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Reassessment of inflammation of airways in chronic bronchitis
J BRENDAN M MULLEN, JOANNE L WRIGHT, BARRY R WIGGS, PETER D PARE,
JAMES C HOGG
Abstract
The term chronic bronchitis has been criticised because it is
associated with hypersecretion of mucus rather than bronchial
inflammation. This study was designed to establish the presence
or absence of clinical chronic bronchitis and measure pulmonary
function in 45 patients about to undergo resection of the lung.
The condition in the cartilaginous and small airways and the
severity of the emphysema were then measured in the resected
specimen. The results from 20 patients who had clinical chronic
bronchitis were compared with those in 25 patients who did not.
The data show that patients with chronic bronchitis had greater
inflammation (a) on mucosal surfaces (p<005) of all bronchi
larger than 2 mm luminal diameter and (b) around glands
(p<0005) and gland ducts (p<O05) in bronchi larger than 4 mm
diameter. A variable degree of inflammation was present in the
submucosa of smaller bronchi. The groups had equivalent
proportions of mucous glands and Reid's indices in central
airways, and no differences were noted in measurements of
pulmonary function, condition of small airways, or emphysema.
These data show that the term chronic bronchitis is justified by
inflammation of cartilaginous airways and suggest that this
abnormality may be the cause of the chronic productive cough.
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Introduction
The Ciba Guest symposium of 1959 defined chronic bronchitis as
"the condition of subjects with chronic or recurrent excessive mucus
secretion in the bronchial tree."' As the diagnostic criterion is
clinical the relation of hypersecretion of mucus to a condition in the
airways in chronic bronchitis has been a source of controversy. Reid
described an index of bronchial gland enlargement which she
thought correlated with the amount of sputum produced.2 Subsequent studies showed that this index was normally distributed
without a clear separation between the bronchitic and nonbronchitic groups.36 Although chronic bronchitis implies inflammation, the absence of documented inflammation of airways in
these cases has recently led to objection to the term bronchitis.'
The common association of chronic bronchitis and the chronic
limitation of airflow led early workers to assume that hypersecretion
of mucus resulted in the limitation of airflow.89 Recent epidemiological studies, however, have suggested that chronic bronchitis and
chronic limitation of airflow should be considered as separate
entities rather than as manifestations of a single disease. "''3 The site
of increased airway resistance in patients with chronic limitation of
airflow has been shown to be the small conducting airways,'4 where
the obstruction appears to be due to an inflammatory process.15-20
This study examines the nature of the condition in the central
airways in patients with chronic bronchitis and determines its
relation to the condition in the peripheral airways.

Patients and methods
We studied 45 patients admitted to this hospital for resection of an upper
lobe (n=40) or lung (n=5) for, in most cases, bronchial carcinoma.
Informed consent was obtained in all cases. A modified questionnaire by the
British Medical Research Council was used to assess their exposure to
cigarettes, cough, and history of sputum. To examine the differences in
condition of airways and function of lungs between patients with chronic
bronchitis and those without the patients were divided into two groups:
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STUDIES OF PULMONARY FUNCTION

Pulmonary function tests were performed within the week before surgery
with an air conditioned, pressure compensated volume displacement body
plethysmograph. Flow was measured with a Fleisch No 3 pneumotachometer coupled to a Sanborn 270 differential pressure transducer (Sanborn
Co, Wallham, Massachusetts); volume was measured with a Krogh spirometer coupled to a linear displacement transducer (type 300 NR; Shaevitz
Engineering, Pennsauken, New Jersey); and transpulmonary pressure was
measured with a differential pressure transducer (Validyne 45MP, ± 100 cm
water; Validyne Co, Northridge, California) and an oesophageal balloon
catheter.2'

Functional residual capacity was determined by the Boyle law technique,22 and residual volume and total lung capacity were also calculated.
Forced expiratory volume in one second and forced vital capacity, as well as
maximum flows at 50% and 25% of forced vital capacity, were calculated
from digitised flow and volume signals during forced expiratory manoeuvres. At least three expiratory efforts were performed, and the forced
expiratory manoeuvre with the largest sum of forced expiratory volume in
one second and forced vital capacity was selected. Single breath nitrogen
washout was performed as described by Buist and Ross, and the slope of
phase III was calculated.23 Diffusing capacity was measured with the steady
state technique in 28 patients according to Bates et aF4 and the single breath
technique in 12 patients according to Gaensler and Wright.25 Values were
expressed as percentages of the predicted value according to the formulas of
Morris et al (forced expiratory volume in one second and forced vital
capacity)26 and Dosman et al (maximum flows at 50% and 25% of forced vital
capacity).27

MORPHOLOGICAL STUDIES

Surgically resected specimens were fixed in inflation with 10% formalin or
3% buffered glutaraldehyde by intrabronchial infusion at a constant
pressure of 25 cm water for 24 hours. They were then serially sliced in a
sagittal plane.
The mid-sagittal slice was used to estimate the degree of emphysema using
a modification of the pictorial grading method of Thurlbeck et al.28 The
emphysema score represents the average value of two observers.
To assess the condition of central airways we obtained samples of five
intrapulmonary cartilaginous airways from each specimen. Sections from
areas showing bifurcation of airways, presence of tumours, or draining areas
of obstructive pneumonitis were excluded. The sections were decalcified in
15% formic acid for 24 hours, processed for histological examination in the
usual manner, then cut at 5 tim thickness and stained with haematoxylin
and eosin.
All of the measurements in cartilaginous airways were performed using
a camera lucida and an Apple II computer assisted digitising board.
The luminal diameter of each cartilaginous airway was measured as
the maximum distance perpendicular to the long axis of the lumen of
the airway. The areas of the lumen-wall, gland, cartilage, smooth
muscle, and connective tissue-were measured by tracing each component
and expressing it as a percentage of the total tissue area. Reid's index
was calculated for each airway whenever possible with the method of
Thurlbeck et al.3
The cartilaginous airways were also graded with a modification of the
pictorial grading method of Cosio et al. Each airway was divided into
quadrants and a separate grade was determined from zero to three for each
quadrant, depending on the presence and severity of each of the following:
mucosal inflammation, goblet cell metaplasia, squamous cell metaplasia,
and mural inflammation affecting glands, gland ducts, nerves, smooth
muscle, and interstitium. A single score for each airway was then determined
for each variable by summing the quadrant scores and expressing this total as
a percentage of the maximum possible score. In addition a score for
cartilaginous inflammation of the airways was calculated as the sum of the six
components when the maximum was 600.
To assess the condition of small airways (membranous and respiratory
bronchiole) stratified random blocks were taken from both the medial and
lateral sagittal slices (three for each slice). The sections were processed for
histological examination in the usual manner, cut at 5 !tm thickness, and
stained with haematoxylin and eosin, Masson's trichrome, and periodic acid
Schiff. All membranous bronchioles less than 2 mm internal diameter were
evaluated using a modification of the method of Cosio et al. 15 The respiratory
bronchioles were assessed by the method of Wright et al.20
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ANALYSIS OF DATA

To test the differences in means for age, tests of pulmonary function,
measurement of the conditions of cartilaginous and small airways, Reid's
indices, and emphysema scores a non-parametric one way layout was
performed (Mann-Whitney U test).29 Spearman's rank correlation test was
used to evaluate the relation of the morphometric variables of the cartilaginous airways to the size of the airways.29"

Results
Table I shows that the control group had a mean age of 60 (SD 10) years
with a mean history of 959 (683) cigarette years (number of cigarettes
smoked a day times number of years of smoking). Of these, seven were exsmokers and the remainder current smokers or those who had stopped
smoking within only one year. The group with chronic bronchitis had a
mean age of 60 (10) years and a mean history of 1239 (725) cigarette years. Of

TABLE

I-Mean (SD) data on all patients in study
Controls
(n= 25)

Age (years)
Sex (M:F)
Cigarette years*
Duration of cough (years)
Total lung capacity (% predicted)
Functional residual capacity (% predicted)
Residual volume (% predicted)
Forced expicatory volume in one second (% predicted)
Forced vital capacity (% predicted)
Forced expiratory volume in one second/
forced vital capacity (% predicted)
Maximum flow rate at 50% of forced vital capacity
(% predicted)
Maximum flow rate at 25% of forced vital capacity
(% predicted)
Diffusing capacity with steady state technique
(% predicted)
Diffusing capacity with single breath technique
(% predicted)
Single breath nitrogen washout and slope of phase III
(% predicted)

60
17
959
0-6

(10)
:8
(683)
(0-8)

104-8 (17-1)
(23-9)
(35-2)
(18-3)
(15-6)

116-6
134-0
92-2
93-9

Patients with
chronic bronchitis
(n =20)
60 (10)
16:4
1239 (725)
16-7 (14-5)
111-1 (I11-8)t
127-2 (21-0)
140-5 (33-9)
94-5 (18-5)
98-2 (12-4)

71-1

(8-4)

68-4 (9-3)

54-2

(24-8)

60-8 (36-2)

38-6 (21-8)

42-6 (27-8)

76-9

(24-6)

84-5 (23-7)

82-8

(21-9)

82-5 (25-3)

218 2

(182-3)

193-5

(126-1)

*No of cigarettes smoked/day times No of years of smoking.

tp<0-05.

these, three were ex-smokers and the remainder current smokers or those
who had stopped smoking within only one year. While the divisions of lung
volume (total lung capacity, functional residual capacity, residual volume,
and forced vital capacity) tended to be higher in those with chronic
bronchitis, only total lung capacity separated the treatment group from the
controls (p<005). No differences were noted in measurements of expiratory
flow (forced expiratory volume in one second, forced expiratory volume in
one second/forced vital capacity, maximum flow at 50% and 25% of forced
vital capacity), gas transfer (diffusing capacity with steady state technique
and single breath technique), or the slope of phase III.
The luminal diameter of the cartilaginous airways correlated positively
with the proportions of cartilage (r=0 40, p<0O001), connective tissue
(r=0 38, p<0001), and mucous gland (r=0-17, p<005) and negatively
with the proportion of smooth muscle (r=0-38, p<0001). The data were
therefore analysed using the mean values both for each case (mean case data)
and for airways (mean airway data) in four different ranges of size (<2, 2-2 9,
3-3-9 and >4 mm).
Table II shows the results of the morphometric study of cartilaginous
airways. No difference was noted in the size of mean airways between the
patients with chronic bronchitis and the controls. While both the Reid
index and the proportion of mucous gland tended to be greater in the chronic
bronchitis group, these differences were not significant except for the
proportion of mucous gland in those airways 2-2-9 mm in diameter
(p<005). Similarly while the proportion of smooth muscle tended to be
higher in the chronic bronchitis group, this difference was significant only
for the mean case data (p<005). Although the controls tended to have a
smaller proportion of cartilage to connective tissue than the chronic bronchitis group, the differences were significant only for the proportion of
connective tissue in the mean airway data in those airways 2-2-9 mm
(p<001) and for the proportions of both cartilage and connective tissue
(p<005) in the mean case data.
Table III shows data obtained with the grading system for cartilaginous
airways. Compared with controls the chronic bronchitis group had significantly more inflammation, which primarily affected the larger airways. In
airways with a luminal diameter greater than 4 mm the chronic bronchitis
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those with chronic bronchitis (n=20), who had had a productive cough
occurring on most days for at least three months in the year for at least two
successive years, and controls (n= 25), who did not have these symptoms.
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TABLE IV-Mean (SD) data on condition of small airways and scores of emphysema

Patients with
chronic bronchitis

Controls

Alembrunous bront hlioles

Variables of walls:
Inflammation
Fibrosis
Muscle
Pigment

(12)
(19)
(16)
(10)

31 (14)

Variables of epithelium:
Goblet cell metaplasia
Squamous cell metaplasia
Total scores of condition

18 (16)
14 (11)
135 (40)

18 (17)
12 (10)
143 (51)

Variables of walls:
Inflammation
Fibrosis
Muscle
Pigment
Intralumimal macrophages
Total scores of condition
Score of emphysema

18
23
13
27
24
105
10

28
29
28
17

35 (22)

34 (20)
14 (11)

Respiratory bronchioles

(10)
(17)
(11)
(15)
(11)
(34)
(11)

25
25
17
27
22
116
15

(17)
(15)
(16)

(16)
(13)
(35)
(15)

TABLE II-Mean (SD) morphometric data on cartilaginous airways
Mean airway data
Diameter of lumen
< 2 mm

Controls

Gland (%)
Smooth muscle (%)

Cartilage (%)

Connective tissue (%)
Reid's index
*

35
3-1
10-7
82-7
041

(1 8)

2-2 9 mm

Mean case data

3-3 9 mm

>4mm

Patients with
chronic
bronchitis

Controls

Patients with
chronic
bronchitis

Controls

P'atients with
chronic
bronchitis

Controls

Patients with
chronic
bronchitis

Controls

32 (26)

33 (26)

46 (30)0

45 (29)

5 2 (35)

40 (2 7)

48 (30)

3-8 (26)

3-1 (1 6)
(2 5)
2 1 (1 1) 2-3 (1.2)
1 8 (0 9)
2 2 (1 3)
1-3 (0 6)
1 7 (0 6) 20 (1 5)
(6-4) 14 5 (8 5) 16 3 (8 9) 21 3 (9-9) 20 1 (8 5) 21 1 (7 7) 24-0 (10.0) 24 7 (9-9) 18-1 (9 8)
(6 7) 79-2 (10-1) 78-3 (8 9) 71 8 (9 3)** 73-6 (8 3) 73-6 (8 3) 70 7 (9-6) 68 8 (9 9) 76-1 (9-5)
(0 19) 0 32 (0 10) 0-38 (0-14) 0 41 (0 11) 0 35 (0 10) 040 (0-09) 0-38 (0 11) 043 (0-15) 0 37 (0 12)

Patients with
chronic
bronchitis
44
24
20-1
73 2
0 40

(31)
(1.3)*
(9.7)*
(10 1)*
(0 12)

p<0 05; **p<001.

TABLE III-Mean (SD) data on condition of cartilaginous airways
Mean airway data
Diameter of lumcn
<2mm

Controls

2-2 9mm

Patients with
chronic
bronchitis

Patients with

Controls

Mean case data

>4mm

3-3-9mm

chronic
bronchitis

Patients with

Controls

chronic
bronchitis

Controls

Patients with
chronic
bronchitis

Patients with

chronic

Controls

bronchitis

Inflammation of:
Mucosa
Glands

Glandducts
Interstitium
Smoothmuscle
Nerves
Total inflammation

Epithelial variables:
Goblet cell metaplasia
Squamous cell
metaplasia
Deposition of pigment
*

p<005; p<OOI;
**

40
30
28
23
2
5

(31)

(16)

(31)
(21)
(5)
(8)

54
23
12
17
2
7

(30)
(16)

(19)
(24)
(7)
11)

(30)
(16)
(22)
(23)
2(8)
3(6)

46
28
14
18

62
30
22
23
2
6

(30)*
(14)
(24)
(18)
(7)

(12)

41
28
24
16

(40)
(12)

(20)
(19)

1(2)
(7)

68
33
23
28
6
5

(26)*
(17)
(21)
(23)*
(14)
(10)

(37)
(12)
(18)
(17)
1(5)
2(5)

64 (41)*
42 (10)**-

35 (24)*
21 (22)
4 (9)
4 (8)

40 (26)
29 (9)
20 (15)
17 (14)
1(4)
3 (3)

96 (67)

169 (88)***

111 (55)

144 (61)

39 (38)**

36 (28)

50 (24)

5 (21)
12 (13)

3 (8)
17 (8)

4 (9)
16 (10)

32
29
19
14

128 (77)

113 (76)

111 (77)

145 (67)*

111 (71)

162 (81)*

47 (34)

54 (39)

51 (40)

49 (31)

37 (39)

53 (33)

7 (15)

1(1)
17 (11)

1 (4)

1(1)
21 (13)

4 (9)
20 (14)

1 (2)
18 (12)

8 (20)
14 (11)

11 (28)
11 (13)

15 (12)

61
31
22
22
3
6

(21)**
(12)
(16)
(16)
(6)
(7)

p<O005.

The proportion of mucous gland was found to correlate with gland (r=0 15,
p<005), gland duct (r=0 28, p<O001), and total inflammation of airways
(r=0 17, p<0 01), while Reid's index was found to correlatc only with
inflammation of the gland duct (r=0 22, p<001).
Table IV shows the data obtained with the grading system for membranous bronchioles, respiratory bronchioles, and the estimates of emphysema. This shows that means of the groups were not significantly
different, although the chronic bronchitis group showed a trend towards
greater inflammation, smooth muscle hypertrophy, and scores of total
condition.

Discussion

The results of this study show that chronic bronchitis is
associated with inflammation of cartilaginous airways and that the

severity of this reaction correlates roughly with the size of mucous
glands. The reaction consisted primarily in the infiltration of
mononuclear inflammatory cells, although polymorphonuclear cells
were occasionally present. This response was seen most clearly on
the mucosal surfaces of all bronchi greater than 2 mm in diameter
and around the glands and gland ducts in airways greater than 4 mm
in diameter and was variably present in the submucosa of the
smaller bronchi (table III). The data show that walls of cartilaginous
airways are composed of 3-5% glands, 1-3% smooth muscle, 10-25%
cartilage, and 68-72% connective tissue (table II). These values are
similar to those in previous published reports.3034 Table II also
shows that there is little difference in the structure of cartilaginous
airways between patients with bronchitis and those without except
for a slight increase in the proportions of smooth muscle and
connective tissue. The estimates of both the severity of the
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group had significantly greater mucosal (p<005), gland (p<0005), gland
duct (p<005), and total inflammation (p<0005) than the controls, while in
those airways 2-2-9 mm and 3-3-9 mm diameter they had significantly greater
mucosal (p<005) and total inflammation (p<OO5). Interstitial inflammation was also significantly greater (p<005) in those with chronic bronchitis
in airways 3-3 9 mm in diameter. No difference in degree of inflammation
was present in cartilaginous airways less than 2 mm in diameter. Although
mucosal, mural (gland, gland duct, interstitium, smooth muscle, and
nerve), and total inflammation tended to be higher in the chronic bronchitis
group for the mean case data, only mucosal inflammation was significantly
different (p<OO1). While a precise differential count of the inflammatory
cells was not attempted, the infiltrate was composed predominantly of
lymphocytes and plasma cells, with only occasional neutrophils and
eosinophils noted. Although goblet cell and squamous cell metaplasia
tended to be more noticeable in the chronic bronchitis group, differences in
goblet cell metaplasia were only significant in airways larger than 4 mm
(p<O- 1). No difference in deposition of pigment was noted between the two
groups.
Relations between inflammation of cartilaginous airways and measurements of mucous gland were significant, although the r values were weak.
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combining resectional, biopsy, and necropsy material,23 and Field
et al, in a necropsy survey,4" commented that in most cases
inflammatory infiltration was slight. Salvato,43 in an examination
limited to biopsy material, found that infiltrates of chronic inflammatory cells in the subepithelial connective tissue were not different
between controls and patients with chronic bronchitis and asthma.
In contrast, using a grading system similar to that in this study,
Martin et al4 found a significant relation between inflammation and
the presence of cough but not production of sputum. Their failure
to show a relation with production of sputum may be accounted for
in part by their case selection, as 51 of their 70 patients had
tuberculosis at the time of the study.
Studies of the amount of smooth muscle in bronchial walls in
cases of chronic bronchitis are contradictory. Dunnill et al3'
examined 19 patients with chronic bronchitis and found no
difference in proportion of smooth muscle when compared with 11
controls. In contrast, Hossain and Heard reported that the amount
of muscle in major bronchi in chronic bronchitis may be increased
more than twofold as a result of hyperplasia.4 Takizawa and
Thurlbeck compared seven patients with typical chronic bronchitis
and four patients with chronic bronchitis and attacks of wheezing
and found that three of the four subjects in the group with additional
attacks of wheezing had more muscle.42 They suggested that the
previously reported discrepancies in content of smooth muscle may
have been due to the inclusion of different proportions of patients
with chronic bronchitis and asthma. We were able to detect a
significant increase only in the proportion of smooth muscle in
bronchial walls with the mean case data. As none of our subjects
were known to suffer from asthma we were unable to attribute the
increased proportion of smooth muscle in cases of chronic bronchitis to differences in the proportion of patients with asthma.
Our evaluation of the proportion of cartilage in bronchial walls
was in keeping with the findings of others that the amount of
cartilage does not decrease in chronic bronchitis.3' 32
This
contrasts with the findings of Tandon and Campbell,48 who used a
different method of assessment and showed a deficiency in the
average extent of circumferentially arranged cartilage along bronchi
in chronic bronchitis. Thurlbeck et al,49 however, in a study similar
to that of Tandon and Campbell found that atrophy of cartilage did
not correlate with chronic bronchitis as assessed either clinically or
morphologically.
Several studies have shown the importance of the relation of
inflammation and fibrosis of the membranous and respiratory
bronchioles and goblet cell metaplasia of the membranous bronchioles to limitation of airflow.'9-2033 In this study there was no
difference in the degree of abnormalities of small airways or scores
of emphysema between those patients who had chronic bronchitis
and those who did not. These data further support the hypothesis
that chronic bronchitis, limitation of chronic airflow, emphysema,
and disease of small airways are separate although interrelated
entities. "1- 3
In our population inflammation of cartilaginous airways best
separated those patients with chronic bronchitis from controls. The
differences in inflammation were related directly to the diameter of
airways and were more pronounced in larger airways. While the
precise pathophysiological mechanisms associated with the relation
between inflammation-hypertrophy of mucous glands-and
hypersecretion of mucus are not known, the underlying factor
appears to be cigarette smoking. As both groups had similar
proportions of mucous gland and exposure to cigarettes, the
enhanced relation of inflammation to hypersecretion of mucus in
patients with chronic bronchitis suggests a differential response to
cigarette smoke. Whether this difference is due to the pattern of
inhaling smoke,""52 the type of cigarette smoked,30 or differences in
the nature of the lung defence mechanism,9338 including the
inflammatory response,99 remains uncertain.
We thank Catherine Coppin and Sally Osborne for technical work and Lee
Kowk and Sheree Corbett for secretarial help. The study was supported by
the Medical Research Council of Canada, the British Columbia Lung
Association, and the Canadian Tobacco Manufacturers Council.
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inflammatory reaction and the proportion of mucus gland were
normally distributed, with the total score for inflammation ranging
from 0 to 375 and Reid's index from 0 114 to 0736. A X2 analysis
showed that a significant difference (p<0005) existed between
patients with chronic bronchitis and controls with respect to the
score for inflammation of the central airways but not with respect to
the Reid index (p>005). The mucosal inflammation was also
associated with goblet cell metaplasia in the larger airways. These
data suggest that chronic cough and production of sputum are
associated with an inflammatory reaction in the cartilaginous
airways. Based on the classic studies of Florey et al on the inflammatory reaction in mucous membranes, we can reasonably conclude
that the mucosal inflammation in cartilaginous airways is responsible for the production of excess mucus that accounts for clinical
chronic bronchitis.
Several problems are inherent in a study of this type. The
assessment of cough, production of sputum, and consumption of
cigarettes by interview is probably not accurate. We attempted to
minimise this problem by using interviewers who had no knowledge
of the data on the histological nature or function of airways to collect
the information preoperatively by questionnaire. Only patients
requiring upper lobectomy or pneumonectomy were selected to
minimise differences between lobes. The size, type, and location of
the tumours did not differ between the groups, so the differences in
amount of inflammation present could not be attributed to the
tumours. Previous morphometric studies of cartilaginous airways
have generally been limited to segmental or larger airways, with the
results presented as mean values.3'-3 " Recent studies, however,
have reported that structural proportions of airways vary with the
diameter.3' To control for the relation of the proportion and
diameter of airways that was present in our data we carried out the
analysis in both the conventional manner (mean case data) and
after division into four groups on the basis of luminal diameter
(mean airway data). A recent comparison of the condition of small
airways in upper and lower lobes by Wright et a131 with the same
grading system showed that, with the exception of a slight increase
in respiratory bronchiolitis in lower lobes, no differences existed
between upper and lower lobes. Grading of emphysema was
restricted to an upper lobe in 40 of the 45 cases. By modifying the
pictorial grading method of Thurlbeck et aF6 and restricting
comparisons to lobes obtained from similar sites we minimised the
variation based on sample sites inherent in estimating emphysema.
The relation of hypersecretion of mucus to alterations in the
apparatus secreting mucus is well established. Although the actual
method of measuring the secretory apparatus has varied (Reid's
index,2 mucous gland proportion,30 gland thickness,39 gland area,4'
and acinar size2), most authors agree that mucous glands become
enlarged in chronic bronchitis. Considerable overlap exists, however, in the values obtained from patients with chronic bronchitis
and from those without. Reid's index has been reported to have a
unimodel distribution of frequency,3 6 and indeed this pattern was
apparent in this study for both the mean airway data and the mean
case data. A complicating factor in assessing the size of mucous
glands is the effect of cigarette smoking. While the relation of
smoking to size of the bronchial gland is less well established,
cigarette smokers tend to have larger mucous glands.6'3941 Our
inability to detect a difference in the proportion of mucous glands
between groups except for those airways 2-2-9 mm in diameter
could mean that cigarette smoking had affected the size of mucous
gland maximally in both groups.
The difference in inflammation of cartilaginous airways observed
between the two groups suggests that inflammation rather than
hypertrophy of mucous gland provides the better morphological
indication of chronic bronchitis. We found that the score for
inflammation of cartilaginous airways and Reid's index were fairly
normally distributed. Unlike Reid's index, however, inflammation
of cartilaginous airways separated those patients with chronic
bronchitis from those without. This difference was highly significant for the mean airway data (p<0O001) and approached significance for the mean case data (p<O006). This differs from several
previous reports, which found that inflammation was not a
significant feature of chronic bronchitis. Reid, in two studies
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SHORT REPORTS
Toxocariasis and eosinophilic
memngitis
Toxocariasis is usually manifested as visceral larva migrans in young
children with pica." Lesions in the eye are more common in older children and adults,1 2 and rarely other parts ofthe central nervous system
may be affected.2 A benign, self limiting meningitis has not been described and we therefore report such a case.
Case history
A previously healthy 11 year old girl was referred by her general practitioner with a 10 day history of worsening neck stiffness and back pain.
She had initially presented with severe bilateral frontal headache and dizziness but these symptoms had resolved within 48 hours after beginning treatment with paracetamol.
On examination the child looked alert and well and was not feverish.
There was pronounced meningism and she complained of severe pain at the
level of T12-LI, accentuated by movement. Kernig's sign was positive and
both optic discs were blurred. There was generalised hyperreflexia. The rest
of the physical examination, routine blood tests, and radiography showed
nothing unusual. An urgent CT scan showed no abnormality. Lumbar punc-

ture the day after admission yielded 150 white cells, reported initially as
being predominantly lymphocytes with normal protein and glucose. In view
of the atypical history Romanovsky staining was performed on a cytospin of
cerebrospinal fluid. This showed that 30% of the cells were eosinophils and
that the remainder were lymphocytes. Culture and serology for common viral
and bacterial infection were unhelpful. Two days after admission an eosinophilia of 1-3X 109/1 was noted, which persisted to follow up at six weeks.
The patient recovered spontaneously over the next three days and was sent
home. Results of serological screening for toxocaral infection suggested
active infection (see table), both acute and convalescent serum samples
having appreciable titres. Anti-A agglutinin titres were also raised but fell
during convalescence, were IgG only, and the patient had never had a blood
transfusion, all points suggestive of acute toxocaral infection. She denied pica
but both neighbours had recently acquired puppies, ensuring a plentiful
supply of toxocara ova.
She was treated with diethylcarbamazine 8 mg/kg for 10 days and tolerated
the treatment well. She continued to be asymptomatic nine months after
presentation.

Comment
This case was unusual in its presentation and is instructive in the
method of diagnosis. Pronounced eosinophilia in the cerebrospinal
fluid is rare in Britain but there are many recognised causes. Other
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