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Background: Immune-mediated polyarthopathy (IMPA) is common in dogs, and is monitored by serial arthrocenteses.

Hypothesis/Objectives: Plasma C-reactive protein (CRP), interleukin-6 (IL-6), and CXCL8 (interleukin-8) would serve

as noninvasive markers of joint inflammation in IMPA.

Animals: Nine client-owned dogs with idiopathic IMPA; 6 healthy controls.

Methods: Prospective study. Plasma CRP, IL-6, and CXCL8 were measured by ELISA at baseline, 2, and 4 weeks dur-

ing treatment with prednisone at 50 mg/m2/day. Arthrocenteses, the canine brief pain inventory (CBPI), and accelerometry

collars were used to assess joint inflammation, lameness, and mobility at all 3 time points.

Results: C-reactive protein concentrations were higher in IMPA dogs (median 91.1 lg/mL, range 76.7–195.0) compared

with controls (median <6.3 lg/mL, <6.3–13.7; P = .0035), and were significantly lower at week 2 (10.6 lg/mL, <6.3–48.8)
and week 4 (<6.3 lg/mL, <6.3–24.4; P < .001). C-reactive protein was correlated with median CBPI scores (r = 0.68;

P = .0004), joint cellularity (r = 0.49, P = .011), and mobility by accelerometry (r = �0.42, P = .048). Plasma IL-6 concen-

trations were also higher in IMPA dogs (median 45.9 pg/mL), compared with controls (median <15.7 pg/mL; P = .0008).

IL-6 was lower in IMPA dogs by week 4 (<15.7 pg/mL; P = .0099), and was modestly correlated with CBPI scores

(r = 0.47, P = .023). CXCL8 did not differ significantly between IMPA and healthy dogs.

Conclusions: Plasma CRP and IL-6 might be useful surrogate markers of synovial inflammation and disease activity in

dogs with IMPA.
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Immune-mediated polyarthropathy (IMPA) is the
most common cause of chronic relapsing fevers in

dogs.1 It is typically seen in young adult dogs, and is
associated with significant pain, shifting leg lameness,
reluctance to rise, and anorexia. Any breed of dog
may develop IMPA; however, Rottweilers, Labrador
Retrievers, Golden Retrievers, Shetland Sheepdogs,
Irish Setters, Cocker Spaniels, and American Eskimo
dogs are overrepresented.2–6 The diagnosis of IMPA is
made by arthrocentesis and synovial fluid analysis that
demonstrates a neutrophilic inflammation in multiple
joints, typically the carpi and tarsi, without serologic
or microbiologic evidence of underlying infection.
Serial arthrocenteses and synovial fluid analyses are
recommended to monitor response to treatment;7

however, repeated joint taps are invasive, require
sedation, and can be expensive. Because of this,
treatment adjustments are often made without any
objective measures of disease remission.

Several proinflammatory molecules show promise as
potential noninvasive markers of joint inflammation in
dogs with IMPA, to include C-reactive protein (CRP),
interleukin-6 (IL-6), and interleukin-8 (IL-8;

CXCL8).8,9 Serum CRP concentrations were elevated
in dogs with IMPA, but objective markers of clinical
response were not included.9,10 IL-6 is increased in the
synovial fluid of dogs with rheumatoid arthritis
(RA),11 but has not been evaluated in IMPA. CXCL8
concentrations were increased in the synovial fluid of
dogs with IMPA,8 but plasma concentrations and their
relationship with clinical response have not been
evaluated.

The purpose of this study, therefore, was to
determine whether plasma concentrations of the
inflammatory mediators CRP, IL-6, and CXCL8
correlate with clinical and cytologic response to treat-
ment in idiopathic immune-mediated polyarthropathy
in dogs, as measured by a validated pain inventory
questionnaire, increased mobility as measured by
accelerometry, and serial synovial fluid analyses.

Materials and Methods

Dog Screening

Dogs of any breed with a suspected diagnosis of polyarthr-

opathy were screened for the study. To be eligible, dogs could

not have received immunosuppressive drugs (eg, glucocorticoids,

azathioprine, or cyclosporine) within 1 month before sampling

for the study. Following informed consent from owners, a stan-

dardized diagnostic work-up was performed for each patient, to
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include a CBC, biochemical panel, urinalysis, and determination

of serum antibodies against B. burgdorferi and A. phagocytophi-

lum. Dogs with positive serologies to B. burgdorferi or A.

phagocytophilum, while not definitive for active infection, were

not eligible for inclusion. Thoracic radiographs and abdominal

ultrasonography were performed to help rule out the presence

of secondary causes of IMPA. Dogs with historical, physical

exam, biochemical, or imaging evidence of underlying disease,

to include systemic infection, primary gastrointestinal or hepatic

disease, or systemic neoplasia, which could lead to secondary

immune-mediated polyarthropathy (Types II-IV),12 were not

eligible for enrollment. The study was approved by the

Institutional Animal Care and Use Committee at the University

of Wisconsin, and all owners provided written informed

consent.

Measures of Lameness

Owners of all dogs completed a standardized pain inventory

questionnaire (Canine Brief Pain Inventory [CBPI])13 at each

study visit. In addition, each enrolled dog was fitted at baseline

with a collar containing an omnidirectional accelerometer (Actic-

ala),14 which was worn continuously throughout the 4-week study

period.

Direct Measures of Joint Inflammation

Dogs were sedated with butorphanol (0.2–0.4 mg/kg IV) and

dexmedetomidine (2–5 lg/kg IV) for joint radiographs, and for

collection of synovial fluid by arthrocentesis of the stifle, tarsal,

and carpal joints. Synovial fluid was submitted for cytology and

aerobic bacterial culture. If <0.25 mL of synovial fluid was

obtained from a joint, direct smears of the fluid were made, and

cell counts were extrapolated from cytology.15 A diagnosis of

IMPA in otherwise eligible dogs was defined as suppurative

inflammation in 2 or more joints (synovial fluid total nucleated

cell count >3,000/lL and neutrophils >12% of the nucleated

cells),2,4,5 with a negative bacterial culture and without radio-

graphic evidence of erosion.

Surrogate Plasma Markers of Inflammation

Six milliliters of whole blood in EDTA was obtained at base-

line from all dogs, and plasma was harvested and stored at

�80°C for measurement of canine CRP (Canine C-Reactive Pro-

tein ELISA Kitb),16,17 IL-6 (Quantikine� Canine IL-6 immunoas-

sayc),18,19 and CXCL8 (Quantikine� Canine CXCL8/IL-

8c).18,20All assays were run with concurrent standard curves using

canine kit standards, and all time points for individual dogs were

measured within the same assay run. In our hands, the CRP

assay showed interassay CV’s of 1.0–7.9% over the range of rele-

vant concentrations, intra-assay CV’s of 2.3–8.9%, and a limit of

detection of 6.3 lg/mL. The IL-6 assay had interassay CV’s of

3.5–20.2%, intra-assay CV’s of 1.7–8.6%, and a limit of detection

of 15.7 pg/mL, and the CXCL8 assay had interassay CV’s of

9.5–11.0%, intra-assay CV’s of 2.8–9.6%, and a limit of detection

of 15.6 pg/mL. For the purposes of statistical analyses, samples

with CRP, IL-6, or CXCL8 that were detected below the limits

of detection were encoded as 6.2 lg/mL, 15.6 pg/mL, and

15.5 pg/mL, respectively.

Standardized Treatment

After baseline evaluation, dogs were initially treated with a

standard protocol of tramadol (2–5 mg/kg PO q 6–8 h) to

control pain, and any previously administered NSAIDs were

discontinued. Once joint cultures were returned negative and

dogs had been off of NSAIDs (if given) for at least 7 days, all

study dogs were treated with prednisone (50 mg/m2/day PO) for

4 weeks. Dogs that did not show a resolution of fever and a

substantial reduction in clinical lameness by week 2, as deter-

mined by physical exam and owner assessment, were eligible to

receive a rescue protocol of oral azathioprine (50 mg/m2/day) as

an adjunct to prednisone.

Immune-mediated polyarthropathy dogs were rechecked at 2

and 4 weeks after starting prednisone, and were reevaluated with

a complete history and physical exam, CBC, blood chemistry,

and urinalysis. Lameness was evaluated by the owner at each

recheck, using the CBPI questionnaire. Plasma was again

obtained at 2 and 4 weeks for measurement of CRP, IL-6, and

CXCL8. Plasma was also obtained from 6 healthy, staff-owned

adult dogs at 3 time points (each 2 weeks apart) and was run in

parallel with patient samples as normal controls. For IMPA

dogs, daily activity counts were retrieved from the accelerometer

at the end of the study. For statistical analyses, activities during

the 48 hours before initiation of treatment were compared to

activities during the 48 hours immediately before the 2- and

4-week rechecks.21

Sample Size and Statistical Analyses

Based on a narrow reference range for CRP in dogs (0.5–
10 lg/mL) and previously reported CRP responses in dogs with

steroid-responsive meningitis,22 a pilot sample size of 10 dogs

was planned to provide >90% power to show significant changes

in CRP in dogs with IMPA during active disease and clinical

remission. Friedman ANOVA by ranks, followed by Dunn’s mul-

tiple comparison testing, was used to compare median scores

from the CBPI questionnaire, daily activity by accelerometry,

synovial fluid total nucleated cell counts, and ELISA results for

inflammatory mediators over time during treatment. A Spearman

rank correlation was used to associate inflammatory mediators

and measures of clinical remission, to include joint cellularity,

median CBPI scores, and accelerometry data. P < .05 was

considered statistically significant.

Results

Dog Characteristics at Enrollment

Of 15 dogs that were screened, 4 dogs did not meet
the criteria for diagnosis of idiopathic IMPA, and 11
were enrolled. Of these, 9 dogs completed the 4-week
study and were included in data analyses. Included
dogs had a median age of 4.0 years (range 1.5–12.0)
and a median body weight of 29.6 kg (range 5.4–83.4),
and comprised 6 males (5 neutered, 1 intact) and 3
spayed females, of various breeds (4 mixed breeds, 2
Great Danes, and one each of Cockapoo, Golden
Retriever, and Border Collie).

All dogs had arthrocentesis of 6 joints, to include
both carpi, both tarsi, and both stifles, with a nucle-
ated cell count >3,000/lL and >12% neutrophils in a
median of 5 joints (range 2–6) for each dog (Table 1).
The number of joints in each dog at baseline with
moderate-to-severe inflammation, ranged from 0 to 5
(median 2). CBC, biochemical panel, and urinalyses
were within reference intervals, except for subclinical
thrombocytopenia in 2 dogs.
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Treatment Response

Prednisone dosages (calculated as 50 mg/m2/day)
ranged from 0.96 to 2.27 mg/kg/day as administered,
with the lowest per kg dosages given to the 2 Great
Danes. All dogs improved clinically over the 4-week
course of the study, and no dogs were given azathio-
prine rescue. Eight of 9 dogs had increased serum
alkaline phosphatase (ALP) activities by week 2.
Thrombocytopenia resolved in both affected dogs by
weeks 2–4.

Median CBPI scores for each of 11 questions
improved significantly in all dogs at weeks 2 and 4
compared with baseline (P = .0017; Fig 1A). Mobility
as measured by accelerometry was significantly greater
at week 4 compared with baseline (P = .0024; Fig 1B).
One dog (SB) did not wear the collar consistently, and
had a cruciate ligament rupture newly diagnosed at

week 4 of prednisone treatment. This dog’s accelerom-
etry and 4-week CBPI scores were not included in data
analyses.

Cytologic Response

The number of joints per dog with total nucleated
cell counts >3000/lL decreased significantly between
baseline and week 2 (P = .008; Table 1). The number
of joints with >12% neutrophils or with moderate-to-
severe inflammation varied among dogs, and was not
significantly different over time (Table 1).

ELISA Results

Baseline plasma concentrations of CRP were signifi-
cantly higher in dogs with IMPA (median 91.1 lg/mL,
range 76.7–195.0) compared with healthy controls
(<6.3 lg/mL, <6.3–13.7; P < .001), with no overlap
between groups (Fig 2). CRP concentrations were sta-
ble in healthy dogs over 4 weeks (range <6.3–16.8 lg/
mL). During IMPA treatment, CRP concentrations
were significantly lower at both week 2 (10.6 lg/mL,
<6.3–48.8) and week 4 (<6.3 lg/mL, <6.3–24.4;
P < .001) compared with baseline, and by week 4,
were not statistically different from healthy dogs
(P = .61). CRP was significantly and positively corre-
lated with median CBPI scores across all IMPA dogs
and time points (r = 0.68; P < .001), and showed a
modest positive correlation with joint cellularity (num-
ber of joints with >3,000 nucleated cells/lL; r = 0.49,
P = .011) and a modest inverse correlation with mobil-
ity as measured by accelerometry (r = �0.42,
P = .048).

Plasma IL-6 concentrations were also significantly
increased in IMPA dogs before treatment (median

Table 1. Changes in joint cytology in 9 dogs with
immune-mediated polyarthropathy (IMPA) treated
with prednisone (50 mg/m2) for 4 weeks. Data shown
are the median with ranges for the number of affected
joints per dog (of 6 sampled) at each visit.

Synovial fluid

cytology Baseline Week 2 Week 4

Joints per dog with

>3,000 nucleated

cells/lL

5 (2–6)a 1 (0–6)a 1 (0–6)

Joints per dog with

>12% neutrophils

5 (2–6) 1 (0–6) 3 (0–6)

Joints per dog with

moderate-to-severe

inflammation

2 (0–5) 0 (0–3) 0 (0–3)

aSignificantly different (P = .008)

A B

Fig 1. (A) Canine brief pain inventory scores (CBPI) in dogs with immune-mediated polyarthropathy (IMPA) treated with prednisone

(50 mg/m2) over 4 weeks. Scores were reported by owners at each visit; data shown are the median individual scores of responses to 11

questions for each dog. Pain scores at weeks 2 and 4 are significantly lower than at baseline (P = .0017). (B) Accelerometry data as a

measure of daily activity in dogs with IMPA treated with prednisone (50 mg/m2) over 4 weeks. Data shown are accelerations per day

for each dog, as measured over the first 48 hours before the start of treatment, compared to the 48 hours before the 2- and 4-week

rechecks. Median accelerations were significantly higher at week 4 compared with baseline (P = .0024).
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45.9 pg/mL, range 28.6–871.5), compared with healthy
controls (median <15.7 pg/mL, <15.7–31.0; P < .001;
Fig 3). By week 4 of treatment, IL-6 concentrations
were significantly decreased in IMPA dogs (<15.7 pg/
mL, <15.7–157; P = .0099) compared with baseline,
with median concentration no higher than healthy
dogs (P = .39). IL-6 was significantly but modestly
correlated with CBPI scores (r = 0.47, P = .023) across
all time points in IMPA dogs.

Plasma concentrations of CXCL8 were more varied
among individual dogs, with consistent outliers
(>400 pg/mL) in both IMPA and healthy dogs over
time, and no statistical differences between groups
(Fig 4). However, the IMPA dog (SB) that developed

a newly diagnosed cruciate ligament rupture at week 4
of prednisone treatment showed a sharp increase in
plasma CXCL8 at this visit (560.6 pg/mL) compared
with baseline and week 2 (20.0 and 32.4 pg/mL,
respectively). Interestingly, we found comparably high
CXCL8 concentrations in 2 dogs that were screened
for the study, but were not enrolled because of a final
diagnosis of cruciate ligament rupture (plasma IL-8
653 and 1487 pg/mL, respectively).

Discussion

The overall goal of this study was to determine
whether noninvasive plasma markers of inflammation

Fig 2. Plasma C-reactive protein (CRP) concentrations over time in 6 untreated normal control dogs, and in 9 dogs with IMPA during

treatment with prednisone. CRP concentrations in IMPA dogs were significantly higher at baseline compared with healthy control dogs

(P < .001), and also decreased significantly during treatment at weeks 2 and 4 (P < .001).

Fig 3. Plasma interleukin-6 (IL-6) concentrations over time in 6 untreated healthy control dogs, and in 9 dogs with IMPA during treat-

ment with prednisone. IL-6 concentrations in IMPA dogs were significantly higher at baseline compared with healthy control dogs

(P < .001), and were also decreased significantly at week 4 of treatment (P = .0099).
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correlate with several measures of clinical response in
dogs with idiopathic IMPA, to include owner’s assess-
ment of pain by the CBPI, mobility by accelerometry,
and cytologic joint inflammation. The dogs in this
small study had an excellent treatment response to
prednisone based on body surface area dosing; and no
dog required rescue or second-line immunosuppressive
therapy. Synovial fluid neutrophil counts significantly
decreased and most were normal by 4 weeks into treat-
ment. Treatment decreased pain, improved function,
and increased mobility, as demonstrated by significant
changes in CBPI and accelerometry data. Two weeks
into treatment, all dogs had detectable clinical
improvement and significantly improved CBPI scores;
however, canine activity continued to improve and
became statistically significant from baseline at the
4-week recheck.

In all of the dogs with IMPA in this study, plasma
CRP concentrations were substantially greater than
those observed in our healthy dogs (≤16.8 lg/mL at all
time points) and those previously reported in healthy
dogs (observed upper limits of normal <8–23 lg/
mL)10,23–26; in fact, all IMPA dogs had a baseline
CRP >75 lg/mL. This is consistent with a previous
retrospective study using a different CRP assay (laser
nephelometric immunoassay), which demonstrated
increased plasma CRP concentrations (~ 25 to
>200 lg/mL) in 38 dogs at the time of diagnosis of
IMPA.9 In that study, however, CRP concentrations
were not followed beyond 2 weeks of treatment, and
were not correlated with joint cytology or other objec-
tive markers of response over time.9 Plasma CRP lev-
els using a human turbidometric assay were also
elevated in a dog with type II IMPA secondary to
Anaplasma phagocytophilum; however, this dog had
concurrent IMHA.10

In the dogs with IMPA in this study, CRP concen-
trations fell dramatically with prednisone monothera-
py, and were normal in 7 of 9 dogs by week 4. In
addition, plasma CRP was significantly correlated with
several markers of clinical response, to include CBPI
scores, mobility by accelerometry, and synovial fluid

total nucleated cell counts. This suggests that plasma
CRP may be a useful surrogate marker of both syno-
vial inflammation and clinical improvement at home in
dogs with IMPA. Two previous studies further suggest
that changes in CRP during treatment may have prog-
nostic significance. In the previous retrospective study
of IMPA dogs, those with plasma CRP concentrations
>10 lg/mL at approximately 2 weeks of prednisone
treatment were more likely to require continued immu-
nosuppressive treatment at 6 months after diagnosis.9

Furthermore, in the dog with IMPA secondary to
Anaplasmosis, episodes of clinical relapse were accom-
panied by increases in CRP, although joint cytologies
were not reported.10

CRP has also been evaluated in 34 dogs with stifle
osteoarthritis secondary to cranial cruciate rupture
(serum CRP <6 lg/mL in all dogs at the time of diag-
nosis),27 and in 29 dogs with elbow, stifle, or shoulder
osteoarthropathies (serum CRP ≤16.1 lg/mL in all
dogs).28 In our study, we also found normal CRP con-
centrations (<6.2 lg/mL) in 2 dogs with a final diagno-
sis of cruciate ligament rupture, without IMPA, that
were screened for eligibility (data not shown). These
observations suggest that CRP might be useful to help
distinguish between joint swelling attributable to local-
ized osteoarthritis versus systemic inflammation and
polyarthritis, although physical exam is usually
adequate to address this.

IL-6 is a cytokine with both proinflammatory and
anti-inflammatory effects, which is produced by leuko-
cytes, fibroblasts, synovial cells, chondrocytes, and
many other cell types.29 Serum concentrations of IL-6
are increased in human patients with RA compared
with those with osteoarthritis, and serum IL-6 corre-
lates with clinical disease indices30; furthermore, IL-6
is targeted in the treatment of RA in humans.31 In
this study, dogs with IMPA showed significantly
increased plasma IL-6 concentrations compared with
healthy dogs, and by week 4 of treatment, plasma IL-
6 concentrations had fallen to those of healthy dogs
in 7 of 9 IMPA dogs. However, unlike CRP, there
was some overlap between IL-6 in affected dogs at

Fig 4. Plasma interleukin-8 (CXCL8) concentrations over time in 6 untreated normal control dogs, and in 9 dogs with IMPA during

treatment with prednisone. CXCL8 concentrations in IMPA dogs were not different at any time point from healthy dogs.
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the time of diagnosis (28.6–871.5 pg/mL) and in
healthy dogs (<15.7–31.0 pg/mL). In addition, plasma
IL-6 was correlated with CBPI scores, but not with
synovial fluid cell count or mobility by accelerometry,
albeit in a small population. These findings suggest
that plasma CRP may be a more useful marker of
synovial inflammation than plasma IL-6 in dogs with
IMPA. However, because IL-6 is an important driver
of hepatic CRP expression,29 the role of IL-6 in the
pathogenesis of IMPA in dogs should be explored
further.

CXCL8 functions as a chemoattractant of neu-
trophils to sites of inflammation. However, we found
no differences in plasma CXCL8 concentrations
between dogs with IMPA and healthy dogs, and no
apparent change in plasma CXCL8 with prednisone
treatment, despite clinical and cytologic improvement.
A similar phenomenon has been demonstrated in
children with juvenile rheumatoid arthritis, in which
plasma CXCL8 concentrations might be only sporad-
ically elevated in some patients, and do not track
with clinical disease activity.32 Together, these data
suggest that plasma CXCL8 is not likely to be a sen-
sitive or specific biomarker of IMPA disease activity
in dogs.

We observed serendipitously that 3 dogs with cranial
cruciate ligament ruptures (2 dogs not enrolled and 1
IMPA dog with a new ligament rupture at week 4)
had markedly increased plasma CXCL8 concentra-
tions. Increased CXCL8 protein expression has been
shown in the synovia of dogs with cruciate ligament
ruptures,33 but plasma CXCL8 concentrations deserve
further evaluation in this disease syndrome.

This research was funded as a pilot study, and there-
fore has the limitation of a small population. However,
this is balanced in some respects by the uniform pro-
spective management of all cases. Even given the low
numbers of dogs, we were able to show significant
associations between plasma CRP and clinically rele-
vant outcome measures for IMPA. However, while
CRP might appear to be sensitive for changes in clini-
cal status in dogs with IMPA, CRP is certainly not
specific for this disease. For example, CRP is also ele-
vated in dogs with steroid-responsive meningitis arteri-
tis,22,34 which is another important differential in
young adult dogs with fever, pain, and stiffness. In
addition, the dogs in this study had a complete diag-
nostic work-up to eliminate other potential causes of
systemic inflammation. Without this exclusionary
work-up, an increased plasma CRP would be a very
nonspecific finding.

Overall, the results of this study indicate that plasma
CRP shows promise as a surrogate marker of synovial
inflammation and disease activity in dogs with primary
IMPA, both at the time of diagnosis and during pred-
nisone treatment. Plasma CRP might be particularly
useful in dogs with questionable clinical response his-
tories or as a surrogate to repeated arthrocenteses.
These results support the design of a follow-up study
in a larger number of dogs, to determine whether
plasma CRP or IL-6 concentrations are predictive of a

durable response to prednisone alone, or are useful as
sensitive markers of clinical relapse during or after
treatment discontinuation.

Footnotes

a Mini Mitter, Respironics Inc., Bend, OR
b BD Biosciences, San Jose, CA
c R&D Systems, Minneapolis, MN
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