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Adenovirus infection of man is common 
and some adenoviruses have been implicated 
as causative factors of cancer in animals. 
Some types of adenovirus produce sufficiently 
mild infections, however, so that volunteer 
studies with these agents appear relatively 
simple and risk free (1,2). 

The testing of drugs on 'randomly occurring 
diseases is difficult, since a definite clinical 
diagnosis may not be possible until the disease 
is past. I n  addition, the variability of ran- 
domly occurring cases, except in very large 
epidemics, would require that very large num- 
bers of people be tested with any new drug 
which is to be evaluated in order for such 
studies to be meaningful. Volunteer studies of 
induced infection appeared safer and more 
practical than the study of r a n d m  cases as 
a method of drug evaluation, and adenovirus 
type 111, passed only in human amnion cells, 
and isolated from a very mild local infection 
seemed an ideal agent to provide this test 
system. 

Two drugs possess in vitro activity against 
adenovirus and seem reasonably safe for use 
in man. Methislazone (N-methylisatin-B-thio- 
semicarbazone) is of proven value in a variety 
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of pox virus infections of man, clearly pre- 
venting smallpox in contacts and probably 
providing therapeutic benefit in the treatment 
of vaccinia gangrenosa (3-13). Recent studies 
of this drug in tissue culture indicate that it 
has some in vitro effect in suppressing adeno- 
virus multiplication (14),  and a broad experi- 
ence with thousands of subjects provides de- 
tailed information as to its safety and toxicity 
(3-6). Trifluorothymidine (F3TdR) is a po- 
tent and nontoxic antimetabolite of proven 
benefit in the experimental and clinical treat- 
mcnt of herpes simplex infection in the eye 
when administered locally as drops ( 15,16). 
Since it suppresses and interferes with virus 
DNA synthesis, and drugs of this class have 
been shown to have activity against adeno- 
virus in tissue culture (14) the topical ad- 
ministration of trifluorothymidine also seemed 
of possible clinical value. It was considered 
unlikely that this drug could prevent sys- 
temic infection, and i t  seemed unlikely that 
it could penetrate into the conjunctiva and re- 
main in vascularized tissues sufficiently long 
to prevent conjunctivitis, but it seemed pos- 
sible that it might decrease the severity of the 
conjunctivitis, and more important, prevent 
the corneal opacities which are frequently 
associated with adenovirus infection. 

Materials and Methods. One hundred and 
sixty male subjects a t  the Florida Division of 
Correction, Raiford, Florida, were tevted for 
specific neutralizing antibody to adenovirus 
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type 111; 28 were seronegative (17). All sub- 
jects were determined to be in good health 
and specifically free of liver disease, allergy, 
and skin eruptions. 

Two drops of adenovirus type I11 were in- 
stilled in the lower conjunctival sac of both 
eyes of the 28 seronegative and two seroposi- 
tive subjects. The virus which was isolated 
from a young male with pharyngoconjunctival 
fever in December, 1966, during a mild epi- 
demic in Gainesville, Florida, was passed only 
once in primary human amnion cells, and 
stored at  -70°C before use in this study. 

Methisazone3 suspension was given orally 
to 1Q subjects in the schedule of 4 gm b i d .  
for 3 days, then 4 gm daily for 3 days begin- 
ning immediately after infection. Trifluoro- 
thymidine4 1% eye drops were instilled in 
the conjunctival sacs of both eyes of 10 other 
subjects in the dosage of one drop into each 
eye five times daily fm 8 days beginning on 
the day of infection. Ten subjects including 
the two seropositive subjects acted as controls 
but the disease of the two seropositive sub- 
jects was considered separately. The study 
was carried out on a doubledblind basis. Con- 
trol placebo eye drops and oral suspension 
were used so that each subject received an 
oral preparation and eye drops and neither 
the examiners nor the subjects were informed 
of the code during the study, 

Each subject was examined daily for 2 
weeks and twice a week for 2 more weeks. 
Temperature, pharyngitis, cervical, and pre- 
auricular adenopathy were recorded and lid 
reaction, conjunctival follicular hypertrophy, 
hyperemia, and corneal changes were studied 
by slit lamp biomicrompy and were photo- 
graphed. Subjects were questioned daily for 
general symptoms of malaise, nausea, vomit- 
ing, abdominal pain, diarrhea, sore throat, 
cough, sputum, muscle ache, skin rash, and 
ocular symptoms of pain, foreign body sensa- 
tion, discharge and lid stickiness, photophobia, 
tearing, and blurred vision. Investigators did 
not have access to the previous day’s findings 
during their observations and questioning of 
subjects. In spite of the placebo, it was only 
possible to conduct the study on a double- 

3 Supplied by Burroughs Wellcome Company. 
4 P-L Laboratories, Milwaukee, Wisconsin. 

blind basis because the general history of 
toxicity and side effects was taken by one 
observer, and the remainder of the examina- 
tion was carried out by another observer who 
had no knowledge of the symptoms. 

Conjunctival reaction, follicular hypertro- 
phy, adenopathy, and pharyngitis were graded 
on the lbasis of severity and the daily scores 
were added and converted to a total score for 
the duration of the experiment so that 100 was 
the most severe reaction possible and 0 was 
no reaction at lall. 

Conjunctival smears and virus cultures of 
the pharynx and both lower conjunctival sacs 
were performed daily for 2 weeks and then 
twice weekly for 2 more weeks. Blood was 
drawn on a weekly basis beginning on the 
day prior to infection. Hemoglobin, white cell 
count, differential, and platelets were quanti- 
tated and (bilirubin, thymol turbidity, allbumin, 
total protain, serum glutamic pyruvate trans- 
aminase, and alkaline phosphatase were de- 
termined. The BSP determinations were done 
at  the conclusion of the study on the p u p  
taking methisazone. Antibody studies were 
also performed. 

Results. All subjects became clinically dis- 
eased 3 days after infection although in some, 
the disease consisted of only a mild preauric- 
ular adenopathy and conjunctival follicular 
hypertrophy. In  most, the disease consisted 
of mild conjunctival hyperemia, and pharyn- 
gitis, moderate conjunctival follicular hyper- 
trophy, and preauricular adenopathy. Only 
one sulbjwt developed a transient fever. Most 
subjects complained of mild photophobia, tear- 
ing, foreign lbody sensation during the infec- 
tion and only a mild watery discharge was 
noted on some eyelids. By 1@-14 days signs 
and symptoms of disease had disappeared. 
There was no apparent shortening of the 
duration of the disease in those taking methi- 
sazone or trifluorothymidine and no flare-up 
of disease occurred when these drugs were 
stopped. The two subjects with previous neu- 
tralizing antilbdy developed very mild clinical 
infection. No drug regimen completely pre- 
vented the development of conjunctivitis and 
pharyngitis and although subjects were not 
isolated, no other cases of similar disease 
appeared among other prisoners. In spite of 
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the fact that the patient from whom the virus 
was isolated had mild corneal opacities, no 
such infiltrates were seen during this study. 

The detailed and summed Scores of specific 
daily observations are listed in Table I. Al- 
though no statistically significant differences 
could be determined by an analysis of vari- 

TARTAX T .  Sc0rc.s of 

ance, it was the clinical impression of all ob- 
servers that the disease had been milder in 
some ot the group taking meth’ lisamne once 
the code was known-three weeks after infec- 
tion. Three of the methisazone group, how- 
ever, developed moderate to severe clinical 
disease. KO drug appeared to influence the 
I h i l y  0l)serv:itioiis. 
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Suhjtv-t C‘oiijuiictival Fol lic 11 la  r :lilt. cervical 
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a Each number represents the ~ u ~ ~ i ~ i i c ~ l  score of tlic 1)articul:ir sign wliicli was studied over the 
4-week period ; 10-30 = liiiltl ; 4O-iO = iiiorlrratt~; 80-100 :I iii:irkrvl. 

A total of 80 or less rrpreseiitu niiiiinial cliiiical disease. 
Seropositive subject. 
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TAU I,E 11. Resiil t.s of Coirj iiiic3tiv;il :I i i t l  1'1i;iryiigwl Cul tiircs.'L 

Methisazone Trifluorothymidine Control Seropositive 
group of 10 group of 10 group of 8 group of 2 

KO. of cultures positive for  53/600 46/600 35/480 5/120 
adenovirus 

No. of subjects with negative 1/10 3/10 0/8 1 /2 
adellovirus culture tlirougliout 
experiment 

incidentally 
No. of herpesvirus isolated 3 3 1 0 

" A  total of 60 cultures were obi.ained from each subject through the 4 weeks of the experi- 
ment. KO cultures wore psit . ive until 48 hours a f te r  infection and all positive cultiires were 
ohtained within 12 days of infection. 

incidence of positive cultures after infection 
(Table 11). Positive cultures were sporadic 
and did not correlate with the severity of 
clinical disease. Herpes simplex virus was 
isolated on one occasion from each of 7 pa- 
tients, but no clinical lesions were seen (18). 
Only those patients taking methisazone de- 
veloped gastrointestinal disturbances and drug 
toxicity. Although cookies, orange juice, and 
coffee were given immediately after the oral 
medication, one sulbject claimed to have ex- 
pectorated the medication on two occasions 
and three people vomited 30-60 min after tak- 
ing the first dose. The methisazone caused 
nausea in all other subjects; and one became 
very nauseated, vomited frequently, and de- 
veloped an elevation of his serum transaminase 
(SGPT) ; medication was withheld from this 
patient after lthe third dose for two doses. 
A BSP retention greater than 8% was not 
observed. Occasional vomiting occurred in 
several other subjects but not within 1 hour 
after drug ingestion. Aside from the nausea 
and vomiting and the one elevation of trans- 
aminase, no other toxicity occurred with 
either met hisazone or t r i fl uoro thy mid ine. 

Discussion. Trifluorothymidine was with- 
out apparent effect on course of the adeno- 
virus infection. Neither the conjunctivitis nor 
the systemic disease were obviously altered 
by administration of this drug. Since trifluoro- 
thymidine would be expected to be hydro- 
lyzed rapidly in vascularized tissue, and since 
the only effect that might really be expected 
in this syndrome is the prevention of corneal 
opacities, lack of effectiveness of trifluo'ro- 

thymidine in this study is not surprising. Con- 
tinued studies with this drug on virus infec- 
tions which produce significant corneal op>aci- 
ties appear worthwhile. 

Methisazone is a toxic drug. In this study, 
very large doses of the dlrug.were used, and 
all patients, even the one who expectorated 
the drug on two occasions probably received 
what would be generally considered an ade- 
quate dose (19). Only one patient developed 
signs of systemic toxicity, and this took the 
form of a transient elevation in the serum 
glutamic pyruvic tranminase.  Although there 
was no indication of dangerous toxicity, vir- 
tually all patients k a m e  nauseated and many 
vomited at  some time during the study. 

Because taking methisazone is unpleasant, 
its use in adenwirus infection would not be 
justified unless very striking prophylactic or 
therapeutic effects were observed and smaller 
doses might be effective. In this study, in 
spite of large doses, no such striking therapeu- 
tic effect was observed. It is possilble that 
there was a slight decrease in the severity of 
infection in the methisazone group,  and the 
pssibility remains that less toxic mgeners of 
this drug might be beneficial, [but no statis- 
tically signilficant effect of the methisamne 
was apparent, and it is clear that neither the 
disease nor virus liberation was prevented by 
this drug. 

The use of adenovirus 'type I11 in a volun- 
teer study such as this provided a safe rne$hod 
of studying drug effed as might be predicted 
from previous studies (1,2). No symptom 
developed in inmates of the prison not inten- 
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tionally infected despite the fact that the sub- 
jects were not isolated, and no serious sequel- 
lae of infection were observed. The infections 
all began at  a known time and were rather 
uniform in their duration, so that a biological 
study on a new drug could be done with a 
minimum number of subjects and controls 
being exposed to new compounds with their 
uncertain toxicities. Despite previous tissue 
culture evidence of antiviral activity, this 
study did not confirm the value of trifluoro- 
thymidine or methisazone in preventing or 
treating adenovirus infection in man. 

This study was made possible through the co- 
operation of the Florida Division of Correction, 
Raiford, Florida. The assistance of Mrs. Emily 
Ellison and Mr. Clarence E. Leach was greatly ap- 
preciated. 

1. Bell, J. A., Ward, T. G., Huebner, R. J., Rowe, 
W. P., Suskind, G., and Paffenbarger, R. S., Am. 
J. Public Health 46, 1130 (1956). 

2. Bell, J. A., Rowe, W. P., Engler, J. I., Par- 
rott, R. H., and Huebner, R. J., J. Am. Med. Assoc. 
157, 1083 (1955). 
3. Bauer, D. J., St. Vincent, L., Kempe, C. H., 

and Downie, A. W., Lancet 2, 494 (1963). 
4. Daly, J. J.  and Jackson, E., Brit. Med. J. 1, 

1300 (1%2). 
5. Van Rooyen, C. E., Casey, J., Lee, S. H. S., 

Faulkner, R., and  Dinscoy, H. P., Can. Med. Assoc. 
J. 97, 160 (1967). 
6. Bauer, D. J., Ann. N. Y. Acad. Sci. 130, 110 

(1965). 
7. Ferguson, D. L., S. African Med. J .  38, 868 

(1964). 
8. Ribeiro do Valle, L. A., Raposo de Melo, P., 

Florencio de Salles Comes, L., and Proenca, L. M., 
Lancet 2, 976 (1965). 
9. Connolly, J. H., Dick, G. W. A., and Field, 

C. M. B., Brit. Med. J. 1, 1315 (1962). 
10. Davison, E. and Hayhoe, F. G. J., Brit. Med. 

J. 1, 790 (1963). 
11. Hansson, 0. and Vahlquist, B., Lancet 2, 

687 (1963). 
12. Flewett, T. H. and Ker, F. L., J .  Clin. Pathol. 

16, 271 (1963). 
13. White, C. M., Lancet 1, 969 (1963). 
14. Bauer, D. J. and Apostolow, K., Science 154, 

796 (1966). 
15. Kaufman, H. E. and Heidelberger, C. H., 

Science 145, 585 (1964). 
16. Kaufman, H. E., Ann. N. Y. Acad. Sci. 130, 

168 (1965). 
17. Lennette, E. H. and Schmidt, N. J., in “Diag- 

nostic Procedures for Viral and Rickettsia1 Diseases,” 
pp. 434454. Am. Public Health ASSOC., New York, 
1964. 
18. Kaufman, H. E., Brown, D. C., and Ellison, 

E .  M., Science 156, 1628 (1967). 
19. Connolly, J. H., Practitioner 197, 373 (1966). 

Received Nov. 20, 1967. P.S.E.B.M., 1968, Vol. 127. 

Human Cytomegalovirus. Observations of Intracellular Lesion 
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Human cytornegalovirus (CMV) induces 
characteristic cytoplasmic and intranudear 
lesions in human fetal fibroblasts. In previous 
reports, cultured cells infected with human 
cytomegalovirus were studied by cytochemis- 
try (1), autoradiography (2),  and electron 

* This investigation was supported by USPHS 
Research Grants 5 R01 A 1  03079 from the National 
Institute of Allergy and Infectious Diseases and  3 
R01 CA 07991 from the National Cancer Institute. 

microscopy (3-5). These studies provided in- 
formation regarding the development of cyto- 
pathic and cytochemical effects in tissue cul- 
ture related to infection by this DNA virus. 

To further characterize the sequential events 
leading to the development of the mature 
nuclear and cytoplasmic lesions, human fetal 
fibroblasts cultured in Rose chambers were 
infected with CMV and observed by phase 
contrast microscopy. T i m e - l a p  cineanatog- 


