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Background and Objective: Periodontal disease has been linked with an increased
risk of various systemic diseases. A plausible biologic explanation for this link
includes the opportunity for oral pathogens to translocate to the circulation as a
result of breakdown in integrity of the oral epithelium. This study refined a
methodology used to detect endotoxin activity in the serum of subjects with
indolent periodontal infections.

Material and Methods: The QCL® Kinetic Chromogenic Assay (Cambrex) is a
kinetic measure of endotoxin activity. Sera from 211 pregnant women with
periodontitis enrolled in the Obstetrics and Periodontal Therapy Trial were used to
develop the assay further and to evaluate the detection of endotoxin activity that
might accompany a low-level bacteremia in chronic periodontitis.

Results: We optimized the system to increase the sensitivity and reproducibility of
the assay. The refined system was able to detect endotoxin activity in serum at

> 0.0125 EU/mL. At baseline (13-16 wk of gestation), 35.5% of the women were
positive for endotoxin activity (1.62 + 2.21; range: 0.38-15 EU/mL).

Conclusion: This report describes a sensitive measure of endotoxin activity in
serum. The procedure allowed us to document levels of this microbial virulence
factor in serum of individuals with indolent infections such as periodontal disease.
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Endotoxin classically describes the
biologic activity of the lipopolysac-
charide structure comprising the outer

actions between lipopolysaccharide
and host cells result in up-regulation of
the transcription of numerous genes,

membrane of gram-negative bacteria
(1).  Lipopolysaccharide,  through
engagement of lipopolysaccharide-
binding protein (2,3) in serum and
CD14 antigen on various cell types,
particularly monocytes/macrophages,
activates host cells at very low con-
centrations (3-5). In addition, Toll-like
receptor-2 and -4, as cell-surface pat-
tern-recognition receptors, bind lipo-
polysaccharide as a ligand to initiate a
cascade of multiple intracellular sig-
naling pathways (4,6-8). These inter-

leading to the elevated production of
an array of cytokines, chemokines and
lipid mediators that contribute to both
acute and chronic inflammatory
responses to control the infection (3,9).
Systemic bacteremia with gram-nega-
tive bacteria, resulting in a septic
infection, delivers lipopolysaccharide
to the circulation. Circulating endo-
toxin in the vasculature triggers the
release of cytokines and acute-phase
reactants, contributing to disseminated
intravascular coagulation pathways

leading to multiple organ
failure (10-12).

In contrast to overt septic infections,
various human diseases are expressed
as chronic infections. These are usually
localized to specific tissues or organs
and, through induction of a chronic
inflammatory response, can lead to loss
of function of the tissues/organs.
Moreover, the chronic local inflam-
mation can release factors that may
elicit systemic inflammatory responses
(13,14). Periodontitis is a disease with
localized tissue destruction, reflecting a
chronic immunoinflammatory lesion
(15-17) initiated by oral infection with

system



2  Ebersole et al.

a complex microbial ecology in sub-
gingival biofilms (18-20). The tissue
destruction undermines the integrity of
the epithelial barrier in the perio-
dontium and allows bacteria from the
biofilms to translocate into the circu-
lation (21-23). This can occur as a
result of simple toothbrushing, but
clearly the severity and extent of
periodontitis accentuates the ability for
bacteria to enter the bloodstream (24—
26). However, in contrast to overt
septic infections, the bacteremia being
seeded from the oral cavity is generally
at low levels and relatively transient for
individual episodes (25-28). Neverthe-
less, the chronicity of the disease and
infection creates an indolent challenge
to the systemic circulation that has
been proposed to be a contributing
facet of systemic health changes that
accompany periodontitis (24,29-34).

The primordial nature of the neces-
sity for both vertebrates and inverte-
brates to protect against bacterial
infections leading to endotoxicity was
recognized by the identification of
phagocytic cells in these species that
detect and react to lipopolysaccharide/
endotoxin (35-37). The ability of
endotoxin to activate these phagocytic
cells led to the development of a sensi-
tive assay for this toxic contaminant
using amoebocytes from the horseshoe
crab, Limulus polyphemus (38). The
original assay documented coagulation
of the amoebocytes and has been used
to determine endotoxin contamination
of medical and biological reagents, as
well as to estimate the endotoxin levels
in biological fluids during septic infec-
tions (38,39). These early methods have
been adapted to more quantitative col-
orimetric methods and kinetic assess-
ments to enhance sensitivity of the
assays (39,40). However, these tech-
niques have not been effectively used to
estimate the endotoxin levels in the sera
of patients with indolent infections and
low levels of serum endotoxin, such as
those with periodontitis. This report
describes a modification of a commer-
cial assay for endotoxin that substan-
tially increased the sensitivity of the
detection of this toxin in serum and
demonstrates its utility in documenting
endotoxin levels in the sera of patients
with periodontitis.

Material and methods

Patient population

The patients included 211 women
recruited at the University of Kentucky
College of Dentistry into the ‘Obstet-
rics and Periodontal Therapy’ clinical
trial (31). This was a multicenter ran-
domized clinical trial carried out to
evaluate the effects of periodontal
therapy during the second trimester of
pregnancy on the incidence of preterm
and/or  low-birthweight deliveries.
Women at least 16 years of age were
enrolled between 13 and 16 wk 6 days
of gestation and were randomly
assigned to receive scaling and root
planing plus monthly tooth polishing
before 21 wk of gestation (test group)
followed by monthly periodontal
maintenance or scaling and root plan-
ing after delivery (control group).
Women had to have 20 natural teeth,
with bleeding on probing on at least
35% of all tooth sites and four or more
teeth with pockets of >4 mm and
attachment loss > 2 mm. Women were
ineligible if they had multiple fetuses,
required antibiotic prophylaxis prior to
dental treatment, had a medical con-
dition that precluded elective dental
treatment, had extensive tooth decay,
or were likely to have fewer than 20
remaining teeth after treatment of
tooth decay, abscesses, or other non-
periodontal pathoses. Serum was
obtained from blood samples taken at
baseline, which was after randomiza-
tion and entry into the study and prior
to any therapy. An additional serum
sample was obtained at 29-32 wk of
gestation, which followed periodontal

therapy in the treatment group
(n = 100).

Endotoxin level

The QCL® Kinetic Chromogenic

Assay (Cambrex, East Rutherford, NJ,
USA) is a kinetic measure of endotoxin
activity. Escherichia coli 055:BS endo-
toxin  (BioWhittaker, Walkersville,
MD, USA) was used as a standard for
the assay. All reagents, Eppendorf
pipette tips (Fisher Scientific, Pitts-
burgh, PA, USA) and 96-well Costar
flat-bottom plates (Fisher Scientific)

were pyrogen free. All reagents were
brought to room temperature (25°C)
before starting the assay, which was
performed on a dry heat block. A stock
standard of endotoxin was prepared at
50 EU/mL (reconstituted with endo-
toxin activity-free water). This stan-
dard was vigorously vortexed for
> 10min and a standard curve was
created by dilution 1:20 in normal
serum and endotoxin activity-free
water  (range:  10-0.025 EU/mL).
All experimental samples were diluted
1:20 with endotoxin activity-free water.
The sample blank was normal human
serum diluted 1:20. We also included in
each assay an internal control that was
an aliquot of 1:20 normal human ser-
um spiked with 5 EU/mL of the
endotoxin activity standard. We
determined that this normal serum
lacked detectable endotoxin activity
with the increased sensitivity of this
method. In addition, when spiked with
endotoxin activity and analyzed, the
estimated endotoxin activity levels
were within 5% of the amount of the
spike in the sample. All samples, stan-
dards, blank and control were heated
to 85°C for 15 min, then 100 uL of
standards and samples were loaded
into the plates and incubated at 37°C
for 10 min. Immediately before the
assay, limulus amoebocyte lysate lysate
was reconstituted with 5.2 mL/vial of
endotoxin activity-free water. The col-
orimetric changes reflecting endotoxin
levels were measured using a Biotech
Elx808cse Microplate Reader with
WINK QCL version 3 software (Canton,
OH, USA).

Statistical analysis

A Friedman nonparametric analysis of
variance for dependent samples was
used to determine differences in endo-
toxin activity levels in baseline serum
samples vs. serum samples taken at
29-32 wk of gestation. A Bland &
Altman plot (41) (Analyse-It Software
Ltd., Leeds, UK) was used to estimate
the level of agreement between inde-
pendent assessments of endotoxin
activity in a set of samples. Differences
in categories of endotoxin activity
detected in the sera were evaluated
between baseline samples and those



taken at 29-32 wk of activity using a
Cochran Mantel-Haenszel test (JMP
7.0; SAS, Cary, NC, USA). The rela-
tionship between endotoxin activity
category and clinical presentation was
developed by stratifying the patients
into tertiles based upon either the mean
bleeding (e.g. inflammation) or the
mean attachment loss (e.g. disease
severity) for each patient. This enabled
the use of a chi-square test to estimate
the relationship between endotoxin
activity and clinical parameters of
periodontitis.

Results

Initially we determined the reproduc-
ibility of the modified assay using the
human serum spiked with known con-
centrations of endotoxin activity com-
pared with the endotoxin activity
standard prepared in distilled H,O as
normally prescribed in the commercial
kit (Fig. 1). The results demonstrated
significant inhibition of endotoxin
activity values with both 1:10 and 1:20
dilutions of serum. Additionally, sim-
ply adding human serum albumin at
0.1% to the endotoxin activity/DH,O
standard decreased the assay dynamics
(data not shown). Clearly, the inhibi-
tion was dependent upon the amount
of serum present (1:10 vs. 1:20). Thus,
the assay was modified to be per-
formed with a standard curve gener-
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Fig. 1. Dose-response curves for endotoxin
activity reactions with Escherichia coli lipo-
polysaccharide. The standard method is the
curve of lipopolysaccharide diluted in
DH,0. Comparisons were made with iden-
tical concentrations of lipopolysaccharide
diluted 1:10 and 1:20 in normal human
serum containing no detectable endotoxin
activity. The curves were derived from
triplicate determinations for each condition.
Etx, endotoxin activity; Rxn, reaction.

y=1737.7x-0.2288
R?=0.9761

T 1
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Fig. 2. Characteristics of the dose-response
curve of Escherichia coli lipopolysaccharide
diluted 1:20 in normal human serum with no
detectable endotoxin activity. Each point
denotes an independent assay with duplicate
determinations. The calculated minimal
detectable dose was < 0.0125 EU/mL. The
regression equation was derived from a
power curve fit to the logarithm of the
endotoxin activity concentrations. The per-
centage coefficient of variation for the assay
ranged from 4.7 to 8.6% across the range of
endotoxin activity concentrations in this
curve. Etx, endotoxin activity; Rxn, reaction.

ated by adding known amounts of
endotoxin activity to a serum control,
because a standard curve using DH,O
would significantly underestimate the
endotoxin activity levels. Figure 2
demonstrates the characteristics of
multiple runs of the endotoxin activity
standard in human serum, and
describes a reproducible standard
curve. Also, the minimal detectable
dose of the assay performed in serum
was calculated to be < 0.0125 EU/
mL. Figure 3 depicts a Precision Plot
of the characteristics of an internal
serum standard that was included in all
runs. This internal standard was a 1:20

3T @ Internal Std.
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dilution of a single serum sample
spiked with 5 EU/mL of the E. coli
endotoxin activity, just prior to each
assay. The results demonstrate a mean
of all the runs of 5.108 EU/mL, with a
standard deviation of 1.239 and a
coefficient of variation of 24.8%.
Analysis of 43 samples that in an
initial endotoxin activity analysis
demonstrated levels of endotoxin
below detectable levels to > 50 EU/
mL, was performed to assess the
agreement of levels of endotoxin
activity in independent assays (Fig. 4).
The results (Fig. 4A) demonstrated a
correlation of the absolute difference
vs. the average difference of 0.78. Up-
per and lower 95% confidence intervals
were plotted and show that 3/43 sam-
ples fell outside this range. Addition-
ally, the scatter plot (Fig. 4B) provided
a demonstration of the linear regres-
sion of the two runs and showed a
highly significant (p < 0.001) correla-
tion with an adjusted R of 0.89. While
the overall precision of the assay across
the range of endotoxin activity con-
centrations was acceptable, we ob-
served variations in the coefficient of
repeatability, ranging from 0.88 to
10.98 over the 2-log range of concen-
trations. This estimation suggested that
a categorical description of the endo-
toxin activity levels in the patients
would probably provide a more accu-
rate representation for comparing ser-
um endotoxin activity challenge and
changes rather than using exact endo-
toxin activity measures. Thus, we
developed five categories of endotoxin

*

12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37
Assay no.

Fig. 3. Consistency of the internal serum control (normal human serum spiked with 5.0 EU/
mL). Each point denotes an independent assay and represents duplicate determinations in
each assay. Mean values, and one and two standard deviations, for the group of assays are

included.
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Fig. 4. Reproducibility of the independent assessment of endotoxin activity in sera con-
taining elevated levels of endotoxin activity. Forty-three sera with initial endotoxin activity
measurements ranging from below the minimal detectable dose to > 50 EU/mL were
re-analyzed in an independent assay in triplicate. (A) Bland & Altman plot of the differences
in values plotted against the average difference with a 95% confidence interval for the assays.
(B) Scatter plot of the 43 individual values and linear regression demonstrating the corre-
lation. 1D, one-dimensional; 2D, two-dimensional; CI, confidence interval; Etx, endotoxin

activity.

activity  levels in  serum: 1,
< 0.0125 EU/mL; 2 > 0.0125 to <
1 EU/mL;3,1to < 5 EU/mL;4,5t0 <
10 EU/mL; and 5, > 10 EU/mL.
Figure 5 shows the distribution of
endotoxin activity levels in the serum
of pregnant women at baseline and at
29-32 wk of gestation. The figure
demonstrates that the majority of the
population at either visit had negligible
endotoxin activity levels in serum;
however, a distinct subset of the
patients showed detectable levels of
this bacterial marker in the blood. The
distribution of endotoxin activity cat-
egories in serum from pregnant women
at baseline and at 29-32 wk of gesta-
tion showed no difference in endotoxin

activity between baseline samples and
those taken at 29-32 wk of gestation
across the entire population (Fig. 6).
The distribution of subjects in endo-
toxin activity categories at baseline and
at 29-32 wk of gestation (in the treat-
ment group) is provided in Fig. 7. The
results show that in both the treatment
and control patients, a higher fre-
quency of subjects had negative endo-
toxin activity (category 1) at 29-32 wk
of gestation (70.4%) compared with
baseline (64.0%).

The relationship of endotoxin
activity category to baseline clinical
presentation of the pregnant women is
presented in Fig. 8. The results do not
support any difference in baseline

—- Visit B = Visit 5
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Fig. 5. Cumulative distribution of endo-
toxin activity levels in serum from the
patients at baseline (Visit B) and 29-32
wk (Visit 5). Each point denotes the
endotoxin activity level in an individual
patient sample.
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Fig. 6. Distribution of samples in endo-
toxin activity categories comparing base-
line (Visit B) with 29-32 wk (Visit 5)
samples from the same population. The bars
denote the frequency of samples at each visit
in the various categories: 1, < 0.0125; 2,
> 0.0125to0 < 1;3,1to < 5;4,5to < 10;
and 5, > 10 EU/mL. Etx,
activity.
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Fig. 7. Distribution of samples in endo-
toxin activity categories comparing baseline
(B) with 29-32 wk (Visit 5-V) for the control
(C) and treated (T) subsets of the patients.
The bars denote the frequency of sera from
the patients demonstrating various levels of
endotoxin activity. Etx, endotoxin activity.

clinical parameters irrespective of
endotoxin activity in serum.

Discussion

Mucosal Dbacterial infections that
invade or translocate across epithelial
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Fig. 8. Relationship between clinical oral
parameters and serum endotoxin activity
levels at baseline. The bars denote the mean
values of the mouth pocket depths (PD) or
attachment loss (AL) and the mean bleeding
index [bleeding on probing (BOP)] of the
mouth for the subjects stratified into endo-
toxin activity categories (see Fig. 6 legend).
The vertical brackets enclose one standard
deviation. Etx, endotoxin activity.

barriers into the systemic circulation
with hematogenous spread of the
infection to distant tissues/organs,
remains a significant human health
problem. As reported by the National
Center for Health Statistics of the
CDC, annual deaths from infectious
disease rank third in the USA, with
deaths from septicemia the 10th lead-
ingcause of death (http://www.cdc.
gov/nchs/fastats/deaths.htm).  How-
ever, various chronic infections with-
out mortal consequences can
contribute to the increasing recogni-
tion of the impact of chronic diseases
on the population. These types of
chronic infections can result in a con-
stant low-level challenge to the host,
resulting in the potential for a cumu-
lative alteration in the function of cells,
tissues, or organs that eventually
would demonstrate notable disease
symptoms. Periodontal disease repre-
sents this type of indolent infection, in
which localized collateral damage of
oral tissues as a result of chronic host—
bacterial interactions can result in
microbial challenge to the vascular
system and distant tissues (16,25).
Substantial evidence demonstrates
that bacteria from the oral cavity can
enter the bloodstream. The gingival
tissues are structurally composed of an
extensive capillary network that not
only can deliver cells and biomolecules
from the vascular system, but also
enables the translocation of oral
bacteria and/or their products into the
local draining lymph nodes and the

systemic circulation. Normal oral
health procedures, including tooth-
brushing, have been shown to con-
tribute to a transient bacteremia with
oral microorganisms (25,26). This
process is enhanced in cases where the
gingival tissue is more fragile as a result
of inflammation and is exacerbated in
periodontitis as a result of breaks in
the integrity of the gingival epithelial
barrier (42). The results of this trans-
location have been described in detail
and may cause subacute bacterial
endocarditis, primarily resulting from
oral streptococcal species (25,43.44),
and infection foci in various tissues
including liver, brain and joints (45-50)
from oral bacteria. More recent studies
have suggested that the chronic local
infection in periodontitis provides a
chronic microbial challenge to the
systemic circulation that can enable
oral bacteria to colonize vascular tis-
sues (51), placental/amniotic tissues
and the fetus (52), and alter pancreatic
functions (30). Alternatively, this
chronic  systemic challenge has
been noted to increase circulating
levels of pro-inflammatory cytokines
and acute-phase proteins, reflecting a
stress on host systems and contributing
to altered functions of critical tissues or
organs (15,53).

The oral cavity has been estimated
to harbor over 700 species of micro-
organisms and demonstrates variations
in the colonization patterns of the
range of niches in the oral cavity (18),
differences in the total and relative
contributions of individual species to
healthy compared with disease biofilms
(19) and variable arrays of potential
virulence factors produced by individ-
ual species (54-56). In fact, certain oral
species have been demonstrated to
have an enhanced capacity to invade
host epithelial and endothelial cells
(57-59), which would be expected to
play a role in their capacity to trans-
locate into the systemic circulation.
However, in any given patient who
harbors the potential for oral coloni-
zation by 75-100 different species, it is
a challenge to document the frequency
and magnitude of bacterial transloca-
tion across a population or within
individual patients over time. Various
molecular genetic techniques have been
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employed to address these questions.
The use of species-specific primers is
somewhat limited by the range of spe-
cies that could be translocating in an
individual subject, while the use of
‘universal’ prokaryotic primers are not
uniform in their effectiveness for the
broad range of oral bacteria (60,61).
Because the principal bacteria that
have been associated with pathogenic
biofilms in periodontitis are gram-
negative, the availability of a sensitive
system for detection of endotoxin
could provide a broad evaluation of
microbial challenge to the systemic
circulation that occurs in periodontitis.
Moreover, available data supports that
‘endotoxin assays’ will also detect the
lipoteichoic acid of gram-positive bac-
teria  (62—64). Thus, this report
describes our modification of a com-
mercial kinetic endotoxin activity assay
system to estimate the microbial chal-
lenge to the systemic circulation.

The findings demonstrated that we
could detect endotoxin activity in ser-
um resulting from an indolent infec-
tion, such as periodontitis, with high
sensitivity and reproducibility. This
required the inclusion of a standard
endotoxin activity curve prepared in
serum because the standard protocol in
DH,O significantly underestimated the
quantity and frequency of endotoxin
activity in the experimental samples.
We also determined that inclusion of a
freshly spiked serum sample in every
assay provided an internal control of
the between-assay reproducibility. As
we characterized the details of the
technology it became clear that
attempting to provide absolute quan-
tities of endotoxin activity at low levels
in the serum was not particularly
robust. However, stratifying the endo-
toxin activity levels into categories with
a range of increasing amounts pro-
vided an accurate estimation of
microbial presence in the serum sam-
ples. The system was then used to
assess its utility in determining levels
and changes in endotoxin activity in a
cohort of pregnant women with
periodontitis, and relating these
levels to treatment and oral clinical
presentation.

The results showed that approxi-
mately 30-35% of the women in this
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study had endotoxin activity detectable
in baseline serum samples, expressing
levels from 10-2000-fold above the
minimal detectable dose level of the
assay. While generally it appeared that
the frequency of endotoxin activity-
positive serum samples were higher
at baseline compared with those at
29-32 wk of gestation, we could not
demonstrate an effect of the periodon-
tal therapy on this frequency. Simi-
larly, there were no statistical
relationships between baseline oral
clinical presentation (i.e. pocket depth,
attachment loss, bleeding on probing)
and the distribution of endotoxin
activity-positive sera; however, there
did appear to be a positive trend with
both pocket depth and attachment loss
being related to the frequency of
increasing endotoxin activity levels (i.e.
endotoxin activity categories 3-5).

In conclusion, this report describes a
methodology for detection of endo-
toxin activity in serum from patients
who could be expected to demonstrate
some level of indolent systemic chal-
lenge (i.e. periodontitis). The results
demonstrated that only a subset of the
subjects had systemic endotoxin activ-
ity, which could highlight a more
‘at-risk’ group for complications of
chronic periodontal infections. This
technology can be readily expanded to
a larger population to evaluate: (i)
changes in endotoxin activity with
therapy; (ii) relationship to clinical
presentation; (iii) relationship to sys-
temic inflammatory/immune responses;
and (iv) association with adverse sys-
temic outcomes.
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