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Summary: Bronchopneumonia is a frequent and serious pulmonary disorder in foals on equine breeding farms and the most common
pathogens responsible for this condition are Streptococcus equi ssp. zooepidemicus (Strep. eq. ssp. zoo.) and Rhodococcus equi (R. equi).
As foal pneumonia occurs endemically on many studs worldwide, practitioners are asked to evaluate regularly all foals in order to detect
early affected foals and reduce the losses. Some of those will show neither clinical symptoms nor hematological changes but obvious pul-
monary lesions at sonography. Consequently the question of treating these foals will rise. The aim of the study was to evaluate the serum
amyloid A (SAA) concentration in clinically healthy or mildly sick foals showing either no findings, moderate or severe findings at lung sono-
graphy. The investigation was a prospective study. A total of 33 foals were examined once weekly starting at the age of two weeks over a
period of four months. Clinical signs, body temperature, ultrasonographical pulmonary findings and haematological findings including
WBC count and SAA serum concentrations were monitored. After each sonographical examination of the lung, the diameters of pulmonary
consolidations were added to obtain an abscess score that represents the severity of pulmonary disease of these foals. The frozen serum
samples of the 33 foals were analysed at different stages of pneumonia. Altogether, 49 samples of healthy state (abscess score =0cm),
31 of moderately sick state (abscess score=1-9cm, no indication for treatment) and 22 of severe pulmonary damage (abscess score
>10cm, indication for treatment) were analysed by enzyme-linked immunosorbent assay to determine the SAA concentration. The median
SAA was 18ug/ml (25th percentile: 1.5u/ml; 75th percentile: 52.7ug/ml) in the healthy foals, 5.6ug/ml (25th: 2.4ug/ml; 75th:
82.3ug/ml) in the moderately sick foals and 80.2ug/ml (25th: 79.3ug/ml; 75th: 160ug/ml) in the foals requiring treatment. These results
show that the SAA concentration might be considered as an efficient parameter for making a treatment decision in foals in the early course

of pneumonia.
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Introduction

Bronchopneumonia is a frequent and serious pulmonary
disorder in foals on equine breeding farms. The most com-
mon pathogens responsible for this condition are Streptococ-
cus equi ssp. zooepidemicus (Strep. eq. ssp. zoo.) and Rho-
dococcus equi (R. equi). The bacterium has been thoroughly
investigated lately due to the endemic progression of pneu-
monia caused by R. equi on many breeding farms. Foals, in
particular those between one and six months of age often suf-
fer from severe pyogranulomatous bronchopneumonia cau-
sed by R. equi (Magnusson 1923, Zink et al. 1986, Giguére
and Prescott 1997). Earlier investigations have shown that
pneumonia in foals occurs mainly subclinically in early stages
of the disease and this makes early detection very difficult (Alt-
haus 2004, Slovis et al. 2005, Venner et al. 2012). Many
foals show neither clinical signs nor haematological abnor-
malities until the pulmonary damage is severe. Consequently,
different diagnostic methods for early detection of pneumonia
in foals, such as clinical signs, haematology (white blood
cells, acute phase proteins: APPs) and diagnostic imaging
tools (radiology, ultrasonography), have been evaluated in
the past (Giguére et al. 2003, Leclére et al. 2011, Chaffin et
al. 2013, Giguére et al. 2016).
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The ultrasonographic examination of the lung was shown to
be the most sensitive diagnostic method in the early course of
pneumonia in foals (Weimar 2006). However, not only the
early detection of pneumonia in foals is difficult, but also
making a treatment decision has been challenging, as earlier
studies have shown that foals possess good self-healing
capacity in moderate stages of pneumonia (Althaus 2004,
Venner 2009, Hildebrand et al. 2015). The abscess score is
the major parameter currently used to make the treatment
decision. Some authors advise the cut-off of 10cm, above
which foals should be treated straight away (Rutenberg et al.
2017). Acute phase proteins (APPs) have been discussed
recently as a promising parameter for monitoring pneumonia
in foals (Hultén and Demmers 2002, Cohen et al. 2005, Pas-
samonti et al. 2015, Giguére et al. 2016). These APPs are
specific indicators for inflammatory processes. Traumatic inju-
ries, surgery, autoimmune diseases and, finally, viral or bac-
terial infections are major inflammatory events associated
with an elevated APP concentration in horses (Gabay and
Kushner 1999). Fibrinogen and the serum amyloid A (SAA)
are the APPs most frequently measured in horses. Both pro-
teins are positive major APPs which have a low or even unde-
tectable serum concentration in healthy individuals and have
shown an up to 1000-fold increase in response to inflamma-
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tion of any kind (Gabay and Kushner 1999, Hultén et al.
1999, Belgrave et al. 2013). The SAA, however, shows a
more rapid increase and decrease in serum concentration
during the inflammatory and healing process in contrast to
fibrinogen. Therefore, SAA seems to be more sensitive in the
diagnosis of pneumonia in foals than fibrinogen (Hultén et al.

1999, Hultéen and Demmers 2002).

The aim of the study was to evaluate the serum amyloid A
(SAA) concentration in clinically healthy or at the most mildly
sick foals showing either no findings, moderate or severe fin-
dings at lung sonography. A further objective was to analyze
whether there is a correlation between the SAA concentration
and severity of pulmonary damage. An additional aim of the
study was to evaluate the diagnostic value of SAA for making
a treatment decision in foals suffering from pneumonia.

Method

Thirty-three foals on a German breeding farm with endemic
rhodococcosis underwent the screening protocol established
since 12 years on the breeding farm in order to detect early
foals with pneumonia. Consequently, these foals were exami-
ned once weekly starting at the age of two weeks over a peri-
od of four months. The examination procedure included a
physical examination to determine the clinical score, the inner
body temperature, haematology and, finally, an ultrasono-
graphic examination of the thorax as the reference method
for the detection of pneumonia (see below).

All foals grew up under the same housing, hygiene and medi-
cal management. Each foal was examined once weekly and
the findings on temperature, size and texture of the mandibu-
lar lymph nodes, nasal discharge classified as either serous,
mucus or purulent, and auscultations of the trachea and lung
were recorded. The findings were given a score and eventu-
ally added to a clinical score (Gravert 2006). The foals were
then classified as ‘clinically healthy” (0-2), ‘moderately sick’
(3—6) or ‘severely sick’ (=7).

The haematological examination included the determination
of the WBC count and measurement of the SAA serum con-
centration in foals once weekly. The blood samples were taken
via jugular venipuncture and immediately filled info EDTA and
plain tubes for further processing. The EDTA tubes were analy-
sed using an automated cell counter, SYSMEX KX 21N, on the
same day for the measurement of the WBC count. After the
blood in the plain tubes clotted, it was centrifuged for about
10min, and the supernatant designated as serum was filled
into small aliquots (2ml), which were then stored at -20°C.
Further evaluation of the SAA was performed upon completion
of the study by an external laboratory (LABOKLIN
GmbH&Co.KG). The SAA levels were measured using an
enzyme-linked immunosorbent assay (ELISA), according to the
manufacturer’s protocol. The measuring range was between
2.5 and 40ug/ml with an intra-assay coefficient of variation of
4.6% and an inter-assay coefficient of variation of 8.5%. Sam-
ples with an SAA concentration above 40 ug/ml were diluted
and reanalysed to calculate the exact SAA concentration.

A portable ultrasound machine SONOVET 2000 (Osteosys
Co, Seoul, Korea) with a 7.5MHz linear transducer (LV5-
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9AD, SonoAce, Osteosys Co, Seoul, Korea) was used to
detect and monitor pulmonary abscesses in foals. Isopropyl
alcohol (2-Propanol, 99.5%, Rebo-Pharm, Bochholt, Germa-
ny) was sprayed on both sides of the thorax to achieve suffi-
cient coupling. The ultrasonographical examination was per-
formed from the 15th to the 3th intercostal space, dorsally to
ventrally, to detect pulmonary abnormalities adjacent to the
pleura (Thomé et al. submitted). Consolidated areas with a
diameter above 1 cm were classified as an abscess and docu-
mented in a score sheet. Exemplarily, when a consolidation
was found at sonography, the diameter was measured and
written into the corresponding lung sheet. At the end of the
examination, all diameters of diagnosed consolidations were
added, resulting in the so-called abscess score, which repre-
sents the severity of pulmonary damage.

The severity of lung lesions was arranged into three catego-
ries: abscess score of Ocm, abscess score from 1 to 9cm and
abscess score 210cm. An abscess score 210cm of diameter
represents high pulmonary damage, which is the cut-off value
for making an antimicrobial treatment decision (Rutenberg et

al. 2017).

The Statistical Analysis System for Windows SAS®, version 9.4
(SAS® Enterprise Guide version 7.1 Client, SAS Institute Inc.
Cary, USA) was used to analyse the data collected. Error pro-
babilities of p <0.05, were considered significant for the com-
plete analysis performed. The age of the foals, the SAA concen-
tration, WBC count, clinical score, temperature and abscess
score were tested for normal distribution by the Shapiro Wilk’s
test on the day of initiating antimicrobial therapy in foals with
pneumonia. As the data were not normally distributed, the
median with the percentiles (25%; 75 %) was determined.

Temperature, WBC count and SAA concentrations, the Kru-
skal-Wallis test, and a non-parametric ANOVA on ranks was
performed with post hoc Dunn's test for multiple pair wise
comparisons fo test the global null hypothesis of all three pul-
monary damage categories in correlation with the median cli-
nical score.

After calculating a logistic regression model, the receiving
operating characteristic (ROC) was used to determine the dia-
gnostic performance of the SAA concentration in foals with
severe pulmonary damage (abscess score =10cm) in order to
make a treatment decision. The area under the curve (AUC) is
a quality feature of the overall diagnostic performance and
relates to the ROC curve. The AUC is classified as follows:
non-informative (0.5), less accurate (0.5-0.7), moderately
accurate (0.7-0.9) and highly accurate (0.9-1.0) (Greiner et
al. 2000). The best AUC value for a test is 1, which means the
sensitivity and specificity is at 100%. The sum of sensitivity and
specificity is a maximum for the Youden Index. It describes the
best SAA cut-off value, which is derived from the ROC curve.

Results

Analysis of the clinical score, body temperature, WBC count
and SAA concentration was based on the data of 33 foals.
Three serum samples each of 30 foals and four serum sam-
ples each of three foals were analysed for measurement of
the SAA concentration (n=102). The serum samples taken
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represented different health conditions: healthy foals (abscess
score=0cm, n=49), moderately sick foals (abscess sco-
re=1-9cm, n=31) and severely sick foals (abscess score

210cm, n=22).

The clinical score (median; 25th—75th percentile) of healthy
foals was 2 (1-2) with a minimum of 0 and a maximum of 3.
The body temperature ranged from 37.8 to 39.0°C (median:
38.5°C; 25th—75th: 38.2-38.7°C). Additionally, the WBC
count in foals with an abscess score of Ocm diameter, ranged
from 4,100 to 19,400 cells/ L (median: 12,300 cells/ L;
25th—75th: 9,100-14,500 cells/ L). The SAA concentration
of healthy foals ranged from 0.1ug/ml to 161ug/ml (median:
18ug/ml; 25th—-75th: 1.5-52.7ug/ml).

Moderately sick foals had a clinical score between 0 and 5
(median: 2; 25th—75th: 2-2). The temperature ranged from
37.8 to 40.3°C (median: 38.5°C; 25th-75th:
38.2-38.8°C). The WBC concentration ranged from 7,100
to 19,600 cells/ L (median: 12,400 cells/ L; 25th—75th:
10,800 14,650 cells/ L). Moderately sick foals had a SAA
concentration range from 0.2ug/ml to 92.2ug/ml (median:
5.6ug/ml; 25th—75th: 2.45-82.35ug/ml).

The age at which the foals needed antimicrobial therapy due-
to severe pulmonary damage (abscess score =10cm) varied
between 5 and 16 weeks (median: 10 weeks; 25th—75th:
8-13 weeks). In these foals, clinical respiratory findings sum-
marized in the clinical score ranged from O to 7 (median: 2;
25th—75th: 2—4). The body temperature in association with
severe pulmonary damage ranged from 38.1 to 40.9°C
(median: 38.9°C; 25th—75th: 38.5-39.6°C). The WBC
count had its median af 14,550 cells/ L (25th—75th:
12,700-15,425 cells/ L). The SAA concentration in foals
with severe pulmonary damage ranged from 0.6ug/ml to

167 ug/ml (median: 80.2ug/ml; 25th—75th: 79.3-160ug/ml).

The clinical score was significantly lower in healthy foals com-
pared to moderately sick foals and to severely sick foals. The
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clinical score between moderately and severely sick foals did
not differ significantly (Tab. 1). The body temperature, WBC
count and SAA concentration between healthy and modera-
tely sick foals did not differ significantly (Tab. 1). The body
temperature, WBC count and SAA concentration were signi-
ficantly lower in healthy foals compared to severely sick foals.
Additionally, body temperature, WBC count and SAA concen-
tration were significantly lower in moderately sick foals com-
pared fo severely sick foals (Fig. 1-4).

The ROC curve (Fig. 5) shows the sensitivity and specificity of
different SAA concentration cut-off values in foals suffering of
severe pulmonary damage (abscess score =10cm) (Tab. 2).
The AUC, as a quality parameter for the overall diagnostic
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Fig. 1 Distribution of SAA concentrations in healthy foals
(abscess score=0cm, n=49), moderately sick foals (abscess sco-
re=1-9cm, n=31) and foals with severe pulmonary damage
(abscess score 210cm, n=22), diagrammed as tukey Boxplots. |
Verteilung der SAA Konzentration bei gesunden (Abszess
Score =0cm; n=49), moderat erkrankten (Abszess Score: 1—9cm;
n=31) und schwer erkrankten Fohlen (Abszess Score: =10cm;
n=22), dargestellt als Tukey Boxplots.

Tab. 1

Significance (p) of the clinical score, body temperature, WBC count and SAA concentration between different health conditions (abscess

score = 0cm, 1 =9 cm, 10 cm) when p < 0.5. | Die Signifikanz (p) des klinischen Scores, der Kérpertemperatur, den Blutleukozyten und der SAA
Konzentration zwischen unterschiedlichen Gesundheitszustéinden (Abszess Score: O cm, 1 =9 cm, > 10 cm) bei p < 0,5.

abscess score (cm) p (clinical score) p (femperature) p (WBC count) p (SAA)
0/1-9 0.0019 0.5449 0.5971 0.9135
0/10 0.0088 0.0006 0.0433 < 0.0001
1-9/10 0.8455 0.0156 0.0490 0.0002

Tab. 2 Sensitivity, specificity and probability for the individual SAA concentration cut-off value, on the day of making a decision for therapy. |
Die Sensitivititen, Spezifitdten und Wahrscheinlichkeiten fir individuelle SAA Grenzwerte am Tag der Therapieentscheidung.
SAA concentration Sensitivity Specificity Probability
(pg/ml) (%) (%) (%)
0.7 95.5 12.5 5.02
5 90.9 40.0 5.60
10 90.9 48.8 6.42
40 86.4 70.0 13.1
80 77.3 80.0 30.7
108 40.9 95.5 49.2
161 22.7 98.8 80.1
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Fig. 2  Distribution of the clinical score in healthy foals (n=49),
moderately sick foals (n =31) and foals with severe pulmonary dama-
ge (n=22), diagrammed as tukey Boxplots. | Verteilung des klini-
schen Scores bei gesunden (n =49), moderat erkrankten (n=31) und
schwer erkrankten Fohlen (n=22), dargestellt als Tukey Boxplots.
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Fig. 3  Distribution of the temperature in healthy foals (n=49),
moderately sick foals (n=31) and foals with severe pulmonary dama-
ge (n=22), diagrammed as tukey Boxplots. | Verteilung der Kérper-
femperatur von gesunden (n=49), moderat erkrankten (n=31) und
schwer erkrankten Fohlen (n=22), dargestellt als Tukey Boxplots.
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Fig. 4  Distribution of the WBC count in healthy foals (n=49),
moderately sick foals (n=31) and foals with severe pulmonary
damage (n=22), diagrammed as tukey Boxplots. | Verteilung der
Blutleukozyten von gesunden (n=49), moderat erkrankten (n=31)
und schwer erkrankten Fohlen (n=22), dargestellt als Tukey Boxplots.
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Fig. 5  Sensitivity, specificity and probability of SAA concentrations
in foals with severe pulmonary damage (abscess score =10cm;
n=22). | Sensitivitit, Spezifitit und Wahrscheinlichkeiten der SAA
Konzentration bei Fohlen mit schweren pulmonalen Schéden
(Abszess Score =10cm; n=22).

performance of the SAA protein in order to detect foals which
are in need of antimicrobial treatment due to severe pneumo-
nia, was 0.815=0.054 (95% confidence interval
(Cl)=0.7088-0.9219) and significantly different from an
area under the curve of 0.5. The Youden Index, described as
the optimal SAA concentration cut-off value in foals suffering
of severe pneumonia, is at 79.7ug/ml with a sensitivity of
77.3% and a specificity of 80.0% (Tab. 2). Five out of twen-
ty-two foals with severe pulmonary damage showed SAA
values below 79.7 ug/ml. Additionally, 9 out of 49 healthy
foals and 9 out of 31 moderately sick foals showed SAA
values above 79.7 ug/ml.

Discussion

Clinical signs, body temperature, WBC count and SAA con-
centrations of healthy foals (abscess score = 0cm), moderate-
ly sick foals (abscess score =1-9cm) and foals with severe
pulmonary damage (abscess score =10cm) were evaluated
in the present study. The SAA concentration was assessed as
a possible parameter for making a treatment decision parti-
cularly in severely sick foals not yet showing obvious clinical
signs of pulmonary damage.

Treatment decision in foals with pneumonia should be made
considering their good self-healing capacities (Venner 2009,
Hildebrand et al. 2015). A study comparing different treat-
ment protocols for pneumonia in foals at an abscess score
=8cm showed that 32 out of 41 foals of a control group had
a complete recovery without antimicrobial treatment (Hildeb-
rand et al. 2015). However, another study in which treatment
was initiated in foals with an abscess score 210cm showed
that only 22 out of 80 foals with pneumonia recovered
without needing antimicrobial treatment (Rutenberg et al.
2017). Consequently, an abscess score =10cm was used as
the cut-off for the decision of antimicrobial treatment in the
present study.
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The best diagnosis of pneumonia in foals can be made by
means of diagnostic imaging. Radiology and sonography
have been the methods most frequently used and have been
validated to give a proper assessment of the severity of pul-
monary disorders (Falcon et al. 1985, Althaus 2004). Pre-
vious studies which compared the value of both diagnostic
methods have shown a higher sensitivity of the ultrasonogra-
phical examination for detecting pulmonary consolidations
(Ramirez et al. 2004, Venner et al. 2014). Although sonogra-
phy cannot detect abscesses in the deeper lung tissue (Reef
2004), it can identify more pulmonary consolidations than
radiology (Ramirez et al. 2004, Venner et al. 2014). Therefo-
re, the ultrasonographic examination was used in the present
study to detect and monitor pulmonary consolidations in foals
with pneumonia.

Even though the isolation of the pathogen has been descri-
bed as a ‘gold standard’ for the diagnosis pneumonia caused
by R. equi (Giguére and Prescott 1997, Giguére et al. 2003),
earlier studies have shown that neither PCR nor bacterial cul-
ture of airway samples have yielded promising results (Wei-
mar 2006, Venner et al. 2007). Consequently, the diagnosis
pneumonia was based on ultrasonographical examination in
the present study rather than on isolation of the pathogen.

Clinical signs and haematological findings are well-discussed
diagnostic parameters in pneumonia caused by R. equi in
foals (Zink et al. 1986, Giguére and Prescott 1997, Giguére
et al. 2003, Thomé et al. 2017). Foals with severe pulmonary
damage showed a significantly higher clinical score, body
temperature and WBC count compared to healthy foals in the
present study (Tab. 1). Additionally, severely sick foals showed
a significantly higher body temperature and WBC count com-
pared to moderately sick foals (Tab. 1). However, the median
values of the clinical score (2) and the temperature (38.9°C)
of most severely sick foals were in the physiological range.
Only the WBC count had a slightly elevated median value of
14,550cells/ L. These results are similar to previous studies
which evaluated clinical and haematological parameters for
early detection of pneumonia in foals (Giguére and Prescott
1997, Gigueére et al. 2003, Althaus 2004, Venner 2009,
Thomé et al. submitted). Consequently, clinical signs and
haematological findings are not reliable parameters in early
stages of pneumonia. However, these parameters can sup-
port the diagnosis of pneumonia in advanced stages of pul-
monary damage in foals.

The focus of the present investigation was the evaluation of
the SAA concentration in healthy, moderately sick and seve-
rely sick foals. Therefore, the diagnostic performance of SAA
concentrations in helping to make a treatment decision in
foals with pneumonia was assessed. Surprisingly, the SAA
concentration in foals with severe pulmonary damage was
significantly higher compared to healthy or moderately sick
foals (Fig. 1). However, no significant difference in SAA con-
centration was shown between healthy and moderately sick
foals (Fig. 1). Our results show that moderately sick foals had
a low median SAA concentration of 5.6ug/ml. This might be
explained by that fact that most foals first develop a subclini-
cal pneumonia, in which neither clinical nor haematological
abnormalities are to be expected (Giguére and Prescott
1997, Thomé et al. submitted). Therefore, diagnostic ima-
ging is necessary to detect and monitor pneumonia in mode-
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rately sick foals (Althaus 2004, Gravert 2006, Thomé et al.
submitted). Consequently, the SAA concentration does not
seems to be a reliable parameter for detecting foals with
moderate pulmonary damage.

Nevertheless, the results show a significant correlation bet-
ween severe pulmonary damage and elevated SAA concentra-
tions in pneumonic foals (Fig. 1). This is the first report on data
showing a good diagnostic value of SAA in foals with severe
pneumonia. Moreover, the SAA concentration seems to be a
proper parameter to use in the process of making a decision
to treat a foal with pneumonia. In the present investigation for
making a treatment decision in foals with pneumonia, the
optimum SAA cut-off value is at 79.7 ug/ml with a sensitivity of
77.3% and a specificity of 80.0% (Tab. 2). Only 5 out of 22
foals had an SAA concentration below 79.7 ug/ml when sho-
wing an abscess score above 10cm diameter. Therefore, the
optimum SAA cut-off value with an AUC of 0.815+0.054
indicates a moderate diagnostic value for making a treatment
decision in foals with severe pulmonary damage.

However, SAA concentrations above 79.7ug/ml also appea-
red in a small group of healthy (9/49) and moderately sick
(9/31) foals, which did not need antimicrobial treatment.
Because sonographic examination was used as a diagnostic
tool for diagnosing pneumonia in the present investigation,
pulmonary consolidations in the deep lung tissue might have
been present, but not detected in these 18 foals (Ramirez et al.
2004). Further diagnostics, such as radiographical examina-
tion, is recommended to clarify the deviating results. However,
further diagnostics was not possible, as the SAA analysis was
performed on archived serum samples which were analysed
after completion of the study. Previous studies also reported
elevated SAA concentrations in foals without signs of pneumo-
nia (Cohen et al. 2005, Giguére et al. 2016). In these inve-
stigations, the SAA analysis was also performed on archived
serum samples, whereas further diagnostics of the patients
had not been performed (Cohen et al. 2005, Giguére et al.
2016). Therefore, an immediate SAA analysis is recommen-
ded to make the decision for further diagnostic investigations
on a foal with no clinical findings, normal haematology and
normal ulirasonography of the thorax. In case the SAA value
is increased, further investigations, such as chest radiographs
or ultrasonographic examination of the abdomen, might be
considered to assess further inflammatory processes.

Nevertheless, 5 out of 22 foals with severe pulmonary dama-
ge showed SAA concentrations below the optimum SAA cut-
off value of 79.7 ug/ml. The reason why some foals show low
SAA concentrations despite high-grade lung lesions is still not
completely explained. However, as the SAA serum concentra-
tion increases very rapidly over six fo twelve hours, with a half-
life of 30 to 120 minutes (Tape and Kisilevsky 1989), shorter
sampling intervals might be more conclusive.

Conclusion

Our results show that clinical and haematological parameters
are not reliable parameters in early stages of pneumonia and
also have only low relevance in foals with severe pulmonary
damage. Furthermore, the SAA concentration has shown to
be a sensitive parameter to make a treatment decision in
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foals suffering from severe pneumonia. Nevertheless, making
a treatment decision in foals based only on the SAA concen-
tration cannot be recommended. The use of SAA is much
more of a good additional tool to ultrasonography to detect
and monitor severe pneumonia in foals. It is the authors belief
that examining foals by means of sonography still provides
the highest sensitivity for making a treatment decision in foals
with pneumonia.
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