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TABLE I. Effect of Underfeeding on Thyroxiiir Secretion Rate in Female Mice. 

Body wt, g Frequency distribution of TSR Tren tiiient, 
rate o f  No. of TKR, I)ccre:ise, 
feeding :rnimals Iiiitjal Filial ,~g/100 g/d:iy cb 2 5  pg .5 pg 1 pg 1.5 pug 2.0 pg 2.5 L L ~  

Control .z 58 1.25 2 .05 3 30 18 7 
Control2 t 16 30.3 30.4 1.38 .173 100 4 3 4 3  2 
34 3 t 14 28.5 30.1 .93 2 .I80 33 2 7  3 1  1 
yi 4$ 13 31.0 24.8 .81 -+ . I 42  41 2 6 1 4  

1 v s  2 n o t  sipificaiit. 

was reduced to 0.80 p.g/lOO g,'day or 41% 
associated with a 17.3% reduction in body 
weight. These data suggest that pituitary- 
thyroid axis is sensitive to slight reduced en- 
ergy intake by reduction in TSR sufficient to 
maintain body weight. 
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Ciliocytophthoria in Sputum from Patients with Adenovirus Infections.*t 
(25886) 

CYNTHIA H. PIERCE AND ALICE IT. KKOX (Introduced by James G. Hirsch) 
Rockefellev Inst .  atid Dept .  of Microbiology, College of Physicians and Surgeons, 

Columbia liniversity, N .  Y .  C. 

Yapanicolaou ( 1 ) described morphologic ab- 
normalities in ciliated epithelial cells exfoli- 
ated from the respiratory tract of certain pa- 
tients with acute or chronic pulmonary dis- 
ease. He designated this phenomenon cilio- 
cytophthoria (CCP) . Further observations 
in our laboratory established an association 
of CCP with virus infections of the human 
respiratory tract(2). CC'P was found to be 
present in persons suffering from viral infec- 
tions but absent in those with bacterial pul- 
monary disease. Of the viral illnesses studied 

*Aided by grant from Am. Cancer SOC.; these 
studies also were conducted under auspices of Com- 
mission on Influenza, Armed Forces Epidemiological 
Board and supported by Office of Surgeon General, 
Dept. of Army, Washington, D.C. 

in which CCP was observed, only those due 
to influenza were documented by laboratory 
data ( i . e .  virus isolation or rise in serum an- 
tibody). The remainder were classified on 
the basis of clinical and labolratory findings as 
diseases of probable viral etiology. The pres- 
ent report presents data derived from screen- 

t This investigation has been carried out with 
cooperation of many individuals. We should like 
to express appreciation to Dr. George Papanicolaou 
for continued interest and counsel in cytologic stud- 
ies, to Dr. Harry M.  Rose for the correlation with 
immunologic studies, and to Col. Joseph W. Cooch 
and his staff a t  Fort Dix Health Center, N. J., for 
supplying specimens. Also to Drs. Purnell Choppin 
and Suydam Osterhout, Hosp. of Rockefeller Inst., 
and acknowledge technical assistance of Sylvia J. 
Fullerton and Marilyn J. Haikara, Rockefeller Inst. 
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Morphologic changes occurring in Ciliocytophthoria 
(CCP),  magnification X 850, Papanicolaou stain 

1-6, Mallory stain 7. 
FIG.  1. Normal ciliated epithelial cell. 
PIG. 2. Intact  ciliated epithelial cells with :rb- 

normalities : a. Pykiiotic nucleus and cytoplasmic 
inclusions. b. Nuclear aiid cytoplasmic inclusioris. 
c. Chromatin marginated a t  periphery of nucleus. 
One large and many small cytoplasmic iriclusions. 

F I G .  3. I’inching off of ciliated portions result- 
ing in:  a. Small ciliated tuf t  aiid large basal scg- 
ment containing pyknotjc nucleus and cytoplasmic 
inclusions. b. Large ciliated tuf t  aiid small basal 
segment coiitaining pyknotic nucleus arid one small 
cytoplasmic inclusion. 

F I G .  4. Free anuclear ciliated tufts:  a. Homo- 
geneous cytoplasm with one weakly stained inchi- 
sion. b. Vacuolated cytoplasni with one large 
deeply stained inclusion. 

a. Pykiiotic 
nucleus and several cytoylasniic inclusions. b. Nu- 
clear inclusion and large cytoplasmic inclusion. 

FIG. 6. Phagocytosis by macrophage of ail 
anuclear segment containing large inclusion. 

FIG.  7. Mallory staiiied preparations: a. I n t a c t  
ciliated epithelial cell with pyknotic nucleus and 
many cytoplasmic inclusions. (Nuclear inclusion 
out of focus, visible only upon refocus.) b. Anu- 
clear ciliated tuf t  containing large inclusion. 

FIG. 5. Basal niicleatecl segments : 

ing sputum specimens obtained from armed 
forces personnel a t  Fort Dix. The results 
demonstrate the presence of CCP in persons 
suffering from documented adenovirus infec- 
tions and also confirm occurrence of CCP dur- 
ing viral influenza. 

Through the courtesy of Col. 
Joseph W. Cooch, Health Center, Fort Dix, 
N. J., single sputum specimens were obtained 
from 375 recruits exhibiting symptoms of 

Methods. 

respiratory disease during March 4 to Sept. 
9, 1958. Each specimen was stained accord- 
ing to the Papanicolaou technic(3) and exam- 
ined microscopically for presence of CCP 
using criteria previously reported ( 2 ) .  In a 
small series of CCP positive specimens dupli- 
cate smears were made and stained with Mal- 
lory’s aniline blue collagen stain (4) (acid 
fuchsin 30 seconds, aniline blue solution 50 
seconds, followed by gradual dehydration) . 
Paired acute and convalescent sera obtained 
from 86 of these patients were titrated for 
adenovirus antibodies in complement fixation 
(CF) tests. In addition, sera from 32 of the 
8 6 pa tien ts were similarly examined for anti- 
bodies against influenza A. The prevalence 
of adenoviral infection among recruits during 
the period under study was determined by 
assaying complement fixing antibodies in in- 
dividually paired serum specimens from a to- 
tal of 578 patients. Immunologic tests were 
done with minor modificatioas of a previously 
described technic( 5 ) .  A 4-fold or greater in- 
crease in titer of the convalescent serum as 
compared with that of the acute phase speci- 
men was used as criterion of infection. 

Results. The accompanying photomicro- 
graphs demonstrate the abnormal morpholo- 
gic changes characteristic of CCP. The typi- 
cal orange-pink color of the acidophilic inclu- 
sions obtained with the Papanicolaou stain 
can be seen in photomicrographs previously 
published ( 2 ) .  In Mallory-stained smears, cy- 
toplasmic inclusions are a brilliant cherry red 
and nuclear inclusions are orange. Although 
the Mallory technic of staining as employed 
in our laboratory does not allow as good 
preservation of cells as does the Papanicolaou 
method, the rapidity and simplicity of the 
former procedure make it valuable in certain 
instances. 

Among a total of 357 expectorated sam- 
ples, 282 were deep cough specimens suitable 
for examination. CCP was observed in 59% 
of the specimens (Table I). No evidence of 
CCP was found in 3076, and in 11% there 
were abnormal elements suggestive of CCP, 
but not conclusive. In such instances small 
red-staining spherical bodies and mononuclear 
cells predominated in the sputum smear. It 
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TABLE I. Occurrence of CCP in Single 1)w.p 
Cough Specimens from 282 Military Recruits Snf- 

f ering f rom Acute Respiratory Disease. 

(‘C’P Xo.  of specimens (h of total 

Positive 1 6 7  
Scga tire 8 .i 
Ahilorlnal 30 

59 
30 
11 

is uncertain whether or not this pattern repre- 
sents a transition phase between the early 
stage of viral infection, when CCP is readily 
recognized, and the later stages of infection, 
or convalescent period, when large multinu- 
cleated histiocytes with deeply staining 
orange cytoplasm are the principal cellular 
elements. 

During CCP observation period, 578 paired 
serum specimens were examined for presence 
of adenovirus antibodies by complement fix- 
ation (CF).  Incidence of patients with CCP 
was compared with the prevalence of adeno- 
virus infection a t  Fort Dix during monthly 
intervals throughout the survey. The results 
shown in Table TI demonstrate that a rela- 
tively high percentage of sputum samples 
were positive for CCP during each month, 
and that concomitantly there was a high inci- 
dence of adenovirus infection, as demon- 
strated serologically. 

The direct comparison of cytologic findings 
with adenovirus antibody studies in 86 pa- 
tients from whom sputum specimens as well as 
acute and convalescent sera were obtained is 
shown in Table 111. Sera from 32 of these 
individuals (Group A) also were examined 
for increased titers against influenza A virus. 
Among this group were 2 7  positive CCP speci- 
mens. Twenty-two of the CCP positive cases 
occurred in persons who had a rise in adeno- 
virus antibody titer, 3 showed increases in in- 

fluenza antibody, and one revealed serologic 
evidence of both adenovirus and influenza in- 
fection. Only one case was CCP positive 
without a demonstrable rise in antibody titer. 
Single sputum specimens from 5 individuals 
with serum antibody rises against adenovirus 
failed to show CCP. Among the 54 patients 
comprising group B, CCP was observed in 
33, 2 5  of whom showed significant rises in 
adenovirus antibodies. All 6 persons whose 
sputum smears were abnormal, but not classi- 
fied as CCP, had adenovirus infection as doc- 
umented serologically. 

A summary of the foregoing data with re- 
spect to adenovirus infection shows that from 
60 patients having positive CCP specimens, 
48 had significant adenovirus antibody rises 
as did all 6 individuals presenting abnormal 
specimens. 

The finding of CCP in 59% 
of 282 single sputum specimens indicates that 
this phenomenon is by no means uncommon 
among military recruits exhibiting symptoms 
of respiratory disease. Whether other popu- 
lation groups would yield such a large per- 
centage of CCP positive specimens cannot be 
determined from the present study. Data 
from the immunololgic studies serve to estab- 
lish that CCP is associated with ademvirus 
infection as well as with influenza. In  addi- 
tion, the results confirm the high incidence of 
adenovirus disease among military personnel 
a t  Fort Dix as previously reported( 6) .  

Since the cytologic observations here re- 
ported were obtained by examining only a 
single deep cough specimen from each patient, 
the negative findings associated with positive 
serologic evidence of adenovirus infection 
might have been reversed had several sputum 

Discussion. 

TABPIE 11. Iiiciilciiec of (ICP ant1 Aclcbtiovi I’IXH Infeetion cluriiig Survey Period. 

Hipifieant adtnovjrus antibody 
CCP---, rise 

Test ycriocls KO. NO. 
during 1958 patierits Pos. Abn. Nrg. ”/‘o pas. patients NO. POS. % POS. 

March 76 48 4 24 63 2 i 9  220 79 
April 75 45 6 24 60 84 72 86 

41 23 8 10 56 53 48 91  
June 47 25 4 1 8  53 42 38 9 1  
May 

6 44 3 1  25 81 
3 76 43 22 5 1  

July 1 6  7 3 
August 1 7  13 1 
September 10 6 4 0 60 46 32 70 

9 
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TAETlE ITI. Comparison of CCP and C P  Antibody Tests. 

8ignificant antibody rise 
Total No. Adenovirus Influenza A 

iiidividuds Presence of CCP + 0 + 0 

0 0 22 
3 3 0 
0 1 0 
1 0 1 
n 0 5 

0 
8 
0 Not  clone 
1) 
ti 

samples from each individual been analyzed. 
AMoreover, the possibility of a superimposed 
bacterial infection cannot be excluded in such 
instances, since it has already been observed 
that influenza patients with secondary bac- 
terial infection no longer produce positive 
CCP specimens ( 2 ) . 

Examination of sputum specimens for CCP 
is a rapid laboratory test to distinguish viral 
infections of the respiratory tract from bac- 
terial disease when used in conjunction with 
other laboratory procedures ( 2 ) .  The Papa- 
nicolaou stain, however, has not yet revealed 
significant differences between viral species in 
respect to their effect upon ciliated epithelium 
exfoliated from the respiratory tract. Other 
workers have shown that the finding of ab- 
normal changes in exfoliated respiratory epi- 
thelium is an aid in establishing a tentative 
diagnosis of influenza ( 7,8). In  addition mor- 
phologic changes in respiratory epithelium in 
situ have been observed upon examination of 
autopsy material obtained from fatal cases of 
influenza ( 7 )  and adenovirus infection (9,lO). 

The present results demonstrate the asso- 
ciation of CCP with both adenovirus and in- 
fluenza disease and support the concept that 
CCP may occur in a variety of viral respira- 
tory infections. 

Summary. A total number of 282 single 
sputum specimens from patients with acute 
respiratory disease were stained by Papani- 
colaou technic and examined for presence of 
certain abnormalities, known as ciliocytoph- 
thoria (CCP) , in exfoliated ciliated epithelial 

cells. Fif ty-nine yo yielded positive results, 
30% were negative, and 11% inconclusive. 
During this period complement fixation (CF) 
tests carried out on paired acute and convales- 
cent sera from 578 patients demonstrated high 
incidence (7770)  of adenovirus infection. 
The direct association olf CCP with adeno- 
virus infection was established by study of 
patients from whom sputum as well as serum 
specimens were obtained. Significant adeno- 
virus antibo’dy rises occurred in 48 (80%) of 
60 individuals whose sputum specimens were 
positive for CCP. 
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