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To determine whether adherent material found on the walls
of the paranasal sinuses during common colds might be fi-
brin clot, we examined the nasal fluid (a surrogate for sinus
secretion) of 11 young adults with experimentally induced
rhinovirus colds and that of 4 control subjects for the pres-
ence of fibrin. The mean concentration (+ the standard er-
ror) of insoluble fibrin (measured as D-dimer) in subjects
with rhinovirus colds increased from a baseline level of
0.8 + 0.4 pg/mL to a peak of 2.4 + 0.7 pg/mL (P = .0008)
on day 4 after inoculation of the virus, but the fibrin con-
centration remained at baseline levels in the 4 uninfected
control subjects.

In patients with viral rhinosinusitis (i.e., the common cold),
adherent material that is resistant to mucociliary clearance often
is found on the walls of the paranasal sinuses (figure 1) [1].
Although this material often is referred to as “mucosal thick-
ening,” the presence of air bubbles in the material (figure 1)
makes it unlikely that it is mucosal thickening. The current
study was undertaken to investigate the composition of the
adherent material. Of particular interest was whether the ad-
herent material was a plasma (fibrin) clot that resulted from
plasma exudation during the viral infection. Because samples
of material from the sinus cavities of patients with colds were
not available, the focus of the study was shifted to an evaluation
of whether cross-linked fibrin that could clot appeared in the
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nasal fluid (a surrogate for sinus fluid) of subjects with rhi-
novirus colds.

Fibrinogen from plasma has been reported to be present
transiently in the nasal fluid of subjects with experimentally
induced coronavirus colds (2], and, in the current study, we
report its presence in patients with rhinovirus colds. A fibrin
clot is the end product of the fibrinogen system. Fibrinogen
may be converted to soluble fibrin through enzymatic action
[3]; the soluble fibrin then is converted to an insoluble clot by
cross-linking (D-dimerization). In the present study, we in-
vestigated the presence of cross-linked fibrin, the functional
product of fibrinogen, in the nasal fluid of subjects with colds.
In addition, we examined the time course of plasma exudation
that results in increases in albumin and fibrinogen concentra-
tions in the nasal fluid of subjects with experimentally induced
rhinovirus colds.

Materials and methods. Nasal wash samples were ob-
tained from 11 otherwise healthy young adults (age, =18 years)
who had common colds after rhinovirus challenge and from 4
control subjects who were challenged with virus but did not
become infected. A challenge pool of rhinovirus type 16 was
administered by intranasal drops (250 pL); administration was
repeated once after a 15-min interval. This resulted in a total
inoculum dose of 300-3000 TCID[50]. The challenge pool had
been safety tested for extraneous agents [4].

Nasal lavage fluid samples were obtained at 8:00 a.m. each
day for 6 days. A total of 5 mL of PBS without preservatives
was dropped into each nostril while the patient was sitting with
the neck hyperextended. After 10 s, nasal fluid (6-7 mL) was
expelled through the nose and into a container. Two milliliters
of nasal lavage fluid was added to an equal volume of virus
collecting broth and used for inoculation into human embry-
onic lung fibroblast cell cultures (WI-38 and/or MRC-5 cells)
in screw-capped tubes. Aliquots (2 mL) of undiluted lavage
fluid were stored at —70°C for use in the study. Serum samples
were obtained before challenge and again 3 weeks after chal-
lenge for the measurement of titers of homotypic neutralizing
antibody to the challenge virus.

Infection was considered present if virus was recovered from
=1 nasal lavage specimen(s) and/or if there was a 4-fold or
greater increase in the serum titer of homotypic neutralizing
antibody. Respiratory and general symptoms were recorded
daily on the basis of the method reported by Jackson [5]. A
study participant was considered to have an illness if he/she
had (1) a minimum symptom score of 6 and (2) the subjective
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Figure 1.  CT scan of the sinuses of an adult with viral rhinosinusitis
(i.e., the common cold). There is occlusion of the infundibula (arrowheads)
and the material adherent to the walls of the maxillary sinuses (arrows).
One large air bubble and several small air bubbles are in the material
in the left sinus cavity. (Figure reprinted with permission from the New
England Journal of Medicine.)

impression of having had a cold or having had rhinorrhea for
=3 days.

Concentrations of fibrinogen and fibrinogen degradation
products in nasal lavage samples were measured by means of
latex agglutination with rabbit antiserum specific for fragments
D and E of human fibrinogen (Diagnostica Stago). Samples
were not pretreated to remove unreacted fibrinogen, because
we wished to measure the combined concentrations of fibrin-
ogen, fibrin monomer, and fibrin clot in the lavage fluid. The
detection limit of this assay was 2 ug/mL, expressed in terms
of fibrinogen equivalents. For the calculation of mean concen-
trations, specimens with values of <2 ug/mL were assigned a
value of 1 pg/mL. The presence of cross-linked fibrin in nasal
lavage samples was measured by latex agglutination with a mon-
oclonal antibody specific for cross-linked D-dimer domain (Or-
ganon Teknika). The detection limit of the assay was 0.5 pug/
mL, expressed in fibrinogen equivalents. For the calculation of
mean concentrations, specimens with values of <0.5 pg/mL
were assigned a value of 0.1 ug/mL. The albumin concentration
in nasal lavage fluid was measured by rocket immunoelectro-
phoresis [6] with rabbit polyclonal antibody to human albumin
(Dakopatts A/S). The albumin concentration in each sample
was determined by comparison with a standard curve generated
in each run.

The study was reviewed and approved by the Human In-
vestigation Committee at the University of Virginia Health Sys-
tem (Charlottesville). All subjects provided written informed
consent, in accordance with the guidelines established by the
institution.

Results. The mean concentration (*SE) of the combi-

nation of fibrinogen and fibrinogen degradation products in
nasal lavage samples obtained from infected ill subjects before
virus challenge was 1.2 = 0.1 pg/mL (figure 2A). By day 3 after
challenge, the mean concentration (+SE) had increased to
34 *+ 0.8 ug/mL, (P = .01, by ¢ test). The mean concentrations
on days 4, 5, and 6 were 4.1, 4.5, and 3.3 pg/mL, respectively.
The mean concentration of fibrinogen and fibrinogen degra-
dation product in the control subjects remained at baseline
levels during the 6 days of observation.

The mean D-dimer concentration (*SE) in nasal lavage
specimens obtained from infected ill subjects before virus chal-
lenge was 0.2 * 0.05 pug/mL (figure 2B). By day 3 after chal-
lenge, it had risen to 1.4 * 0.3 ug/mL, and, on day 4 after
challenge, it had increased to a peak of 24 + 0.7 pg/mL
(P = .008). On day 1, the mean concentration in control sub-
jects was 0.8 = 04 pg/mL. The concentrations on days 2—6
after challenge varied from 0.2 = 0.1 pg/mL to 1.3 = 0.9 pg/
mL in these subjects. There was a strong correlation between
the concentrations of fibrinogen and fibrinogen degradation
products combined and the albumin concentrations (r =
0.75; P<.0001) in the 90 lavage samples (figure 3).
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Figure 2. Mean concentrations (= SE) of fibrinogen and fibrinogen

degradation products (FDP; A) and of D-dimer (cross-linked fibrin; B) in
nasal wash samples obtained from study volunteers who were inoculated
with rhinovirus.
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Figure 3. Relative concentrations of fibrinogen/fibrinogen degradation

products (FDP) and albumin concentrations in nasal wash samples.

Discussion.  In the present study, we demonstrated that
the fibrinogen concentration (including fibrinogen degradation
products) increased in the nasal fluid of subjects with rhino-
virus colds. In spite of the considerable difference between the
molecular size of fibrinogen (340 kDa) and that of albumin
(70 kDa), fibrinogen appears to transit nasal epithelium as
readily as does albumin during colds, because there was a strong
correlation between the concentration of fibrinogen and that
of albumin. We also demonstrated that fibrinogen from plasma
exudate can be converted to insoluble cross-linked fibrin in the
nasal fluid. The concentration of fibrin, expressed in fibrinogen
equivalents, was approximately half that of fibrinogen, and the
fibrin concentration showed the same temporal pattern as did
the fibrinogen concentration during illness.

It is reasonable to assume that cross-linked fibrin also is
present in the sinuses during colds and that it may be respon-
sible for the adherent material observed on the sinus wall. If
these assumptions are true, the presence of a fibrin clot has

implications for treatment strategies to enhance drainage of the
sinuses during colds. Medications in current use, including
mucoevacuants and decongestants, would not be expected to
affect cross-linked fibrin. Other measures may be necessary to
reduce and/or solubilize fibrin in secretions; such measures
involve reducing the influx of plasma proteins into the upper
airway or lysing fibrin on sinus mucosa. Prophylactic oral ste-
roid administration has been shown to reduce albumin and
kinin concentrations in the nasal fluid of volunteers with ex-
perimentally induced rhinovirus colds, a finding that suggests
that a reduction in plasma exudation occurred [7]. The use of
topical agents with fibrinolytic activity might be another ap-
proach, but methods for delivering fibrinolytic drugs to the
sinus cavity would need to be devised for this approach to be
successful. In any event, the presence of insoluble fibrin in nasal
fluid and, probably, in sinus fluid during colds has not received
the attention it may warrant.
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