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Background: Neutrophil extracellular traps (NETs) are part of the innate immune response and are essential in local

pathogen control, but are associated with pathological inflammation, organ damage, autoimmunity, and thrombosis.

Immune-mediated hemolytic anemia (IMHA) is a pro-inflammatory, prothrombotic disease associated with high mortality.

Hypothesis/Objectives: Neutrophil extracellular traps (NETs) are a feature of the inflammatory process in dogs with

IMHA. The objective of the study was to evaluate plasma from dogs with IMHA for the presence of 2 indirect markers and

1 direct marker of NETs.

Animals: Healthy client-owned dogs (56) and hospitalized dogs with IMHA (n = 35).

Methods: Prospective study. Plasma samples for all dogs were evaluated for cell-free DNA using a fluorescence assay, his-

tone-DNA (hisDNA) complex using an ELISA, and citrullinated histone H3 (specific for NETosis) using Western blot. Ref-

erence intervals were generated using plasma from healthy dogs.

Results: In dogs with IMHA, cell-free DNA concentration was above the reference interval in 17% of samples with a

median (range) of 1.0 lg/mL (0.1–17.3), and hisDNA concentration was above the reference interval in 94% of samples with

a median (range) of 30.7 9 pooled normal plasma (PNP; 0.6–372.1). Western blot for citrullinated histone H3 identified

detectable bands in 84% samples from dogs with IMHA.

Conclusions and Clinical Importance: The assay for cell-free DNA detected evidence of NETs in fewer dogs than did the

other approaches. Excessive NETs appears to be a feature of IMHA in dogs and contributions to the prothrombotic state

deserve further study.
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Neutrophils, the most abundant leukocyte in mam-
mals, are essential to host immunity. They are

highly mobile and rapidly recruited to sites of injury and
inflammation by chemokines, cytokines, and other
inflammatory mediators.1,2 Neutrophils target pathogens
by phagocytosis, degranulation, and generation of reac-
tive oxygen species. In 2004, a novel mechanism by which
neutrophils kill bacteria was described.3 In response to
pro-inflammatory mediators (eg, IL-8, endotoxin) or to
pathogens themselves, neutrophils extrude a chromatin
mesh originating from the nucleus (in some cases result-
ing in cell death)3 or from mitochondria (conserving the
integrity and function of the neutrophil).4 This extracellu-
lar chromatin matrix (termed neutrophil extracellular
trap or NET) creates a physical barrier to trap patho-
gens, and the attached histones and bactericidal enzymes

kill those pathogens.1,3 Eosinophils,5 basophils,6 mast
cells,7 and macrophages8 also can produce extracellular
chromatin traps.

The process of NET formation (NETosis) is active,
and distinct from other mechanisms leading to cell
death such as apoptosis. Neutrophil activation leads to
migration of elastase to the nucleus where it promotes
chromatin decondensation.9 Concurrently, in a process
unique to NETosis, arginines in histones undergo citrul-
lination by peptidylarginine deiminase 4 (PAD4).10–12

Current methods to quantify NETs in plasma include
approaches that measure either cell-free DNA or com-
plexes between histones and DNA fragments (hisDNA),
but neither of these approaches is specific for NET for-
mation. The presence of citrullinated histones is a speci-
fic marker for NETosis, but there are no currently
commercially available assays to identify citrullinated
histones in plasma.

Although NETs are essential for innate immunity,
they also have been implicated in the pathophysiology
of a number of noninfectious inflammatory processes in
humans and rodent models, including acute lung
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injury,13 ischemia-reperfusion injury,14 systemic lupus
erythematosus,15 vasculitis,16 rheumatoid arthritis,17

and the development of thrombosis.18–23 Immunohisto-
chemistry on venous thrombi has indicated the presence
of citrullinated histone H3.18,22 Furthermore, knockout
of PAD4 has been shown to prevent deep vein throm-
bosis in mice,24 suggesting that NETosis may be a use-
ful pharmacologic target for thromboprophylaxis.

Immune-mediated hemolytic anemia (IMHA) in dogs
is known to be associated with profound systemic
inflammation often with marked neutrophilia,25 and
thrombosis is a major contributor to the morbidity and
mortality of IMHA in dogs.26,27 We hypothesized that
NETosis is a feature of the inflammatory process in
dogs with IMHA. Our objective was to evaluate plasma
from dogs with IMHA for the presence of markers that
would indicate NETosis was occurring in this disease.

Materials and Methods

Ours was a prospective, observational study. Dogs admitted to

the University of Illinois Veterinary Teaching Hospital that were

identified to the clinical laboratory as having been diagnosed with

IMHA were eligible for inclusion. A definitive diagnosis then was

determined based on review of medical records. Diagnosis of

IMHA was based on: (1) the presence of regenerative anemia (he-

matocrit <30% with >60,000 reticulocytes/lL or anisocytosis and

polychromasia); (2) evidence of hemolysis (hyperbilirubinemia,

hemoglobinemia, bilirubinuria, hemoglobinuria, or some combina-

tion of these); and (3) a positive saline agglutination test, sphero-

cytosis, a positive Coombs test, or some combination of these.

Sample Collection and Processing

Whole blood EDTA or citrate samples that had been collected

by the responsible clinician were obtained from the clinical labora-

tory after clinician-requested assays had been completed. Plasma

was obtained from 26 apparently healthy dogs, as previously

described,28 to create reference intervals for the assays. The study

was approved by the University of Illinois Institutional Animal

Care and Use Committee, and informed owner consent was

obtained for all apparently healthy dogs. Informed consent was not

required for samples obtained from clinical patients that were sub-

mitted to the clinical pathology laboratory. For plasma production,

blood was centrifuged at 1,500 9 g for 10 minutes, and the upper

2/3 of the plasma removed. Plasma samples were divided into sepa-

rate aliquots and then frozen at �80°C until analysis.

Citrated pooled normal plasma (PNP) was produced by pooling

an equal volume of plasma from 30 apparently healthy dogs, as

previously described.28 For assays using citrated PNP as a stan-

dard, the results obtained using EDTA plasma were corrected for

the amount of plasma dilution by the citrate by dividing the

EDTA result by 1.11.

Fluorescence Assay for DNA

Plasma cell-free DNA was quantified using SYTOX Greena as

previously described.28 Briefly, plasma was diluted 10-fold to

1,280-fold in phosphate-buffered saline containing 0.1% bovine

serum albumin (PBSA) then mixed 2 : 1 with 1 mM SYTOX

Green in PBSA in a black 98-well microplate.b Fluorescence (exci-

tation 485 nm, emission 538 nm) was recorded on a Spectramax

M2 fluorimeterc and corrected for background (by subtracting

SYTOX emission in PBSA without plasma) and autofluorescence

(measured in identically diluted samples without SYTOX Green

added). The DNA concentrations were calculated based on a stan-

dard curve (0–1,000 ng/mL) of known concentrations of DNAd

diluted in PBSA. Concentrations in citrated plasma were corrected

for the dilution due to collection into the citrate volume.

ELISA for Histone-associated DNA Fragments
(hisDNA)

Plasma was evaluated for the presence of hisDNA using a com-

mercially available ELISA kite as previously described.28 Briefly,

plasma samples were diluted 3-fold to 280-fold into the supplied

incubation buffer, and applied to the plate in duplicate, then han-

dled according to the kit instructions. Rate of substrate cleavage in

each well was evaluated over 20 minutes at 25°C on a Versamax

Spectrophotometerf and compared to rates obtained from a stan-

dard curve consisting of serially diluted locally prepared mammalian

hisDNA, and then normalized to the value obtained for canine

PNP.

Western Blot for Citrullinated Histone H3

Plasma samples were thawed at 37°C for 5 minutes, then diluted

4-fold to 100-fold into 20 mM Hepes NaOH pH 7.4, 100 mM NaCl

(HBS). Each gel included an internal reference sample of canine his-

tones containing citrullinated H3. This reference material was pro-

duced by purifying histones from septic canine abdominal fluid

(from a dog with a gastrointestinal tract perforation verified on

cytology and at surgery) using EpiQuick Total Histone Extraction

kitg according to the manufacturer’s instructions. Samples were

boiled in reducing Laemeli buffer, loaded (20 lL) onto a 4–20%
Tris-glycine mini gel,h electrophoresed for 1.25 hours at 100V, then

transferred onto polyvinylidene difluoride (PVDF) membrane for

1 hour at 100 V. The membrane was blocked in 5% milk in tris-buf-

fered saline with Tween (TBST) (10 mM Tris HCl, pH 8.0, 150 mM

NaCl, 0.05% Tweens-20) for 2 hours at 25°C, then exposed to

0.5 mg/mL primary antibody (antihistone H3, citrulline

R2 + R8 + R17i) in 5% milk/TBST overnight at 4°C. Membranes

were washed 5 times in TBST, and then exposed to 1,000-fold

diluted secondary antibody (donkey anti-rabbit IgG-horseradish

peroxidasej) in 5% milk/TBST for 2 hours at 25°C, then again

washed 5 times. The chemiluminescence detection was performed

using Pierce ECL-2 substrate.k Films were developed using a stan-

dard photographic procedure, and quantitative analysis of detected

bands was carried out by densitometer scanning using GelDoc XR+
and ImageLab software.l

Statistical Analysis

Data sets were tested for normality by Shapiro-Wilk test. Cor-

relations between data sets were calculated using Pearson Product

Moment Correlation. Comparisons between data for survivors and

nonsurvivors at specific time points were determined using Mann-

Whitney Rank. Tests were performed by SigmaStat 4.0.m A P

value of <0.05 was considered significant.

Results

Patient Characteristics

Samples initially were collected from 41 patients, but
6 samples were excluded because of failure to meet the
defined criteria for a diagnosis of IMHA (5) or lack of
adequate samples to perform the assays (1). The cohort
included 25 spayed females, 4 intact females, and 6 neu-
tered males. Represented breeds included Labrador
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Retriever (3), Miniature poodle (3), Shih tzu (2), Minia-
ture Schnauzer (2), and 1 each of Bichon Frise, Blood-
hound, Boston Terrier, Chesapeake Bay Retriever,
Chihuahua, Chinese crested, Cocker spaniel, English
springer spaniel, Mastiff, Pomeranian, and Standard
poodle. The remainder (14) were of mixed breed. The
median (range) body weight for included dogs was 13.1
(4.5–50.0) kg. A summary of the results of relevant ini-
tial laboratory analysis is presented in Table 1. Hemo-
globinemia consistent with intravascular hemolysis was
identified in 7 samples, and 28 samples had evidence of
autoagglutination. Sufficient diagnostic tests to rule out
underlying disease were not performed in 7 patients. In
30 patients, diagnostic tests (eg, CBC, serum biochemical
profile, thoracic radiographs, abdominal ultrasound
examination, and SNAP 4Dxn) failed to identify an
underlying disease, suggesting a diagnosis of primary
IMHA; 2 patients had concurrent hepatic disease, and 2
had previous drug or vaccine exposure that could have
triggered secondary IMHA. Thirty patients had thoracic
radiographs interpreted as normal, 31 had abdominal
ultrasound findings with 4 recorded as abnormal but
interpreted as not clinically relevant (no further details
available). Of the 32 patients that had a SNAP 4Dx test
performed for infectious disease, none were positive. Of
the 31 patients that had sufficient data collected to calcu-
late a Canine Hemolytic Anemia Score (CHAOS)29

score, the scores were 1 (n = 2), 2 (n = 7), 3 (n = 8), 4
(n = 6), 5 (n = 6), and 7 (n = 2). Spherocytosis was doc-
umented as low (n = 9), moderate (n = 4), many (n = 4),
and present (n = 5). Outcomes during the initial hospi-
talization were survival to discharge (n = 26), euthanasia
(n = 7), or death (n = 2). At 28 days, 5 additional
patients had died or were euthanized, 1 patient was lost
to follow-up, and 20 patients were still alive. Of these 20,
13 patients were still alive at 180 days, and an additional
2 were lost to follow-up.

Cell-free DNA

The results of the SYTOX Green assay for plasma
cell-free DNA are reported in Figure 1. For 9 samples,

pigmentemia prevented acquisition of data because of
severe autofluorescence. Of the 26 samples for which
data could be obtained, 6 samples (17%) had cell-free
DNA concentrations above the established reference
interval of <1.5 lg/mL, with a median (range) of 1.0
(0.1–17.3 lg/mL). Plasma concentration of cell-free
DNA did not correlate significantly with blood neu-
trophil concentration (P = 0.87).

HisDNA

The results of the ELISA for hisDNA are reported in
Figure 2. Of the 35 samples evaluated, 33 samples
(94%) contained concentrations of hisDNA above the
established reference interval of <3.49PNP, with a med-
ian (range) of 30.7 (0.6–372.19). As observed in Fig-
ure 3, comparison of the results obtained with the
ELISA for hisDNA to those obtained with the SYTOX
Green assay for cell-free DNA indicated a significant
(P = 0.003) positive correlation (r = 0.59). Plasma con-
centration of hisDNA did not correlate significantly
with blood neutrophil concentration (P = 0.97).

Citrullinated Histone H3

The results of the evaluation by Western blot for
citrullinated histone H3 are reported in Figure 4A, and
examples of gel images of samples from apparently
healthy dogs and dogs with IMHA are presented in
Figure 4B,C, respectively. Of the 32 samples from dogs
with IMHA that were evaluated, 27 (84%) had detect-
able bands indicative of the presence of citrullinated his-
tone H3. In comparison, of the 26 samples from
apparently healthy dogs that were evaluated, 9 (35%)
samples had detectable bands, and none were of
marked intensity. Comparison of the results obtained
with the ELISA for hisDNA to those obtained by den-
sitometric assessment of the Western blots for citrulli-
nated histone H3 did not indicate a significant
correlation (P = 0.83). However, only 2 samples con-
tained detectable citrullinated histone H3 but had
hisDNA results within the reference range, and only 4

Table 1. Selected biochemical and hematological results from clinical samples of dogs with IMHA

Parameter Reference Interval Median Range N % Low % High

Leukocytes (9103/lL) 6–17 24.80 5.29–92.10 35 2.9 71.4

Neutrophils (9103/lL) 3–11.5 21.07 2.86–70.00 35 2.9 80.0

Bands (9103/lL) 0–0.3 1.34 0–11.05 35 NA 71.4

Monocytes (9103/lL) 0.2–1.4 2.22 0.44–9.09 35 0 65.7

Lymphocytes (9103/lL) 1–4.8 1.20 0–5.10 35 5.7 5.7

Hematocrita (%) 35–52 17.7a 7.4a 35 100.0 0

Platelets (9103/lL) 200–400 156.5 10–426 35 68.6 5.7

BUN (mg/dL) 6–30 20.5 9–55 34 0 22.9

Creatinine (mg/dL) 0.5–1.5 0.7 0.3–1.5 33 20.0 0

Total bilirubin (mg/dL) 0.1–0.3 1.9 0.2–29.7 35 0 91.4

Albumina (g/dL) 2.5–3.8 2.84a 0.42a 34 17.1 2.9

ALT (U/L) 8–65 67 21–3,129 34 0 48.6

aAlthough the majority of the data sets were nonparametric, hematocrit and albumin sets were normally distributed. Consequently, mean

(rather than median) and standard deviation (rather than range) are reported for these variables.
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samples had abnormally high hisDNA results but no
detectable band for citrullinated histone H3. There was
no correlation between the citrullinated histone H3 and
the SYTOX Green assay for plasma cell-free DNA
(Table S1).

Comparison of Outcome to Assay results

Each data set was divided into 2 groups based on
survival to discharge (Fig 5), survival to 28 days, and
survival to 6 months. For all analyses, the median value
for the nonsurvivor group was higher than that of the
survivor group, but the difference was not significant.

Discussion

Several recent studies have evaluated human plasma
for the presence of nucleosomal material in specific dis-
ease conditions,17,30–35 but published studies describing
NETosis in the veterinary literature are limited. Canine
neutrophils undergo NETosis in vitro in response to
stimulation.36,37 Recently, higher than normal concen-
trations of hisDNA were identified in the plasma of 7
dogs with IMHA.36 The presence of hisDNA, however,
indicates only that nucleosomal release has occurred
but does not determine the process that resulted in the
presence of nucleosomal material in the plasma. Cell-
free DNA and hisDNA can be released from infective
organisms, or be present as a result of cell necrosis,
apoptosis or NETosis. Our results confirm and extend
previous observations36 by demonstrating both excessive
nucleosomal material in plasma and excessive citrullina-
tion of histones in most of the dogs with IMHA.
Because citrullination may be a specific component of
NETosis,38 our data suggest that NETosis is indeed
excessive in dogs with IMHA. The lack of correlation
between the Cell-free DNA assay and the citrullinated
Histone H3 assay could mean that the assays are, in
part, detecting cell-free DNA from different sources (eg,
infective organisms, necrosis, and apoptosis) separate
from or in addition to NETosis.

Immune-mediated hemolytic anemia is a devastating
disease associated with high mortality,29,39,40 and the
marked inflammatory nature of IMHA may be an
important contributor to mortality. Dogs with IMHA
often have a marked leukemoid response, and may
develop systemic inflammatory response syndrome
along with its devastating sequelae.25 It is therefore not

Fig 1. Cell-free DNA in Plasma from Dogs with IMHA (n = 26).

Note that results could not be obtained with 9 samples due to pig-

mentemia. Due to the wide distribution of results, for visualization

purposes, the data are plotted on a log scale, but the data were

not log-transformed for analysis. The line of centrality denotes

median, the box indicates 25th to 75th percentile, and the whiskers

indicate 10th to 90th percentile. The gray-striped box represents

the established reference interval of <1.5 lg/mL. LLD, lower limit

of detection.

Fig. 2. Histone-DNA (hisDNA) Complexes in Plasma from Dogs

with IMHA (n = 35). Plasma samples were evaluated for hisDNA

using the cell death detection ELISA as described in the Methods

section. Results were normalized to that obtained with pooled nor-

mal plasma (PNP) to allow for comparison between laboratories.

For visualization purposes, the data are plotted on a log scale, but

the data were not log-transformed for analysis. The line of central-

ity denotes median, the box indicates 25th to 75th percentile, and

the whiskers indicate 10th to 90th percentile. The gray-striped box

represents the established reference interval of <3.4 X PNP.

Fig. 3. Comparison of cell-free DNA and Histone-DNA

(hisDNA) Complexes in Plasma from Dogs with IMHA. Compar-

ison of results obtained with the DNA fluorescence assay (y-axis)

and the ELISA for hisDNA complex (x-axis). Results were signifi-

cantly (P = 0.003) positively correlated (r = 0.59) via Pearson Pro-

duct Moment Correlation. For visualization purposes, the data are

plotted on a log-log scale, but the data were not log-transformed

for the analysis. The gray-striped box represents the reference

interval for each assay. LLD, lower limit of detection. PNP,

pooled normal plasma.
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surprising that a disease associated with neutrophilia
and hypercytokinemia41–43 results in excessive NET for-
mation. Interestingly, of the 3 types of assays

performed, none of the results correlated significantly
with the severity of neutrophilia in the patient. This
finding suggests that excessive NETosis in the IMHA
population is not merely a product of mobilization of
neutrophils to the peripheral circulation, but rather may
be a specific feature of the inappropriate immune
response in this particular disease process. Alternatively,
only specific subsets of the neutrophil population might
be undergoing NETosis in these patients.

NETosis is reported to be a feature of various
autoimmune inflammatory diseases in humans (eg, sys-
temic lupus erythematosus,15 vasculitis,16 and rheuma-
toid arthritis17) and may be an important contributor to
morbidity and mortality in these conditions. Further-
more, recent evidence suggests that NETosis also is
related to thrombosis. Citrullinated histone H3 has been
identified in thrombi,18,22 and knockout of PAD4 (the
enzyme necessary for citrullination) has been shown to
prevent deep vein thrombosis in a mouse model.24

Although it is widely accepted that thrombosis (or
thromboembolism) is an important feature of the clini-
cal presentation of IMHA in dogs,44 the exact mecha-
nisms predisposing these patients to thrombosis are not
clear. A relationship between systemic inflammation
and increased risk for thrombosis is well described.
Potential contributors also include procoagulant
microparticles,45 increased intravascular tissue factor
exposure,46 platelet hyper-reactivity,47,48 acquired
antithrombin deficiency,25,49 and antiphospholipid anti-
bodies. Based on our results, excessive NET formation
should be considered as a potential contributor to or
cause of thrombogenicity in dogs with IMHA. If
NETosis is indeed an important mechanism underlying
thrombus development in these patients, future thera-
peutic agents targeting this process may be of benefit in
dogs with IMHA. Approaches under investigation
include enzymes that degrade DNA and inhibitors of
either PAD4 or the complement cascade.50

We previously reported that the assay that detects
cell-free DNA in plasma, although rapid, inexpensive,
and easy to perform, is relatively insensitive.28 The

Fig. 5. Comparison of Survivors to Nonsurvivors. Data for dogs with IMHA were separated into 2 groups as regards to whether or not

the patient survived to be discharged from the hospital. (A) Results for cell-free DNA. (B) Results for the histone-DNA complex.

(C) Results for citrullinated histone H3. LLD, lower limit of detection. PNP, pooled normal plasma. REF, reference band. ND, no band

detected. S, survived. NS, did not survive.

Fig. 4. Citrullinated Histone H3 in Plasma. Plasma samples were

evaluated for the presence of citrullinated histone H3 via Western

blot as described in the Methods section, and quantified with

respect to an internal reference sample. (A) Distribution of results

obtained for plasma from dogs with IMHA (n = 32). The line of

centrality denotes median, the box indicates 25th to 75th per-

centile, and the whiskers indicate 10th to 90th percentile. The

gray-striped box represents the reference interval of <0.48 9 REF

based on 95% confidence interval using samples from 26 appar-

ently healthy dogs. (B) Example of Western blot image with sam-

ples from apparently healthy dogs. (C) Example of Western blot

image with samples from dogs with IMHA. For B and C, the

arrow denotes the location of the 17.4 KDa protein ladder band.

Numbers at the top refer to the lane numbers. REF, the band lane

containing the purified histone reference sample. Most plasma

samples were diluted 4-fold before loading, except for those

denoted with *(8-fold), #(16-fold), and ^(32-fold).
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information presented here using plasma from dogs
with IMHA confirms this previous finding, because the
test only identified increased amounts of plasma cell-
free DNA in 17% of samples (compared to much
higher percentages using other approaches). Because
pigmentemia can interfere with the assay, we were not
able to obtain a result for 26% of the samples. We sus-
pect that the concentration of cell-free DNA may also
have been increased in some (or all) of the samples that
could not be assayed, which means that had results
been obtained for these samples the percentage of
abnormal results might have been higher. Unfortu-
nately, this is a major limitation of the cell-free DNA
assay, because the majority of samples from dogs with
IMHA will have pigmentemia. This assay, however, still
was relatively insensitive as compared to the hisDNA
ELISA (see Fig 3). Interestingly, all of the samples with
increased cell-free DNA also were abnormal on the
ELISA for hisDNA, suggesting high specificity for the
cell-free DNA assay. It may therefore be useful as a
screening tool but is less likely to be of clinical utility as
a prognosticator. Extracting the DNA from pigmented
plasma may be an option to improve the utility of this
method.

Our study had several limitations. Because of the
observational nature of our study, we were not able to
mandate the diagnostic tests that were performed on
these patients. Our criteria for confirming a diagnosis of
IMHA were broad and did not distinguish between pri-
mary and secondary causes of IMHA. Consequently,
some of our patients may have had clinically relevant
concurrent conditions (eg, neoplasia, infectious diseases)
that could have contributed to increases in NET mark-
ers. Furthermore, our population was quite variable in
nature, including both patients with evidence of intra-
and extravascular hemolysis, as well as a wide range
and severity of illness as suggested by the distribution
of CHAOS scores. This heterogeneity, in addition to
relatively small patient numbers, resulted in low power
to detect statistically significant associations that might
be present between outcome and markers for nucleoso-
mal release that we evaluated. A comparison between
healthy individual dogs and those with IMHA would
have been beneficial and may be helpful in future stud-
ies. A definitive evaluation of the potential prognostic
value of measuring indicators of NETosis awaits further
study in a larger population.

Footnotes

a SYTOX Green1, Life Technologies, Grand Isle, NY
b Microplate (98 well), Corning, Tewksbury, MA
c Spectramax M2 fluorimeter, Molecular Devices, Sunnyvale, CA
d DNA, ThermoFisher, Waltham, MA
e Cell Death Detection ELISA, Roche Diagnostics GmbH, Man-

nheim, Germany
f Versamax Spectrophotometer, Molecular Devices, Sunnyvale,

CA
g EpiQuick Total Histone Extraction kit, EpiGenTek Group, Inc,

Farmingdale, NY

h Tris-glycine mini gel, Bio-Rad, Hercules, CA
i Antihistone H3, citrulline, Abcam, Cambridge, MA
j Donkey anti-rabbit IgG-horseradish peroxidase, ThermoFisher,

Waltham, MA
k Pierce ECL-2 substrate, ThermoFisher, Waltham, MA
l GelDoc XR+ and ImageLab, Bio-Rad, Hercules, CA
m SigmaStat 4.0., Systat Software, San Jose, CA
n SNAP 4Dx test, IDEXX, Westbrook, ME
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