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Neutrophil recruitment and increased permeability
during acute lung injury induced by lipopolysaccharide
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Chignard, M., and V. Balloy. Neutrophil recruitment
and increased permeability during acute lung injury induced
by lipopolysaccharide. Am J Physiol Lung Cell Mol Physiol
279: L1083–L1090, 2000.—The intranasal administration of
lipopolysaccharide (LPS) to mice triggers a huge influx of
polymorphonuclear neutrophils (PMNs) into the airway
spaces, with a peak at 48 h. The increase in protein concen-
tration, an index of microvascular permeability, displayed a
different pattern, i.e., a first increase with a plateau between
3 and 24 h followed by a second increase peaking at 72 h.
When mice were depleted of circulating PMNs, the increase
in protein concentration was inhibited at 3 h but not at 24 h.
The lack of PMN involvement at 24 h was confirmed by 1) in
situ activation of exudated PMNs present in the air spaces on
intranasal administration of LPS and 2) induction of the
migration of PMNs sequestered in lung vessels on intraperi-
toneal administration of LPS. These findings show that the
increase in microvascular permeability during lung inflam-
mation is due to at least two distinct mechanisms, an early
one related to the neutrophil influx and a delayed one occur-
ring even under neutropenic conditions.

mice; pulmonary inflammation; anti-granulocyte antibody;
bronchoalveolar fluid

A LUNG PATHOLOGY SUCH AS acute respiratory distress
syndrome (ARDS) is accompanied by activation of the
inflammatory system, characterized by the presence of
polymorphonuclear neutrophils (PMNs) and protein-
aceous fluid in the air spaces. The latter is due to an
acute injury of the alveolocapillary barrier, resulting in
increased permeability and ending in a protein-rich
exudative edema (14, 17, 19, 26). There is evidence
based on the awareness of their biology that PMNs
could play an important role in mediating the acute
injury characteristic of ARDS (16, 24). Indeed, PMNs
have the potential to harm lung tissues in different
ways, such as the release of serine proteinases and the
generation of reactive oxygen species (6, 9, 25). Con-
vincing proof comes from animal models of acute lung
injury such as those in which drug-induced neutrope-
nia decreased the severity of the process (4, 22). None-
theless, in most of the studies, it is not clear whether
PMNs initiate or amplify the lung injury mediated by

other mechanisms, and no causal links have been
firmly established (4, 22). On the contrary, several
examples of lung injury have been reported in PMN-
depleted animals (13). It has even been shown in hu-
mans that on its instillation in the normal lung, leu-
kotriene B4 can recruit active PMNs into the air spaces
without causing a significant change in the protein
permeability of the epithelial barrier (17). More puz-
zling is the fact that ARDS can occur in neutropenic
patients without pulmonary neutrophil infiltration (7,
18, 21).

The observation that sepsis arising as a consequence
of exposure to bacterial lipopolysaccharide (LPS) is one
of the main contributing factors to the development of
ARDS (4) led to the establishment of experimental
models based on animal challenge with LPS. With a
mouse model of acute lung inflammation triggered by
the nasal administration of LPS (10, 11), the aim of our
study was to assess the correlation between the pres-
ence of invading PMNs and the increase in protein
concentration in the air spaces as an index of lung
permeability.

The present study demonstrates that the increase in
the alveolocapillary permeability during lung inflam-
mation is due to at least two distinct mechanisms, an
early one related to PMN influx and a delayed one
occurring even in a case of neutropenia.

METHODS

Materials. Seven-week-old male C57BL/6 mice weighing
25–30 g were provided by the Centre d’Elevage R. Janvier
(Le Genest Saint-Isle, France). LPS (Escherichia coli 055:B5)
was from Difco Laboratories (Detroit, MI). Hydrogen perox-
ide (H2O2), O-dianisidine dihydrochloride, hexadecyltrimeth-
ylammonium bromide (HTAB), EDTA, and N-formyl-Nle-
Leu-Phe (fNLP) were from Sigma (St. Louis, MO). Diff-Quik
products were from Dade Behring (Paris, France), and the
Bradford reagent was from Bio-Rad (Ivry sur Seine, France).

Model of acute lung inflammation. LPS dissolved in saline
was administered by an intranasal or an intraperitoneal
route. In the case of intranasal administration, the animals
were slightly anesthetized with diethyl ether and received 50
ml of the LPS solution directly into their nostrils. In some
experiments, the animals were treated with fNLP or its
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solvent (saline supplemented with 0.5% DMSO) and given
intranasally (in a volume of 50 ml) after LPS administration
at different time points as indicated in Figs. 1–8. fNLP was
used as a nonoxidizable form of N-formyl-Met-Leu-Phe, a
specific receptor-mediated PMN activator (1). When Evans
blue dye (50 ml of a 0.4 mg/ml solution) was given in place of
LPS or fNLP under the same experimental conditions, its
recovery in bronchoalveolar lavage fluid (BALF; optical den-
sity at 630 nm) was 29.9 6 3.3 and 43.3 6 1.1% at 10 and 60
min, respectively (n 5 3 animals/group). It is inferred that at
least ;40% of LPS or fNLP reached the pulmonary airways
on intranasal administration. All experiments were con-
ducted in compliance with local ethical guidelines.

Collection of BALF. At different time intervals as indicated
in Figs. 1–8, the mice were euthanized by intraperitoneal
administration of pentobarbital sodium (12 mg/mouse). The
tracheae were cannulated, and the lungs were washed eight
times with 0.5 ml of PBS to provide 4 ml of BALF. Total cell
counts were measured in the BALF with a Coulter Counter
(Coulter Electronics, Margency, France), and cell differential
counts were determined after cytospin centrifugation and
staining with Diff-Quik products. Myeloperoxidase (MPO)
activity and protein concentration were measured in the
cell-free BALF obtained after centrifugation (300 g for 10
min).

Determination of MPO activity. MPO activity was deter-
mined in the lung tissues and in the cell-free BALF following
a previously described method (12), with minor modifica-
tions. After BALF collection, the lung vessels were flushed
via a perfusion of saline into the right ventricle to discard
circulating blood, and the lungs were removed from the
thorax, blotted with gauze, and frozen at 220°C until further
use. The collected frozen lungs were homogenized for 30 s
(Potter-Elvejhem glass homogenizer, Thomas, Philadelphia,
PA) at 4°C in 1 ml of PBS. The extracts were centrifuged
(10,000 g for 10 min at 4°C), and the supernatants were
discarded. The pellets were resuspended in 1 ml of PBS
supplemented with HTAB (0.5% wt/vol) and EDTA (5 mM)
and homogenized again. After centrifugation, 100 ml of su-
pernatant were placed in a test tube with 200 ml of PBS-
HTAB-EDTA, 2 ml of Hanks’ balanced salt solution, 100 ml of
O-dianisidine dihydrochloride (1.25 mg/ml PBS), and 100 ml
of H2O2 (0.05% 5 0.4 mM). After 15 min of incubation with
shaking at 37°C, the reaction was stopped by the addition of
100 ml of NaN3 (1% wt/vol). MPO activity is expressed as a
change in absorbance at 450 nm. For the determination of
MPO activity in the BALF, aliquots of 50 ml of cell-free BALF
were mixed in microtiter plates with 200 ml of O-dianisidine
dihydrochloride (1.25 mg/ml PBS) supplemented with BSA
(0.1% wt/vol) and containing H2O2 (0.05% 5 0.4 mM). Ab-
sorbance was determined as above.

Protein concentration in the BALF. Lung permeability was
determined by measuring the total protein concentration in
the cell-free BALF with the method of Bradford (3), with
ovalbumin as a standard.

Preparation of the anti-granulocyte antibody. RB6–8C5
(anti-Ly-6G) is a rat IgG2b monoclonal antibody (MAb) (5)
that binds selectively to and depletes mouse neutrophils and
eosinophils but not lymphocytes or macrophages (23). The
anti-granulocyte MAb was purified from ascitic fluids (cloned
hybridomas kindly provided by Dr. G. Millon, Institut Pas-
teur, Paris, France) through precipitation with 45% (vol/vol)
saturated ammonium sulfate. After dialysis at 4°C against
PBS, the immunoglobulin was filtered (0.22 mm) and then
stored at 4°C at a final concentration of 5 mg/ml. One intra-
peritoneal administration of 200 mg of MAb to mice led to a

complete absence of circulating neutrophils within 24 h (data
not shown; similar to the data reported in Ref. 23).

Statistical analysis. All results are expressed as means 6
SE of 4–10 values obtained from distinct mice. Statistical
differences between the data were determined with one-way
analysis of variance, and a P value , 0.05 was considered
significant. Individual groups were compared with the un-
paired Student’s t-test.

RESULTS

Cell counts in the BALF after intranasal administra-
tion of LPS. LPS was given at different concentrations
(3.3, 10, 33, 100, and 330 mg/kg), and cell counts in the
BALF were evaluated at 24 h (Fig. 1). The number of
PMNs was significant on administration of 3.3 mg/kg of
LPS, reached a maximum with 100 mg/kg, and then
plateaued up to 330 mg/kg. In contrast, no significant
change in the number of mononuclear cells was ob-
served.

PMN count, MPO release, and protein concentration
in the BALF after intranasal administration of LPS.
The optimal concentration of 330 mg/kg of LPS was
used to evaluate PMN migration and protein concen-
tration as a function of time at 0, 3, 15, and 24 h and
each 24 h up to 168 h (Fig. 2). A bell-shaped curve was
observed for PMNs. A significant increase was detected
as soon as 3 h after LPS challenge, with a peak at 48 h
followed by a decrease to the basal level by 120 h.
Mononuclear cell counts also varied (data not shown)
but with different kinetics (peak at 96 h) and within a
lower range (2.03 6 0.27 3 106 cells/BALF at 96 h; n 5
4 mice).

MPO activity was evaluated in the cell-free superna-
tant of the BALF. The kinetics were strictly superim-
posable on the kinetics of the PMN count (Figs. 2, inset,
and 3), indicating that PMNs present in the air spaces
were activated.

In contrast, the kinetics of the increase in protein
concentration were different as shown in Fig. 2. A
plateau was rapidly reached beyond 3 h and lasted for
.24 h. This was followed by a second increase, with a
peak at 72 h, before a return to the basal value at 168 h
(7 days).

Effect of PMN depletion on PMN recruitment in the
BALF after intranasal administration of LPS. Mice
were treated intraperitoneally with the anti-granulo-
cyte MAb RB6–8C5 at a concentration of 200 mg/
mouse. Circulating PMNs, which represented 20.1 6
1.5% (n 5 4 mice) of blood cells before treatment, were
totally absent within 24 h and up to 96 h after treat-
ment (data not shown). We also looked at the margin-
ated pool of PMNs in the lung vasculature by measur-
ing MPO activity in whole lungs, an index that
correlates with the number of PMNs (12). For control
mice, the value (optical density at 460 nm) was 0.029 6
0.003 (n 5 5), corresponding to ;4.4 3 104 adherent
PMNs. This figure, although quite small, was further
lowered 24 and 72 h after treatment with the anti-
granulocyte MAb, with MPO values of 0.015 6 0.001
(n 5 5 mice) and 0.012 6 0.002 (n 5 5 mice), respec-
tively. On intranasal administration of LPS 24 h after
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RB6–8C5 pretreatment, PMNs were not present in the
BALF 3 h later but started to be detected in small
significant numbers at 24 h (Fig. 3A). At 48 and 72 h,
PMNs were present in higher amounts, although in far
lower amounts than those detected in control LPS-
challenged animals. It was observed that PMNs
present in the BALF after LPS administration to RB6–
8C5-treated mice were of two kinds, i.e., either with
ring-shaped or with polylobular nuclei. It is of note that
ring-shaped nuclei cells cannot be totally referred to as

PMNs because it was demonstrated that they addition-
ally encompass different types of mononuclear-like
ring cells (2). It is thus assumed that the number of
authentic PMNs present in the air spaces was overes-
timated when cells with ring-shaped nuclei were in-
cluded. MPO activity in the cell-free BALF increased
up to 48 h and declined thereafter with LPS adminis-
tration in control mice (Fig. 3B). In contrast, when
mice were pretreated with the anti-granulocyte MAb,
LPS challenge did not trigger a significant increase in
MPO activity. These data indirectly support the fact
that a small number of mature PMNs are recruited in
the air spaces under this condition.

Effect of PMN depletion on protein concentration in
the BALF after intranasal administration of LPS. Pro-
tein concentration analyzed 48 and 72 h after LPS
administration was not significantly different whether
or not the mice were neutropenic. As an example, the
concentrations at 72 h were 1.5 6 0.2 and 1.6 6 0.2
mg/BALF for control and RB6–8C5-treated mice, re-
spectively (n 5 11/group). To reduce the potential con-
tribution of the relatively large presence of PMNs in
the BALF at 48 and 72 h, protein concentration was
analyzed after PMN depletion at two earlier time
points, namely 3 and 24 h.

As a result, on LPS administration, the increase in
protein concentration in the BALF was significantly
reduced at 3 h in the RB6–8C5-treated group com-
pared with that in the nontreated group, with recov-
ered amounts not significantly different from the val-
ues measured in control mice receiving intranasal
saline in place of LPS (Fig. 4B). In contrast, the in-
crease in protein concentration observed 24 h after
LPS challenge was not significantly different whether
or not animals were pretreated with the RB6–8C5

Fig. 2. PMN count and protein concentration in BALF
after intranasal administration of LPS. BALF was col-
lected at different time intervals after intranasal ad-
ministration of LPS (330 mg/kg) to mice. PMN counts in
BALF were determined by optical microscopy after cy-
tocentrifugation and Diff-Quik staining, and total pro-
tein concentration was measured in the cell-free BALF
by the method of Bradford (3). Results are means 6 SE;
n 5 4–10 mice. NS, not significantly different (P .
0.05) from baseline value (time 0). Inset, kinetics of
myeloperoxidase (MPO) activity in the cell-free BALF
compared with PMN counts (same kinetics as above).
O.D., optical density.

Fig. 1. Cell counts in bronchoalveolar lavage fluid (BALF) after
intranasal administration of lipopolysaccharide (LPS). BALF was
collected 24 h after intranasal administration of different concentra-
tions of LPS to mice. Polymorphonuclear neutrophils (PMNs) and
mononuclear cells (MCs) were counted by optical microscopy after
cytocentrifugation and Diff-Quik staining. Results are means 6 SE;
n 5 5 mice. * Significantly different from baseline value (time 0), P ,
0.05.
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MAb (Fig. 5B). At this time point, the number of PMNs
in the BALF of neutropenic mice was significantly
higher than the number recovered from control ani-
mals receiving intranasal saline (Fig. 5A), a situation
not observed 3 h after LPS administration (Fig. 4A). It
could be deduced from these data that the increase in
permeability is dependent on PMN recruitment, even if
the latter is small. Nonetheless, 24 h after LPS admin-
istration, the presence of PMNs in the air spaces was
dramatically reduced in neutropenic animals com-
pared with that in control animals (Fig. 5A), whereas
the protein contents were equivalent, thus implying

that PMNs did not account for the increase in perme-
ability.

Effect of in situ activation of exudated PMNs on
protein concentration in the BALF. To delineate their
possible participation in the increase of lung perme-
ability at 24 h, PMNs present in the air spaces at this
time point after intranasal administration to control
mice were activated in situ by an intranasal adminis-
tration of fNLP (2 mg/kg). The effective in situ activa-
tion of PMNs was evidenced 1 h later by a significant
increase in MPO activity in the BALF (Fig. 6). None-
theless, under these conditions, it was never possible to
note an increase in protein concentration whether
measured at 1 or 6 h (Fig. 6).

PMN count and protein concentration in the BALF
after LPS administration through another route. In
another set of experiments, mice were given LPS in-
traperitoneally at 1 mg/kg. In confirmation of previous

Fig. 4. Effect of PMN depletion on PMN count (A) and total protein
concentration (B) in BALF 3 h after intranasal administration of
LPS. BALF was collected 3 h after LPS (330 mg/kg) administration
for PMN count and protein concentration determinations as de-
scribed in Fig. 2. LPS was given to naive animals receiving LPS only
and animals treated with 200 mg of an anti-granulocyte MAb plus
LPS. A 3rd group (control) of animals received an intranasal admin-
istration of saline only. Results are means 6 SE; n 5 6 mice. *P ,
0.05.

Fig. 3. Effect of PMN depletion on PMN count (A) and MPO activity
(B) in BALF after intranasal administration of LPS (330 mg/kg).
BALF was collected at different time intervals after LPS adminis-
tration to a group of control animals (LPS) and a group of neutro-
penic animals [anti-granulocyte (Anti-gr)/LPS]. PMN depletion was
obtained by intraperitoneal pretreatment of mice with 200 mg of a
anti-granulocyte monoclonal antibody (MAb) 24 h before LPS instil-
lation. PMN count and MPO activity in BALF were determined as
described in Fig. 2. Results are means 6 SE; n 5 6–9 mice. Signif-
icantly different (P , 0.05): *from baseline values (time 0); § between
the 2 experimental conditions (LPS vs. Anti-gr/LPS).
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work (12, 15), PMNs did not migrate from the blood to
the air spaces. Indeed, a nonsignificant number (com-
pared with that in untreated mice) were recovered in
the BALF collected 6 and 27 h later (Figs. 7A and 8A,
respectively). Nonetheless, it was demonstrated that
under these experimental conditions, PMNs are se-
questered in the lung vessels and are ready to cross the
alveolocapillary barrier (15). To trigger their migra-
tion, fNLP (2 mg/kg) was given intranasally 3 h after
LPS challenge. As expected, PMNs were recovered in
the BALF 3 h after fNLP administration and in an
even larger number after 24 h (Figs. 7A and 8A, re-
spectively). Protein concentration was measured in the
BALF under these different conditions. Interestingly,
at 3 h, the concentration only increased when PMNs
crossed, i.e., with the LPS (intraperitoneal) plus fNLP
(intranasal) combination (Fig. 7B), whereas at 24 h, it
increased even in the absence of PMN migration, i.e.,
with LPS alone (Fig. 8B). It is of note that fNLP by

itself, i.e., when given to naive mice, had no effect in
that PMN count and protein concentration did not
increase. To confirm this difference between 3 and
24 h, the mice were rendered neutropenic on pretreat-
ment with the anti-granulocyte MAb RB6–8C5. It was
observed that the increase in protein concentration
induced by the combination of LPS (intraperitoneal)
plus fNLP (intranasal) was suppressed at 3 h but was
left unchanged at 24 h (data not shown), i.e., exactly as
the data presented in Figs. 4 and 5.

DISCUSSION

Intranasal administration of LPS to mice triggers an
acute lung inflammation. The main feature is a huge

Fig. 6. Effect of in situ activation of exudated PMNs on MPO activity
(A) and protein concentration (B) in BALF. Mice received LPS (330
mg/kg) and 24 h later formyl-Nle-Leu-Phe (fNLP; 2 mg/kg) or its
solvent, all given intranasally. BALF was collected 24 h after LPS
administration and 1 (fNLP11h) and 6 (fNLP16h) h after fNLP
treatment. BALF was also collected from a group of control animals
and a group receiving LPS plus the solvent for fNLP, 24 h apart, with
BALF collected 1 h after the last treatment (Solvent11h). Cell-free
BALF was then processed to measure MPO activity and protein
concentration. Results are means 6 SE; n 5 6 mice. *P , 0.05.

Fig. 5. Effect of PMN depletion on PMN count (A) and total protein
concentration (B) in BALF 24 h after intranasal administration of
LPS. BALF was collected 24 h after LPS administration for PMN
count and protein concentration determinations as described in Fig.
2. LPS (330 mg/kg) was given to naive animals receiving LPS only
and animals treated with 200 mg of anti-granulocyte MAb plus LPS.
A 3rd group (control) of animals received an intranasal administra-
tion of saline only. Results are means 6 SE; n 5 6–9 mice. *P , 0.05.
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influx of PMNs into the air spaces. It is thought that
PMNs can create injury to lung tissue, leading to the
flooding of alveoli by plasma liquid and proteins. The
increase in protein permeability across the endothelial
and epithelial barriers of the lung is an early charac-
teristic of lung injury.

As mentioned in the introduction, there are contro-
versies concerning whether PMNs play a role in pro-
tein permeability. Our present experimental data sup-
port both possibilities. First, the kinetics of protein
accumulation in the BALF is clearly biphasic, with an
early increase within the first 3 h and a further in-
crease starting at around 24 h. The peak of the latter is
observed at 72 h, thus 24 h after the peak of PMNs. In
fact, the whole kinetics of the second wave of proteins
appears delayed by roughly 24 h with the entire kinet-
ics of the PMN count and, more importantly, of MPO
activity. Such a shift fits with a potential involvement
of PMNs in the increase in lung permeability. This is
reminiscent of the data reported by Fowler et al. (8),

who observed that alveolar PMN influx in patients at
high risk for ARDS occurs before development of the
syndrome. The explanation would be that PMNs, while
migrating and settling into the air spaces, would re-
lease harmful molecules (reactive oxygen species
and/or proteinases) that would injure tissues with time
(within 24 h), leading to increased permeability.

The above-mentioned assumption proved to be false
in light of the experiments conducted with PMN-de-
pleted mice. Indeed, at 48 and 72 h, permeability was
not modified on PMN depletion. Nonetheless, it is of
note that a significant number of PMNs were recovered
from the BALF. This was surprising because at the
same time, PMNs were undetectable in the blood and,
more importantly, were largely removed from the vas-
cular lung compartment. In fact, such a discrepancy
has been previously observed (14, 20). It is assumed
that this influx of PMNs in RB6–8C5-treated mice
occurring in the context of lung vascular neutropenia
represents a maximal deployment of the limited pool of
newly born PMNs (20). To avoid the 48- and 72-h time

Fig. 7. PMN count (A) and total protein concentration (B) in BALF
3 h after a combination of an intraperitoneal administration of LPS
(1 mg/kg) and an intranasal administration of fNLP (2 mg/kg) 3 h
later. BALF was collected 3 h after fNLP (i.e., 6 h after LPS) for PMN
count and protein concentration determinations as described in Fig.
2. Results are means 6 SE; n 5 4–6 mice. *P , 0.05.

Fig. 8. PMN count (A) and total protein concentration (B) in BALF
24 h after a combination of an intraperitoneal administration of LPS
(1 mg/kg) and an intranasal administration of fNLP (2 mg/kg) 3 h
later. BALF was collected 24 h after fNLP (i.e., 27 h after LPS) for
PMN count and protein concentration determinations as described in
Fig. 2. Results are means 6 SE; n 5 4–6 mice. *P , 0.05.
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periods susceptible to giving inconclusive data, exper-
iments were performed at 3 and 24 h. It was observed
that 3 h after LPS challenge, the increase in perme-
ability was totally suppressed in neutropenic mice,
indicating the involvement of a PMN-dependent mech-
anism. In contrast, 24 h after LPS administration,
increases in protein concentration were comparable
whether or not the mice were neutropenic. As an ex-
planation, a PMN-independent mechanism can be put
forward because the presence of these cells in the
BALF was very highly reduced (. 80%) when the mice
were pretreated with the anti-granulocyte MAb. None-
theless, the number of PMNs present in the BALF
under the latter condition was not negligible and could
have accounted for the increase in permeability. Such a
possible mechanism at 24 h was, however, doubtful
because in LPS-challenged neutropenic mice, the in-
crease in protein concentration over the basal level was
;0.70 mg/BALF (see the difference of the means in Fig.
5B), with an influx of 0.50 3 106 6 0.09 3 106 PMNs
(Fig. 5A), whereas in the case of the PMN-dependent
increase in permeability, i.e., with LPS-challenged con-
trol mice at 3 h, the increase in protein concentration
was only ;0.30 mg/BALF (see the difference of the
means in Fig. 4B), with a influx as high as 0.77 3 106 6
0.12 3 106 PMNs. Because there was apparently no
relationship between the number of PMNs and the
increase in permeability at 24 h, it was assumed that
this increase was PMN independent. This was sup-
ported by experiments performed with fNLP. Indeed,
intranasal administration of this agonist to control
mice 24 h after LPS challenge induced in situ activa-
tion of PMNs as checked by the increase in MPO
activity. In such a case, there was no increase in
permeability. It is inferred that beyond 3 h and before
24 h, other process(es) would overwhelm the participa-
tion of PMNs and would totally account for injury to
the alveolocapillary barrier. This was exemplified by
another experimental approach with intraperitoneal
administrations of LPS, mimicking not a more local
lung inflammation but rather a systemic endotoxemia.
In that case, PMNs accumulate in lung vessels (12, 15),
and intranasal administration of fNLP allows them to
migrate into the air spaces (15). Clearly, 3 h after
fNLP, the increase in permeability was related to PMN
migration, whereas at 24 h, the increase was totally
independent of this migration.

In conclusion, the present data support both of the
two opposing arguments of the controversy concerning
the role of PMNs. It is thus possible that in human
acute lung injury, PMNs participate in the early phase
of the disease but that their participation vanishes for
longer periods of time, being supplanted by other
mechanism(s) that have to be delineated.
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