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y controls) were involved in this investigation. C-reactive protein
itonin (PCT), haptoglobin (HP), fibrinogen (Fb), serum amyloid A
d PIC (IL1-«, IL1-B, IL-6, interferon-gamma (IFN-y ) and tumor necrosis
tor-alpha (TNF-«)) levels were investigated in serum samples from all goats under
ation. Latex agglutination test was used for diagnosis of goats with CCPP. For
icrobiological investigations, nasopharyngeal swabs (from all goats), lung tissues and
eural fluids (from only necropsied goats) were collected. This study revealed that
all tested parameters have a high to moderate degree of diagnostic performance for
CCPP. Magnitudes of increase in levels of APPs (CRP, HP and SAA) were stronger
than PIC, IEN-y, Fb and PCT. All tested parameters showed high diagnostic accuracy
(AUROC >90%), except HP (AUROC = 87.3%) and IFN-y (AUROC = 78.8%)
showed moderate accuracy in differentiation of goats with and without CCPP infection.
For detecting goats with and without CCPP infection, HP had the lowest sensitivity
(Se = 81.6%) and Fb had the lowest specificity (Sp = 85.0%) among the APPs
parameters tested. However, PCT showed the highest Se (100%) and Sp (95.0%) to
detect goats with and without CCPP infection among tested parameters. Conclusively,
this study endorses the significance of selected APPs and PIC as additional screening
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diagnostic parameters for naturally occurring CCPP in goats. However, it does not
replace traditional methods for diagnosis of CCPP in goats. Furthermore, APPs and
PIC have an important role in disease pathogenesis in goats.

Subjects Agricultural Science, Biochemistry, Veterinary Medicine, Zoology
Keywords C-reactive protein, Procalcitonin, Haptoglobin, Serum amyloid a, Cytokines

INTRODUCTION

Respiratory problems are accountable for significant losses among goats and sheep flocks

worldwide. Regardless of the causative agent, small ryfiinants’ respiratory diseases subsidize
to 5.6% of this species’ total diseases and cause about 3@8% of total mortalities (Nicholas,
Ayling & McAuliffe, 2008). Contagious caprine ple SWmonia (CCPP) caused by
Mycoplasma capricolum subspecies capripneumoniae % Swonsidered as a contagious
and fatal disease of goats listed by the World 72 Animal Health which leads
to high losses in goat flocks ( Thiaucougg ¢ Bolsdl 19963Nicholas, Ayling & McAuliffe, 2008;
El-Deeb et al., 2017). The loss of disea

7-10 days of infection. However,

oa i e acute form will occur within

ubracute or chronic forms may show mild

Tharwat & El-Manakhly, al., 2017).
Acute-phase response
of large quantities roteins (APPs) that increased in circulation above their

normal level or limits the extent of infection or inflammation. Checking APPs

changes reve fagnostic and prognostic potentiality throughout inflammation
and inf Ec ,2000). Nevertheless, there are considerable differences in APR
among rent)species of animals. Some APPs changes have the same way in both goat

d she i others display different APR among sheep and goats (Gonzalez et al.,

bin (HP) and serum amyloid A (SAA) are measured as major APPs in goats.
owever, fibrinogen (Fb) contributes as a moderate APP in goat. HP is an «2-globulin
as bacteriostatic properties through its capability to bind free hemoglobin (Tirziu,
009). SAA intercedes phagocytic cells migration to the infection or inflammation site and
acts as a chemoattractant (Abdallah et al., 2016). Synthesis of interleukins (ILs) and tumor
necrosis factor & (TNF-«) from the macrophage in response to infection and inflammatory
conditions; stimulate the production of APPs from the liver cell (Jain, Gautam ¢ Naseem,
2011). Procalcitonin (PCT) is an APP delivered in the thyroid C cells and is responsible
for homeostasis of calcium (a precursor of calcitonin hormone). PCT is measured as a
quantifiable and sensitive marker in bacterial infection cases due to its quick increase in
circulation after cytokines production (TNF-« and IL-6) (Reinhart, Karzai ¢» Meisner,
2000).

Some Mycoplasma spp. were previously reported to persuade inflammatory response
(through PIC secretion) and numerous immune cell stimulation (Teh, Ho ¢ Williams,
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1988). Since Mycoplasma spp. lacks a cell wall structure, and the absence of an immune cell
stimulator (Staber et al., 1978), the elements accountable for APR’s stimulation have been
imprecise for along time. Quentmeier et al. (1990) was the first report on some Mycoplasma
spp. and inflammation-inducing factor.

The host immune cells stimulation and production of APR like syntheses of PIC, such
as TNF-a, interleukins and interferon-y by different phagocytic cells due to Mycoplasma
infection have been described (Sacchini et al., 2012; Totte et al., 2015) for some but not
yet for MCCP. These research findings advocate that the extreme immune responses are
persuaded by some Mycoplasma spp. play a vital role in the development of pneumonia.
Several research studies in cattle, horses and camels were directed to clarify the function of

specific viral, parasitic or bacterial infections i
Tharwat, 2015; Haligur ¢ Ozmen, 201
mainly on APPs concentrations in blo

diagnostic performance. Consequendly, t
APR in goats with CCPP, assess the role
diagnostic performance of tested @PPs and PIC in goats infected with CCPP.

tives of this study were to evaluate the
in disease pathogenesis, and evaluate the

MATERIAL A S

ani population
was carried out on one goat herd (n = 350) located in the eastern

sensitive at the early stage of the disease as long as IgM persists in the serum.
is with a significance level of 5% and 80% power showed that at least 20 goats
d in each group to identify the significant difference between parameters in a
y and diseased group, assuming that each parameter concentration increase would
oply be identified in 5% of the clinically healthy goats. However, an increase in parameter
concentrations would be expected in 40% of goats with CCPP.

Serologically positive goats (n = 84) were clinically inspected for cardinal signs of
CCPP (anorexia, fever, cough, dyspnea, polypnea and nasal discharge). Nasopharyngeal
swabs were collected from goats that showed one or more clinical signs (n = 84) for
microbiological and molecular diagnosis. In addition, lung specimens, pleural fluids and
lymph nodes were collected after postmortem examination of recently dead goats (n = 8).
Accordingly, goats were categorized into two groups as follow: Group 1 (n=20): include
goats free from MCCP (clinically healthy and negative to all bacteriological, serological
and molecular tests); and Group 2 (n = 38): include goats infected by MCCP (one or more
of clinical signs were detected and positive only to MCCP by Capri LAT and PCR). The
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remaining serologically positive goats (n = 46) infected by MCCP in combination with
others were excluded from the study to overcome misclassification.

Goats from Group 2 (n = 38) were treated with one of the following antimicrobials:
(tulthromycin (n = 17), tetracycline (n = 8), danofloxacin (n = 13)) and non-steroidal
anti-inflammatory drugs (flunixine meglumine (n = 24), phenylbutazone (n=14)).

Sampling

Blood samples were collected from all goats (# = 350), and serum was separated by
centrifugation and stored at —20 °C to diagnose the MCCP antibody and quantification
of selected markers. After proper cleaning of external naris, a nasopharyngeal swab was
collected from animals with clinical signs of CCPP using a guarded polyester swab (Culture

Swab-Kalayjian, Patterson Veterinary Supply Inc., USAfland sent cooled in transport media

to the lab for bacteriological and molecular examinatje g specimens, pleural fluids
and lymph nodes collected from dead goats (n =8) hysterile plastic containers

and sent cooled to the lab for bacteriological e

Screening for MCCP antibodigs

Serum samples were examined to detegfl¥ACC ib@ics using the latex agglutination test
(Capri LAT kits, APHA Scientific,
recommendations.

ey, pgrformed according to the manufacturer’s

isolation of MCCP i 1€ recommendations of OIE (OIE, 2014). Mycoplasma
isolates wer&pri d based on biochemical and growth inhibition tests,

d from other Mycoplasma mycoides cluster by specific PCR.

ere cultivated on sheep blood agar and incubated at 37 °C for 24
ies were identified biochemically by VITEK 2 Compact (BioMérieux,

r identification of MCCP

was isolated from mycoplasma isolates as well as clinical samples using Qiagen
amp DNA mini kit (Qiagen SA, Courtaboeuf, France). PCR was carried out using the
MCCP specific primers MCCPF (5'-ATCATTTTTAATCCCTTCAAG-3) and MCCPR
(5'-TACTATGAGTAATTATAATATATGCAA-3') for an expected amplification product
of 316 bp long sequence specific for MCCP according to methods previously described
(Woubit et al., 2004, OIE, 2014).

Determination of APPs and PIC

PCT and CRP levels were analyzed in goat’s serum samples using ELISA test kits
(MyBioSource, San Diego, CA, USA). Serum HP was tested in all goats under investigation
using non-species specific ELISA kits (Tridelta Development Plc.). Likewise, SAA was
analyzed in serum samples using a solid-phase sandwich ELISA (Tridelta Development
Plc.). The levels of PIC (IL-1-«, IL-1-8, and IL-6) and IFN-y were measured from serum

El-Deeb et al. (2020), PeerJ, DOI 10.7717/peerj.10394 418


https://peerj.com
http://dx.doi.org/10.7717/peerj.10394

Peer

samples using commercially available ELISA Kits (CUSABIO Biotech, Wuhan, China). All
tests were performed according to each manufacturer’s recommendations.

Statistical analysis
Descriptive statistics (mean, median and 25th and 75th percentiles) were calculated for
each parameter separately in the healthy and CCPP infected goats. The Shapiro—Wilk
test was applied, which showed deviation from normality in examined groups. Therefore,
the Wilcoxon-Mann—Whitney test was used for non-parametric analysis to evaluate each
parameter’s differences in the healthy and CCPP infected goats. The Spearman’s rank
correlation coefficients were used to assess the correlation of the parameters.

To assess the diagnostic accuracy of each paramefgr, receiver operating characteristic

urve (AUROC) were examined to

(ROC) curves were constructed. Areas under the ROS

assess each parameter’s overall accuracy to determine fordection of goats with and without

CCPP. An AUROC of 70 to 90% was considered as accurate, an AUROC of
00

>90% was considered highly accurate, and a

ould indicate a perfect

test (Gardner ¢ Greiner, 2006). In addition, C gnd“Youden index (=maximum
[sensitivity + specificity — 1]) were o ti e optimal cut-off values for the
detection of goats with and without C iag test characteristics such as sensitivity

(Se), specificity (Sp) and accurac d for each parameter. Furthermore, the

level of agreement between goat d as healthy or as CCPP positive was evaluated

by Cohen’s kappa statistic Re e considered significant at P-value < 0.05. The
calculations were carriedf@ut Stata statistical software program for Windows (version

16.1; StataCorp, 201

ed a characteristic fibrinous pleuropneumonia with lung hepatization,
esion with thoracic wall and fibrinous pleurisy. Moreover, excessive accumulation of
ed pleural fluid and granular lung appearance on the cut section were also
served. The number of CCPP positive goats with the different laboratory tests used for
osis and confirmation was presented in Fig. 1.
All 38 goats included in this investigation (Group 2) tested positive with the LAT and
were confirmed as CCPP positive animals after applying both PCR and/or bacterial culture
on nasopharyngeal swabs tissue samples.

The APPs, PIC, IFN-y and PCT levels were higher in goats with CCPP compared
to control healthy ones (Table 1). In addition, magnitudes of increase in levels of APPs
(HP, SAA and CRP) were stronger than PIC, IFN-y, Fb and PCT. Spearman’s correlation
analysis showed high positive correlations between SAA (r = 0.75), PCT (r = 0.82) and
CRP (r = 0.78) in healthy and CCPP infected goats (Table 2). Additionally, moderate
positive correlations were found between HP (r = 0.62), PIC (r = 0.63 to 0.72) and Fb (r
= 0.71). However, a weak positive correlation was reported between IFN-y (r = 0.48) in
healthy and CCPP infected goats.
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Table 1 Descriptive statistics of blood biomarkers in healthy and contagious

onia (CCPP) infected goats.

Parameters® Healthy goats (n =20) oats with CCPP (n = 38) P-value®
Mean Median 25% 75% Median 25% 75%
HP (g/L) 0.093 0.059 0.049 1.91 1.63 2.15 <0.0001
SAA (pug/mL) 4.32 4.56 3.96 .88 29.36 28.26 31.54 <0.0001
Fb (g/L) 2.34 2.36 2. 3.49 3.66 2.51 4.12 <0.0001
CRP (pug/mL) 50.41 50.33 497 52. 110.43 112.61 108.25 120.37 <0.0001
IL1-a (pg/mL) 13.48 13.76 .75 24.94 26.35 25.36 28.26 <0.0001
IL1-8 (pg/mL) 18.49 18.53 .26 19.45 29.30 30.26 29.45 31.45 <0.0001
TNF-« (pg/mL) 9.25 17.69 19.25 18.36 20.11 <0.0001
IL6 (pg/mL) 11.41 16.47 17.4 15.45 18.36 <0.0001
IFN-y (pg/mL) 10.80 14.52 16.30 10.36 17.26 0.0002
PCT (pg/mL) 0.53 1.97 1.95 1.78 2.10 <0.0001
Notes.

2HP, haptoglobin; SAA, serum amyloid A; Fb, fipfinogen; CRP, C-reactive protein; IL1-«, interleukin 1-alpha; IL1-8, interleukin 1-beta; TNF-¢, tumor necrosis factor-alpha;

IL6, interleukin 6; IFN-y, Interferon-gamma; PCT, procalcitonin.
bP value: resulting from the non-parametric Wilcoxon-Mann-Whitney test.

The diagnostic accuracy of APPs, PIC, IEN-y and PCT are presented in Table 3. Overall,

APPs showed comparable high diagnostic accuracy (AUROC ranged from 93.2 to 97.6%),
except HP showed moderate accuracy (AUROC = 87.3%; Fig. 2). For the detection of goats
with and without CCPP infection, HP and Fb had the lowest Se (81.6%) and Sp (85.0%),
respectively, among the APPs parameters tested. The diagnostic accuracy of all PIC was
high (AUROC ranged from 89.2 to 93.8%). The IFN-y showed a moderate degree of
accuracy (AUROC = 78.8%; Fig. 2) and lowest Se (68.4%) for detection of goats with and
without CCPP infection (Table 3). However, PCT showed the highest accuracy (AUROC
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Table2 Correlation matrix among blood biomarkers in healthy and contagious caprine pleuropneumonia (CCPP) infected goats.

Parameters® Healthy/ HP SAA Fb CRP IL1-o IL1-8 TNF-«a IL6 IFN-y PCT
diseased

HP 0.62° 1.00

SAA 0.75* 0.65" 1.00

Fb 0.71° 0.49° 0.55° 1.00

CRP 0.78% 0.64° 0.82% 0.59° 1.00

IL1- 0.68° 0.66 0.44" 0.48° 0.53" 1.00

IL1-8 0.70° 0.72° 0.54% 0.50° 0.58° 0.68° 1.00

TNF-« 0.72° 0.44 0.55" 0.56 0.52° 0.59° 0.48° 1.00

IL6 0.65° 0.82° 0.55° 0.46° 0.61° 0.70° 0.78° 1.00

IFN-y 0.48° 0.34 0.27 0.46 0.29° 0.24 0.29 0.24 1.00

PCT 0.82° 0.52° 0.68° 0.53° 0.71° 0.60° 0.51° 0.55° 0.33 1.00
Notes.

¥ TNF-o, tumor necrosis factor-alpha;

HP, haptoglobin; SAA, serum amyloid A; Fb, fibrinogen; CRP, C-reactive protein; IL1-alpha, interleukin 1-alpha; I

IL6, interleukin 6; IFN-y, Interferon-gamma; PCT, procalcitonin.
*Significant correlation at P < 0.001.

Table 3 Diagnostic test characteristics of blood biomarkers in healthy and contagio

eumonia (CCPP) infected goats.

Parameters® Threshold Je P CCPP  Test
Se AUROC e
(95% CI) (95% CI)
HP (g/L) >0.54 81.6 (65.7-92.3) 87.3(77.2-97.4)  0.77 072 20/38  26/32
SAA (pg/mL) >5.26 86.8 (71.9-95.6) 95.7 (90.9-100) 0.82 0.78 20/38 24/34
Fb (g/L) >2.45 86.8 (71.9-95.6) 93.2(87.2-99.1) 072 070  20/38  22/36
CRP (pug/mL) >53.45 92.1 (78.6-98.3) 93.1 97.6 (94.2-100) 0.87 0.85 20/38 22/36
IL1-o (pg/mL) >16.25 86.8 (71.9-95.6) 89.7 91.2 (83.3-99.1) 0.82 0.78 20/38 24/34
IL1-8 (pg/mL) >20.36 87.9 92.7 (85.9-99.4) 0.77 0.74 20/38 23/35
TNF-« (pg/mL) >10.24 89.7 93.8 (87.8-99.8) 0.84 0.79 20/38 26/32
IL-6 (pg/mL) >13.26 87.9 89.2 (80.6-97.9) 0.79 0.75 20/38 25/33
IFN-y (pg/mL) >11.36 77.6 78.8 (66.9-90.6) 0.63 0.56 20/38 27/31
PCT (pg/mL) >0.55 95.0 (75.1-99.9)  98.3 98.6 (96.5-100)  0.95 096  20/38  19/39
Notes.

2HP, haptoglobin; SAA, serum amyloid A; Fb,
IL6, interleukin 6; IFN-y, Interferon-gamma; P(

, procalcitonin.

bSe, sensitivity; Sp, specificity; accuracy, percentage of correctly classified samples; AUROC, area under the receiver operating characteristic curve.

¢J, Youden index.

dic, Cohen’s kappa value.

g8en; CRP, C-reactive protein; IL1-«, interleukin 1-alpha; IL1-f, interleukin 1-beta; TNF-or, tumor necrosis factor-alpha;

= 98.6%) and highest Se (100%) and Sp (95.0%) for detection of goats with and without
CCPP infection among tested parameters.

DISCUSSION

The data of our study is considered the first to screen the levels of PIC and APPs in
CCPP cases under field conditions. Furthermore, the obtained data highlights the role
of examined APPs and PIC in CCPP pathogenesis in goats. Generally, the data on the
association between APPs and clinically occurring CCPP in goats is limited. The antigens
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Figure 2 Comparison of the area under the receiver i istic curve (AUROC) and the
95% confidence intervals (CI) of the blood biomark ealthy and Contagious Caprine Pleuropneu-
monia (CCPP) infected goats.

11-size Gal DOT: 10.7717/peerj.10394/fig-2

of Mycoplasma, including polysafcharides, ga¥@€tan, and lipoprotein showed to activate
the goat immune response and er the emission of PIC (Chambaud, Wroblewski &
Blanchard, 1999; Mariti
and hence widesprea

ch consequently causing pathogenic alterations
inflammatory response and fluid exudation especially
in lungs, pleura, t
CRPism non-specific blood marker; its serum level is valuable in evaluating
the inflamm epys & Hirschfield, 2003). In this study, we considered that the

gnostic tool for CCPP in goats. Generally, CRP binds to different bacteria and increases
1zation, earlier to the secretion of immunoglobulin specific to existent infection
u Clos & Mold, 2004). Moreover, CRP can detoxify blood toxic substances that arise
damaged tissues that existed clearly in lung tissues of diseased goats (Cermak et al.,
993; Sierra et al., 2004) and possesses good anti-inflammatory properties (Zouki et al.,
1997). Comparable to our results, a previous study has detected an increase in CRP in
Mycoplasma pneumoniae infection (Neeser et al., 2019) after trauma, inflammation, and
tissue damage, especially in infections with bacteria (Povoa et al., 1998).

PCT, which is considered a new diagnostic biomarker, was used to identify inflammatory
reactions caused by CCPP and characterize diseased goats’ immune response. The secretion
of PCT is stimulated by endotoxins or inflammatory mediators created in reaction to
bacterial infections. Therefore, it may be valuable in distinguishing viral and bacterial
infections (Joo et al., 2011; Schuetz et al., 2011). Likewise, PCT is used to diagnose sepsis
in human medicine (Schuetz et al., 2011). It has been stated that PCT is a predictor of
inflammatory immune response parameters like CRP, body temperature, and leukocyte
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profile. In this study, PCT showed the highest accuracy for detection of goats with and
without MCCP infection among the tested parameters. PCT was previously used for the
diagnosis of many inflammatory diseases and to evaluate the efficacy of treatment protocol
(El-Deeb et al., 2020). While PCT is recognized as a marker of bacterial infections, it is also
elevated in Mycoplasma pneumoniae infection (Neeser et al., 2019), acute malaria, fungal
(Gunal & Barut, 2009) and bacterial infections (El-Deeb et al., 2020).

In ruminants, HP acts as the main APP produced mainly by hepatocytes. It could
be perceived in subclinical infection (Godson et al., 1996). In our study, goats with CCPP
showed significantly elevated HP levels compared with healthy goats demonstrating a strong
APR to the MCCP infection. Higher serum HP levels could be persuaded by tissue injury

(pleuropneumonia in this study) following inflamngf@ion and/or infection (Blackmore,

by binding of free hemoglobin (Hb) with subseque

1988). It was previously reported that HP has significagig bacteriostatic potentialities
ion of HP-Hb complexes

(removed by the action of the reticuloendothelial sy: % iding iron needed for the

growth of bacteria (Eaton et al., 1982; Jain, G seff?, 2011). In this study, HP

showed moderate diagnostic accuracy for goa CAPP and the lowest sensitivity among

agroeui eceding researches on the bovine
respiratory disease (Nikunen et al., ; eely et al., 2020). Comparable findings were
perceived in experimental pneu feffer ¢» Rogers, 1989), ruminal acidosis in
goats (Gonzalez et al., 2010) and egnancy toxemia (Trevisi et al., 2005; Gonzalez
rch carried on feedlots revealed an inadequate
relationship between respiratory tract disorders (Young et al., 1996).

Our data showe,

compared oreover, in this study, SAA showed good diagnostic
accuracy for cases\Bigher SAA could be accredited to its role in transporting, binding,
and sca téins from bacteria and damaged cells during the inflammatory

Robotham, 1995). Additionally, SAA is essential for the APR through
ocytic cells (macrophage and neutrophil) or coliform bacteria elimination
inke & Matzner, 2000; Murata, Shimada ¢ Yoshioka, 2004; Orro et al.,
ise, this protein has the affinity to bind Gram-negative bacteria and the
imulation of phagocytosis process (Larson et al., 2005). Higher SAA levels were formerly
ted in calves with respiratory problems (Horadagoda et al., 1994; Nikunen et al., 2007,
rro et al., 2011; El-Deeb et al., 2020). While some investigations proposed that SAA is a
more specific parameter for diagnosis of infection with the bovine respiratory syncytial
virus in cattle (Heegaard et al., 2000) and acute inflammation in calves with Pasteurella
haemolytica infection (Horadagoda et al., 1994).

In small ruminants, Fb is responsible for blood clotting and tissue repair described
by a minor immune response during inflammation or infection (Hirvonen, Hietakorpi
¢ Saloniemi, 1997). Moreover, in inflammatory conditions and bacterial infection, Fb is
measured as a reliable diagnostic parameter for many diseases (Pfeffer ef al., 1993; Nikunen
et al., 2007; Gonzalez et al., 2008). This study revealed that Fb levels in goats with CCPP
were significantly elevated when compared with control ones. The high serum Fb levels
may be endorsed to Fb’s role in tissue repairing, inflammatory immune response, and
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controlling hemostasis (Feldman et al., 2000). In this study, Fb had the lowest specificity
among examined APPs to detect goats with and without CCPP infection.

The PIC are the main stimulators of APR and for the production of APPs (Baumann
& Gauldie, 1994). Consequently, in our study, the high APPs and strong APR levels
were attributed to the secretion of different kinds of PIC. Lipoproteins in Mycoplasma
were previously identified as an inflammation-inducing parameter through PIC’s
induction (Quentmeier et al., 1990). Yang et al. (2002) first stated the connection between
cytoadherence and the stimulation of APR. Mycoplasma-Lipoproteins stimulate APR
through Toll-like receptors (TLR) 2 (Shimizu et al., 2014). Moreover, the Mycoplasma
cytoadherence in the respiratory tracts stimulates APR through inflammasome (an
B02; Shimizu et al., 2014).
he host cells. ATP efflux activated
by releasing IL-1p into the

intracellular receptor protein complex) (Yang et al.,

Furthermore, Mycoplasma stimulates ATP efflux tro
inflammasomes through the P2X7 receptor, which is g
circulation (detected at high levels in our study) (Shi 11). In the same concern,
Sugiyama et al. (2015) reported that Mycoplas,

Comparable to our results, Mycoplasma myc subsp. capri (heat-killed suspensions of

-18 in a dendritic cell line.

the closely related pathogens) activate s well as bone marrow cells and
triggered the synthesis of PIC (Rose ' Gallily, 1995). Similarly, Mycoplasma
mycoides subsp. mycoides strains
(Jungi et al., 1996).

In our study, we anticj

ase of TNF-« in macrophages of cattle

ion between higher serum levels of TNF-« and
CCPP clinical signs, a cial PIC that it is secreted in response to infection with

bacteria and myco i quantities and is accountable for many systemic disease

detected in s following MCCP infection, which confirm the assumption
that TN i

serum could be considered a sign of what is happening in some areas of the goat’s

CCPinfection.

g wi
IFN-y ha
s their blood levels were inversely associated with the severity of the disease.

een suggested as a valued parameter required for cell protection (Dedieu et

though TNF-« and IFN-y may have a vital cell-protective property or initiate protective
une responses in goats with CCPP, their blood levels may be linked to the severity of
the MCCP infection amount of mycoplasma in the host.

Van Reeth & Nauwynck (2000) reported comparable results in respiratory troubles in
pigs. Our findings are also in harmony with those reported in calves (Pace et al., 1993;
Horadagoda et al., 1994; Morsey et al., 1999; El-Deeb et al., 2020) and cattle (Kasimanickam
et al., 2013; El-Deeb ¢ Elmoslemany, 2016) with a different bacterial infection. Additionally,
Malazdrewich et al. (2001) reported that IL1-o and TNF-o were elevated in inflammation
of respiratory airways.

In this study, the tested biomarkers’ capability to differentiate CCPP cases from healthy
goats was evaluated with ROC analysis. Interestingly, APPs showed comparable high
diagnostic accuracy, except HP showed moderate accuracy for CCPP cases based on
guidelines specified by Swefs (1988) and under this study’s conditions. One of the present
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study limitations is the lack of evaluation of APR after treatment. Future research studies
should be focused on the role of PIC and APPs as a guide for treatment protocol.

CONCLUSIONS

The goat immune system activation by MCCP infection is elucidated in this study. Our
data show that CCPP caused by MCCP in goats was allied with a significant increase in
PIC and APPs, with the highest increase being perceived in CRP, PCT, SAA and HP.
Moreover, there was a moderate to high correlation between disease status and APPs and
PIC levels. PCT showed the highest accuracy (AUROC = 98.6%) and highest Se (100%)
and Sp (95.0%) for detection of goats with and without CCPP infection among the tested
parameters. Lastly, this study highlights the value off@samined APPs and PIC in CCPP

pathogenesis.

ADDITIONAL INFORMATION AMN | =CL/\RATIONS

Funding
The Deputyship for Research & Innov. Pof Education in Saudi Arabia funded
this research work through the pr um T20127. The funders had no role in study

design, data collection and analy$is, decisi@n to publish, or preparation of the manuscript.

Grant Disclosures
The following grant i

riments, analyzed the data, prepared figures and/or tables, authored or reviewed
rafts of the paper, and approved the final draft.

ahmoud Fayez conceived and designed the experiments, performed the experiments,
authored or reviewed drafts of the paper, and approved the final draft.

e Mohamed Salem and Mahmoud Kandeel conceived and designed the experiments,
prepared figures and/or tables, authored or reviewed drafts of the paper, and approved
the final draft.

e Abdulrhman Alhaider conceived and designed the experiments, analyzed the data,

prepared figures and/or tables, authored or reviewed drafts of the paper, and approved
the final draft.

Field Study Permissions
The following information was supplied relating to field study approvals (i.e., approving
body and any reference numbers):

El-Deeb et al. (2020), PeerJ, DOI 10.7717/peerj.10394 11/18


https://peerj.com
http://dx.doi.org/10.7717/peerj.10394

Peer

Deanship of Scientific Research at King Faisal University Project number: IFT20127.

Data Availability

The following information was supplied regarding data availability:
The raw data is available as Supplemental File.

Supplemental Information

Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.10394#supplemental-information.

REFERENCES

Abdallah AJ, Hewson J, Francoz D, Selim H, Buczinski#8,2016. Systematic review of

the diagnostic accuracy of haptoglobin, serum a % %

fibrinogen versus
clinical reference standards for the diagnosis of b Piratory disease. Journal

of Veterinary Internal Medicine 30:1356— 0) 1/jvim.13975.
Baumann H, Gauldie J. 1994. The actte phaSedfesponge. Immunology Today 15:74-80
DOI10.1016/0167-5699(94)9013
Blackmore DJ. 1988. Animal clini
University Press.
Cermak J, Key NS, Bach RR, Ba acab HS, Ver-Cellotti GM. 1993. C-reactive

protein induces hurnfan he oodmonocytes to synthesize tissue factor. Blood
82:513-520 DO .V82.2.513.513.

Chambaud I, Wrgblewski nchard A. 1999. Interactions between Mycoplasma
lipoprot@iffs an host immune system. Trends in Microbiology 7(12):493—499

(stily-the future. Cambridge: Cambridge

DOI 10. 09 2X(99)01641-8.

Dedie cer- igues V, Yaya A, Hamadou B, Cisse O, Diallo M, Niang M. 2005.
G a int@rferon-producing CD4 T-cells correlate with resistance to Mycoplasma
my sp. mycoides S.C. infection in cattle. Veterinary Immunology and

Immugopathology 107(3—4):217-233 DOI 10.1016/j.vetimm.2005.04.011.

'W, Mold C. 2004. C-reactive protein. Immunologic Research 30:261-277

OI 10.1385/1R:30:3:261.

on JW, Brandt P, Mahoney JR, Lee JT. 1982. Haptoglobin a natural bacteriostat.

Science 215:691-693 DOI 10.1126/science.7036344.

Eckersall P. 2000. Recent advances and future prospects for the use of acute phase pro-
teins as markers of disease in animals. Revue de Médecine Vétérinaire 151:577-584.

El-Bahr SM, El-Deeb WM. 2013. Acute phase proteins, lipid profile and Proinflamma-
tory cytokines in healthy and bronchopneumonic water buffalo calves. American
Journal of Biochemistry and Biotechnology 9(1):34—40
DOI 10.3844/ajbbsp.2013.34.40.

El-Deeb WM. 2013. Clinicobiochemical investigations of gangrenous mastitis in Does:
immunological responses and oxidative stress biomarkers. Journal of Zhejiang
University-Science B 14(1):33—40 DOI 10.1631/jzus.B1200123.

El-Deeb et al. (2020), PeerJ, DOI 10.7717/peerj.10394 12/18


https://peerj.com
http://dx.doi.org/10.7717/peerj.10394#supplemental-information
http://dx.doi.org/10.7717/peerj.10394#supplemental-information
http://dx.doi.org/10.7717/peerj.10394#supplemental-information
http://dx.doi.org/10.1111/jvim.13975
http://dx.doi.org/10.1016/0167-5699(94)90137-6
http://dx.doi.org/10.1182/blood.V82.2.513.513
http://dx.doi.org/10.1016/S0966-842X(99)01641-8
http://dx.doi.org/10.1016/j.vetimm.2005.04.011
http://dx.doi.org/10.1385/IR:30:3:261
http://dx.doi.org/10.1126/science.7036344
http://dx.doi.org/10.3844/ajbbsp.2013.34.40
http://dx.doi.org/10.1631/jzus.B1200123
http://dx.doi.org/10.7717/peerj.10394

Peer

El-Deeb WM. 2015. Acute phase response and oxidative stress biomarkers in pneumonic
camel-calves (Camelus dromedarius). Bulgarian Veterinary Journal 18(3):258—269
DOI 10.15547/bjvm.853.

El-Deeb W, Almujallia A, Eljaliia I, Elmoslemany A, Fayez M. 2017. Contagious caprine
pleuropneumonia: the first isolation and molecular characterization of Mycoplasma
capricolum subsp. capripneumoniae in the Kingdom of Saudi Arabia. Acta Tropica
168:74-79 DOI 10.1016/j.actatropica.2017.01.017.

El-Deeb WM, Buczinski S. 2015. The diagnostic and prognostic importance of oxidative
stress biomarkers and acute phase proteins in urinary tract infection (UTI) in camels.
Peer] 3:¢1363 DOI 10.7717/peerj.1363.

El-Deeb WM, Flmoslemany AM. 2016. Acute phasg
Tract Infection in dairy cows: diagnostic and progn@stic accuracy. Japanese Journal of
Veterinary Research 64(1):57—-66 DOI 10.14943/] TR -

El-Deeb W, Elsohaby I, Fayez M, Mkrtchyan H, El-I % ioushy M. 2020. Use
of procalcitonin, neopterin, haptoglobin a A and proinflammatory

oteins as biomarkers of Urinary

cytokines in diagnosis and progngsis of
under field conditions. Acta Trop
DOI 10.1016/j.actatropica.20
El-Deeb WM, Fouda TA, El-Ba
Partuberclosis of camels in

ne regpiratory disease in feedlot calves

nicobiochemical investigations of
ia: proinflammatory cytokines and oxidative
stress markers. Pakigfan

El-Deeb WM, Iacob 1 Acute phase proteins in control and Theileria

wate loes (Bubalus bubalis). Veterinary Parasitology 190(1—
2):12-1
El-Deeb W, Ta O,F
pr inte in-6, tumor necrosis factor, nitric oxide and oxidative stress

16/j.vetpar.

markérs in horses with cutaneous habronemosis under field condition. Veterinary
Paragi 255:20-25 DOI 10.1016/j.vetpar.2018.03.023.
-Deeb W, Tharwat M. 2015. Lipoproteins profile, acute phase proteins, Proin-

atory cytokines and oxidative stress biomarkers in sheep with pneumonic

asteurellosis. Comparative Clinical Pathology 24:581-588

DOI 10.1007/s00580-014-1949-z.

Feldman B, Zinkl J, Jain N, Schalm S. 2000. Veterinary hematology. Philadelphia:
Lippincott Williams & Wilkins.

Godson DL, Campos M, Attah-Poku SK, Redmond MJ, Cordeiro DM, Sethi MS,
Harland RJ, Babiuk LA. 1996. Serum haptoglobin as an indicator of the acute phase
response in bovine respiratory disease. Veterinary Immunology and Immunopathology
51:277-292 DOI 10.1016/0165-2427(95)05520-7.

Gardner IA, Greiner M. 2006. Receiver-operating characteristic curves and likelihood
ratios: Improvements over traditional methods for the evaluation and application
of veterinary clinical pathology tests. Veterinary Clinical Pathology 35(1):8—17
DOT 10.1111/j.1939-165X.2006.tb00082.x.

El-Deeb et al. (2020), PeerJ, DOI 10.7717/peerj.10394 13/18


https://peerj.com
http://dx.doi.org/10.15547/bjvm.853
http://dx.doi.org/10.1016/j.actatropica.2017.01.017
http://dx.doi.org/10.7717/peerj.1363
http://dx.doi.org/10.14943/jjvr.64.1.57
http://dx.doi.org/10.1016/j.actatropica.2020.105336
http://dx.doi.org/10.1016/j.vetpar
http://dx.doi.org/10.1016/j.vetpar.2018.03.023
http://dx.doi.org/10.1007/s00580-014-1949-z
http://dx.doi.org/10.1016/0165-2427(95)05520-7
http://dx.doi.org/10.1111/j.1939-165X.2006.tb00082.x
http://dx.doi.org/10.7717/peerj.10394

Peer

Gonzalez FHD, Hernandez F, Madrid J, Martinez-Subiela S, Tvarijonaviciute A,
CeronJJ, Tecles F. 2011. Acute phase proteins in experimentally induced preg-
nancy toxemia in goats. Journal of Veterinary Diagnostic Investigation 23:57—62
DOI 10.1177/104063871102300108.

Gonzalez FHD, Ruiperez FH, Sanchez JM, Souza JC, Martinez-Subiela S, Ceron JJ.
2010. Haptoglobin and serum amyloid A in subacute ruminal acidosis in goats.
Revista de la Facultad de Medicina Veterinaria y de Zootecnia 57:159-167.

Gonzalez FH, Tecles F, Martinez-Subiela S, Tvarijonaviciute A, Soler L, Ceron JJ. 2008.
Acute phase protein response in goats. Journal of Veterinary Diagnostic Investigation
20:580-584 DOI 10.1177/104063870802000507.

Gunal O, Barut HS. 2009. Sepsis and procalcitonin,
31:502-512.

Haligur M, Ozmen O. 2011. Immunohistochemical

p of Serum Amyloid-A,

Serum Amyloid-P, C-reactive protein, Tumour % tor-o and TNF-« recep-
o érinaire 162(10):475-481.

, Larsen LE, Viuff B, Ron-

obin and serum amyloid

ymhuriyet Medical Journal

tor in sheep and goat pneumonias. Revu
Heegaard PM, Godson DL, Toussai
sholt L. 2000. The acute phase re
A (SAA) in cattle undergoing experim@atal infection with bovine respiratory

slaughtered dair

odgson J, Gibbs H, Moon G. 1994. Immediate re-
« and acute phase protein concentrations to infection with

/0034-5288(94)90094-9.

inS, a , Naseem S. 2011. Acute-phase proteins: as diagnostic tool. Journal of
and Bioallied Sciences 3:118—127 DOI 10.4103/0975-7406.76489.

W, Lim M, Kwon S, Yoon J. 2011. Serum Procalcitonin for differentiating

Pharm

bacterial infection from disease flares in patients with autoimmune diseases. Journal
of Korean Medical Science 26:1147-1151 DOT 10.3346/jkms.2011.26.9.1147.
ungi TW, Krampe M, Sileghem M, Griot C, Nicolet J. 1996. Differential and strain-
specific triggering of bovine alveolar macrophage effect or functions by mycoplas-
mas. Microbial Pathogenesis 21(6):487—498.9 DOI 10.1006/mpat.1996.0078.
Kasimanickam RK, Kasimanickam VR, Olsen JR, Jeffress EJ, Moore DA, Kastelic JP.
2013. Associations among serum pro- and anti-inflammatory cytokines, metabolic
mediators, body condition, and uterine disease in postpartum dairy cows. Reproduic-
tive Biology and Endocrinology 11:103 DOI 10.1186/1477-7827-11-103.
Larson MA, Weber A, Weber AT, McDonald TL. 2005. Differential expression and
secretion of bovine serum amyloid A (SAA3) by mammary epithelial cells stimulated
with prolactin or lipopolysaccahride. Veterinary Immunology Immunopathology
107:255-264 DOI 10.1016/j.vetimm.2005.05.006.

El-Deeb et al. (2020), PeerJ, DOI 10.7717/peerj.10394 14/18


https://peerj.com
http://dx.doi.org/10.1177/104063871102300108
http://dx.doi.org/10.1177/104063870802000507
http://dx.doi.org/10.1016/S0165-2427(00)00226-9
http://dx.doi.org/10.1016/S0309-1740(97)00020-X
http://dx.doi.org/10.1016/0034-5288(94)90094-9
http://dx.doi.org/10.4103/0975-7406.76489
http://dx.doi.org/10.3346/jkms.2011.26.9.1147
http://dx.doi.org/10.1006/mpat.1996.0078
http://dx.doi.org/10.1186/1477-7827-11-103
http://dx.doi.org/10.1016/j.vetimm.2005.05.006
http://dx.doi.org/10.7717/peerj.10394

Peer

Malazdrewich C, Ames TR, Abrahamsen MS, Maheswaran SK. 2001. Pulmonary
expression of tumor necrosis factor alpha, interleukin-1 beta, and interleukin-

8 in the acute phase of bovine pneumonic pasteurellosis. Veterinary Pathology
38:297-310 DOI 10.1354/vp.38-3-297.

Maritim N, Ngeiywa M, Siamba D, Mining S, Wesonga H. 2018. Influence of worm in-
fection on immunopathological effect of Mycoplasma capricolum capripneumoniae
pathogen in goats. Advances in Animal and Veterinary Sciences 6(6):234-241.

Morsey M, Van-Kessel A, Mori Y, Popowych Y, Godson D, Campos M, Babiuk
L. 1999. Cytokine profiles following interaction between bovine alveolar
macrophages and Pasteurella haemolytica. Microbial Pathogenesis 26:325-331

DOI 10.1006/mpat.1999.0274.
% ournal 168:28—40

biology. New York: Garland

DOI 10.1016/51090-0233(03)00119-9.
Murphy KP, Travers P, Walport M. 2007. Ja
Science, 7.
Neeser O, Vukajlovic T, Felder L, Ha
B, Schuetz P, Fux CA. 2019. i
Mycoplasma pneumoniae infection. Gli Chemistry and Laboratory Medicine
57(10):1638-1646 DOI 10.1 2019-0194.
Nicholas R, Ayling R, L 008. Contagious caprine pleuropneumonia.

S, er-Lercher A, Ottiger C, Mueller
ctjve protein/procalcitonin ratio predicts

ts. Wallingford: Commonwealth Agricultural
29.

Infegfous Diseases 30:143—151 DOI 10.1016/j.cimid.2006.11.004.
E. 20 gious Caprine Pleuropneumonia (CCPP). 3rd ed. Paris, France: Office
International Des Epizootics (OIE), 503-513.
ohjanvirta T, Rikula U, Huovilainen A, Alasuutari S, Sihvonen L, Pelkonen S,
overi T. 2011. Acute phase protein changes in calves during an outbreak of respira-

tory disease caused by bovine respiratory syncytial virus. Comparative Immunology,
Microbiology and Infectious Diseases 34:23—29 DOI 10.1016/j.cimid.2009.10.005.
Pace L, Kreeger J, Bailey K, Turnquist S, Fales W. 1993. Serum levels of tumor necrosis
factor-in calves experimentally infected with Pasteurella haemolytica Al. Veterinary
Immunology and Immunopathology 35:353-364
DOI 10.1016/0165-2427(93)90044-5.
Pannen BHJ, Robotham JL. 1995. The acutephase response. New Horizons 3:183—197.
Pepys MB, Hirschfield GM. 2003. C-reactive protein: a critical update. Journal of Clinical
Investigation 111:1805-1812 DOI 10.1172/JCI200318921.
Pfeffer A, Rogers KM. 1989. Acute phase response of sheep: changes in the concen-
trations of ceruloplasmin, fibrinogen, haptoglobin and the major blood cell types

El-Deeb et al. (2020), PeerJ, DOI 10.7717/peerj.10394 15/18


https://peerj.com
http://dx.doi.org/10.1354/vp.38-3-297
http://dx.doi.org/10.1006/mpat.1999.0274
http://dx.doi.org/10.1016/S1090-0233(03)00119-9
http://dx.doi.org/10.1515/cclm-2019-0194
http://dx.doi.org/10.1016/j.cimid.2006.11.004
http://dx.doi.org/10.1016/j.cimid.2009.10.005
http://dx.doi.org/10.1016/0165-2427(93)90044-5
http://dx.doi.org/10.1172/JCI200318921
http://dx.doi.org/10.7717/peerj.10394

Peer

associated with pulmonary damage. Research in Veterinary Science 46:118—124
DOI10.1016/S0034-5288(18)31130-5.

Pfeffer A, Rogers K, O’keeffe L, Osborn P. 1993. Acute phase protein response, food
intake, liveweight change and lesions following intrathoracic injection of yeast in
sheep. Research in Veterinary Science 55:360-366
DOI10.1016/0034-5288(93)90108-R.

Povoa P, Almeida E, Moreira P, Fernandes A, Mealha R, Aragao A, Sabino H. 1998.
C-reactive protein as an indicator of sepsis. Intensive Care Medicine 24:1052-1056
DOI 10.1007/s001340050715.

Quentmeier H, Schmitt E, Kirchhoff H, Grote W, Muhlradt PF. 1990. Mycoplasma
fermentans-derived high-molecular-weight ma

ial induces interleukin-6 release
in cultures of murine macrophages and human ma
58:1273-1280 DOI 10.1128/IA1.58.5.1273-1280

Reinhart K, Karzai W, Meisner M. 2000. Procalcito
inflammatory response to infection. Inte ¢ ne 26:1193—-1200
DOI 10.1007/s001340000624.

Rosendal S, Levisohn S, Gallily R. 19 yto ifidluced in vitro by Mycoplasma my-

pcytes. Infection and Immunity

coides ssp. mycoides, large colom type@Keterinary Immunology and Immunopathol-
0gy 44(3-4):269-278 DOI 1£.1016/04 65°927(94)05321-1.

Jores J. 2012. Plasm#flev , IFN-y, IL-4 and IL-10 during a course of
pleuropneumonia. BMC Veterinary Research 8:44

6-614B8ad¥!.
er I, Chaudri A, Christ-Crain M, Zimmerli W, Mueller B. 2011.

Schuetz P, -
PrognostiS@alue o calcitonin in community-acquired pneumonia. European
Re v ] 37(2):384-392.

Sami S. 2013. Contagious caprine pleuropneumonia and its current picture in

Pa eview. Veterinarni Medicina 58(8).

imizu T, Kimura Y, Kida Y, Kuwano K, Tachibana M, Hashino M, Wataraia M.

. Cytadherence of Mycoplasma pneumoniae induces inflammatory responses

rough autophagy and toll-likereceptor4. Infection and Immunity 82:3076-3086

DOI 10.1128/IAI.01961-14.

Shimizu T, Kida Y, Kuwano K. 2011. Cytoadherence-dependent induction of in-
flammatory responses by Mycoplasma pneumoniae. Immunology 133:51-61
DOI10.1111/j.1365-2567.2011.03408.x.

Sierra R, Rello J, Bailen MA, Benitez E, Gordilloa A, Leon C, Pedraza S. 2004.
C-reactive protein used as an early indicator of infection in patients with
systemic inflammatory responsesyndrome. Intens. Care Med 30:2038-2045
DOI 10.1007/s00134-004-2434-y.

Staber FG, Gisler RH, Schumann G, Tarcsay L, Schlafli E, Dukor P. 1978. Modulation

of myelopoiesis by different bacterial cell-wall components: induction of colony-

stimulating activity (by pure preparations, low-molecular-weight degradation

El-Deeb et al. (2020), PeerJ, DOI 10.7717/peerj.10394 16/18


https://peerj.com
http://dx.doi.org/10.1016/S0034-5288(18)31130-5
http://dx.doi.org/10.1016/0034-5288(93)90108-R
http://dx.doi.org/10.1007/s001340050715
http://dx.doi.org/10.1128/IAI.58.5.1273-1280.1990
http://dx.doi.org/10.1007/s001340000624
http://dx.doi.org/10.1016/0165-2427(94)05321-I
http://dx.doi.org/10.1186/1746-6148-8-44
http://dx.doi.org/10.1128/IAI.01961-14
http://dx.doi.org/10.1111/j.1365-2567.2011.03408.x
http://dx.doi.org/10.1007/s00134-004-2434-y
http://dx.doi.org/10.7717/peerj.10394

Peer

products, and a synthetic low-molecular analog of bacterial cell-wall components)
in vitro. Cellular Immunology 37:174—187 DOI 10.1016/0008-8749(78)90185-5.

Swets JA. 1988. Measuring the accuracy of diagnostic systems. Science 240:1285-1293
DOI 10.1126/science.3287615.

Sugiyama M, Saeki A, Hasebe A, Kamesaki R, Yoshida Y, Kitagawa Y , et al. 2015.
Activation of inflammasomes in dendritic cells and macrophages by Mycoplasma
salivarium. Molecular Oral Microbiology 31(3):259-269 DOI 10.1111/omi.12117.

Teh HS, Ho M, Williams LD. 1988. Suppression of cytotoxic responses by a supernatant
factor derived from Mycoplasma hyorhinis-infected mammalian cell lines. Infection
and Immunity 56:197-203 DOI 10.1128/TA1.56.1.197-203.1988.

Wnonia and other

§btentific Technique Office
International Epizootie 15:1397-w14,D .20506/rst.15.4.990.

Tirziu EJ. 2009. Acute-phase proteins liliimm nse. Lucrari Stiintifice: Medicina
Veterinara Timisoara 42:329—

0-Silvan L, Thiaucourt F. 2015. Free
exopolysaccharide from My ycoides subsp. mycoides possesses anti-
inflammatory prope ¢ esearch 46(1):122

indices nd kidding. Italian Journal of Animal Science 4:404—405

DOI 10! .

Urieli- RP, Matzner Y. 2000. Expression and function of serum amyloid
Afa gflajor dcute-phase protein, in normal and disease states. Current Opinion in
He 7:64—69 DOI 10.1097/00062752-200001000-00012.

n Reeth K, Nauwynck H. 2000. Proinflammatory cytokines and viral respiratory

e in pigs. Veterinary Research 31:187-213 DOI 10.1051/vetres:2000113.

it S, Lorenzon S, Peyraud A, Manso-Silvan L, Thiaucourt F. 2004. A specific

PCR for the identification of Mycoplasma capricolum subsp. capripneumoniae,
the causative agent of contagious caprine pleuropneumonia (CCPP). Veterinary
Microbiology 104(1-2):125-132.

Yang J, Hooper WC, Phillips DJ, Talkington DF. 2002. Regulation of proinflammatory
cytokines in human lung epithelial cells infected with Mycoplasma pneumoniae.
Infection and Immunity 70:3649-3655 DOI 10.1128/1A1.70.7.3649-3655.2002.

Young CR, Wittum TE, Stanker LH, Perino L], Griffin DD, Littledike ET. 1996. Serum
haptoglobin concentrations in a population of feedlot cattle. American Journal of
Veterinary Research 57:138—141.

Zouki C, Beauchamp M, Baron C, Filep JG. 1997. Prevention of in vitro neutrophil

adhesion to endothelial cells through shedding of L-selectin by C-reactive protein

El-Deeb et al. (2020), PeerJ, DOI 10.7717/peerj.10394 1718


https://peerj.com
http://dx.doi.org/10.1016/0008-8749(78)90185-5
http://dx.doi.org/10.1126/science.3287615
http://dx.doi.org/10.1111/omi.12117
http://dx.doi.org/10.1128/IAI.56.1.197-203.1988
http://dx.doi.org/10.20506/rst.15.4.990
http://dx.doi.org/10.1186/s13567-015-0252-6
http://dx.doi.org/10.4081/ijas.2005.2s.404
http://dx.doi.org/10.1097/00062752-200001000-00012
http://dx.doi.org/10.1051/vetres:2000113
http://dx.doi.org/10.1128/IAI.70.7.3649-3655.2002
http://dx.doi.org/10.7717/peerj.10394

Peer

and peptides derived from C-reactive protein. Journal of Clinical Investigation
100:522-529 DOI 10.1172/JCI119561.

X

El-Deeb et al. (2020), PeerJ, DOI 10.7717/peerj.10394 18/18


https://peerj.com
http://dx.doi.org/10.1172/JCI119561
http://dx.doi.org/10.7717/peerj.10394

	Page1
	peerj10394



