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Abstract The endotoxin activity assay (EAA) is a FDA-
approved blood endotoxin assay that is reported as a useful
tool for the diagnosis of gram-negative bacterial infection.
However, discrepancies between the results of the EAA
and those of the limulus amebocyte lysate (LAL) assay
have been reported. Thus, we verified these methods.
Blood was incubated with anti-endotoxin antibody, the
resultant polymorphonuclear activation to produce oxidants
was measured and the EAA level calculated. As a reference
endotoxin assay, we used an endotoxin-specific LAL assay.
Significant increases in plasma LAL assay levels were
observed only in patients with sepsis caused by gram-
negative bacterial infections, whereas higher EAA levels
were observed in almost all the sepsis cases and the SIRS
cases, especially those with acute pancreatitis. Graded
amounts of LPS (1-10,000 pg/ml) were spiked into normal
blood to obtain dose-response curves: a good dose—
response curve, from 1 to 1,000 pg/ml, was obtained for
the LAL assay. A good dose-response curve was barely
obtained for the EAA; the lowest detection limit seemed to
be 1,000 pg/ml. Addition of methylprednisolone decreased
the EAA levels. Interleukin-8 (IL-8) induced elevation in
EAA levels when IL-8 was added to volunteers’ blood
samples. Overall, the EAA kit could not measure clinically
relevant doses of endotoxin. Because IL-8 induced an
increase in EAA level, it is suggested that the EAA level
reflects the primed state of polymorphonuclear leukocytes.
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Introduction

Endotoxins are lipopolysaccharides (LPS) and cell-wall
constituents of gram-negative bacilli. When liberated into
the body from lysed bacteria in sepsis situations, endo-
toxins act upon macrophages to induce the release of
inflammatory mediators, which can in turn give rise to
endotoxin shock and multiple organ failure. The role of
endotoxins in sepsis has long been a subject of discussion
and debate, and it has been a common practice to quantify
the plasma endotoxin level using the endotoxin-specific
limulus amebocyte lysate (LAL) assay in Japan. This test
contributed to the establishment of the concept that endo-
toxemia is only associated with bacterial infections [1-3].
As the B-p-glucan or glucan-like activity [4] reacts in the
factor G-mediated cascade of LAL, a glucan-specific lim-
ulus test has been developed in Japan for the diagnosis of
deep fungal infection [5], and this test was recently
approved by the US FDA [6].

As an endotoxin-specific LAL assay, subpicograms of
plasma endotoxin can now be measured using the national
health insurance-covered turbidimetric kinetic assay method
[7, 8]; this assay was used in the present study and is more
sensitive than the previously used synthetic chromogenic
substrate assay method [9]. The structural requirements of the
lipid A portion of LPS in the activation of clotting enzyme
from the amebocyte lysate were investigated in detail by
Takada et al. [10], providing theoretical grounds for the
ability of the limulus test to truly quantify endotoxin, and the
precise structure of lipid A, which induces the activation of
the limulus cascade, was elucidated.
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At our Advanced Critical Care and Emergency Center,
the determination of plasma endotoxin levels is usually
performed using the turbidimetric kinetic assay. We have
also attempted to use the endotoxin activity assay (EAA) to
secure important information for diagnosis and treatment.
The EAA is a chemiluminescent immunodiagnostic test for
the detection of endotoxin in the plasma [11, 12]. This test
has many steps, i.e., the formation of a complex of LPS and
anti-LPS murine IgM antibody, complement activation,
and the adherence of C3b to CR1 and CR3 on the surface
of polymorphonuclear leukocytes (PMN) to prim the PMN.
The primed PMN are then activated by complement-
opsonized zymosan to release oxidants.

Recently, discrepancies between the results of the EAA
and those of the LAL assay have been reported [13, 14].
We previously experienced a case with a low EAA value in
a patient who had been treated with a steroid [15]. In this
study, we examined the possibility that the EAA results
may reflect a factor other than the blood endotoxin level.

Patients and methods
Patients

Sepsis was diagnosed in accordance with the diagnostic
criteria proposed by the Members of the American College
of Chest Physicians/Society of Critical Care Medicine
Consensus Committee [16]. The study population consisted
of 44 patients who were admitted emergently or with newly
developed sepsis at this institution between April 2008 and
November 2009 (Table 1). The chief physician for the 44
cases treated at this center was the first author of this paper,
and all these cases were enrolled in the present study. All
the specimens that were tested had been collected at the
time of diagnosis. Before collecting the blood samples
from each patient, the informed consent of the patient’s
family and the approval of the ethics committee of the
Iwate Medical University were obtained (Approval No.
H19-1). Among the patients who were diagnosed as having
an infection, those failing to meet the diagnostic criteria for
sepsis were excluded from this study.

EAA

The EAA (Spectral Diagnostics, Toronto, Canada) was
performed according to the manufacturer’s instructions
(Fig. 1). Each blood sample was collected in a sterile
Vacutainer tube (BD Bioscience, San Jose, CA, USA)
containing EDTA anti-coagulant. Five hundred milliliters
of blood was then added to an aliquot tube (empty tube)
and an LPS MAX tube. In the LPS-MAX tube, 2.3 ng of
Escherichia coli O55:B5 LPS had been previously added,
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Table 1 Overview of the 44 patients included in the study

Patient characteristics Number of
cases
Sepsis
Gram-negative bacterial infections 7
Gram-positive bacterial infections 11

Infections for which the causative agent could not 5
be identified

SIRS (systemic inflammatory response syndrome)
Acute pancreatitis 3
Extensive burns
Trauma
Others
Monkshood poisoning
Subarachnoid hemorrhage
Thrombocytopenia
Ischemic enteritis
Alcoholic ketoacidosis
Non-SIRS
Total 44

N = = = = e

according to the manufacturer’s instructions. After incu-
bation for 10 min at 37 °C, 40 ml blood from the aliquot
tube was added to tube 1 and to tube 2, and 40 ml blood
from the LPS-MAX tube was added to tube 3. Previously,
lyophilized reagents containing luminol, complement-
opsonized zymosan (in all the tubes), and anti-LPS
monoclonal antibody (in tubes 2 and 3) were reconstituted
with Hanks’ balanced salt solution (1 ml). The three tubes
were incubated for 15 min at 37 °C with constant shaking;
then, light emission was monitored using a temperature-
controlled (37 °C) photon-counting luminometer (Berthold
953; Henry Troemner, Thorofare, NJ, USA) to detect
oxidants produced by activated PMN. Tube 1 reflected the
baseline neutrophil activation in the absence of exogenous
immune complexes. Tube 2 contained a specific anti-LPS
murine IgM antibody that primes neutrophil activity in
proportion to the concentration of LPS in the blood.
Finally, tube 3 contained specific anti-LPS murine IgM
antibody and an excess of LPS, so that the chemilumi-
nescence would reflect the maximum response of an indi-
vidual patient’s sample. The EAA level was calculated
using the formula shown in Fig. 1. The EAA levels were
graded into three categories: low EAA level, <0.40; mid-
EAA level, 0.40-0.59; high-EAA level, >0.60. The values
of normal volunteers reportedly correspond to a low EAA
level (<0.40) [12].

LAL assay

The endotoxin-specific turbidimetric kinetic assay (Wako
Pure Chemical Industries, Osaka, Japan), designed specifically
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Fig. 1 Illustrated procedure for endotoxin activity assay (EAA).
Blood is collected into an EDTA-containing blood collection tube;
500 pl blood is poured into an aliquot tube and an LPS MAX tube, in
which excess lipopolysaccharide (LPS) was added in advance. Tubes
are incubated for 10 min, at 37 °C with shaking. Then, 40 pl blood in
an aliquot tube is poured into tubes 1 and 2; 40 pl blood in the LPS
MAX tube is poured into tube 3. An anti-LPS monoclonal antibody

for the detection of endotoxin by the addition of an excess
amount of B-p-glucan, was used [7, 8]. Endotoxin-free tips
(BioClean tips; Wako) were used to handle the samples.
Heparinized blood was centrifuged in a countertop centrifuge
at 3,000 rpm for at least 40 s to spin down the erythrocytes,
and the resultant supernatant was used as platelet-rich plasma
(PRP). The PRP was diluted tenfold with the pretreatment
solution (0.02 % Triton X100 in water; Wako), then heated at
70 °C for 10 min followed by cooling on crushed ice to
obtain the pretreated sample. This dilution and heating pro-
cedure inactivates the enhancing and inhibiting activities of
the limulus assay, which are also factors relevant to the
coagulation pathway in the plasma [17]. The LAL reagent
(Endotoxin Single Test Wako; Wako) was dissolved in 200 pl
of this pretreated sample and was used for the assay, which
was conducted using a Toxinometer MT-5500 (Wako). The
gelation time was defined as the length of time from the start
of the assay until the dimming of the transmitted light to a
point corresponding to an 8 % reduction. The concentration of
endotoxin was calculated using a calibration curve con-
structed using standard LPS solutions (derived from E. coli
O111:B4; Sigma-Aldrich). The maximum reaction time of
this apparatus was set at 200 min, and the apparatus was
capable of measuring about 0.04 pg/ml LPS. The minimum
detection limit was dependent on the lot of the reagent.
Because the endotoxin content of plasma diluted ten times
was measured, the measurement limit of the plasma endotoxin

Tube 2 - Tube 1
AA=
Tube 3 - Tube 1

Tube 1
(1mL, Luminol-Zymosan)

37°C,15 min, shaking

Tube 2
(1mL, Luminol-Zymosan,
Anti-LPS antibody)

37°C,15 min, shaking

Luminometry

Tube 3
(1mL, Luminol-Zymosan,
Anti-LPS antibody)

37°C,15 min, shaking

(tubes 2 and 3), complement-opsonized zymosan (tubes 1, 2, 3), and
luminol (tubes 1, 2, 3) were added to these tubes previously and
dissolved using a solvent (Hanks’ balanced salt solution). Tubes are
then incubated for 15 min and photons counted using a luminometer.
EAA level was calculated using the formula shown. All testing was
done in duplicate; mean values were used in this study

was ultimately about 0.4 pg/ml. The cutoff value for endo-
toxemia was set at 1.1 pg/ml [2].

Endotoxin detection in the EAA test tubes

As an aliquot tube, tube 1, tube 2, and tube 3 must be
endotoxin free; therefore, these tubes were tested for any
trace of endotoxin. One milliliter of endotoxin-free water
(<0.04 pg/ml) or endotoxin extracting solution (Wako)
was added to each of these tubes, mixed in a vortex mixer,
and assayed using the LAL assay. Endotoxin contamina-
tion was confirmed by adding polymyxin B (10 pg/ml) or
anti-activated factor C monoclonal antibody (clone no.
T8617A; Immunology Institute, Tokyo, Japan). Polymyxin
B is a well-known inhibitor of LPS activities [18]. The
monoclonal antibody was made using spleen cells from
mice immunized with a complex of factor C and LPS
(E. coli O111:B4) [19]. The antibody inhibits the limulus
cascade reaction by binding with factor C. The limulus
reagent was dissolved with polymyxin B or the monoclonal
antibody, and the test samples were added to the mixture.
The endotoxin levels were then measured using a Toxi-
nometer. The final concentrations of polymyxin B and the
antibody were 10 and 20 pg/ml, respectively.

Effect on EAA levels of adding polymyxin B to whole
blood: Polymyxin B (Sigma-Aldrich) was added at a dose
between 0.1 and 10,000 pg/ml to whole blood (previously
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incubated for 30 min) obtained from healthy subjects, and
the blood was incubated for 30 min. The EAA level of the
resultant mixtures was then compared with that of the
control whole blood to explore the influence of polymyxin
B on the EAA levels.

Preparation of dose-response curves for the two
methods

Serially diluted LPS (E. coli O111, B4) were used to spike
whole blood obtained from healthy subjects. An EAA was
then performed, and the plasma endotoxin contents were
also measured using the LAL assay.

Effect on EAA levels of adding a steroid to whole blood

Blood from healthy volunteers was incubated for 2 h at
37 °C in the presence or absence of methylprednisolone
(Solu-Medrol; Pfizer), and the EAA levels of the resultant
mixtures were measured.

Effect on EAA levels of adding interleukin-8 (IL-8) to
whole blood: Human recombinant IL-8 (Wako) was added
at doses of 4, 20, or 100 ng/ml to whole blood from healthy
subjects, and the resultant mixture was incubated for up to
1 h. The EAA levels of the mixtures were compared with
that of the control whole blood to explore the influence of
IL-8 on the EAA levels.

Statistics
Any differences with P < 0.05 found during a statistical

analysis of the data using the Student’s ¢ test and Bonfer-
roni test were considered significant.

Fig. 2 Box plot of EAA levels \

Results

Comparison of LAL assay and EAA levels in patients
with sepsis and those with SIRS

The EAA levels in the patients with sepsis were not sig-
nificantly higher than those in the patients with systemic
inflammatory response syndrome (SIRS) (Fig. 2). When
the sepsis group was divided into three groups according to
the causative pathogens, no significant differences in the
levels were noted among the three groups. When the values
were compared among the SIRS cases, the plasma EAA
levels were significantly higher among the cases with acute
pancreatitis and were lower among the cases with intensive
burns and trauma. On the other hand, the LAL assay levels
were significant higher only in the gram-negative infection
group, compared with the other groups (Fig. 3). As
expected based on the aforementioned data, no correlations
between the EAA and LAL assay levels were found in the
sepsis and SIRS groups (Fig. 4).

Endotoxin detection in the EAA test tubes

Endotoxin was detected in the three tubes included in the
EAA kit that was tested. In the aliquot tube, the endotoxin
level was less than the detection limit (<0.05 pg/ml). These
tubes were evidently contaminated with endotoxin, as the
endotoxin levels in the tubes were reduced by the addition
of polymyxin B (Table 2). About 99 % of the limulus
activity found in tube 2 was decreased by the addition of
the anti-factor C monoclonal antibody to tube 2. Mean-
while, in a control experiment, almost 100 % of the limulus
activity of 10 pg of LPS was inhibited by the addition of

in sepsis group, systemic 15

*

inflammatory response
syndrome (SIRS) group, and 0.9
non-SIRS group. Sepsis group
was divided into three groups: 0.8 1
gram-negative infections, gram-
positive infections, and 0.7 4
suspected sepsis cases (source
of infection unknown). SIRS < 0.6 1
group was divided into four 3 B
groups: acute pancreatitis, < 051 ﬁ E
severe burns, trauma, and ﬁ 0.4 b L
others. Asterisk indicates '
statistical significance 0.3
(P < 0.05) between two groups
(Bonferroni test) 0.2

0.1
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Fig. 4 Correlation between EAA and LAL assay values in sepsis and
SIRS groups

Table 2 Endotoxin levels in three reaction tubes

Lot Tube 1 Tube 2 Tube 3

no. (negative control)  (sample tube) (positive control)
209K 53.7 (0.39%)/35.3 49.8 (0.38%)/58.0  37.7 (0.42)/40.2
083E 16.1/14.7 16.9/12.8 16.1/15.4

059E 13.4/14.0 21.9/20.8 14.7/19.7

010K  38.6/32.6 40.3/41.9 Not done

Values are expressed as pg/ml

To each of two tubes randomly selected from tubes 1, 2, and 3 in the
test kit was added 1 ml H,O. Limulus activity was measured using a
turbidimetric kinetic assay

* Polymyxin B at 10 pg/ml was added to the three samples (209K)
and limulus activity was measured again. Even when the endotoxin-
extracting solution was used instead of H,O, endotoxin content in the
solutions was similar to those extracted with H>O (lot no. 209K; data
not shown)

Amount of LPS added (pg/mL)

Fig. 5 Dose-response curve for EAA using a whole blood sample
spiked with LPS. Serially diluted LPS (1-10,000 pg/ml Escherichia
coli O111, B4, Sigma, in 10 pl physiological saline) or physiological
saline was spiked into 1 ml whole blood obtained from healthy
subjects; EAA assay was soon performed. Three experiments with
different blood samples used an EAA kit (lot no. 09EKO005C).
Mean =+ SD is depicted

the antibody. Endotoxin was not detected (less than the
detection limit, i.e., <0.05 pg/ml) in the blood collection
tube (BD sterile Vacutainer tube containing EDTA anti-
coagulant).

Preparation of dose-response curves

When LPS was used to spike a volunteer’s blood sample,
the corresponding amounts of LPS (about 60-80 % of the
limulus activity of added LPS) was recovered when the
LAL assay was used, and a good correlation curve was
obtained (Fig. 5). However, no such results were observed
when the measurements were conducted using the EAA,
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Fig. 6 Dose-response curve for LAL assay using LAL assay levels 2
for same blood samples as in experiment shown in Fig. 5. LAL assay 2
levels in saline-spiked bloods were <0.4 pg/ml. Mean £ SD is :E
depicted w 0.2
Table 3 Effect of methylprednisolone on endotoxin activity assay 0.1 ‘ ‘ ‘
(EAA) level PBS() 4 20 100
IL-8 ng/ml
—LPS +LPS
(physiological saline) Fig. 7 Effect of interleukin-8 (IL-8) on EAA level using blood
samples from three volunteers. IL-8 or phosphate-buffered saline
Control' . . 0.180 + 002 0.71 £ 0.09 (PBS(—)) at 10 pl was added to 1 ml blood; mixture was vigorously
(physiological saline) mixed and incubated for 60 min and EAA was then performed in
-+Methylprednisolone 0.140 £ 0.02* 0.29 + 0.19% duplicate (EAA kit, lot no. I0EK0014L). Endotoxin content in 100 ng

(120 pg/ml)

Values are expressed as mean £ SD; three blood samples

Steroid or physiological saline was added to whole blood obtained
from a normal volunteer in the presence or absence of lipopolysac-
charide (LPS) (1,000 pg/ml) and incubated for 1 h at 37 °C. EAA was
then performed. Dose of steroid (120 pg/ml) was the C,,x value when
500 mg steroid was administered to a patient. EAA kit lot no.
10EKO0014L (in presence of LPS) and 12EK00291 (in absence of
LPS) was used

*P < 0.05 versus physiological saline control (Student’s ¢ test, two-
tailed, paired)

and an EAA level that was significantly higher than the
control level was only noted when as much as 1,000 pg/ml
LPS was added (Fig. 6).

Effect on EAA level of adding a steroid to whole blood
The EAA levels decreased noticeably following the addi-
tion of methylprednisolone (120 pg/ml) in the presence or
absence of LPS (1,000 pg/ml) (Table 3). However, the
LAL levels were not affected by the addition of methyl-
prednisolone (data not shown).

Effect on EAA level of adding IL-8 to whole blood

IL-8 was added to whole blood samples from three vol-
unteers and the samples were incubated for up to 1 h. The
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IL-8 solution was less than detection limit (<0.04 pg). Means (£SD)
of light emission of tubes 1, 2, and 3 are depicted as circles, squares,
and triangles, respectively (a). Mean EAA levels are shown in
b. *P < 0.005 versus PBS(—) control (Student’s ¢ test, two-tailed,
paired). **P < 0.05 versus PBS(—) control (Student’s ¢ test, one-
tailed, paired)

EAA levels were then examined. As shown in Fig. 7, the
light emissions of tube 2, and tube 4, but not that of tube 1,
tended to be increased by the addition of IL-8, and resultant
EAA levels were elevated by the addition of IL-8 in a dose-
dependent manner.

Discussion

In this study, we verified whether the EAA truly measures
the plasma endotoxin level. First, we compared the endo-
toxin levels determined using the LAL assay and the EAA
in patients with sepsis or SIRS; we have found that the
EAA levels were elevated in patients with sepsis or SIRS,
especially those with pancreatitis (Fig. 2), although high
LAL assay levels were only found in patients with gram-
negative sepsis (Fig. 3). Therefore, no correlations between
the EAA and LAL assay levels were seen for patients with
sepsis or for those with SIRS (Fig. 4), as previously
reported [13, 14].
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Of note, the EAA level in a normal volunteer was as
high as 0.4. We suspected that the high EAA level even in
the normal volunteer might have been caused by endotoxin
contamination in the tubes attached to the EAA kit. We
detected as much as 30 pg endotoxin in the tubes (Table 2).
The endotoxin contamination was confirmed using inhibi-
tory experiments with polymyxin B and anti-factor C
monoclonal antibody. Next, we investigated the influence
of polymyxin B by adding it to tube 1 and to tube 2 before
performing the EAA. As a result, polymyxin B scarcely
decreased the EAA levels in the volunteer’s blood (data not
shown). Thus, we concluded that endotoxin contamination
did not influence the EAA levels even in the normal vol-
unteer’s blood sample.

According to the original paper by Romaschin et al. [11]
concerning the EAA, good dose—response curves for whole
blood samples were obtained for doses of 20, 50, 100, 200,
400, and 800 pg/ml of LPS, and the significant reactivity
level of LPS in the EAA seemed to be more than 20 pg/ml.
Therefore, we confirmed the dose-response curve for the
EAA after the addition of graded amounts of LPS to vol-
unteers’ blood samples. Surprisingly, the curve unexpect-
edly differed from that described in the original paper [11].
In our result, the lowest detection limit was 1000 pg/ml in
three volunteers’ blood sample (Fig. 6). The result was
confirmed by another lot of kit (data not shown). We could
not explain the discrepancy between the present results and
those of the original paper, although the assay procedures
were slightly different [11]. Regardless, the detection limit
(20 pg/ml) of the original method may not be sufficient to
measure endotoxin levels in the blood, because patients
with plasma endotoxin content <20 pg/ml are occasionally
encountered (Figs. 3, 4) [1-3, 15, 17]. As the detection
limit of the EAA, which was used in the present study,
seemed to be 1,000 pg/ml endotoxin, the amount of
endotoxin contamination is unlikely to influence the EAA
values.

In tube 2, anti-LPS monoclonal antibody and comple-
ment-opsonized zymosan were added, whereas only com-
plement-opsonized zymosan was added to tube 1 according
to the description in the instruction manual. If a human is
carrying an antibody against mouse IgM protein, immune
complex formation as a result of the human anti-mouse
IgM antibody (HAMA-IgM) and the mouse IgM protein
will also occur in tube 2. Humans have been reported to
carry HAMA-IgM [20], and we also confirmed the pres-
ence of HAMA-IgM in human plasmas (data not shown).
Thus, the EAA level may rise because of the presence of
HAMA-IgM. Therefore, the presence of HAMA-IgM
should be compensated for by adding murine IgM protein,
which has no reactivity with human proteins and LPS, to
tube 1.

The aforementioned data strongly suggest that the EAA
does not reflect the endotoxin content in blood samples.
The EAA has many steps, i.e., immune complex formation,
complement activation, binding of the complement com-
ponent to the PMN, priming of the PMN, and activation of
the PMN. Other than immune complex formation, which of
these steps has the largest influence on oxidant formation?
These steps can be influenced by pharmacological treat-
ments and the physiological states of patients. A clinical
dose of methylprednisolone intensively reduced the EAA
value (Table 3). Glucocorticoids are known to act on PMN
to reduce oxidant production [21]. Thus, a factor that
interferes with PMN activation suggested influencing the
EAA level.

The levels of inflammatory cytokines, such as TNF-a,
IL-6, and IL-8, are elevated in patients with sepsis [1, 22],
and these cytokines are known to induce PMN to enter a
primed state characterized by the enhanced responsiveness
to subsequent stimuli [23]. Therefore, we investigated the
effect of the addition of IL-8 on the EAA level. As shown
in Fig. 7, the values of tube 2 and tube 3 were increased by
the addition of IL-8 in a dose-dependent manner. The value
of tube 1 was barely increased by the addition of IL-8, and
the calculated EAA level was gradually increased by the
addition of IL-8. The reason why IL-8 is capable of ele-
vating the EAA level is likely the absence of complement-
opsonized zymosan in tube 1. However, according to the
instruction manual, complement-opsonized zymosan
should be added to both tube 1 and tube 2. Anyway,
obviously IL-8, but not endotoxin, induces an elevation in
the EAA level. We also confirmed that TNF-a increased
EAA level in volunteer’s blood (data not shown). Thus, the
priming of PMN by inflammatory cytokines is a key pro-
cess to enhance EAA level in patient with infections.

In this study, we reported relatively high EAA values in
patients with acute pancreatitis, although the LAL assay
levels were within the cutoff value (Figs. 2, 3). As
enhanced PMN function and a high IL-8 level have been
reported in patients with acute pancreatitis [24, 25], the
high EAA level suggested to be associated with the prim-
ing of the PMN by IL-8. On the other hand, the EAA levels
in patients with severe burns and trauma were relatively
low upon admission to our emergency center. In these
acute phases of injury, PMN function reported to be spo-
radically reduced [26, 27].

The EAA is an FDA-approved assay method for mea-
suring blood endotoxin levels, and this assay system is
reportedly used in the United States and Europe. However,
we could not measure a clinically relevant amount of
endotoxin in human blood by the EAA Kkit. It was suggested
that the EAA kit is, rather, a method of measuring the
degree of priming of PMN.
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