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Authors: Sarah J. Deitschel, DVM; Marie E. Kerl, DVM, DACVIM, DACVECC; Chee-Hoon Chang, DVM and Amy E. DeClue, DVM, MS, DACVIM
Abstract 
Objective – To determine whether older dogs will have a more pronounced pro-inflammatory response and blunted anti-inflammatory response to pathogen-associated molecular patterns (PAMPs) compared with younger dogs.

Design – Prospective. 
Setting – University teaching hospital.
Animals – Thirty-eight privately owned sexually altered dogs of various ages.

Interventions – Blood was collected for HCT, WBC count, plasma biochemical analysis, and whole blood culture. Whole blood was stimulated with lipopolysaccharide (LPS) or, lipoteichoic acid or, peptidoglycan or, addition of phosphate-buffered saline. Tumor necrosis factor (TNF), interleukin (IL)-6, and IL-10 production from whole blood were compared among young, middle aged, and geriatric dogs.

Measurements and Main Results – LPS, lipoteichoic acid, and peptidoglycan stimulated significant TNF, IL- 6, and IL-10 production from canine whole blood compared with phosphate-buffered saline. Whole blood from geriatric dogs had a blunted IL-10 response to LPS stimulation and middle-aged dogs had increased LPS- induced TNF production compared with the other groups.

Conclusion – PAMPs from gram-positive and gram-negative bacteria stimulate TNF, IL-6, and IL-10 production from canine whole blood. The inflammatory mediator response to PAMPs from gram-negative bacteria alters with age and may be one factor contributing to mortality in geriatric dogs with sepsis. 

Summary:
Intro:
· One of the initiating factors for the inflammatory response to bacterial infection is immune cell activation by pathogen-associated molecular patterns (PAMPs) 
· PAMPS are highly conserved molecular motifs from microorganisms that are recognized by the innate immune system and include mediators such as lipopolysaccharide (LPS), lipoteichoic acid (LTA), and peptidoglycan (PG). 
· Activation of the immune system by PAMPs results in production of a myriad of inflammatory mediators including tumor necrosis factor (TNF), interleukin (IL)-6, IL-1b, alpha-chemokine ligand (CXCL)-8, and IL- 10 resulting in systemic inflammation, hemodynamic derangement, disordered coagulation, and organ dysfunction 
· Morbidity and mortality from sepsis are the result of the systemic inflammatory response rather than the actual infection 
· A direct relationship between age and mortality during sepsis has been identified in people and experimental murine studies. 
· Proposed mechanisms to account for this relationship are centered around al- tered host defense mechanisms in geriatric individuals 
· Increasing age has been associated with increased and sustained production of inflammatory mediators in people and mice 
· Immunoaging, a term describing age-related changes to the immune system, involves downregulation of some aspects of the immune system (ie, immunosenescence) while other aspects of the immune systems appear to be upregulated 
· In experimental models of sepsis, geriatric mice had a significantly greater pro- inflammatory mediator production and higher mortality rates than young or middle-aged mice and this difference in mortality was associated with failure to downregulate pro-inflammatory mediator production in geriatric mice. 
Hypothesis: We hypothesized that PAMPs would induce significant inflammatory mediator production from canine whole blood and that whole blood from geriatric dogs would have a more pronounced pro-inflammatory response and blunted anti-inflammatory response to PAMPs compared with whole blood from younger dogs. 
Materials and methods:
· Enrollment criteria included sexually altered dogs >0.5 years of age that were apparently healthy on complete physical examination performed at enrollment. 
· Dogs were excluded from study if they were <0.5 years of age, were sexually intact, had a history of illness within 2 months before enrollment, or were of a breed reported to have an immunodysfunction syndrome related to sepsis (eg, Rottweiler, Doberman Pinscher) 
· Additionally, dogs were excluded if vaccination or any medication (eg, nonsteroidal anti-inflammatory drugs, glucocorticoids, antimicrobials) other than parasite preventatives were administered in the 2 months before sample collection. 
· Dogs were assigned to 1 of 3 age groups: young, middle aged, or geriatric based upon chronological age and body weight 
· Either LPS (50 and 100ng/mL) from Escherichia coli 0127:B8 or, LTA (500 and 1000ng/mL) from Strepto- coccus faecalis or, PG (500 and 1000 ng/mL) from Staphylococcus aureus or, PBS were added to individual wells. These concentrations of LPS, LTA, and PG were selected based on preliminary work in our laboratory 
Assays

· HCT, WBC count, and plasma biochemistry: HCT, WBC count, and plasma biochemical analysis were performed by a commercial veterinary diagnostic laboratory 
· TNF: Whole blood culture supernatant TNF activity was evaluated using a cell kill bioassay 
· IL-6 and IL-10: Canine-specific ELISAs for IL-6 and IL-10 were used to determine the concentration of IL-6 and IL-10, respectively, in whole blood culture supernatant. 
Results:
The BUN concentration was significantly higher in the young group compared with the geriatric group 
Plasma total calcium concentration was significantly higher in young group compared with the geriatric (Po0.01) and middle-aged (P 5 0.027) groups 
Plasma phosphorus concentration was significantly higher in the young group compared with the geriatric (Po0.001) and middle-aged (P 5 0.002) groups 
Supernatant TNF activity from blood stimulated with the PBS did not significantly differ among age groups 
Supernatant TNF activity from whole blood stimulated with LPS, LTA, and PG was significantly greater than PBS for all age groups 
However, there was no significant difference in supernatant TNF activity among the various concentrations of LPS, LTA, and PG tested 
Whole blood from middle-aged dogs produced significantly more TNF than geriatric dogs and young dogs when stimulated with 50ng/mL LPS. 
There was no significant difference in supernatant TNF activity from whole blood stimulated with LTA or PG among age groups. 
LPS, LTA, and PG stimulated significant production of IL-6 from canine whole blood compared with PBS  at each of the concentrations tested, regardless of age group. 
There was no significant difference in LPS-, LTA-, or PG-induced IL-6 production from whole blood among the young, middle-aged or geriatric groups 
Supernatant IL-10 concentrations were significantly greater from whole blood stimulated with LPS, LTA, and PG compared with PBS in all groups. 
Whole blood from geriatric dogs produced significantly less IL-10 after LPS stimulation compared with young dogs but there was no significant difference in IL-10 production from whole blood stimulated with LPS between the middle-aged group and the geriatric or young groups.

Key points:


1. A direct relationship between age and mortality during sepsis has been identified in people and experimental murine studies. 
· Immunoaging, a term describing age-related changes to the immune system, involves downregulation of some aspects of the immune system (ie, immunosenescence) while other aspects of the immune systems appear to be upregulated 
· Proposed mechanisms to account for this relationship are centered around altered host defense mechanisms in geriatric individuals 
· Increasing age has been associated with increased and sustained production of inflammatory mediators in people and mice 

2. Findings:
· LPS, lipoteichoic acid, and peptidoglycan stimulated significant TNF, IL- 6, and IL-10 production from canine whole blood compared with phosphate-buffered saline. 
· Whole blood from geriatric dogs had a blunted IL-10 response to LPS stimulation and middle-aged dogs had increased LPS- induced TNF production compared with the other groups

3. Conclusion 
· PAMPs from gram-positive and gram-negative bacteria stimulate TNF, IL-6, and IL-10 production from canine whole blood. 
· The inflammatory mediator response to PAMPs from gram-negative bacteria alters with age and may be one factor contributing to mortality in geriatric dogs with sepsis

Questions:

4. LPS, lipoteichoic acid, and peptidoglycan stimulated significant TNF, IL- 6, and IL-10 production from canine whole blood compared with phosphate-buffered saline. T or F?
Answer: True
5. Whole blood from middle-aged dogs produced significantly more __________________than geriatric dogs and young dogs when stimulated with ____________________. 
Answer: TNF, LPS
6. Whole blood from geriatric dogs had a ___________________ IL-10 response to LPS stimulation. 

Answer: blunted











Increased concentrations of C-reactive protein but not high-mobility group box 1 in dogs with naturally occurring sepsis 
Veterinary Immunology and Immunopathology 156 (2013) 64–72 
Abstract:
Sepsis is difficult to diagnose and remains a common mortality cause worldwide in both humans and animals. The uterine infection pyometra causes sepsis in more than half of affected dogs and therefore allows the natural physiological development of sepsis to be studied. To find a sepsis-specific biochemical marker that could be combined with conventional clinical criteria for a more robust and quick diagnosis of sepsis, we measured systemic concentrations of high-mobility group box 1 (HMGB1) in 23 healthy control dogs and in 27 dogs with pyometra, 74% of which had sepsis. We also measured concentrations of the major acute phase protein C-reactive protein (CRP) and an indicator for endotoxaemia, prostaglandin F2alpha metabolite (PGM) to assess the relative contribution of HMGB1 to the detection of systemic inflammation and endotoxaemia. We found that HMGB1 concentrations, in line with concentrations of CRP and PGM, were significantly increased in dogs with pyometra, and that concentrations of CRP, but not HMGB1, were significantly higher in dogs with sepsis compared to dogs without sepsis. Although serum HMGB1 did not differ between dogs with or without sepsis and was not correlated with either CRP or PGM concentrations, HMGB1 was correlated with the total white blood cell counts, suggesting an independent regulation and involvement in inflammation. 

The aims of this study were to (1) measure serum concentrations of HMGB1 in healthy intact female dogs, (2) determine whether HMGB1 concentrations were associ- ated with severity of the disease, i.e. with the presence of SIRS in pyometra (sepsis), (3) determine whether HMGB1 concentrations in dogs with pyometra were associated with a well-known inflammatory marker CRP, and (4) assess whether HMGB1 concentrations were associated with concentrations of the endotoxin indicator PGM. 
Note: SIRS-status determination was performed in all dogs and defined as positive if two or more of the following criteria were met: abnormal body temperature (<38.1C or >39.2C), elevated respiratory rate (>20 counts/min), elevated heart rate (>120 beats/min), and abnormal number of WBC (< 6 of >16 x 109L) or > 3% bands.
The presence of bacteria in the uterus of dogs with pyometra was verified by positive bacterial cultures from samples obtained from the uterine content using sterile cotton swabs inserted into the uterine lumen directly after surgery. 

The diagnosis of pyometra was verified postoperatively by histopathological examination of the uterus and ovaries and/or positive bacteriological culture from the uterine content. 
Dogs with pyometra had significantly higher concentrations of HMGB1 compared to healthy control dogs 
A cut-off value of 4.5 ng/mL for HMGB1 had sensitivity and specificity above 60% for differentiating between dogs with pyometra and healthy control dogs.
Concentrations of serum HMGB1 did not differ significantly between dogs with or without SIRS in pyometra 
Serum CRP concentrations were significantly higher in dogs with pyometra compared to healthy control dogs and a cut-off value of 29 ug/mL had 85% sensitivity and 100% specificity for differentiating between dogs with pyometra and healthy control dogs 
Serum CRP concentrations were able to differentiate between the SIRS-positive and SIRS-negative dogs with pyometra with 89.5% sensitivity and 71.4% specificity for a cut-off value 107 ug/mL 
The concentrations of CRP did not correlate significantly with HMGB1 in canine serum 
Plasma concentrations of PGM were significantly higher in dogs with pyometra compared to control dogs 
PGM concentrations were NOT able to differentiate between the SIRS-positive and SIRS-negative dogs with pyometra
PGM and HMGB1 were not correlated 
Concentrations of HMGB1 did not differ significantly between SIRS-positive and SIRS-negative dogs with pyometra i.e. dogs with or without sepsis, thus the potential of this cytokine to distinguish between local and systemic inflammation in pyometra, i.e. to detect the disease severity in a clinical setting, appears limited. 


Key points:
· To find a sepsis-specific biochemical marker that could be combined with conventional clinical criteria for a more robust and quick diagnosis of sepsis, they measured:
· Systemic concentrations of high-mobility group box 1 (HMGB1) in 23 healthy control dogs and in 27 dogs with pyometra, 74% of which had sepsis. 
· Measured concentrations of the major acute phase protein C-reactive protein
· Measured prostaglandin F-2alpha metabolite (PGM), an indicator for endotoxaemia
CRP and PGM were measured to assess the relative contribution of HMGB1 to the detection of systemic inflammation and endotoxaemia.

· Findings:
· Found that HMGB1 concentrations, in line with concentrations of CRP and PGM, were significantly increased in dogs with pyometra.

· Serum CRP concentrations were able to differentiate between the SIRS-positive and SIRS-negative dogs with pyometra.

· Found concentrations of CRP, but not HMGB1, were significantly higher in dogs with sepsis compared to dogs without sepsis.

· HMGB1 did not differ between dogs with or without sepsis and was not correlated with either CRP or PGM concentrations, HMGB1 was correlated with the total white blood cell counts

· PGM concentrations were increased, the concentrations did not differ in dogs with or without sepsis. 

· Conclusions:
· Although serum HMGB1 did not differ between dogs with or without sepsis and was not correlated with either CRP or PGM concentrations, HMGB1 was correlated with the total white blood cell counts, suggesting an independent regulation and involvement in inflammation
Questions:
7. Serum HMGB1 did not differ between dogs with or without sepsis. T of F?
Answer: True

8. HMGB1 concentrations were significantly ___________________ in dogs with pyometra.
Answer: Increased

9. What is PG F2alpha an indicator of?
Answer: indicator for endotoxemia
10. Serum CRP concentrations were significantly higher in dogs with pyometra compared to healthy control dogs. T or F? 
Answer: True
11. HMGB1 was correlated with the total white blood cell counts. T or F?
Answer: True























Questions:

Age-associated changes to pathogen-associated molecular pattern-induced inflammatory mediator production in dogs
1. LPS, lipoteichoic acid, and peptidoglycan stimulated significant TNF, IL- 6, and IL-10 production from canine whole blood compared with phosphate-buffered saline. T or F?

2. Whole blood from middle-aged dogs produced significantly more __________________than geriatric dogs and young dogs when stimulated with ____________________. 

3. Whole blood from geriatric dogs had a ___________________ IL-10 response to LPS stimulation. 


Increased concentrations of C-reactive protein but not high-mobility group box 1 in dogs with naturally occurring sepsis 
1. Serum HMGB1 did not differ between dogs with or without sepsis. T of F?


2. HMGB1 concentrations were significantly ___________________ in dogs with pyometra.


3. What is PG F2alpha an indicator of?


4. Serum CRP concentrations were significantly higher in dogs with pyometra compared to healthy control dogs. T or F? 

5. HMGB1 was correlated with the total white blood cell counts. T or F?
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