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Abstract Heatstroke is a serious illness in dogs characterized
by core temperatures above 41 °Cwith central nervous system
dysfunction. Experimental heatstroke models have tried to
correlate biomarker levels with the severity of the syndrome.
Serum heat shock protein (eHSP70) levels were recently eval-
uated as a biomarker of heat tolerance and acclimation, their
role as a marker of heatstroke is inconclusive. Here, we mon-
itored eHSP70 levels in correlation with systemic biomarkers
in 30 naturally occurring canine heatstroke cases. Thirty dogs
diagnosed with environmental (33 %) or exertional (66 %)
heatstroke admitted to hospital (0–14 h post-injury) were test-
ed for biomarkers of organ damage and coagulation parame-
ters. eHSP70 levels were measured upon admission and 4, 12,
and 24 h later (T1, T2, and T3, respectively). No differences
were found between exertional and environmental heatstroke
cases. The eHSP profile demonstrated an inverted bell shape,
with the lowest levels at the 12 h time point. A positive cor-
relation between eHSP70, lactate, and aPPTwas also noted at
T2 in all the dogs in the study. Twenty-four h after presenta-
tion, eHSP70 levels returned to those measured upon admis-
sion, this change was only significant in the survivors. The
obtained results suggest that eHSP72 level profile may be
predictive of survival.
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Introduction

Heatstroke is caused by the inability to dissipate accumulated
heat (Bouchama and Knochel 2002; Bruchim et al. 2006;
Epstein and Roberts 2011; Leon and Helwig 2010). In dogs,
it is characterized by core temperatures above 41 °C
(105.8 °F) with central nervous system (CNS) dysfunction.
Heatstroke manifests clinically as hyperthermia, tachypnea,
panting, collapse, shock, abnormal mentation, seizures,
vomiting, diarrhea, petechia, and ecchymosis (Bruchim et al.
2006; Drobatz and Macintire 1996; Hausfater et al. 2008;
Leon and Bouchama 2015).

The pathophysiology involves the activation of numerous
inflammatory and hemostatic pathways causing systemic in-
flammatory response syndrome (SIRS) and multi-organ dys-
function syndrome (MODS) (Bouchama and Knochel 2002;
Diehl et al. 2000; Leon and Helwig 2010; Roberts et al. 2008;
Yang et al. 1998). Serious complications of heatstroke include
rhabdomyolysis, acute kidney injury (AKI), acute respiratory
distress syndrome (ARDS), and disseminated intravascular
coagulation (DIC) (Bruchim et al. 2009; Hausfater et al.
2010; Yang et al. 1998). Consequently, despite appropriate
cooling and other supportive treatments, mortality rates above
50 % have been reported in humans and canines suffering
from heatstroke, because no specific treatment is available to
stop the activated inflammatory and hemostatic pathways
(Argaud et al. 2007; Aroch et al. 2009; Bruchim et al. 2006;
Drobatz and Macintire 1996; Hausfater et al. 2010; Misset
et al. 2006).

It seems that the main causes of death from heatstroke in
canines are systemic hemodynamic deterioration and pulmo-
nary lesions as determined from postmortem studies of 11
dogs that suffered from naturally occurring heatstroke
(Bruchim et al. 2009). Similar histopathological findings of
damage to the liver, kidney, and intestine were described in
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rats following experimentally induced heatstroke (King et al.
2015). However, in order to evaluate the damage as the dis-
ease progresses, serial monitoring of serum biomarkers is
warranted.

Experimental models have attempted to link different
biomarkers to the severity of the syndrome. Rodents with
experimental heatstroke had significantly greater activity of
serum creatine kinase (CK), alanine transaminase (ALT),
and intestinal binding protein-2 than controls (King et al.
2015). Two human studies on naturally occurring exertion-
al heatstroke showed that high mobility group box-1 pro-
tein (HMGB1) and procalcitonin were predictive serum
biomarkers (Tong et al. 2012; Tong et al. 2011). Our previ-
ous studies on canines with naturally occurring heatstroke
showed that various biomarkers and clinical signs may
serve as prognostic markers, including the presence of: sei-
zures at presentation, >50 % nucleated red blood cells
(NRBC) in the peripheral blood, hypoglycemia and multi-
ple coagulation abnormalities (prothrombin (PT), activated
thromboplastin time (aPTT), protein C activity, and fibrin-
ogen 12–24 h post presentation (PP)) (Aroch et al. 2009;
Bruchim et al. 2006; Segev et al. 2015).

Serum heat shock protein (eHSP) was recently evaluated as
biomarkers for heat tolerance and acclimation and during ex-
perimental heatstroke (Bruchim et al. 2014; Dehbi et al. 2010;
Periard et al. 2012; Sandstrom et al. 2008). One study of
induced heatstroke in six monkeys demonstrated that eHSP
72 serum levels correlated with the liver, myocardium, and
skeletal muscle necrosis, and were lower in the survivors
(Dehbi et al. 2010), therefore, eHSP72 levels may serve as a
prognostic indicator of heatstroke (Dehbi et al. 2010). Ruell
et al. observed human heatstroke patients immediately after a
14 km running event and noted that early neurological signs of
heatstroke, (e.g., confusion), were associated with higher
levels of eHSP 72, (Ruell et al. 2014). Another human study
reported increases in eHSP serum levels after a single intense
physical training session, and that the level correlated with the
intensity and duration of the physical training and with rectal
temperature (Tre) elevation (Walsh et al. 2001). Prior training
induced an increase in basal eHSP levels, diminishing the
need for further induction of this protein during exercise
(Periard et al. 2012; Sandstrom et al. 2008). It is important
to note that the findings may be species-specific, and those
from animal models may not be consistent with naturally oc-
curring disease.

We have shown that lymphocyte HSP72 protein levels and
lymphocyte HSP72 mRNA are detectable and accurately
measurable in working military dogs. In addition, in acclimat-
ed trained dogs, basal eHSP72 levels were higher than in
naïve dogs, with significantly higher post-exercise levels in
the acclimated dogs (Bruchim et al. 2014). To the best of
our knowledge, eHSPs levels have never been assessed in
naturally occurring heatstroke patients.

This study was designed to evaluate eHSP72 levels in re-
lation to the standard systemic biomarkers used to assess dis-
ease severity in dogs suffering from naturally occurring heat-
stroke. We hypothesize that eHSP72 levels 24 h post-heat
injury will be significantly different in survivors compared
to non-survivors and can be used as a prognostic indicator.

The objectives of the study were three-fold: (1) to investi-
gate whether eHSP72 is released into the circulation in dogs
with naturally occurring heatstroke, (2) to follow changes in
eHSP72 levels over time, and (3) to evaluate whether changes
in eHSP72 levels over time correlate with organ or system
damage and are associated with survival.

Materials and methods

Selection of dogs

This study was approved by the Institutional Ethics Commit-
tee of the Hebrew University Veterinary Teaching Hospital.
Dogs were enrolled after a consent form was signed by their
owners. Dogs diagnosed with naturally occurring environ-
mental or exertional heatstroke were prospectively and con-
secutively enrolled. Heatstroke was diagnosed based on a his-
tory of strenuous exercise, exposure to a hot environment, or
both, along with the development of appropriate clinical signs
(i.e., acute collapse and acute CNS dysfunction, increased
body temperature, tachypnea, or tachycardia). Dogs with
pre-existing diseases, based on history and physical examina-
tion, were excluded. The dogs were physically examined at
presentation and periodically throughout hospitalization. The
duration of hospitalization, secondary hemostatic complica-
tions (i.e., DIC), and the outcome (died, euthanized, or
discharged alive) were recorded.

Definition of complications

DIC was diagnosed if PT and aPTTwere prolonged (>150 %
reference interval (RI)) and thrombocytopenia (<150×109

cells/uL) was present along with clinical signs of spontaneous
bleeding (e.g., petechia, hematochezia, hemoptysis). Dogs
were diagnosed with AKI if their creatinine concentration
was >2 mg/dl after 24 h of continuous IV fluid therapy, with
the exclusion of pre- and post-renal causes of azotemia
(Bruchim et al. 2006). Blood pressure was measured using
an oscillometric device (Cardell, Midmark, Tampa, Florida,
USA). Severity scoring system was described previously
(Segev et al. 2015).

Serum HSP 72 analysis

Blood was collected in plain serum tubes upon admission,
before any medical intervention or cooling were initiated,
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and at 4, 12, and 24 h PP (T0, T1, T2, and T3, respectively).
Serum was separated immediately and stored at −80 °C pend-
ing analysis. Of all the samples, only <10 % were hemolytic
mostly from the first sampling time. A commercially available
kit HSP72 High-Sensitivity (Stress Xpress®, Bioscience, Vic-
toria BC, Canada) was used to measure eHSP72 levels, ac-
cording to the manufacturer's instructions. Briefly, each sam-
ple was divided into three aliquots, and analyses were done in
triplicate. Samples were placed into the wells. The biotinylat-
ed antibody against HSP70 was added and the sealed plate
was incubated for 2 h at room temperature. The wells were
then washed with a Tris-buffered solution, leaving only plate-
bound HSP70 and were then stained with a horseradish
peroxide-catalyzed reaction for 30 min. The dyed solution
was read by a spectrophotometer (Bio-Rad, i-MARK micro-
plate reader, USA) at 450 nm. The amount of signal read by
the spectrophotometer is directly proportional to the HSP70
concentration. The average optical density (OD) of each trip-
licate was calculated and used for statistical analysis. The
normal range was determined to be 0.09–0.15 OD based on
control dogs (Bruchim et al. 2014) and studies of eHSP72 in
humans (Xiao et al. 2003) and monkeys (Dehbi et al. 2010).

Biomarkers for organ damage

To evaluate organ damage and the potential origin of eHSPs,
several biochemical and hematological parameters were mon-
itored. Serum activities of ALT, aspartate transaminase (AST),
and alkaline phosphatase (ALP) were used to assess
hepatobiliary damage. The kidney injury was assessed using
serum creatinine concentration. Degree of rhabdomyolysis
was assessed using serum activities of AST, CK, and ALT,
and coagulation was assessed using PT and aPTT.

Hematological and biochemical tests

Blood samples for complete blood count (CBC) were collect-
ed in potassium-EDTA tubes and analyzed within 30 min of
collection. Blood smears, stained with modifiedWright’s stain
solution was used to evaluate cell morphology, to exclude
platelets clumping as a cause for spurious thrombocytopenia
and as quality control for the automated platelet counter. Man-
ual platelet count was performed by averaging platelet num-
bers in 10 randomly selected oil (×100) fields and multiplying
the average by 20,000 cells/μL.

Whole blood samples for hemostatic tests (PT, aPTT) were
collected in 3.2 % trisodium-citrate tubes, according to the
manufacturer’s instructions (trisodium-citrate: blood ratio of
1:9) at presentation and at 4, 12, and hrs PP. Blood samples
were collected from a peripheral IV catheter upon its place-
ment at presentation and from dedicated sampling peripheral
IV catheters thereafter, using a standard method. Three syrin-
ges were prepared before sampling, two with 0.3 mL

unfractionated heparin (1000 units/ml) and one plain syringe.
One mL of blood was drawn from the catheter into a heparin-
ized syringe, followed by 3mL of blood into the plain syringe.
The catheter was then flushed with the heparinized blood
followed by 0.3 ml of heparinized saline to prevent intra-
catheter clotting and thrombus formation. Samples were cen-
trifuged within 30 min of collection. Harvested citrated plas-
ma was either analyzed immediately or stored at −80 °C pend-
ing analysis, which was performed within 12 months, in two
single runs. Routine hemostatic tests (PT, aPTT, and platelet
count) were performed at the request of the attending clini-
cian, and the results of these tests clearly influenced therapeu-
tic decisions. However, the attending clinicians were blinded
to the remaining hemostatic tests results. Automated coagula-
tion tests were performed using coagulometric auto analyzers
(ACL-9000, Instrumentation Laboratory, Milano, Italy) and
included PT and aPTT.

Blood samples for serum biochemistry were centrifuged
within 30 min of collection, and sera were either analyzed
immediately or refrigerated (at 4 °C) pending analysis, that
was performed within 12 h of collection or the samples were
stored at −80 °C pending analysis using an auto analyzer
(Cobas-Mira or Cobas Integra 400 Plus, Roche, Mannheim,
Germany), at 37 °C. Urinary production was measured at 4,
12, and 24 h post presentation, after correction of pre-renal
azotemia, from an indwelling urinary catheter connected to a
monitoring system.

Treatment protocol

All dogs were treated according to the Hebrew University
Veterinary Teaching Hospital (HUVTH) canine heatstroke
protocol. Treatment included whole body irrigation with tap
water and a fanning with a ventilator until reaching a core
temperature of 39.5 °C in dogs admitted with hyperthermia.
All dogs received a bolus of 50ml/kg of ringer lactate solution
followed by constant rate infusion of 7.5 ml/kg/h, broad spec-
trum antibiotics, H2 blockers, and an antiemetic
(metoclopramide). All dogs but one (non-survivor) received
fresh-frozen plasma (FFP). The number of FFP units per dog
and the FFP dose (mL/kg) did not differ significantly between
survivors and non-survivors (40.2 mL/kg vs. 36.5 mL/kg; P=
0.33, respectively). Urine output, neurological status, blood
pressure, and ECG were continuously monitored for at least
24 h.

Statistical analysis

Data is presented as median and range. Non-parametric tests
were used because of the small sample size and the non-
normal distribution of the quantitative continuous variables
(analyzed by Kolmogorov-Smirnov test). The comparison of
continuous variables between the two groups was carried out
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using the non-parametric Mann-Whitney U test, which was
also used for post-hoc (multiple pairwise comparisons) tests,
with the Bonferroni correction whenmore than one group was
compared. The chi-square and the Fisher's exact tests were
applied for testing the association between two categorical
variables. The non-parametric Spearman correlation coeffi-
cient was calculated to assess the correlation between two
quantitative variables. All tests were two-tailed, and P≤0.05
was considered significant. Statistical analyses were per-
formed using a statistical software package (SPSS 22.0 for
Windows, SPSS Inc, Chicago, IL, USA).

Results

Signalment and physical parameters

Thirty client-owned dogs with naturally occurring heatstroke
were included in the study. The most common canine breeds
included were brachycephalic breeds 11/30 (37 %), Golden
and Labrador retrievers 6/30 (20 %), and Shepherd dogs 5/30
(16%). There were significantly moremales than females (26/
30; 87 % vs. 4/30; 13 %, respectively, P=0.001). The median
age was 4 years (range 1–9 years) with survivors being sig-
nificantly younger (3 years; range 1–8 years vs. 6.5 years;
range 1.4–9 years, respectively, P=0.029)(Table 1). Twenty
(66 %) dogs were classified as having exertional heatstroke,
while 10/30 (33 %) were classified as suffering from environ-
mental heatstroke. Median elapsed time from heatstroke to
admission was 3.75 h (range 0.5–14 h).

The most common clinical signs upon admission included
shock and collapse (25/30, 87 %), petechia (15/30, 50 %),
seizures, and coma (9/30, 30 %). Median rectal temperature
(Tre) upon arrival was 39.0 °C (range 35–42.8 °C). In 16/30
(53 %) dogs for which data were available, median Tre mea-
sured by the referring veterinarian prior to referral was 41.0 °C
(range 39.4–43.0 °C). Most dogs (13/16, 81 %) presented to
the referring veterinarian with Tre>40 °C, while only 9/30
(30 %) had a Tre >40 °C upon admission to our emergency
services. Median systolic and diastolic blood pressures were
127/74 mm/Hg, respectively. Only 3/30 and 6/30 dogs had
systolic <100 mmHg and diastolic <60 mmHg pressures,
respectively.

Serum biochemistry, hematology, complications,
hospitalization time and outcome

Median CK upon admission was 13,667 U/l (range 195–111,
802 U/l), median ALTactivity was 2062U/l (range 33–12,484
U/l), median AST activity was 297 U/l (range 44–3245 U/l),
median ALP activity was 84 U/l (24–268 U/l), and median
glucose was 80 mg/dl (range 19–254 mg/dl). Median PT and
aPTT upon admission were 10 and 32 s, respectively (range T
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6.3–100 s and 11.8–100, respectively). Median platelet count
was 121×109 cells/ul (range 26–534×109 cells/ul). DIC was
diagnosed in 17/30 (57 %), and AKI was diagnosed in 14/30
(47 %). These biomarkers changed during the course of hos-
pitalization, with a clear split between the survivors and non-
survivors as shown in Table 2.

Serum heat shock protein 72 (eHSP 72)

Median eHSPs 72 upon admission (T0), and at T1, T2, and T3
were 0.363 OD (range 0.055–1.847 OD), 0.235 OD (range
0.081–2.251), 0.186 OD (range 0.075–1.632), and 0.314 OD
(range 0.068–2.488). Median values of T0, T1, and T3 were
significantly higher than the reference interval in dogs (P=
0.009, P=0.013, and P=0.002, respectively). eHSP72 levels
were above the reference interval, (0.09–0.15 OD) at

presentation in 11/18 (61 %) of the dogs, at T1 in 15/26
(57 %) of the dogs, at T2 in 15/25 (60 %) of the dogs, and
at T3 in 17/26 (65%) of the dogs.Median eHSP72 levels were
not significantly different between outcome groups at any of
the time points (Table 2). Interestingly, however, the within
group profile during hospitalization in the survivors group
showed an inverted bell shape profile with the lowest value
at T2. The median eHSP72 levels were significantly higher at
T1 and T3 compared to T2 (0.332 vs. 0.164 OD, P=0.04 and
0.389 vs. 0.164 OD, P=0.02, respectively) (Fig. 1). There was
no correlation between eHSP72 OD levels and admission Tre,
hepatic enzyme activity (ALP, ALT, and AST), muscle en-
zyme activity (CK, AST, and ALT), PT, aPTT, and platelet
count. At T2, a significant correlation was found between
eHSP72 OD levels and aPTT (r=0.65, P=0.003), and be-
tween eHSP72 OD and lactate (r=0.69, P=0.015) in all the

Table 2 Serum heat shock protein 72, serum lactate, and enzyme activity and coagulation parameters, in 30 dogs with naturally occurring heatstroke

Analyte
(RI, units)

Time
PP1 (hours)

Survivors (n=18) Non-survivors (n=12) P3 value

n2 Median (range) n2 Median (range)

Serum heat shock protein 72 (0.09–0.15 OD4) 0 11 0.398 (0.055–1.74) 7 0.202 (0.07–1.84) 0.53

4 16 0.332 (0.08–2.25) 10 0.111 (0.09–0.92) 0.08

12 15 0.164 (0.09–0.61) 10 0.257 (0.075–1.63) 0.25

24 15 0.389 (0.08–2.34) 11 0.211 (0.067–1.34) 0.2

Lactate (0–14 mg/dl) 0 15 27.4 (10.3–63.7) 12 50.0 (24.2–62.3) 0.04

12 16 13.6 (5.4–26.4) 11 17.6 (11.0–75.4) 0.025

24 16 11.7 (1.0–33.7) 9 18.4 (2.1–38.9) 0.59

Aspartate transaminase (14–80 U/L) 0 18 1058 (100–8994) 12 1250 (33–12,480) 0.62

24 18 2450 (94–5186) 12 2228 (198–17,177) 0.61

Alanine aminotransferase (19–67U/L) 0 18 240 (44–3245) 12 326 (60–3244) 0.92

24 18 601 (60–3684) 12 1430 (44–17,675) 0.055

Creatine Kinase (20–160U/L) 0 18 14,653 (454–171,779) 12 9368 (195–90,905) 0.69

24 18 20,000 (387–87,135) 12 18,840 (786–81,234) 0.9

Alkaline phosphatase (13–190 U/L) 0 18 67 (30–194) 12 104 (24–268) 0.09

24 18 86.5 (40–366) 12 150 (27–382) 0.1

Creatinine (0.5-1.2 mg/dl) 0 18 1.42 (0.73–3.22) 12 1.98 (0.5–2.33) 0.88

24 18 1.02 (0.6–3.29) 12 2.26 (0.96–4.31) 0.027

Prothrombin time PT (6–8.4 s) 0 18 10.0 (7.3–100) 12 10.8 (6.3–22) 0.39

12 18 11.4 (8–22.4) 12 19.5 (7–100) 0.03

24 17 11.4 (7.4–23.2) 10 17.4 (7–100) 0.11

aPTT5 (11–17.4 s) 0 18 30.6 (12–100) 12 42 (15–100) 0.59

12 18 30.8 (8.6–73) 12 58.5 (12–100) 0.02

24 17 33.5 (16–48) 10 45.9 (13–100) 0.02

Urine production 4 18 4.8 (0.1–13.8) 12 3.58 (0.3–39.3) 0.39

12 16 4.4 (0.03–10.9) 12 2.2 (0.09–7.9) 0.04

24 15 7.0 (1.9–12.7) 11 4.17 (0.6–11.5) 0.14

Urine creatinine/protein ratio (<0.2) 0 18 9.35 (0.4–46.1) 12 4.17 (0.3–42.2) 0.42

1, Time of sampling post presentation. 2, Number of dogs which data was available. 3. Kruskal-Wallis non-parametric test, all tests were two-tailed, and
4, Optical density. 5, Activated partial thromboplastin time

*P ≤0.05 was considered significant.
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dogs in the study. No significant difference in eHSP72 levels
was found between dogs with environmental and exertional
heatstroke both in serum enzyme activity and in coagulation
parameters at all-time points.

Discussion

This study evaluates the dynamics of eHSP from the time of
admission and during the first 24 h of hospitalization in 30
dogs with naturally occurring heatstroke. We show that
eHSP72 levels were higher than the normal serum reference
range at all measured time points. Survivor dogs demonstrated
an inverted bell shape curve of the eHSP levels with the lowest
amplitude 12 h post admission (Fig 1). The significant in-
crease in serum eHSPs during heatstroke supports the notion
that the heat stress response in dogs includes the release of
eHSPs into circulation. A positive correlation between eHSP,
aPTT, and lactate levels at T2 suggests a link between the
consensus heatstroke markers of both exertional and passive
heatstroke and the eHSP level. Unfortunately, the other pa-
rameters (serum enzyme activity) (Table 2) were not tested
at T2, thus, the current data do not allow mechanistic expla-
nation of these correlations.

The major difference between the current study and exper-
imental heatstroke models is that monitoring was initiated at a
different starting point and severity for each dog. Thus, the
parameters showing significant differences over the duration
of hospitalization between survivors and non-survivors are
consensus markers of delayed/long-lasting effects, indepen-
dent of the cause of the heatstroke (exertional vs. classical).

The dogs in the present study were admitted with acute
collapse, abnormal mentation, hypoglycemia, and hyperemic
mucus membranes, characteristic of distributive hypovolemic
shock. Despite aggressive treatment individualized to each

dog, a complication rate (DIC 57 %, AKI 47 %) and a high
mortality rate (12/30, 40 %) were found, further confirming
severe heatstroke. Nonetheless, the median systolic and dia-
stolic blood pressures, except in one dog, were in the normal
range (>90 mmHg and >60 mmHg, respectively, and HR of
160 BPM). This is in contrast to the hypotension documented
in both experimental models and clinical reports (Dehbi et al.
2010; King et al. 2015; Li et al. 2001; Lin et al. 1997). The
lack of hypotension implies that the dogs were in compensa-
tory shock at the time of hospitalization (after they were
cooled by their owners and/or by the referring veterinarian).
The neural compensatory response of blood pressure is likely
to be faster than the recovery/disruption of biochemical
parameters.

In the current setup, median eHSP72 levels were signifi-
cantly higher than the normal reference range observed in
dogs at all-time points (Bruchim et al. 2014). The reference
range used in this study was based on our previous study using
military working dogs, before initiation of physical training
and exposure to high environmental temperatures. The resting
basal levels of dogs were found to be similar to the reported
levels in humans (Periard et al. 2012), monkeys (Dehbi et al.
2010), but about 10–40 times lower than two other human
studies in trained and in highly trained military working dogs
(Bruchim et al. 2014; Sandstrom et al. 2008; Walsh et al.
2001). The conflicting data emphasizes that there is no con-
sensus regarding the basal levels of eHSP72. The variability
may be due to different methodologies or species or due to
dissimilar acclimation states or physical performance abilities
(Bruchim et al. 2014), diverse levels of heat exposure, and
time elapsed from previous physical activity (Sandstrom
et al. 2008). Therefore, eHSPs need to be monitored serially
for each individual to enable evaluation of their dynamics over
time.

In the present study, we followed 30 dogs with naturally
occurring heatstroke and compared the levels of eHSP72 to
other physiological parameters (e.g., Tre, pulse, and blood
pressure), biochemical and coagulation parameters, for the
first 24 h following hospital admission. This study demon-
strates that eHSP levels change throughout the course of dis-
ease. The biological half-life of eHSP is 18 h (Gerner et al.
2002), therefore, the rapid changes we found cannot be attrib-
uted to the half-life of the protein. The changes may have been
at least partially caused by the treatment that the dogs re-
ceived, including high volumes of fluids with concurrent use
of osmotic diuresis (i.e., mannitol), which can affect the renal
clearance of these proteins. Dogs with heatstroke also sustain
glomerular injury as reflected by high urine creatinine/protein
(Table 2), which may also change protein elimination by the
urinary system. Another possible factor that may influence
eHSP level is lysis of the cells due to the heat injury and
consequent DIC, and direct thermal damage to the erythro-
cytes seen in some of the samples. Nevertheless, only a small

Fig. 1 Serum heat shock protein in 30 dogs diagnosed with naturally
occurring heatstroke at presentation and at 4, 12, and 24 h PP in both
survivors and non-survivors (T0, T1, T2, and T3, respectively). Each box
represents the interquartile range. The horizontal line within the box rep-
resents the median, and the whiskers represent the range. #Significant
difference (P=0.04) between eHSPs in sampling T1 and T2 in the survi-
vors. *Significant difference (P=0.02) between eHSPs in sampling time
T2 and T3 in the survivors

128 Y. Bruchim et al.



percent (<10 %) of the dogs suffered from hemolysis and
usually it was only in the first sampling time upon admission.

The survivor dogs demonstrated an inverted bell shape
curve of eHSP levels with the lowest value 12 h PP. At this
time point, there was a positive correlation between eHSPs,
lactate, and aPTT, two markers associated with hypoxic stress
and inflammation/coagulation. In the surviving dogs, a recov-
ery in the level of eHSPs was noted. In contrast, the non-
survivors showed unchanged eHSP levels. The obtained re-
sults suggest that eHSP72 level profile may be predictive of
survival. In the non-survivors, coagulation markers were fur-
ther elevated at that time point and lactate level was signifi-
cantly higher than in the survivor group (Table 2). The return
to the initial high levels in the survivor group is surprising. It
may be due to de novo cellular production and leakage to the
serum along with decreased protein loss in the urine.

A correlation between eHSP levels and an attenuated in-
flammatory response has been reported by several investiga-
tors (Campisi and Fleshner 2003). In contrast to their intracel-
lular anti-inflammatory action, extracellular HSPs (eHSPs)
exert immune stimulatory effects by interacting with pattern
recognition receptors such as toll-like receptor, thereby acti-
vating the immune and inflammatory systems (Asea 2008,
2000, 2002, Asea et al. 2000; 2002). Indeed, Dehbi et al.
(2010) have recently reported the important cytoprotective
role of the TOL4 pathway in recovery from heatstroke. We
hypothesize that eHSPs are not only useful as biomarkers of
stress but also act as a help signal, and when sufficient levels
have accumulated, eHSPs accelerate spontaneous recovery.

In summary, the current study shows that in contrast to
experimental models of heatstroke, where disease severity is
followed from the onset of the heat event, in the natural oc-
curring heatstroke victims only parameters reflecting delayed
compensatory responses are valid. Data from our protocol
shows that serum levels at the 12-hour time point post-
hospitalization seem to be critical (e.g., shorter coagulation
time in the survivors). The elevation of eHSP in the 24-hour
sample may be associated with enhanced immunological ac-
tivity and protection.

Compliance with ethical standards This study was approved by the
Institutional Ethics Committee of the Hebrew University Veterinary
Teaching Hospital.
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