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Category of research  

Number and type of study 
designs reviewed

Strength of evidence 

Outcomes reported

Conclusion

Prognosis.

Three studies were critically reviewed. All three studies were 
prospective observational studies.

Weak.

All three studies included in this Knowledge Summary evaluat-
ed canine patients with SIRS, encompassing both infectious and 
non-infectious causes. The second and third paper both found 
a significant association between elevated serum HMGB1 lev-
els and increased mortality in dogs with SIRS. The first paper, 
while focusing specifically on infectious SIRS, did not find a 
statistically significant correlation between HMGB1 levels 
and mortality, although HMGB1 levels were elevated in SIRS 
cases compared to healthy controls. Variability in the timing of 
HMGB1 measurements, along with differences in study design, 
population heterogeneity, and small sample sizes, may have 
contributed to inconsistencies in the findings. Overall, the evi-
dence suggests a potential association between higher HMGB1 
levels and increased mortality in dogs with SIRS, but further 
standardised research is needed to strengthen this conclusion.

While two studies identified an association between elevated 
HMGB1 and mortality, the findings are inconclusive. The strength of 
evidence is restricted by diagnostic and methodological limitations, 
making for weak quality evidence overall. Future research should 
prioritise standardised measurement timing, larger and more 
homogeneous populations, and explore HMGB1’s role in disease 
progression to fully establish its utility as a prognostic marker in 
canine SIRS.
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PICO question
In canine patients with infectious systemic inflammatory response syndrome (SIRS), how do 
increased levels of High Mobility Group Box 1 (HMGB1) protein, compared to low levels, relate 
to mortality outcomes?

Clinical bottom line
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The evidence
Three studies evaluated the role of High Mobility Group Box 1 (HMGB1) in systemic inflammatory 
response syndrome pathophysiology and its association with mortality in canine patients (Goggs 
& Letendre, 2019; Ishida et al., 2011; Yu et al., 2010).

Yu et al. (2010) conducted a prospective cohort study comparing high serum HMGB1 levels in 
SIRS patients with mortality outcomes. The study found that HMGB1 levels were significantly 
higher in non-survivors compared to survivors, highlighting HMGB1 as a potential mortality 
marker. The evidence in this study is of moderate quality based on its statistical association 
and methodology, though small sample size and lack of differentiation between infectious and 
non-infectious SIRS cases weaken its strength.

Another prospective cohort study by Ishida et al. (2011) also identified a significant correla-
tion between elevated HMGB1 levels and increased mortality. This study had the largest sample 
size and included a diverse range of diseases, but it did not categorise cases as infectious or 
non-infectious, limiting interpretation regarding HMGB1’s role in infectious SIRS specifically. The 
evidence quality is moderate, supported by the larger cohort, though methodological clarity was 
lacking, and no details were provided about the size or direction of associations between subgroups.

In contrast, Goggs & Letendre (2019) performed a prospective case-control study focused spe-
cifically on infectious SIRS and found no significant association between HMGB1 levels and 
mortality. The evidence quality is weak due to the study design limiting causal inference and 
the unclear relationship between HMGB1, C-reactive protein (CRP), and disease progression. 
Additionally, the timing of HMGB1 measurement was not standardised across these studies, 
which may have influenced the observed correlations with survival. In canine patients with 
infectious systemic inflammatory response syndrome, elevated HMGB1 concentrations may 
be associated with mortality, although current evidence is insufficient to establish HMGB1 as 
a reliable prognostic biomarker.

Summary of the evidence

Goggs & Letendre (2019)
Evaluation of the host cytokine response in dogs with sepsis and non-infectious systemic 
inflammatory response syndrome

Aim: To evaluate the host cytokine response, including HMGB1, in dogs with sepsis and 
non-infectious SIRS and assess associations with survival.

Dogs weighing ≥ 3 kg enrolled at a university teaching hospital 
between June 2015 and February 2016. The study was conducted 
at Cornell University, Ithaca, New York USA.
	
70 dogs.

Population

Sample size
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How to apply this evidence in practice
The application of evidence into practice should take into account multiple factors, not limited 
to: individual clinical expertise, patient’s circumstances and owners’ values, country, location 
or clinic where you work, the individual case in front of you, the availability of therapies and 
resources.

Knowledge Summaries are a resource to help reinforce or inform decision-making. They do not 
override the responsibility or judgement of the practitioner to do what is best for the animal in 
their care.

https://doi.org/10.1111/vec.12903
https://doi.org/10.1111/vec.12903
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•	 The dogs were grouped into a healthy control group (15/70), 
a non-infectious SIRS group (10/70) and an infectious SIRS 
group (45/70).

•	 The infectious SIRS group contained dogs that satisfied ≥ 
2 SIRS criteria and had a documented positive bacterial 
infection. The non-infectious SIRS group contained dogs that 
satisfied ≥ 2 SIRS criteria but had no evidence of infection, 
as well as dogs for which bacterial infection was initially 
suspected but not subsequently confirmed, and for which an 
alternative non-infectious diagnosis was established.

•	 Dogs < 3 kg or with documented coagulopathy were excluded.
•	 Clinical and laboratory data were collected at enrolment, 

including blood pressure, pulse oximetry, physical 
examination findings, complete blood count, serum 
biochemistry, and blood lactate concentration.

•	 Plasma HMGB1 concentrations were measured using a 
commercial enzyme-linked immunosorbent assay (ELISA). 
Plasma concentrations of multiple inflammatory cytokines 
were also measured.

•	 Patients were followed to hospital discharge, with outcome 
recorded as survival, death, or euthanasia due to disease 
severity.

Prospective observational case-control study.

To compare plasma HMGB1 concentrations between dogs with 
sepsis, non-infectious SIRS and healthy controls, and to assess 
the association between HMGB1 concentrations and survival to 
hospital discharge.

•	 Plasma HMGB1 concentrations were significantly higher in dogs 
with sepsis than in healthy controls.

•	 There was no significant difference in HMGB1 concentration 
between dogs with sepsis and those with non-infectious SIRS (P 
= 1.000).

•	 Among dogs with SIRS, HMGB1 concentration did not differ 
significantly between survivors and non-survivors (P = 0.385).

•	 HMGB1 was therefore associated with the presence of sepsis 
compared with healthy controls, but was not associated with 
survival to hospital discharge.

•	 Small sample size and single-centre design limits the 
generalisability.

•	 Differences in disease type and severity among the 
population were not accounted for.

•	 The nonspecific nature of the SIRS criteria may have resulted 
in misclassification of dogs into the infectious and non-
infectious SIRS groups.

•	 Differences in sample timing may affect results due to the 
kinetic nature of HMGB1.

•	 Treatment and outcome monitoring protocols were not 
standardised.

•	 Low disease severity in the study population may have 
limited the ability of HMGB1 to distinguish survivors from 
non-survivors.

Intervention details

Study design 

Outcome studied

Main findings
(relevant to PICO 
question)

Limitations
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•	 Animals were not screened for or excluded based on the 
use of antibiotics or anti-inflammatories prior to study 
enrolment.

•	 Financial restraints might have limited lab results 
reliability due to single measurements instead of repeated 
measurements.

•	 No specific criteria for euthanasia were mentioned – if 
decisions were subjective or owner-driven, this could have 
affected mortality rates.

•	 Nonspecific SIRS criteria may have led to misclassification 
between infectious and non-infectious groups.

Ishida et al. (2011)
Plasma high-mobility group box 1 (HMGB1) in dogs with various diseases: comparison with 
C-reactive protein

Aim: To evaluate plasma HMGB1 concentrations in dogs with various diseases and investigate 
their association with SIRS and clinical outcome.

Dogs referred to the Veterinary Medical Centre of the University 
of Tokyo (VMC-UT) between April and November 2008 were 
prospectively recruited. Clinically ill dogs meeting ≥ 2 criteria 
for systemic inflammatory response syndrome (SIRS) were 
included. Thirty-six clinically healthy Beagles owned by VMC-UT 
and used as blood donors served as controls.

343 dogs.

•	 The study population contained 307 clinically ill dogs and 36 
clinically healthy Beagle dogs used as controls.

•	 5 of the healthy control group underwent ovariohysterectomy 
and had blood collected before and at various time points 
following surgery.

•	 Clinically ill dogs were divided into ten groups based on their 
underlying conditions and further classified as either SIRS 
(133/307) or non-SIRS (174/307), according to whether they 
fulfilled at least two SIRS criteria as defined by Brady and Otto.

•	 The clinically ill group was also divided into survivors 
(101/307) and non-survivors (32/307) based on their 
mortality outcome.

•	 The study population contained 307 clinically ill dogs and 36 
clinically healthy Beagle dogs used as controls.

•	 Blood samples were collected from all dogs, with 
plasma separated and stored at -20°C. Serum (HMGB1) 
concentrations were measured in duplicate using a 
commercially available enzyme-linked immunosorbent 
assay (ELISA), with duplicate measurements averaged.

Prospective observational case-control study.

Plasma HMGB1 concentrations were measured at admission 
in healthy controls and clinically unwell dogs with and without 
SIRS. HMGB1 concentrations were compared between SIRS and 
non-SIRS dogs and between survivors and non-survivors within 
the SIRS group. C-reactive protein (CRP) concentrations were 
also measured in dogs with SIRS.

Population

Sample size

Intervention details

Study design 

Outcome studied
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•	 Dogs with SIRS had significantly higher plasma HMGB1 
concentrations than dogs without SIRS (median 2.79 ng/mL, 
range 0–174.70 vs 0.25 ng/mL, range 0–78.49; P < 0.001).

•	 Within the SIRS group, non-survivors had significantly 
higher HMGB1 concentrations than survivors (median 
7.1 ng/mL, range 0–174.70 vs 2.40 ng/mL, range 0–133.3; 
P < 0.01).

•	 Of the 133 dogs with SIRS, 101 survived to 14 days (76%). 
Survival was lower in dogs with HMGB1 concentrations 
above the reference range (55%, 17/31) than in those within 
the reference range (84%, 84/102; P < 0.01).

•	 There was no significant difference in CRP concentrations 
between SIRS and non-SIRS dogs (P = 0.081).

•	 The relatively small sample sizes for certain disease 
categories reduce the statistical power to detect significant 
differences and increases the likelihood of Type II errors.

•	 Multiple comparisons across HMGB1 and CRP increase the 
risk of false positives.

•	 Confounders such as age, sex, breed, and concurrent 
treatments were not fully controlled for.

•	 Selection bias of the control group (clinically healthy Beagles) 
is not representative other breeds in the population.

•	 The cross-sectional design limits temporal changes and 
causality in the relationship between HMGB1 and CRP and 
the disease progression.

•	 It is not reported whether mortality includes euthanasia 
cases and the reasons.

•	 The paper studies HMGB1 from SIRS cases in general, not 
specifically infectious SIRS.

Main findings
(relevant to PICO 
question)

Limitations

Yu et al. (2010)
High-mobility group box-1 as a surrogate prognostic marker in dogs with systemic inflammatory 
response syndrome

Aim: To investigate whether plasma HMGB1 concentrations could serve as a prognostic marker 
for mortality in dogs with SIRS.

Dogs hospitalised through the Department of Veterinary Internal 
Medicine, Chonbuk National University, Jeonju, Korea, between 
January 2007 and May 2009 were included. The study comprised 
28 dogs with SIRS, including infectious and non-infectious 
causes.
	
28 dogs.

•	 Twenty-eight dogs met the study inclusion criteria, which 
required ≥2 SIRS criteria based on physical examination 
findings and blood results using Hauptman et al.’s criteria for 
SIRS diagnosis.

•	 Patients were grouped into non-survivors and survivors at the 
end of the study, with mortality defined as death or euthanasia 
due to poor prognosis, and survival defined as discharge from 
the hospital.

•	 Clinical history and baseline clinical and laboratory data were 
recorded.

Population

Sample size

Intervention details
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•	 Blood samples were collected by venipuncture, and plasma 
was stored at -80 °C until analysis.

•	 Plasma interleukin-6 (IL-6), interleukin-10 (IL-10) and high 
mobility group box 1 (HMGB1) concentrations were measured 
using enzyme-linked immunosorbent assays (ELISA).

•	 Cytokine concentrations were compared with those from 12 
clinically healthy Beagles aged 1–2 years, which served as a 
laboratory reference group.

Prospective observational study.

To assess whether plasma HMGB1 concentrations between 
survivors and non-survivors with both infectious and non-
infectious SIRS.

•	 HMGB1 concentration was a significant discriminator 
between survivors and non-survivors with both infectious 
and non-infectious SIRS.

•	 Median plasma HMGB1 concentration was significantly 
higher in non-survivors than survivors (P = 0.007).

•	 The HMGB1 ratio was also significantly higher in non-
survivors (P = 0.024).

•	 The area under the curve for HMGB1 was 0.794 (95% CI: 
0.631–0.958), compared with 0.761 (95% CI: 0.581–0.941) 
for the HMGB1 ratio.

•	 The study included only 28 dogs, which limits the statistical 
power and generalisability of the findings.

•	 Lack of data regarding which cytokines were measured as 
well as the cytokine concentrations found in the control 
group of healthy (or non-SIRS) dogs.

•	 Variations in disease progressions and the timing of the blood 
sample collection relative to the onset of SIRS symptoms may 
have affected the accuracy and comparability of the results.

•	 The inclusion of a two-month-old in the reference range 
introduces puppy populations which may have differing 
inflammatory responses with respect to adult dogs.

•	 The lower detection limits for IL-6, IL-10, and HMGB1 
assays may have resulted in some values being assigned 
default minimum values affecting the actual concentrations, 
particularly in cases where cytokine levels were near the 
detection threshold.

•	 Lack of multivariate analysis means that confounding 
variables may not have been accounted for.

•	 Selection bias of the control group (clinically healthy Beagles) 
is not representative of other breeds in the population.

•	 Survival was defined as discharge from the hospital, which 
might not fully capture long-term outcomes. Post-discharge 
follow-up would provide a more complete picture of the dogs’ 
prognoses.

Study design 

Outcome studied

Main findings
(relevant to PICO 
question)

Limitations

Veterinary Evidence (2026) Vol 11 Iss 3 | Page 6 of 13

Appraisal, application and reflection 
Understanding systemic inflammatory response syndrome in veterinary medicine is crucial due to 
its significant impact on patient outcomes. Systemic inflammatory response syndrome, classified into 
infectious or non-infectious, is an exaggerated defence response to stress (Robertson & Coopersmith, 
2006). It is typically managed with fluid resuscitation, antimicrobial therapy, and supportive care; 
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however, the prognosis often remains poor despite these therapeutic strategies (Liu et al., 2016). 
Despite extensive research into inflammatory biomarkers, the prognostic utility of individual bio-
markers in canine sepsis and systemic inflammation remains uncertain, highlighting the need 
for further evaluation of reliable prognostic markers (Song et al., 2012; Gaudette et al., 2023). 
High Mobility Group Box 1, a pro-inflammatory cytokine released by activated macrophages 
or necrotic cells, has been found to be associated with the pathophysiology of SIRS (Deng et al., 
2022; Koo et al., 2020). In human medicine, HMGB1 is recognised as a prognostic marker for 
SIRS and various other inflammatory conditions (Hatada et al., 2005; Suda et al., 2006; Wang 
et al., 1999). Furthermore, studies in mice show that the release of HMGB1 initiates both local 
and systemic inflammation, leading to coagulopathy and organ damage (Lan et al., 2017). This 
evidence firmly establishes HMGB1’s role in regulating inflammation. Given this role, inhibiting 
HMGB1 secretion in critically ill people has been shown to reduce SIRS signs and mortality, 
indicating this protein may improve survival rates in the critically ill (Hotchkiss et al., 2013; Lan 
et al., 2017; Matsuura et al., 2023; Young et al., 2023). High Mobility Group Box 1 is therefore a 
valuable research target, with the potential to predict and change SIRS outcomes.

Three studies relevant to the PICO question were identified (Goggs & Letendre, 2019; Ishida et 
al., 2011; Yu et al., 2010), all of which were prospective cohort or case-control studies providing 
weak to moderate quality evidence.

Both Yu et al. (2010) and Ishida et al. (2011) reported that serum HMGB1 levels were signif-
icantly higher in non-survivors compared to survivors, suggesting a potential association 
between mortality in the SIRS cases and the high serum HMGB1 group. This supports the 
idea that HMGB1 may serve as a useful prognostic marker. In contrast, Goggs et al. (2019) 
found no significant association between HMGB1 levels and mortality. However, they did 
observe that HMGB1 concentrations were significantly higher in dogs with infectious SIRS 
compared to healthy controls.

Differences in measurement timing can affect the accuracy and comparability of studies 
on HMGB1 and SIRS. High Mobility Group Box 1 levels vary depending on when samples 
are collected postinjury or surgery (Milić et al., 2017). The lack of statistical significance 
between survivors and non-survivors in the Goggs & Letendre (2019) study could be due to 
these timing discrepancies and the kinetic fluctuations of HMGB1 in the blood. Addition-
ally, laboratory methodology differences pose a further limitation. Although each study 
used commercially available human enzyme-linked immunosorbent assay kits to quantify 
HMGB1, these kits, commonly used in veterinary research, are not specifically validated 
for use in canine samples.

Validation is crucial and should assess accuracy, precision, linearity, detection limits, and 
establish appropriate reference ranges. Both Goggs & Letendre (2019) and Ishida et al. 
(2011) referenced previous validation studies; however, these studies were not included in 
the evidence appraisal undertaken for this Knowledge Summary. Yu et al. (2010) did not 
reference previous validation studies, although detection limit data were provided. More-
over, differences in assay execution were noted. Yu et al. (2010) and Ishida et al. (2011) 
performed HMGB1 measurements in duplicate, whereas Goggs & Letendre (2019) did not 
specify whether HMGB1 measurements were performed in duplicate. This variation in 
reporting limits comparison of assay procedures across studies, which may reduce result 
reliability. Specimen storage conditions also varied between studies, potentially affecting 
HMGB1 stability. These factors underscore the importance of both standardised measurement 
timing and validated assay selection, as highlighted by Matsuura et al. (2023), which found that 
early inhibition of HMGB1 improved survival outcomes – emphasising the critical role of timing 
and methodological consistency in HMGB1-related research.

Variations in breed and methodology limit the validity of cross-study comparisons. The potential 
for variations in prior treatments, as well as differences in the duration of illness before enrolment, 
likely contributed to inconsistencies in the study’s findings. These factors, including variations in 
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disease severity, treatment protocols, and the specific demographics of dogs treated at veterinary 
referral hospitals, may have limited the applicability of the results to the PICO question by affecting 
the generalisability of the findings to a broader population of canine patients with SIRS. Methodologi-
cal differences were considered across the studies, with varying outcome measures and comparisons 
employed. Goggs & Letendre (2019) grouped patients by non-infectious SIRS, infectious SIRS, and 
healthy controls, directly comparing these three groups. Yu et al. (2010) however only studied SIRS 
groups, comparing survivors to non-survivors, with a control group that was not directly analysed or 
compared to the study groups.

Ishida et al. (2011) conducted the study with the largest sample size, with a diverse range of 307 dogs 
with differing breeds in the study group. They also included 36 healthy Beagle dogs (15 female and 
21 male) as a control group. The diseased dogs were categorised into ten groups: tumours (77/307), 
haematological diseases (53/307), hepatobiliary and pancreatic diseases (45/307), gastrointestinal 
diseases (41/307), endocrine diseases (20/307), neuromuscular diseases (19/307), skin diseases 
(15/307), respiratory diseases (14/307), cardiovascular diseases (11/307), and joint diseases (8/307).

Yu et al., (2010) took a similar approach, categorising diseases into groups such as trauma (n = 
4), pyometra (n = 3), canine parvoviral enteritis (n = 3), heart failure (n = 2), peritonitis due to 
gastrointestinal tract perforation (n = 2), and other single case categories.

While Ishida et al. (2011) focuses specifically on HMGB1 as a marker of mortality in SIRS patients, it’s 
important to note that Goggs & Letendre (2019) did not provide a clear description of the aetiologies 
within their SIRS groups, which makes it more difficult to assess whether certain subtypes of SIRS 
were overrepresented, potentially skewing the impact of specific subgroups on the overall findings. Yu 
et al. (2010) included dogs representing 13 different breeds following exclusion criteria, although the 
individual breeds were not specified. In contrast, Goggs & Letendre (2019) provided more detailed 
breed information, including six Labrador Retrievers, six Staffordshire Bull Terriers, four English 
Bulldogs, and four mixed-breed dogs. Ishida et al. (2011) did not specify the breeds of the dogs 
included in the study.

The median age of the dogs also varied across studies. Ishida et al. (2011) had a median age 
of 8 years, the median age for Goggs & Letendre (2019) was 5.5 years and Yu et al. (2010) 
had a median age of 5 years. Goggs & Letendre (2019) found that age, weight, and proportion 
of males versus females were not significantly different between the three study groups. In 
contrast, Ishida et al. (2011) and Yu et al. (2010) reported age and sex distributions but did 
not stratify or adjust the association between HMGB1 and outcome according to age, sex, or 
body weight, limiting assessment of these factors as potential confounders. In particular, 
neither study evaluated whether the association between HMGB1 and outcome differed be-
tween young, adult, and geriatric dogs, despite evidence that inflammatory responses may 
vary with age (Dall’Ara, 2003; Day, 2010; Pereira et al., 2019). Overall, differences in breed 
and age profiles between studies limit direct comparison and the strength of the conclusions, 
as breed differences in inflammatory responses, disease pathogenesis, and breed-specific 
disease predispositions could further contribute to variability in outcomes across studies 
(Alexander et al., 2017; Faldyna et al., 2001).

Diagnostic limitations restricted the strength of evidence provided by all studies. Inclusion 
conditions for all the studies was based on having ≥ 2 SIRS criteria based on a set of criteria 
originally developed in Hauptman et al. (1997) and used by various other studies on SIRS 
(Brady & Otto, 2001; de Laforcade et al., 2003). The set of criteria developed to diagnose SIRS 
has been criticised to lack specificity, carrying a high risk of false positives, which is a sig-
nificant limitation across the studies appraised (Hauptman et al., 1997; Ngwenyama, 2021). 
Goggs & Letendre (2019) also documented positive bacterial infections to distinguish be-
tween non-infectious and infectious SIRS. Interestingly, all other studies did not make this 
distinction and made groupings based only on non-SIRS and SIRS criteria. The appraised 
studies primarily assessed outcomes during the initial hospitalisation, with Yu et al. (2010) 
and Goggs & Letendre (2019) following dogs until hospital discharge. Ishida et al. (2011) did 
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not report a defined long-term follow-up period, limiting assessment of outcomes beyond 
the initial study period. However, in the context of acute conditions like SIRS, where patients 
either recover or succumb to the illness within a relatively short period, a lengthy follow-up 
or longitudinal study might not be necessary to establish the association between serum 
HMGB1 levels and mortality. The mortality rate may have been assessed at different time 
points across studies. This variation in timing creates challenges in directly comparing the 
outcomes between studies.

A key methodological limitation across all three studies is the omission of data transformation prior 
to non-normality testing. Transforming parametric data would have maximised the information of 
the analysis while upholding the assumption of normality.

Yu et al. (2010) employed a Mann–Whitney U test instead of data transformation and parametric 
tests, which may have limited the statistical power of their analysis by relying on non-parametric 
methods that do not assume a normal distribution. This is due to the fact that Mann–Whitney U 
test is employed for small populations or skewed data. They also used a T-test in their graphi-
cal analyses, although this is not outlined in the methods section. This choice could lead to an 
incomplete understanding of the relationship between HMGB1 levels and mortality outcomes, 
necessitating a more cautious interpretation of the findings. Nevertheless, the Mann–Whitney 
test yielded robust statistical significance. Similarly, Goggs & Letendre (2019) proceeded directly 
to the Mann–Whitney test without addressing data transformation. They did, however, incorporate 
multivariable logistic regression, which independently assessed mortality in relation to biomarkers.

Ishida et al. (2011) also did not employ data transformation and conducted Mann–Whitney 
testing. While they employed a Fisher’s exact test to explore associations between variables, 
they did not utilise logistic regression to examine the size or direction of these associations. 
Notably, the study referenced specific ranges for HMGB1 but did not clearly detail how these 
were derived in the methods section, raising concerns about transparency. For instance, 
patients with HMGB1 levels above 5.46 ng/ml are 3.8 times more likely to die at discharge 
compared to those with levels below 5.46 ng/ml (P < 0.01).

The overall strength of evidence is of low quality. There is evidence to support the assertion that 
in patients with SIRS, high levels of HMGB1 and mortality are correlated (Ishida et al., 2011; 
Yu et al., 2010). Whilst Goggs & Letendre (2019) did not find a statistical correlation between 
mortality and HMGB1 concentrations, they were better able to differentiate non-infectious SIRS 
and infectious SIRS and from this determined that HMGB1 was significantly greater in dogs with 
infectious SIRS compared to the baseline of healthy dogs.

Although two of the three studies (Ishida et al., 2011; Yu et al., 2010) identified a correlation between 
high serum HMGB1 levels in SIRS patients and mortality, definitive conclusions remain elusive. While 
they provide valuable insights into the link between HMGB1 and infectious SIRS, and its potential as a 
mortality predictor, the current studies have limitations that affect the broader applicability of HMGB1 
levels in infectious SIRS. Small sample sizes, heterogeneous sample populations, inconsistent 
composite outcomes and groupings, and varying statistical methods constrain the generalisability 
and interpretability of the findings. Future research on HMGB1 levels in infectious SIRS patients could 
benefit from larger, multi-centre observational studies that focus on a more homogeneous patient de-
mographic and similar illness subgroupings. However, it is essential to balance this homogeneity with 
the need for a representative sample; while narrowing the patient population may enhance the clarity 
of findings within a specific group, it could limit the applicability of the results to the broader popula-
tion of canine patients with SIRS. Therefore, carefully selecting which groups to include or exclude 
will be crucial to ensuring the findings are both meaningful and generalisable. Future research 
on HMGB1 levels in SIRS patients may include larger, multi-centre observational studies with a 
focus on a more homogenous patient demographic and similar illness subgroupings. Further-
more, studies where samples are taken at a certain time point post onset of illness and poten-
tially follow trends in HMGB1 throughout the disease course may be of greater value. There is 
weak evidence supporting a correlation between HMGB1 levels and mortality in infectious SIRS 
cases; only one study (Goggs & Letendre, 2019) specifically investigates this relationship.
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Search strategy

Databases searched and dates 
covered

CAB Abstracts on OVID platform covering 1973 to June 3 2025
PubMed via the NCBI website covering 1910 to June 3 2025

Search strategy CAB Abstracts:
1.	 (dog OR canine OR puppy)
2.	 (septic systemic inflammatory response syndrome OR SIRS OR)
3.	 (HMGB1 OR “high mobility group box 1”)
4.	 (mortality OR death OR survival OR outcome)
5.	 1 and 2 and 3 and 4

PubMed:
1.	 (dog OR canine OR puppy)
2.	 (septic systemic inflammatory response syndrome OR SIRS)
3.	 (HMGB1 OR “high mobility group box 1”)
4.	 (mortality OR death OR survival OR outcome)
5.	 1 and 2 and 3 and 4

Dates searches performed 	 3 June 2025

Methodology

Exclusion / Inclusion criteria

Exclusion •	 Not relevant to parameters of the PICO (only including non-infectious SIRS, not 
evaluating SIRS mortality outcomes in relation to HMGB1, only including sepsis, 
biomarkers outside of HMGB1).

•	 Studies limited to a single underlying disease process (e.g. pancreatitis) rather than 
evaluating a general SIRS population.

•	 Case studies.
•	 Study summary or article.
•	 Systematic review, single case reports.
•	 Duplicate.
•	 Studies without a defined SIRS population (e.g. those looking only at sepsis without 

SIRS criteria).

Inclusion •	 Canine subjects.
•	 Peer reviewed publication.
•	 English language.

Search outcome

Database Number of 
results

Excluded 
— case 
study

Excluded 
— non-
dog

Excluded 
— not 
evaluating 
effects

Excluded — not 
evaluating in 
hospital setting 
or confinement

Excluded 
— article

Excluded — 
systematic 
review

Total 
relevant 
papers

Cab Abstracts 1 0 0 0 0 0 0 1

PubMed 4 0 0 0 0 0 1 3

Total relevant papers when duplicates removed 3

Acknowledgements
Thank you to Dr Samantha Livingstone for her guidance and contribution of knowledge.

ORCiD
Hannah Abrahams: https://orcid.org/0009-0007-5221-5723

Conflict of Interest
The author declares no conflicts of interest.

https://orcid.org/0009-0007-5221-5723


Abrahams | Page 11 of 13

References
1.	 Alexander, J.E., Colyer, A., Haydock, R.M., Hayek, M.G. & Park, J. (2017). Understanding How Dogs 

Age: Longitudinal Analysis of Markers of Inflammation, Immune Function, and Oxidative Stress. 
The Journals of Gerontology: Series A. 73(6), 720–728. DOI: https://doi.org/10.1093/gerona/glx182

2.	 Brady, C.A. & Otto, C.M. (2001). Systemic Inflammatory Response Syndrome, Sepsis, and 
Multiple Organ Dysfunction. Veterinary Clinics: Small Animal Practice. 31(6), 1147–1162. DOI: 
https://doi.org/10.1016/s0195-5616(01)50097-2

3.	 Dall’Ara, P. (2003). Immune System and Ageing in the Dog: Possible Consequences and 
Control Strategies. Veterinary Research Communications. 27(S1), 535–542. DOI: https://doi.
org/10.1023/B:VERC.0000014214.57325.60  

4.	 Day, M.J. (2010). Ageing, Immunosenescence and Inflammageing in the Dog and Cat. 
Journal of Comparative Pathology. 142(suppl. 1), S60–S69. DOI: https://doi.org/10.1016/j.
jcpa.2009.10.011

5.	 de Laforcade, A.M., Freeman, L.M., Shaw, S.P., Brooks, M.B., Rozanski, E.A. & Rush, J.E. 
(2003). Hemostatic Changes in Dogs with Naturally Occurring Sepsis. Journal of Veterinary 
Internal Medicine. 17(5), 674–679. DOI: https://doi.org/10.1111/j.1939-1676.2003.tb02499.x

6.	 Deng, C., Zhao, L., Yang, Z., Shang, J-J., Wang, C-Y., Shen, M-Z., Jiang, S., Li, T., Di, W.-C., 
Chen, Y., Li, H., Cheng, Y.-D. & Yang, Y. (2022). Targeting HMGB1 for the treatment of 
sepsis and sepsis-induced organ injury. Acta Pharmacologica Sinica. 43(3), 520–528. DOI: 
https://doi.org/10.1038/s41401-021-00676-7

7.	 Faldyna, M., Levá, L., Knötigová, P. & Toman, M. (2001). Lymphocyte subsets in peripheral 
blood of dogs—a flow cytometric study. Veterinary Immunology and Immunopathology. 82(1–2), 
23–37. DOI: https://doi.org/10.1016/S0165-2427(01)00337-3

8.	 Gaudette, S., Smart, L., Woodward, A.P., Sharp, C.R., Hughes, D., Bailey, S.R., Dandrieux, J.R.S., 
Santos, L. & Boller, M. (2023). Biomarkers of endothelial activation and inflammation in dogs 
with organ dysfunction secondary to sepsis. Frontiers in Veterinary Science. 10, 1127099. DOI: 
https://doi.org/10.3389/fvets.2023.1127099

9.	 Goggs, R. & Letendre, J.A. (2019). Evaluation of the host cytokine response in dogs with 
sepsis and noninfectious systemic inflammatory response syndrome. Journal of Veterinary 
Emergency and Critical Care. 29(6), 593–603. DOI: https://doi.org/10.1111/vec.12903

10.	 Hatada, T., Wada, H., Nobori, T., Okabayashi, K., Maruyama, K., Abe, Y., Uemoto, S., Yamada, 
S. & Maruyama, I. (2005). Plasma concentrations and importance of high mobility group 
box protein in the prognosis of organ failure in patients with disseminated intravascular 
coagulation. Thrombosis and Haemostasis. 94(5), 975–979. DOI: https://doi.org/10.1160/th05-
05-0316

11.	 Hauptman, J.G., Walshaw, R. & Olivier, N.B. (1997). Evaluation of the Sensitivity and 
Specificity of Diagnostic Criteria for Sepsis in Dogs. Veterinary Surgery. 26(5), 393–397. 
DOI: https://doi.org/10.1111/j.1532-950x.1997.tb01699.x

12.	 Hotchkiss, R.S., Monneret, G. & Payen, D. (2013). Sepsis-induced immunosuppression: from 
cellular dysfunctions to immunotherapy. Nature Reviews Immunology. 13(12), 862–874. DOI: 
https://doi.org/10.1038/nri3552

13.	 Ishida, A., Ohno, K., Fukushima, K., Nakashima, K., Takahashi, M., Goto-Koshino, Y., Fujino, 
Y. & Tsujimoto, H. (2011). Plasma High-Mobility Group Box 1 (HMGB1) in Dogs with Various 
Diseases: Comparison with C-Reactive Protein. Journal of Veterinary Medical Science. 73(9), 
1127–1132. DOI: https://doi.org/10.1292/jvms.10-0540

14.	 Koo, Y., Kim, H., Yun, T., Jung, D.I., Kang, J.H., Chang, D., Na, K.J., Yang, M.P. & Kang, B.T. 
(2020). Evaluation of serum high-mobility group box 1 concentration in dogs with epilepsy: 
A case-control study. Journal of Veterinary Internal Medicine. 34(6), 2545–2554. DOI: https://
doi.org/10.1111/jvim.15940

15.	 Lan, K.C., Chao, S.C., Wu, H.Y., Chiang, C.L., Wang, C.C., Liu, S.H. & Weng, T.I. (2017). Salidroside 
ameliorates sepsis-induced acute lung injury and mortality via downregulating NF-κB and 
HMGB1 pathways through the upregulation of SIRT1. Scientific Reports. 7(1), 12026. DOI: https://
doi.org/10.1038/s41598-017-12285-8

16.	 Liu, Y., Hou, J-H., Li, Q., Chen, K-J., Wang, S-N. & Wang, J-M. (2016). Biomarkers for diagnosis 
of sepsis in patients with systemic inflammatory response syndrome: A systematic review 
and meta-analysis. SpringerPlus. 5(1), 2091. DOI: https://doi.org/10.1186/s40064-016-3591-5

https://doi.org/10.1093/gerona/glx182
https://doi.org/10.1016/s0195-5616(01)50097-2
https://doi.org/10.1023/B:VERC.0000014214.57325.60
https://doi.org/10.1023/B:VERC.0000014214.57325.60
https://doi.org/10.1016/j.jcpa.2009.10.011
https://doi.org/10.1016/j.jcpa.2009.10.011
https://doi.org/10.1111/j.1939-1676.2003.tb02499.x 
https://doi.org/10.1038/s41401-021-00676-7
https://doi.org/10.1016/S0165-2427(01)00337-3
https://doi.org/10.3389/fvets.2023.1127099
https://doi.org/10.1111/vec.12903
https://doi.org/10.1160/th05-05-0316
https://doi.org/10.1160/th05-05-0316
https://doi.org/10.1111/j.1532-950x.1997.tb01699.x
https://doi.org/10.1038/nri3552
https://doi.org/10.1292/jvms.10-0540
https://doi.org/10.1111/jvim.15940
https://doi.org/10.1111/jvim.15940
https://doi.org/10.1038/s41598-017-12285-8
https://doi.org/10.1038/s41598-017-12285-8
ttps://doi.org/10.1186/s40064-016-3591-5


Veterinary Evidence (2026) Vol 11 Iss 3 | Page 12 of 13

Contribute to the evidence
There are two main ways you can contribute to the evidence base while also enhancing your 
CPD:
•	 Tell us your information need 
•	 Write a Knowledge Summary

Either way, you will be helping to add to the evidence base, and strengthen the decisions that 
veterinary professionals around the world make to give animals the best possible care. Learn 
more here: https://veterinaryevidence.org/index.php/ve/author-hub

Licence
Copyright (c) 2026 Hannah Abrahams

17.	 Matsuura, R., Komaru, Y., Miyamoto, Y., Yoshida, T., Yoshimoto, K., Yamashita, T., Hamasaki, 
Y., Noiri, E., Nangaku, M. & Doi, K. (2023). HMGB1 Is a Prognostic Factor for Mortality in Acute 
Kidney Injury Requiring Renal Replacement Therapy. Blood Purification. 52(7–8), 660–667. 
DOI: https://doi.org/10.1159/000530774

18.	 Milić, L., Grigorov, I., Krstić, S., Ćeranić, M.S., Jovanović, B., Stevanović, J. & Peško, 
P. (2017). Serum level of HMGB1 protein and inflammatory markers in patients with 
secondary peritonitis: time course and the association with clinical status. Journal of 
Medical Biochemistry. 36(1), 44–53. DOI: https://doi.org/10.1515/jomb-2016-0016

19.	 Ngwenyama, T.R. (2021). Current and Future Practice in the Diagnosis and Management 
of Sepsis and Septic Shock in Small Animals. Advances in Small Animal Care. 2, 49–67. DOI: 
https://doi.org/10.1016/j.yasa.2021.07.005

20.	 Pereira, M., Valério-Bolas, A., Saraiva-Marques, C., Alexandre-Pires, G., Pereira da Fonseca, I. 
& Santos-Gomes, G. (2019). Development of Dog Immune System: From in Uterus to Elderly. 
Veterinary Sciences. 6(4), 83. DOI: https://doi.org/10.3390/vetsci6040083

21.	 Robertson, C.M. & Coopersmith, C.M. (2006). The systemic inflammatory response syndrome. 
Microbes and Infection. 8(5), 1382–1389. DOI: https://doi.org/10.1016/j.micinf.2005.12.016

22.	 Song, R., Kim, J., Yu, D., Park, C. & Park, J. (2012). Kinetics of IL-6 and TNF-α changes in a 
canine model of sepsis induced by endotoxin. Veterinary Immunology and Immunopathology. 
146(2), 143–149. DOI: https://doi.org/10.1016/j.vetimm.2012.02.008

23.	 Suda, K., Kitagawa, Y., Ozawa, S., Saikawa, Y., Ueda, M., Abraham, E., Kitajima, M. & 
Ishizaka, A. (2006). Serum concentrations of high-mobility group box chromosomal 
protein 1 before and after exposure to the surgical stress of thoracic esophagectomy: 
A predictor of clinical course after surgery? Diseases of the Esophagus. 19(1), 5–9. DOI: 
https://doi.org/10.1111/j.1442-2050.2006.00529.x

24.	 Wang, H., Bloom, O., Zhang, M., Vishnubhakat, J.M., Ombrellino, M., Che, J., Frazier, A., 
Yang, H., Ivanova, S. & Borovikova, L., Manogue, K.R., Faist, E., Abraham, E., Andersson, 
J., Andersson, U., Molina, P.E., Abumrad, N.N., Sama, A., Tracey K.J. (1999). HMG-1 as a 
late mediator of endotoxin lethality in mice. Science. 285(5425), 248–251. DOI: https://doi.
org/10.1126/science.285.5425.248

25.	 Young, M.D., Cancio, T.S., Thorpe, C.R., Willis, R.P., Snook, J.K., Jordan, B.S., Demons, S.T., Salinas, 
J. & Yang, Z. (2023). Circulatory HMGB1 is an early predictive and prognostic biomarker of ARDS 
and mortality in a swine model of polytrauma. Frontiers in Immunology. 14, 1227751. DOI: https://
doi.org/10.3389/fimmu.2023.1227751

26.	 Yu, D.H., Nho, D.H., Song, R.H., Kim, S.H., Lee, M.J., Nemzek, J.A. & Park, J. (2010). High-mobility 
group box 1 as a surrogate prognostic marker in dogs with systemic inflammatory response 
syndrome. Journal of Veterinary Emergency and Critical Care. 20(3), 298–302. DOI: https://doi.
org/10.1111/j.1476-4431.2010.00539.x

https://veterinaryevidence.org/index.php/ve/author-hub
https://doi.org/10.1159/000530774
https://doi.org/10.1515/jomb-2016-0016
https://doi.org/10.1016/j.yasa.2021.07.005
https://doi.org/10.3390/vetsci6040083
https://doi.org/10.1016/j.micinf.2005.12.016
https://doi.org/10.1016/j.vetimm.2012.02.008
https://doi.org/10.1111/j.1442-2050.2006.00529.x
https://doi.org/10.1126/science.285.5425.248
https://doi.org/10.1126/science.285.5425.248
https://doi.org/10.3389/fimmu.2023.1227751
https://doi.org/10.3389/fimmu.2023.1227751
https://doi.org/10.1111/j.1476-4431.2010.00539.x
https://doi.org/10.1111/j.1476-4431.2010.00539.x


Abrahams | Page 13 of 13

Intellectual property rights
Authors of Knowledge Summaries submitted to RCVS Knowledge for publication will retain 
copyright in their work, and will be required to grant to RCVS Knowledge a non-exclusive 
licence to publish including but not limited to the right to publish, re-publish, transmit, sell, 
distribute and otherwise use the materials in all languages and all media throughout the 
world, and to licence or permit others to do so.

Disclaimer
Knowledge Summaries are a peer-reviewed article type which aims to answer a clinical 
question based on the best available current evidence. It does not override the responsibility of 
the practitioner. Informed decisions should be made by considering such factors as individual 
clinical expertise and judgement along with patient’s circumstances and owners’ values. 
Knowledge Summaries are a resource to help inform and any opinions expressed within the 
Knowledge Summaries are the author’s own and do not necessarily reflect the view of the 
RCVS Knowledge. Authors are responsible for the accuracy of the content. While the Editor 
and Publisher believe that all content herein are in accord with current recommendations and 
practice at the time of publication, they accept no legal responsibility for any errors or omissions, 
and make no warranty, express or implied, with respect to material contained within. For further 
information please refer to our Terms of Use.

https://veterinaryevidence.org/index.php/ve/terms

