-121. 

27. Seimiya Y., Ohshima K., Itoh H., Ogasawara N., Okutomo M., Tanaka S. :

 Clinicopathology of meningoventriculitis due to Streptococcus bovis 

infection in neonatal calves. J. Vet. Med. Sci. 1992, 54: 871-874. 

28. Stokol T., Divers T.J., Arrigan J.W., McDonough S.P.: Cerebrospinal fluid findings 

in cattle with central nervous system disorders: a retrospective study of 102 

cases (1990-2008). Vet. Clin. Pathol. 2009, 38: 103-112. 

29. Vaala W.E., House J.K., Lester G.D.: Neonatal infection. In: Large Animal Internal

 Medicine, Fourth Edition. Eds. P.B. Smith, Mosby Elsevier, St. Louis MO, 

USA, 2009, 281-292. 

30. Zachary J.F.: Nervous system. In: Pathologic basis of veterinary disease, Fourth 

Edition. Eds. M.D. McGavin and J.F. Zachary, Mosby Elsevier, St. Louis 

MO, USA, 2007, 833-971. 

CORRESPONDING AUTHOR:  

Prof. Antonio D’Angelo 

c/o Dipartimento di Patologia Animale 

via Leonardo da Vinci 44 

10095 Grugliasco (TO) 

Tel.: +39 0116709076 

Fax: +39 0116709083 

Email address: antonio.dangelo@unito.it (A. D’Angelo). 

 

 

 

 

 

 



 11 

Tables and Figures legend  

Table 1: Critically ill septic calves: parameters for classifying animals with suspected S, 

neurologic evaluation, CSF, blood culture, outcome, post-mortem examination. *Calves 

pre-treated with antibiotics; 
a
 Central nervous system; 

b
 Blood smear suggestive of S; 

c
 

Neutrophilic pleocytosis; 
d 

Pathological findings strongly suggestive of S; 
e
 Pathological 

findings of M-ME; 
f
 Not performed; 

g
 Blood smear not suggestive of S. 

Table 2: Analytical parameters of septic calves outside of reference data and significantly 

different from control animals. 

Table 3: Accuracy of clinical and clinical-pathological methods used to suspect S (N=26). 

a
 Denotes 95% confidence interval; 

b
 Positive predictive value; 

c
 Negative predictive value. 

Figure 1: Frequency of the most common signs in the referred dead calves with S and M-

ME. 
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Table 1:  1 

Case 

S suspicion criteria 

Neurologic evaluation CSF Blood culture 
Outcome 

 

Necropsy/

Tissue 

Isolation 

 

Total 

score 

Focal 

infection 

Serum 

glucose 

< 3.3 

mmol/L 

Blood 

smear 

a 5 CNS
a
 No +

b
 

Altered mental status, wide base stance, 

proprioceptive deficits, trismus, seizures 
npl

c
 E coli 

Deceased 

or 

euthanized 

S
d
/M-ME

e
 

E. coli 

b* 5 
Broncho 

pneumonia 
No + Normal X

f
  

Coagulase-

negative 

Staphylococci 

Survived   

c* 6 CNS No -
g
 

Altered mental status, opisthotonus, 

tetraparesis, proprioceptive deficits, ventral 

strabismus, positional nystagmus 

npl Negative 

Deceased 

or 

euthanized 

S/M-ME  

E. coli 

d 5 
Not 

detected 
No + Normal X E. coli 

Deceased 

or 

euthanized 

Not 

performed 

e* 6 
Broncho 

pneumonia 
No + 

Altered mental status, wide base stance, 

proprioceptive deficits 
Normal Negative 

Deceased 

or 

euthanized 

S/M-ME  

E. coli 
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Table 1, sequel 

f* 5 CNS No + 

Altered mental status, wide base stance, 

opisthotonus, proprioceptive deficits, trismus, 

positional nystagmus 

npl Negative 

Deceased 

or 

Euthanized 

S/M-ME 

g* 7 
Uveitis 

and CNS 
Yes - 

Altered mental status, circling, head pressing, 

wide base stance, tetraparesis, proprioceptive 

deficits, trismus 

npl E. coli 

Deceased 

or 

Euthanized 

S/M-ME  

E. coli 

h 11 
Uveitis 

and CNS 
Yes - 

Altered mental status, tetraparesis, 

proprioceptive deficits, nystagmus 
npl Negative 

Deceased 

or 

Euthanized 

S/M-ME 

i 5 
Not 

detected 
No + Normal X E. coli Survived   

l 8 CNS Yes + 
Altered mental status, tetraparesis, 

proprioceptive deficits 
npl Negative 

Deceased 

or 

Euthanized 

S/M-ME 
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Table 2:  

  Septic Calves Reference data 

from control 

group (5
th

 - 95
th

 

percentiles) 

P-value 
Analytes Units Median 

Minimum- 

Maximum 

Red blood 

cells (RBC) 
x 10

12 
/L 8.93 6.77 -10.65 5.45 – 8.80 0.033 

Total serum 

protein 
g/L 45 40 - 72 50 – 71 0.003 

Serum glucose mmol/L 3.8 1.8 – 6.5 4.4 – 6.5 0.009 

Urea mmol/L 60.0 37.1 – 184.2 3.2 – 11.4 < 0.001 

Creatinine μmol/L 350 173 – 681 107 – 190 0.04 

Alkaline 

phosphatase 

(ALP) 

UI 157 84 - 314 184 -458 0.005 

Aspartate 

amino 

transferase 

(AST) 

UI 84 27 – 182 19 - 65 0.003 

Creatine 

kinase (CK) 
UI 840 43 – 3460 41 - 284 < 0.001 

Sodium mmol/L 142 129 – 153 133 - 138 0.01 

Platelets x 10
3
/μL 326 40 – 1000 485 - 1218 < 0.003 

Activated 

clotting time 

(ACT) 

s 237 114 – 304 112 - 190 0.002 

Fibrinogen g/L 7.8 3.9 – 16.0 2.7 – 5.4 < 0.01 

Prothrombin 

time (PT) 
s 38 26 – 48 18 – 25 < 0.001 

 

Table 3:  

    95% CI 
a
 

Sensitivity 100% 59% - 100% 

Specificity 84.2% 60.4% - 96.6% 

PPV 
b
 70% 34.8% - 93.3% 

NPV 
c
 100% 79.4% - 100% 
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Figure 1: 
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*Neurologic signs inculded: altered mental status, opistotonus, recumbency, tremor,  

ataxia, circling 


