CILIOCYTOPHTHORIA (CCP) IN ASTHMATIC CHILDREN,
WITH REFERENCES TO VIRAL RESPIRATORY INFECTION
AND EXACERBATION OF ASTHMA

Preliminary Report

Chong-Jin Kim, M.D., Illhyang Ko, M.D., and Semuel C. Bukantz, M.D., Denver, Colo.

ALTHOUGH respiratory infections probably play an important role in some
episodes of asthma,b 2 it is difficult to differentiate clinically mild respira-
tory infeetions from purely allergic symptoms in asthmatic patients.>-¢ Bacterio-
logic studies offer only partial information, and virologic investigations which
might help in this regard have not been extensively done in relation to
asthma.”™ §

In 1950 and 1953, Bryan, applying Papanicolaou’s technique, reported the
presence of certain types of degenerative ciliated columnar cells in the nasal
secretion of the patients during the acute stage of the common cold.” 1% 1* The
changes described were formation of acidophilic eytoplasm and inclusion bodies
(usually cytoplasmic and acidophilic), nuclear degeneration (pyknosis, karyor-
rhexis, and total loss of the chromatin material), pinching off of the ciliated
portion of the cell, and advanced disintegration. (Figs. 2 to 8.) In 1956, Papa-
nieolaou observed in sputa from patients suffering from acute and chronie in-
flammatory conditions of the lung degenerative cells similar to those reported
by Bryan. He designated the phenomenon ciliocytophthoria (abbreviated CCP).
He suggested the possible significanece of CCP in the diagnosis of respiratory
infections and its correlation with the presence or later development of lung
cancer.'? Pierce and Hirsch, and others, reported a high correlation of CCP in
the sputa or nasal secretions from patients with influenza A** %% and adeno-
virus'* infections. Ciliocytophthoria was also reported in some fatal cases of
measles and varicella pneumonia.’®* Bryan, Pierce, and Hirsch felt that the pres-
ence of CCP indicates a viral respiratory infection and that the identification
of CCP in the sputum or nasal secretion might be a simple method for diagnosis
of viral respiratory infeetions.?® * Three of the patients studied by Pierce and
Hirsch were asthmatie, and exacerbation of asthma in them was associated with
positive CCP.?% This preliminary communieation reports our experience with
CCP in forty-five asthmatic children at Children’s Asthma Research Institute
and Hospital (CARIH),
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Fig. 1.—Normal ciliated columnar epithelial cells.

METHODS

The patients chosen ranged in age from 7 to 16 years. One hundred sixty-
two samples of sputa and ninety-two nasal smears taken by cotton swab from
forty-five children were studied for CCP from December, 1961, through March,
1963 (Table I). Some children were studied on more than one occasion. Sputa
were usually collected in the morning, and expectoration was assisted by inter-
mittent positive pressure breathing and postural drainage in some of the symp-
tom-free patients. The samples were stored in a refrigerator for not more than
a few hours when smears were not made immediately following expectoration.
In some cases, sputa were frozen and stored for longer periods, but there was
little or no change of the ciliated cell structure. The smears were immediately

Fig. 2.—Early degeneration with pyknotic nucleus and acidophilic cytoplasm.
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Fig. 3.—Advanced degeneration: Note partially detached cilia. Variously sized acidophilic in-
clusion bodies (arrows), pyknotic nucleus. Possibly two nuclear inclusions.

fixed in a solution with equal parts of ether and aleohol for 15 to 30 minutes
or more and later stained according to Papanicolaou’s technique.

‘When a specimen was taken from a patient during the exacerbation of
asthma or clinically evident acute respiratory infections, the follow-up speci-
mens were usually taken 2 or more weeks after the onset of the acute episode as the
control samples. All the slides were screened and described by one of us (I1.K.)
without knowledge of the clinical status at the time of study. A sputum speei-
men was considered satisfactory only when its origin was assured by the pres-
ence of ciliated columnal cells and alveolar dust cells.® *®* Since enumeration
of the total numbers of CCP cells in the slides is extremely time consuming and
impractical, frequency of the cells was estimated and described as many, mod-

Fig. 4—Markedly swollen cytoplasm presenting scattered inclusion bodies.
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Fig. 5.—Ciliated portion is ready to pinch off (arrows). Anucleated cytoplasm with inclusions.

erate, or few, The eytologic findings and clinical data were transferred to
McBee Keysort punch cards, and efforts were made to find correlations between
them.

RESULTS

A. The Criteria for Positive CCP.—Shortly after the beginning of this
study, it became apparent that the columnar cells exhibiting CCP may be pres-
ent in relatively small quantities in the sputa and nasal secretions from asymp-
tomatic children as well as from children with exacerbation of asthma or clini-
cally apparent respiratory infections. Although the number of such cells ap-
peared to increase with infections or exacerbations of asthma and diminish with
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Fig. 6.—Nuclear inclusion body (arrow).
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Fig. 7.—Far advanced degeneration: Cilia and nucleus are not seen. Note inclusions.

subsidence of the symptoms in general, the pinching off of the ciliated tuft
seemed 1o be an exception, since this was present in large numbers in some
quiescent patients as well as in the symptomatic patients. Therefore, a slide
was elassified as CCP “positive” only when large numbers of CCP cells (Figs.
2 to 8) were present exclusive of the pinched-off ciliated tufts. The possible
explanation for this exception will be discussed later. In nasal smears, the
amount of the seeretion obtained and smeared on slides was usually small, and
normal ciliated columnar cells were found relatively frequently. These differ-
ences were counted in the deseription of the nasal CCP.

At the end of this study, slides of twenty-one sputa and seven nasal secre-
tions were reexamined to see if the classification of positive or negative CCP

Fig. 8.—Double nuclei: One showing karyorrhexis and the other pyknosis with an inclusion
(arrow). Scattered cytoplasmic inclusions are seen. Note degenerated cilia (arrow).
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TABLE 1. MATERIAL oF THE CCP SrUdY

CLASSIFICATION

OF PATIENTS NO. PATIENTS ! NO. SPUTA NO. NASAL SWABS
Group I 8 25 22
Group II A § 17 11
Group 1I B 12 58 34
Group 111 19 62 25
Total 45 162 92

Note: group I-—No or little asthma after admission to CARIH; group I11A—Moderately
Ifrequex:lt, but mild asthma responding to bronchodilators, no steriods given; group IIB—Requires
intermittent steroid therapy; group III-—Severe asthma, requires continuous steroid therapy.

TaBLE II. CILIOCYTOPHTHORIA WITHIN 10 DAYS OF FEBRILE RESPIRATORY INFECTIONS
WITHOUT EVIDENCE OF BACTERIAL CAUSE (GROUP I)

PATIENTS SPUTA
NO. SPUTA COLLECTED , N 'S
FROM INDIVIDUAL POSITIVES POSITIVES

PATIENTS TOTAL NO. | % TOTAL NO. i %

1 15 9 60 15 9 60

2 5 80 10 6 60

3 3 3 100 9 6 67

Total 23 16 70 34 21 62

could be defined by the ratio of estimated CCP cells to total columnar ecells,
but such a ratio was not applicable. Another series of slides of thirty-two sputa
and sixteen nasal seeretions were randomiy selected from the file and rescreened
in order to test reproducibility of the classification of CCP positive and nega-
tive. In the sputum slides, twenty-eight of thirty-two readings (87.5 per cent)
were found to be reproducible. In nasal smears, twelve of sixteen (75 per cent)
interpretations were considered correect by the reexamination. This relatively
good but rather limited reproducibility appears to result from the nature of
this technique, in which the interpretation had to depend upon the frequency
of the CCP cells in the slides rather than upon the count.

B. The Correlation Between CCP and Clinical Symptoms.—In an attempt
to test the value of CCP in the diagnosis of viral respiratory infeetions, thirty-
four sputa from twenty-three patients with acute, febrile respiratory infeetions
without evidence of bacterial cause were studied for CCP (Table I1). The high-
est rectal temperatures ranged from 100.4° to 104° F. Patients with beta-
hemolytic streptocoecal infeetion, pneumonia, or leukoeytosis with shift to the
left were excluded from this group. One to three sputa were collected {rom
each patient during the first 10 days of the illnesses. Sixteen patients (70 per
cent), or twenty-one (62 per cent) sputa, were CCP positive, When two or
three sputa were studied from an individual patient, the rate of detecting
positive CCP per patient inereased. It appears that a high correlation exists
between febrile respiratory infections with probable viral ecause and positive
CCP.
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Forty-seven sputa from thirty-three patients without symptoms of infec-
tions and without increase of asthma were selected as the controls (Table I1I).
Nine patients were completely asthma free, and twenty-four had some asthma
that was relatively quiescent. Only one of thirty-three cases, or one of forty-
seven sputa, was positive. The high incidence of positives in the infected group
(Table IT) and the low incidence in the control group (Table II) appears to
suggest that CCP may be useful in the identification of viral respiratory infee-
tions in asthmatic children. Thirty-seven sputa from twenty-four patients hav-
ing unexplained, inereased asthma without elinically apparent infections were
studied (Table IV, group II). Thirteen patients (54 per cent) or seventeen
sputa (46 per cent) were positive. This indicates rather high incidence of CCP
with exacerbations of asthma, suggesting the important role of mild viral
respiratory infections in asthma. The incidence of sputum CCP among the
three groups of patients is summarized in Table IV. The incidence of positive
nasal CCP was much less compared with the sputum CCP (Table V).

TABLE IIT, CILIOCYTOPHTHORIA IN PATIENTS WITH N0 SYMPTOMS OF RESPIRATORY INFECTIONS
AND NO INCREASE OF ASTHMA (GRoUP III)

PATIENTS SPUTA
TOTAL | POSITIVES TOTAL [ POSITIVES
Asthma free 9 0 (0%) 11 0 (0%)
Some asthma, but
relatively quiescent 24 1 (4%) 36 1 (3%)
Total 33 1 (3%) 47 1 (29%)

TABLE IV. SUMMARY OF THE INCIDENCE OF CCP AMONG THE THREE GROUPS

PATIENTS SPUTA
GROUPS TOTAL POSITIVES TOTAL | POSITIVES
I. Without evidence
of bacterial cause 23 16 (70%) 34 21 (629%)
IT. Increased asthma
without clinically
apparent infection 24 13- (54%) 37 17 (469%)
ITI. Asthma-free or
quiescent 33 1 (39%) 47 1 (29%)

TABLE V. THE INCIDENCE OF NASAL UCP AMONG THE THREE GROUPS

PATIENTS NASAL SWABS
TOTAL POSITIVES TOTAL | POSITIVES
1. Without evidence
of bacterial cause 13 5 (389%) 19 6 (329)

1I. Increased asthma
without clinically
apparent infection 18 6 (33%) 19 6 (329%)

TII. Asthma-free
or quiescent 15 0 (09%) 18 0 (0%)
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DISCUSSION

The cellular components of the sputum normally include pulmonary macro-
phages from the alveoli; squamous epithelial cells exfoliated from the oral,
laryngopharyngeal, and sometimes esophageal epithelium; ciliated and goblet
cells from the trachea, bronchi, and the bronchioles; and leukocytes and bac-
teria.’™ ** In sputum voluntarily expectorated by a normal person, ciliated cells
are seen infrequently and appear normal (Fig. 1). In sputum obtained by arti-
ficial stimulation of the cough reflex, normal ciliated cells may be found with
fair frequeney.’® Clusters of relatively normal bronchial mucosal cells may be
seen in the sputum from patients with hronchiectasis or asthma,'® especially
during attacks,? but the CCP cells usually do not form such clusters. Bronchial
smears made from fatal cases of cystie fibrosis of the pancreas, congenital heart
failure, and meningococcemia have not revealed CCP.'* Cilioeytophthoria has
also not been observed in hacterial pulmonary infections studied by others.!®
Nasal and tracheobronchial smears from guinea pigs sensitized with ovalbumin
and repeatedly challenged with aerosolized ovalbumin showed slight swelling
and irritation of the ciliated epithelial ecells, but CCP was not identified.>
Histopathologic examination of the tracheal mucosa of rats after protracted
exposure to relatively low concentration of sulfur oxide showed proliferation
of the ciliated cells, submucosal edema, capillary dilatation, and considerably
increased mucous secretion, but changes suggestive of CCP were not reported
by the author.?' Such evidence seems to suggest that CCP is a specific phenome-
non associated with viral respiratory infections in general.

As summarized by Pinkerton,** pathologie changes in virus-infected cells
may include staining alterations, assumption of spherical shape, inclusion body
formation,** hypertrophy, giant cell formation, squamous metaplasia, and neero-
sis. In addition to these changes, pinching off of the ciliated portion of the
columnar cell has heen encountered in human and experimental respiratory
virus infections.”'s According to Pigarevski,'® the main portion of the eiliated
cell may remain after detachment of the ciliated portion and eontinue to pro-
teet submuecosal tissue in mild influenzal infection of experimental animals. In
severe infections, however, the lining mucosal eclls may be lost extensively and
the submucosal tissue exposed without protection. Accordingly, it seems reason-
able to expect that pinched-off ciliated tufts represent relatively mild viral in-
fection, while the other types of CCP represent severe infection at the eellular
level.

Since some areas of the mucous membrane mayv be severely affected while
other areas are only mildly affected in actual viral infection, the pinched-off
ciliated tufts may be mixed with other CCP cells during the acute stage, and
the former may predominate during convaleseence. In this study it appeared
that, although the amount of CCP generally reflects the amount of the mucosal
damage caused by the viral respiratory infection, the pinched-off ciliated tufts
were present in relatively large numbers in sputa from some patients long after
subsidence of acute infections or from those without apparent elinical symp-
toms. This persistence of CCP may indicate latent viral respiratory infections
such as are observed in other situations.?* Papanicolaou also stated that the
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CCP correlation was more clearly defined in acute infections, and there was, as
a rule, an abatement of CCP coincident with clinical improvement.'> This
phenomenon of latency made us doubt the value of CCP in the diagnosis of
viral respiratory infections during the early stage of this study. However, with
the application of the eriteria previously deseribed in the interpretation, sputum
CCP ecorrelated with the clinical impression very well (Tables IT and III). The
nasal CCP appeared to be less valuable than the sputum CCP (Table V).

In the twenty-four patients having unexplained, increased asthma without
clinically apparent infections, cytologic evidence of viral infection was identified
in thirteen cases (54 per cent) by the technique discussed (Table IV). These
nonfebrile and mild infections are very difficult to diagnose clinically in
asthmatie patients,® but they probably triggered the exacerbations of asthma.

It has been reported that Salisbury and coryza virus are of major impor-
tance in cases of the common cold and perhaps in other cliniecal syndromes in
both children and adults, and that respiratory, syneytial, adenovirus, and para-
influenzal viruses figure prominently in childhood respiratory disease, but play
only a small role in adult life.?® On the other hand, it may be possible that
certain viruses trigger asthma more frequently than others.” Therefore, fur-
ther exploration into the relationship between viral respiratory infection and
asthma by simuitaneous virologic and eytologic studies appears to be justified,
since such an approach may provide specific virologic information as well as
cytologic evidence of infection. I.eukoeyte morphology was studied with parallel
Wright’s staining in some cases in order to investigate its relationship to CCP,
but the results were inconclusive,

SUMMARY

One hundred sixty-two sputa and ninety-two nasal secretions from forty-
five asthmatie children were studied by Papanicolaou’s technique during the
acute stage of respiratory infections, exacerbations of asthma, and quieseent or
symptom-free periods. With application of the criteria described, the incidence
of CCP positive sputa was high (62 per cent) in patients with acute febrile
respiratory infections without evidence of bacterial cause. The incidence was
also high (46 per cent) in patients with unexplained increases of asthma with-
out elinically apparent respiratory infections. The incidence was very low (2
per cent) during quiescent or symptom-free periods. The incidences of CCP
positive nasal smears were relatively low among the symptomatic groups. The
results seem to indicate high correlation between viral respiratory infeetion and
sputum CCP, and frequent association of the mild viral infection with exacer-
bation of asthma. Further exploration into the relationship between viral res-
piratory infection and asthma by simultaneous virologic and eytologic ap-
proaches appears to be justified.
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