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Evaluation of platelet activating factor in neonatal
calves with sepsis
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Abstract: Early diagnosis and treatment of
sepsis are very important conditions in patients for
their survival. Novel biomarkers such as platelet
activating factor (PAF) have been found that it has
an important role in sepsis process. The aim of this
study is to determine the role of PAF in pathogenesis
and the diagnosis importance in calves with sepsis.
For this purposes, 30 neonatal calves with sepsis
(sepsis group) and 10 healthy neonatal calves
(control group) were used. Plasma samples were
used to determine the PAF level with using bovine
specific ELISA kits. Plasma concentration of PAF
was found significantly higher (P < 0.01) in sepsis
group compare to control group. We concluded
that PAF has an important role in sepsis and it may
have diagnostic value in calves with sepsis. Further
studies are required to determine the importance
of PAF as diagnostic and prognostic biomarker in
calves with sepsis and evaluate the concentrations
of these biomarker also in other disease states.
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Sepsis siiphesi bulunan neonatal buzagilarda
platelet aktive edici faktoriin degerlendirilmesi

Oz: tedavisi,

Sepsisin  erken tanis1  ve

hastalarin hayatta kalmalari i¢in ¢ok biiylik 6nem

Ozlem BICICI**

arzeder. Sepsis siirecinde Onemli rol oynayan
trombosit aktive edici faktér (PAF) gibi yeni
biyolojik belirtecler bulunmustur. Bu ¢alismanin
amac1 sepsisli buzagilarda PAF’ 1n patogenezdeki
rolini ve diagnostik Onemini belirlemektir.
Bu amagla sepsisli 30 yeni dogan buzagi ve 10
saglikli neonatal buzag kullanildi. Buzagilardan
alinan plazma Orneklerinde sigir spesifik ELISA
kiti kullanilarak PAF plazma konsantrasyonu
belirlendi. PAF plazma konsantrasyonu sepsis
grubunda kontrol grubuna gore anlamli derecede
yiiksekti (P < 0.01). PAF’in sepsisde énemli bir
rolii oldugu ve sepsisli buzagilarda tanisal degeri
olabilecegi sonucuna varildi. Ote yandan, sepsisli
buzagilarda PAF’1n tanisal ve prognostik énemini
belirlemek i¢in diger biyolojik biyomarkirlarla
birlikte degerlendirildigi ileri ¢aligmalara ihtiyag
oldugu goriildii.

Anahtar sozciikler: Buzagi, platelet aktive
edici faktor, sepsis

Introduction

Sepsis is a condition characterized by the
development of a systemic inflammatory response
syndrome (SIRS) as a result of confirmed or
suspected infection and may be accompanied

by systemic organ failure often leading to death
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(32, 37). Sepsis and diarrhea is generally the
most common cause of morbidity and mortality
in neonatal calves related to the failure of the
colostral transfer (4,5). Sepsis can cause serious
economic loss in farm animals (5,15). Therefore,
the markers that can be used in the early diagnosis
of sepsis have importance in the veterinary field
(5).

Platelet activating factor (PAF) defined as
a phospholipid-derived mediator released by
phospholipases in various cell types during the
early stages of inflammation. There is strong
evidence that platelet activating factor (PAF) plays
an important role in the release of inflammatory
mediators in the sepsis (25, 36). PAF has the
potential to increase the toxic effect of TNF (27)
and plays a role in the induction of nitric oxide
synthase (38).

The aim of this study is to determine the role
of PAF in the sepsis of neonatal calves.

Materials and methods

Animals: The animals used in this study were 30
neonatal calves with sepsis and 10 healthy calves
that served as the control group. All calves were 1
to 21 days of age. All procedures were performed
with the study protocol approved by the Ethics
Committee of Veterinary Faculty, Mehmet Akif
Ersoy University (Ethics Committee Certificate
no: 2016/225).

The inclusion criteria in the sepsis group
required the calves to have an absence or lack of
suction reflex, lateral recumbency and depression
with at least two or more recorded SIRS signs

(temperature > 39.5 °C or < 37 °C, Heart rate <
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100 or > 160 pulse/min (minute), respiratory rate
> 45/min, total leukocyte value > 12 x10°/uL or <
4 x10%/uL), plus infection or suspected infection
(15, 16). Calves with positive for sepsis criteria
were included in the study.

Blood sampling and laboratory analysis:
Blood samples were collected through a catheter
placed in right jugular vein into tubes with
heparin for plasma to determine the PAF levels
and with K.EDTA to establish the hematological
parameters [white blood cell (WBC), granulocyte
(GRA), erythrocytes (RBC), hematocrit (Hct)
and platelet (PLT)] at 0. hour (pre-treatment).
The hematological parameters were measured on
an Abacus Junior Vet analyzer (Diatron MI Ltd.
Hungary) device within 15-30 min of sample
collection. Samples were centrifuged (10 min at
4000 rpm) and the plasma stored at -20 °C until
assayed. The plasma concentrations of PAF were
determined using bovine specific enzyme-linked
immunosorbent assay ELISA kits according to the
manufacturer’s instructions (Sunred Biological
Technology, China). Absorbant was recorded
using a microplate reader (ELx800™ Absorbance
Microplate Reader, USA).

Statistical analysis: All data were presented as
mean values and included standard error of the
mean (mean += SEM). Normality distribution
of the data was examined using Kolmogorov-
Smirnov test. Student’s t-test was used for
statistical analysis of parameters. SPSS software
for Windows, version 14.01 was employed for the

statistical analysis. P-value of < 0.05 was accepted

as the level of statistical significance.
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Results
Hypothermia, poor suction reflex, weakness,
tachypnea, depression and hyperemic mucosa are
the most common clinical signs of sepsis observed
in calves (Table 1). Body temperature (P < 0.01),
capillary refill time (CRT) (P < 0.001), respiration
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rate (P <0.001), heart rate (P <0.001) and oxygen
saturation with pulse oximeter (SpO,) (P < 0.001)
showed significant differences between sepsis and
control group (Table 1). The level of WBC was
found to be significantly higher (P < 0.01) in the

sepsis group than in control group (Table 1).

Table 1: Hemogram, clinical and monitoring findings of sepsis and control groups (mean = SEM)

Tablo 1: Sepsis ve kontrol gruplarimin hemogram, klinik ve monitorizasyon bulgulari (mean = SEM)

Parameters Control (n:10) Sepsis (n:30) P value
WBC (x10%/uL) 10.4 £ 0.64 17.5+1.70 <0.001
GRA(x10%/uL) 5.12+0.47 10.4 +1.33 0.001
RBC (x10%/uL) 6.73 £0.24 7.30 £ 0.31 0.156
HCT (%) 22.6+1.11 27.1+1.39 0.233
PLT (x103/uL) 565+71.2 532 +48.4 0.699
Temperature (°C) 38.5+0.88 37.3+0.20 <0.001
MAP (mmHg) 93.6 £ 2.40 85.6 +2.88 0.041
Respiration (min) 25.1+1.43 56.6 +4.49 <0.001
SpO, (%) 93.0+ 1.06 79.8 + 1.39 <0.001
CRT (sn) 1.6 £0.16 6.00 £ 0.37 <0.001
Heart rate (min) 108 £1.94 93.8+4.07 0.003

WBC = White blood cell, GRA = Granulocyte, RBC = Erythrocyte, HCT = Hematocrit, PLT = Platelet, MAP
= Mean arterial pressure, SpO2 = pulse oximeter-oxygen saturation, CRT = Capillary refill time
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Figure 1: PAF values of sepsis and control groups (mean + SEM)

Sekil 1: Sepsis ve kontrol gruplarinin PAF degerleri (mean + SEM)
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The plasma level of PAF in sepsis group was
statistically higher than control group (P < 0.05)
(Figure 1).

Discussion

This is the first study to evaluate the levels of
PAF in calves with sepsis. In the present study,
we demonstrated that the plasma concentration of
PAF is increased in calves with sepsis. This result
suggests that PAF may be a biomarker for early
diagnosis of sepsis.

Clinical findings in the early stages of sepsis
are not very specific but still important for the
sepsis scoring and response to the therapy (3, 5,
32, 34). The symptoms such as hypothermia,
prolonged capillary refill time, dehydration and
depression have been reported in calves diagnosed
with sepsis (16, 34). Clinical symptoms of the
calves were similar to the clinical findings of sepsis
as expressed in the previous investigations (16,
5, 3). Significant changes occur in hematological
parameters in septic calves. Changes in
hematologic parameters may vary according to the
severity of the disease. An increase in the number
of leukocytes and a shift to the left are expected in
sepsis (16, 21, 30).

In this study, it was determined that the level
of WBC was significantly higher (P < 0.001) than
in control group. The results of the our study also
support that WBC level is important finding for
diagnosis of sepsis in neonatal calves (3, 35, 40).
The currently available tests for identifying of
sepsis in patients are not specific, often indirect

and presumptive. The diagnosis of sepsis is

still based on physical and laboratory findings.
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Traditional markers such as WBC counts, body
temperature, and CRP expression levels are not
reliable for assessing the diagnosis of sepsis (5,
14). The studies continue for to understand the
pathogenesis of sepsis and the possibility for early
diagnosis. The pathogenesis of sepsis, defined as
a systemic inflammation in response to infection,
continues to be an area of active research. Advances
in our understanding of molecular signaling and
cellular interactions have focused many studies
of sepsis on inflammatory and anti-inflammatory
pathways. One of that parameter is PAF, that is
defined as an important mediator in myocardial
depression (20), pulmonary dysfunction and
DIC (disseminated intravascular coagulation) in
sepsis (33). Intravascular administration of PAF
to animals in experimental studies causes capillary
leak, shock,
bronchoconstriction and pulmonary hypertension

(19). It has been reported that the level of PAF

neutropenia, thrombocytopenia,

increased in human sepsis (33). Pre-clinical
animal data on PAF receptor antagonism has
provided promising support for PAF inhibitors as
a therapeutic intervention for sepsis (17, 23). It has
been reported that experimentally administered
lipopolysaccharide (LPS) affects the expression of
both PAF and its receptor. Serum PAF levels have
been reported to be elevated in rat, pig, cat and
mouse models after systemic LPS administration
(9, 29). Local production of PAF was detected in
gastrointestinal and pulmonary tissue specimens
from septic animals (9, 11). Many mediators have
beenimplicatedinintestinal damageassociated with

ischemia-reperfusion, but it is known that platelet
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activating factor and free oxy-oxygen radicals have
an important effect in this process (18, 42). Studies
in mice have shown hypotension, neutropenia,
hemoconcentration, and small intestinal necrosis
after PAF given to the aorta (7). It was observed
that intestinal damage decreased when PAF
antagonist was given to mice (26). Caplan et al. (8)
reported that PAF and TNF (tumor necrosis factor)
were elevated in patients with enterocolitis. PAF
stimulates polymorphonuclear leukocytes (PMNs)
directly to produce chemotaxis, degranulation,
and superoxide radicals, as well as responsible for
the aggregation and degranulation of the active
platelets. This mediator also facilitates endothelial
damage of elastase, which is predisposed to clot
formation (41). PAF is thought to have important
roles in experimental gram-negative sepsis, and
there are reports that it’s adverse effects can be
corrected by PAF receptor antagonists (13).
conducted, PAF
with

In the present study

concentration in calves sepsis  was
significantly higher than control group (P < 0.05)
(Figure 1), indicating that it can be used in the
diagnosis of sepsis and plays an important role in
the pathogenesis of sepsis. The limitation of this
study is that it can not be evaluated together with
other sepsis biomarkers.

In conclusion, we find that PAF may
be a diagnostic value for sepsis in neonatal calves.
The increase in PAF concentration may indicate
an important role in sepsis and when assessed
with other sepsis markers that it may provide more
reliable information on the pathogenesis of sepsis

in neonatal calves.

70

www.veteriner.org.tr/tr/dergi

Arastirma Makalesi /

Acknowledgements

This study was supported by The Scientific
and Technological Research Council of Turkey
(TUBITAK BIDEB, 2209/A).

The authors declared no potential conflicts of
interest with respect to the research, authorship,
and/or publication of this article.

References
1. Aldridge BM (1993): Neonatal septicemia in
calves: 25 Cases. ] Am Vet Med Assoc, 203, 1324-
1329.
2. Angus DC (2013): Severe sepsis and septic
shock. N Engl J Med, 369.
3. Aydogdu U, Coskun A, Yidiz R,
Giizelbektes H, Sen I (2018): Changes of
hematological parameters and serum iron levels
in calves with systemic inflamatory response
syndrome. Eurasian J Vet Sci, 34, 56-59.
4. Aydogdu U, Guzelbektes H (2018): Effect of
colostrum composition on passive calf immunity
in primiparous and multiparous dairy cows.
Veterinary medicina, 63, 1-11.
5. Basoglu A, Baspinar N, Tenori L, Hu X,
Yildiz R (2014): NMR Based Metabolomics
Evaluation in Neonatal Calves with Acute
Diarrhea and Suspected Sepsis: A New Approach
for Biomarkers. Metabolomics, 4, 2.
6. Camussi G, Aglietta M, Malavasi F, Tetta
C, Piacibello W, SaAnavio F, Bussolino F (1983):
The release of platelet-activating factor from
human endothelial cells in culture. J Immunol,
131(5):2397-2403.
7. Caplan, MS, Kelly, A, Hsueh, W (1992):

Endotoxin and hypoxia-induced intestinal necrosis



Vet Hekim Der Derg 89(2): 66-73,2018

inrats. the role of platelet activating factor. Pediatr
Res, 31, 428-34.

MS, Sun, XM, Hseuh, W,
Hageman, JR (1990): Role of platelet activating

8. Caplan,

factor and tumor necrosis factor-alpha in neonatal
necrotizing enterocolitis. ] Pediatr, 116, 960-964.

9. Chang SW, Feddersen CO, Henson PM
(1987):

Platelet-activating  factor  mediates

hemodynamic changes and lung injury in

endotoxin-treated rats. J Clin Invest, 79, 1498—

509.
10. Crain MC and Muller B (2007):
Biomarkersinrespiratorytract infections:

diagnostic guides to antibiotic prescription,
prognostic markers and mediators. European
Respiratory Journal, 30, 556-573.

11. Defaux JP, Thonier F, Baroggi N (1993):
Involvement of plateletactivating factor (PAF)
in endotoxin- or ischaemia-induced intestinal
hyperpermeability in the rat. J Lipid Med, 7, 11—
21.

12. Dellinger RP, Levy MM, Rhodes A,
Annane D, Gerlach H, Opal SM, Sevransky JE,
Sprung CL, Douglas IS, Jaeschke R, Osborn
TM, Nunnally ME, Townsend SR, Reinhart
K, Kleinpell RM, Angus DC, Deutschman CS,
Machado FR, Rubenfeld GD, Webb SA, Beale
RJ, Vincent JL, Moreno R (2013): Surviving
Sepsis Campaign Guidelines Committee including
the Pediatric Subgroup. Surviving sepsis campaign:
international guidelines for management of severe
sepsis and septic shock. Crit Care Med, 41, 580-
637.

Aragtirma Makalesi /

13. Doebber TW, Wu MS, Robbins JC, Choy
BM, Chang MN, Shen TY (1985): Platelet
activating factor (PAF) involvement in endotoxin-
induced hypotension in rats. Studies with PAF-
receptor kadsurenone.  Biochem.
biophys. Res Commun, 127, 799- 808.

14. Faix JD (2013): Biomarkers of sepsis.

antagonist

Critical Reviews in Clinical Laboratory Sciences,
50, 23-36.

15. Fecteau G (1997): Use of a clinical sepsis
score for predicting bacteremia in neonatal dairy
calves on a calf rearing farm. Can Vet J, 38, 101-
104.

16. Fecteau G, Smith BP, George LW (2009):
Septicemia and meningitis in the newborn calf. Vet
Clin North Am Food Anim Pract, 25, 195-208.

17. Fletcher JR, Disimone AG, Earnest MA
(1990):  Platelet-activating  factor  receptor
antagonist improves survival and attenuates
eicosanoid release in severe endotoxemia. Ann.
Surg, 211, 312- 316.

18. Grace PA (1994): Ischaemia-reperfusion
injury. British J of Surgery, 81, 637-647.

19. Hanahan DJ (1986): Platelet activating
factor: A biologically active phosphoglyceride.
Annu Rev Biochem, 55, 483—-509.

20. Herbertson MJ, Werner HA, Walley KR
(1997):  Platelet-activating factor antagonism
improves ventriculer contractility in endotoxemia.
Crit.Care Med, 259, 221-226

21. Irmak K (2006): The evaluation

of
coagulation profiles in calves with suspected

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

www.veteriner.org.tr/tr/dergi

71



Vet Hekim Der Derg 89(2): 66-73,2018

22. IshiiS, Nagase T, Tashiro F (1997): Bronchial
hyperactivity, increased endotoxin lethality and
melanocytic tumorigenesis in transgenic mice
overexpressing platelet-activating factor receptor.
EMBO J, 16, 133-42.

23. Kruse-Elliot KT, Albert DH, Summers
JB (1996): Attenuation of endotoxin-induced
pathophysiology by a new potent PAF receptor
antagonist. Shock, 5, 265-273.

24. Kurulay F, Cavdar Z (2006): Inflamatuar
medyatorlere toplu bir bakis. Genel Tip Derg, 16,
143-152.

25. Leaver HA, Qu JM, Smith G, Howie A,
Ross WB, Yap PL (1990): Endotoxin releases
platelet-activating factor from human monocytes
in vitro. Immunopharmacology, 20, 105-113.

26. MacKendrick W, Hill N, Hsueh W, Caplan
M (1993): Increase in plasma platelet-activating
factor levels in enterally fed preterm infants. Biol
Neonate, 64, 89-95.

27. Maeir RV, Hahnel GB, Fletcher JR (1992):
Platelet-activating factor augments tumor necrosis
factor and procoagulant activity. J. Surg. Res, 52,
258-264.

28. Martin GS (2012): Sepsis, severe sepsis and
septic shock: changes in incidence, pathogens
and outcomes. Expert Review of Anti- Infective
Therapy, 10, 701-706.

29. Mozes T, Heiligers JP, Tak CJ (1991):
Platelet activating factor is one of the mediators
involved in endotoxic shock in pigs. J Lipid Mediat,
4,309-25.

30. Munford RS (2005): Sepsis, severe sepsis
and septic shock. 906-926. In: Mandell GL, Bennet

72

www.veteriner.org.tr/tr/dergi

Arastirma Makalesi /

JE, Dolin R (Ed): Principles And Practice of
Infectious Disease. 6" edn. Churchill Livingstone,
Philadelphia.

31. Narahara H, Johnston JM (1993): Effects
of endotoxins and cytokines on the secretion
of platelet-activating factor acetylhydrolase
by human decidual macrophages. Am J Obstet
Gynecol, 169, 531-7.

32. Ok M (2015): Evaluation of acute phase
proteins, some cytokines and  hemostatic
parameters in dogs with sepsis. Kafkas Univ Vet
Fak Derg, 21, 761-766.

33. Ono S, Mochizuki H, Tamakuma S (1996):
A clinical study on the significance of platelet-
activating factor in the pathophysiology of septic
disseminated intravascular coagulation in surgery.
Am. J. Surg, 171, 409-415.

34. Radostits OM, Gay CC, Blood DC,
Hinchcliff KW (2007): General systemic states
and Diseases of the newborn. 39-160. In: Radostits
OM (Ed) Veterinary Medicine: A Textbook of the
Diseases of Cattle, Sheep, Pigs, Goats and Horses
(9™ Ed). Saunders Elsevier, Philadelphia.

35. Roland L, Drillich M, Iwersen M (2014):
Hematology as a diagnostic tool in bovine
medicine. Journal

Investigation, 26, 592-598.
36. Serhan CN, Haeggstrom JZ, Leslie CC

of Veterinary Diagnostic

(1996): Lipid mediator networks in cell signaling:
Update and impact of cytokines. FASEB J, 10,
1147-1158.

37. Singer M, et al. (2016): The third

international consensus definitions for sepsis and

septic shock (Sepsis-3). JAMA, 3185, 801-810.



Vet Hekim Der Derg 89(2): 66-73,2018

38. Szabé C, Wu CC, Mitchell JA, Gross
SS, Thiemermann C, Vane JR (1993):
Platelet-activating factor contributes to the
induction of nitric oxide synthase by bacterial
lipopolysaccharide. Circ. Res, 73, 991-999.

39. Thomas E (2004): Comparative field efficacy
study between cefquinome and gentamicin in
neonatal calves with clinical signs of septicaemia.
Rev Med Vet-Toulouse, 155, 489-493.

40. Tornquist SJ, Rigas J (2010): Interpretation
of ruminant leukocyte responses. 307-313. In:
Weiss DJ, Wardrop KJ (Ed): Schalm’s Veterinary
Hematology. Wiley, Ames, lowa.

41. Weiss S.J. (1989): Tissuo destruclicn by
neutrcphils. N Engl J Med, 320, 356-376.

42. Zimmerman BJ, Granger DN (1992):
Reperfusion wjury. Surgical Clinics of North
America, 72, 65-83.

Received: 07.03.2018 / Accepted: 29.04.2018

Corresponding author:

Dr. Ramazan YILDIZ

Department of Internal Medicine, Faculty of
Veterinary Medicine,

University of Mehmet Akif Ersoy, Campus Ortulu,
15030, Burdur, Turkey.

e-mail: ramazanyildiz@mehmetakif.edu.tr

Arastirma Makalesi /

www.veteriner.org.tr/tr/dergi

73



