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knotting. But in the pregnant woman it is another matter ;
one must use one’s own judgment; the suture should be
tied with very little tension. The two incisions are then
closed with catgut in the ordinary way and the patient is
sent back to bed. The foot of the bed should be raised for
48 hours or more if the patient is pregnant.

Mode of Delivery

With a history of repeated abortion and with a pregnancy
which has reached term after this operative procedure it is
tempting to deliver the child by means of caesarean section.
Where there is no other obstetric indication, however, it
seems reasonable to allow the patient to go into labour
and divide the suture, which by this time may be found to
lie just deep to the endocervical mucosa. Then, if labour
proceeds normally within 48 hours, operative intervention
is not indicated. If however, after division of the suture
delivery is not imminent after 48 hours, it seems to us
desirable to deliver the patient by caesarean section.

Discussion

Without detailing the underlying causes, Malpas (1938)
suggested that after three abortions the chance of spon-
taneous cure was 27%. Swyer and Daley (1953), however,
found that this pessimistic assessment was far too low ; that
approximately 509 of such women had a chance of pro-
ducing a live baby without treatment.

It is, of course, not difficult, in cases where there is a
history of habitual abortion, to perform a Lash or Shirodkar
type of operation, either before or during pregnancy, and if
subsequently the patient carries to term there would be a
natural tendency to claim that any successful result was
due to the operation itself. In our opinion, success can be
attributed to the operation only if a history of repeated
early rupture of the membranes is obtained, or if actual
incompetence of the internal os can be demonstrated.

It is quite obvious that to amass a series of cases
sufficient to produce statistically significant results will take
a long time owing to the relative rarity of this cause of
habitual abortion. This preliminary communication is
published in the hope that it may stimulate other workers
in this field to carry out investigation and treatment along
similar lines.

Summary

Deficiency of the internal cervical os is an occasional
cause of habitual abortion. Such insufficiency may be
either congenital or the result of trauma at gynae-
cological operation or during childbirth or miscarriage.
The deficiency may be suspected from the history of
repeated early rupture of the membranes followed by
abortion, and may be demonstrated in the non-pregnant
woman by a special x-ray technique or by the passage
of a No. 4 cervical dilator freely into the uterine cavity.
During pregnancy it may be confirmed by the observa-
tion that the membranes are bulging and that the cervix
is partially dilated in the absence of bleeding or obvious
uterine contractions.

A method of reinforcement of the inefficient internal
os, based on Shirodkar’s original technique, is described,
and seven cases so treated are listed in detail. Five have
now been delivered, and two are not yet pregnant.

ADDENDUM.—Since submitting this paper for publication
we have operated on five more patients between the 15th
and 20th weeks of pregnancy: none of these have aborted
and all have proceeded to term normally.
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In 1954 Parrott and his colleagues reported a small out-
break of eight cases of febrile illness associated with type
3 adenovirus infection among patients and staff of a
children’s hospital in Washington. The main clinical
features were pharyngitis, rhinitis, enlarged cervical
lymph nodes, and conjunctival inflammation. Further
outbreaks of an apparently identical illness occurring in
the general population in the vicinity of Washington in
the same year were described in detail by Bell et al.
(1955). Once again type 3 adenovirus was apparently
responsible, and the authors suggested that the disease
be named pharyngo-conjunctival fever. Qutbreaks of
illness with clinical similarities occurred in Toronto in
1955 (Ormsby and Aitchison, 1955). Others had been
described earlier by Guthrie and Pessel (1925) in a
residential boys’ school in New Jersey; by Derrick
(1943) in association with a swimming-bath in Brisbane,
Australia ; and by Cockburn (1953) in Greely, Colorado.
Subsequent tests on paired sera from patients in the
Greely epidemic showed rising titres of neutralizing anti-
body to type 3 adenovirus (Cockburn et al., 1956).

An epidemic of febrile pharyngitis and conjunctivitis
associated with adenovirus type 4 infection occurred in
Helsinki in the summer of 1955 (Forssell et al., 19506).
In this epidemic, however, some differences in the symp-
tomatology were observed ; severe headache, gastro-
intestinal symptoms, and stiffness of the neck or back
were found in many patients, and sinusitis was a
common complication. Meningismus and other unusual
signs were also noted by Sobel et al. (1956) in an out-
break of pharyngo-conjunctival fever in New Hamp-
shire in 1955, in which there was evidence of type 3
infection. A school outbreak of acute respiratory ill-
ness associated with adenovirus type 7 infection occurred
in the North of England in 1955 (Tyrrell et al., 1956).
Conjunctivitis was seen in a small proportion of the
cases.

During the summer of 1955 epidemics of an illness
closely resembling that described by Bell et al. (1955)
occurred in Lancing College and Epsom College, two
residential boys’ schools in southern England. This
report is mainly concerned with an account of observa-
tions made in these schools. Later in the summer two
of us (B. E. A. and J. C. McD.) assisted in the investiga-
tion of five other similar epidemics : four in residential
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boys’ schools—Queen’s College, Taunton; Wrekin
College, Salop ; Wellingborough School, Northants ; and
Roysse’s School, Abingdon—and one in a Royal Naval
training school for boys in Portsmouth. For permission
to include information on these outbreaks we are in-
debted to Dr. C. G. M. Donaldson, Dr. J. Prentice, Dr.
W. D. Arthur, and Dr. J. H. Fisher, the medical officers
of the four schools, and to Surgeon Commander P. K.
Fraser and the medical department of the Admiralty.
In all, over 400 boys in the seven schools were suffi-
ciently ill to require treatment in bed. Sickness rates in
the individual schools ranged from 4 to 41%. The dura-
tion and intensity of the epidemics varied greatly, as may
be seen in Fig. 1, in which cases are shown by dates of
onset. In three of the schools—Wrekin, Welling-
borough, and Roysse’s—more cases would probably have
been recorded if the summer holiday had not inter-
vened. Serological evidence of adenovirus infection
was obtained from representative cases in all seven
schools, and adenovirus strains were isolated from
patients in five of them.

Clinical Records

Symptoms and signs and their severity were recorded for
116 patients at Lancing College and 53 patients at Epsom
College who were considered on clinical grounds to be
suffering from the epidemic disease, and who were admitted
to the sanatorium. An effort was made to record the
observations in as standard a manner as possible. At Epsom
a further 8 boys who were treated for part of their illnesses
at home are not included in the clinical analysis. In addition,
18 boys at Lancing and 8 boys at Epsom were admitted to
the sanatorium with some other respiratory illness during
the summer term ; at Lancing six boys were admitted with
rubella and one with glandular fever, and at Epsom one
boy was admitted with glandular fever. The six cases of
rubella were all in the same House, were clinically typical,
and occurred in two groups, the first separated from the
second by 16 to 21 days. The proportion of illnesses not
classified as “ pharyngo-conjunctival fever” was therefore
small. In the other five schools a general description of the
illnesses was obtained from discussion with the school
doctors, and cases were seen and examined. As one of us
(J.C.McD.) visited six of the seven outbreaks, some com-
parison of the clinical findings in each was possible.

OUTBREAKS OF PHARYNGO-CONJUNCTIVAL FEVER

DATES OF ONSET OF ILLNESS IN BOYS ADMITTED TO SCHOOL SANATORIA OR KEPT HOME FROM SCHOOL

LANCING COLLEGE

ATTACK RATE

116 -
208~ 28%
EPSOM COLLEGE : (boarders only ) 61 _
l l . ass =1 7%
ROVAL NAVAL TRAINING SCHOOL, PORTSMOUTH.* 20
L e Q
asout 521 =4%
QUEENS COLLEGE, TAUNTON.
o8
241 ‘41%

WREKIN COLLEGE, SALOP.

WELLINGBOROUGH SCHOOL

319°27%

ROYSSE'S SCHOOL , ABINGDON.

9 -
176=5%

10 20
MAY

@ « ONE CASE

i JuLy

END OF TERM

» IN THIS SCHOOL A FEW CASES OCCURRED EARLIER BUT DATES OF ONSET WERE NOT RECORDED

F1G. 1.—Outbreaks of pharyngo-conjunctival fever.

Dates of onset of illness in boys admitted to school sanatoria or kept

home from school.
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Specimens

Blood counts and bacteriological examinations of throat
and eye swabs were made on a proportion of the Lancing
and Epsom cases throughout the epidemic. Virological in-
vestigations were begun in early June. At Lancing College
an attempt was then made to obtain blood specimens during
the convalescent stage from as many as possible of those
who had been ill, and paired acute and convalescent blood
specimens from other boys who became ill subsequently.
In addition, late convalescent specimens were taken from a
small number of boys, most of whom had been bled at
least once previously, on their return to school after the
summer holiday. In all, one or more blood specimens were
obtained from 71 of the 116 cases of pharyngo-conjunctival
fever, from 7 of the 18 cases of other respiratory illness, and
from all 7 cases with rubella or glandular fever. At Epsom
College blood samples, single or paired, were obtained from
a sample of the patients throughout the epidemic, 17 of the
53 patients being tested. In the remaining five schools
paired sera were available from 30 typical cases. The
number of pairs from individual schools ranged from 3 to 10.
Specimens of serum were stored at —30° C. until tested.

Specimens for virus isolation were obtained from the
conjunctival sac or throat of a small number of acutely ill
patients in five of the schools, but not in Queen’s College,
Taunton, or in the naval training school, where all cases were
convalescent when visited. Conjunctival specimens were taken
by means of a cotton-wool swab on a wooden stick.
Immediately after collection the swab was transferred to a
5-ml. screw-capped bottle containing 2 to 3 ml. of nutrient
broth. The wooden stick was broken off and the cap
screwed on tightly. Throat washings were taken in 10 ml.
of saline, to which 2 to 3 ml. of nutrient broth was immedi-
ately added. Specimens were transported to the laboratory
on solid carbon dioxide and subsequently stored in an electric
refrigerator at —70° C.

Laboratory Methods

Sera were examined by the complement-fixation test per-
formed in plastic plates of the type used for haemagglutina-
tion tests (World Health Organization, 1953). Serum, com-
plement (2¢ M.H.D.), and antigen were mixed in 0.1-ml.
volumes and incubated at 37° C. for 75 minutes, when 0.2
ml. of a 1% suspension of sensitized sheep red cells was
added. After 30 minutes at 37° C. the plates were stored
overnight at 4° C. and the results read the next morning.
Titres recorded as positive were the highest initial serum
dilution showing approximately 75% of red cells unlysed.

The antigen was used at the optimum dilution and was pre- -

pared from cultures of HeLa cells infected with R1-67 virus
(adenovirus type 4). The medium and culture in bottles
showing advanced degeneration were frozen at —30° C
overnight. After thawing, the contents were centrifuged, and
the supernatant fluid was heated at 58° C. for 30 minutes
and then stored at —30° C. until required for use as antigen.

Virus isolation tests were performed by inoculation of
0.2 ml. of throat washings, or of the broth in which eye
swabs had been stored, into each of two tubes of HeLa
cell cultures. The cultures were left for at least 10 days
and when necessary further passages were made. When
characteristic degeneration occurred the cultures were frozen
and thawed and the fluid was tested for the presence of
adenovirus group antigen by complement-fixation with posi-
tive human convalescent serum. The HeLa cultures were
grown in a medium containing 20% of human serum ;
before inoculation this was removed and the cultures were
washed twice with a saline solution. The maintenance
medium contained approximately 2% of chicken serum.
Viruses were typed in HeLa tube cultures containing 1 ml.
of medium to which was added 0.2 ml. of a virus-serum
mixture prepared one hour previously and held at room
temperature in the interval. Type-speciﬁc sera were pre-
pared in rabbits which had received a series of intravenous in-
jections of supernatant fluid from HeLa cultures infected with
adenovirus prototype strains. The dose of the virus under test

was adjusted to give complete degeneration in two to four
days, and results were read 24 hours after the control tubes
had shown complete degeneration. The specific sera used
had titres between 1/300 and 1/3,000 (original dilution in
virus-serum mixture) to homologous virus, but did not neu-
tralize heterologous viruses at a 1/30 dilution. Viruses to
be typed were screened against 1/30 dilutions of type-
specific sera. Later, as a check, some of these strains were
tested in parallel with viruses of known type against a full
range of dilutions of the neutralizing serum.

Clinical Features

In all seven outbreaks the clinical features were very
similar, though individual illnesses varied in severity and in
the prominence of particular symptoms or signs. The
illnesses were characterized by three to five days’ fever, sore
throat, blocked nose, enlarged cervical glands, painless con-
junctivitis, and the absence of any involvement of the
respiratory tract below the pharynx. Dlarrhoea vomiting,
and abdominal pain were not generally complained of, but
about a quarter of the patients at Epsom College and about
a third at Queen’s College, Taunton, had gastro-intestinal
symptoms. These symptoms did not appear to be due to
drug treatment. The frequency with which various
symptoms and signs were recorded at Epsom and Lancing
Colleges is shown in Table I. Percentage figures were
usually lower at Lancing than at Epsom, particularly for
the less prominent symptoms. We cannot be certain whether
this was the result of differences in the illnesses or in the
observers, but no essential difference was apparent to those
of us who saw patients in both schools. For this reason it
seemed permissible to give also in Table I an analysis of
symptoms in a group of 29 cases, 20 from Lancing and 9
from Epsom, in whom a fourfold or greater rise in comple-
ment-fixing antibody was found in paired sera. The detailed
clinical description that follows is based upon records of
patients from both schools.

Prodromal symptoms of malaise and frontal headache
were experienced by some patients, but in the majority the
onset was sudden and accompanied by moderately sore
throat, shivering, nausea, and mild aches in the legs or back.
Occasionally nasal blockage, dizziness, faintness, vomiting,
and diarrhoea were present at this stage and sometimes a

TaBLe 1.—Clinical Findings in Outbreaks of Pharyngo-
conjunctival Fever at Lancing and Epsom Colleges

Percentage of Boys in whom Observed
Clinical Cases Serologically
Clinical Findings Cases*
Lancing Epsom Em‘;'i:"d
(116 Cases) | (53Cases) | (55" Cases)
Symptoms:
Sore throat .. .. .. 72 85 79
Headache .. . .. 68 79 72
Nasal symptoms . . 41 75 66
Aching eyes .. . . 29 53 45
Aches and pains . .. 25 41 38
Cough . . . 16 32 14
Vomiting .. . . 3 25 7
Diarrhoea .. .. . 1 9 3
Fever:
Present 88 100 93
Reaching 102° F.(38-9° C.) and
lasting 4 days or more . 53 55 55
Mean maximum in febrile cases | 102-4° F., 102-2° F. 102-5° F
(39-1°C.) 3%°C) (39-15°C.)
Mean duration in febrile cases 4-7 days 4-7 days . 4-9 days
Conjunctivitis:
Present .. .. . 63 85 100
Moderately severe .. . 31 34 48
Sever: . 9 11 21
Eyes unequally ‘affected . 28 19 62
Cervical lymph nodes:
Enlarge)t'lm 71 89 97
Moderate or severe enla.rgement 24 30 52
Pharyngitis:
Present .. . .. 74 P98 79
Moderate or severe .. . 45 51 41

* Fourfold or greater rise in complement-fixing antibody in paired sera.
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little itching or aching in or behind the eyes. On examina-
tion the temperature was 101 to 102° F. (38.3 to 38.9° C.),
with a pulse rate of 80 to 110. The patient appeared
moderately ill, with a flushed face and an erythematous haze
over the bulbar conjunctivae. The soft palate and anterior
fauces were erythematous, and a few enlarged vessels or
petechiae were sometimes seen in these areas. The lym-
phatic tissue of the posterior pharyngeal wall was red
and hypertrophied. A scanty follicular exudate was seen
on the tonsils or in the pharynx in about one-quarter of the
patients. Purulent exudate was uncommon, and ulceration
was not observed. A few translucent vesicles less than
1 mm. in diameter were observed on the soft palate and
faucial pillars in some cases ; they were transient and were
no: associated with erythema or ulceration. Small discrete
glands up to about 1.5 cm. in diameter were usually palpable
in the posterior and anterior cervical groups, less often
in the axiMae, and occasionally in the inguinal regions.
They were not tender. Preauricular adenopathy was not
observed. The glandular enlargement was symmetrical and
did not appear to be related to local inflammation. In nine
cases—one at Lancing and eight at Epsom—the spleen was

palpable, its size ranging from a palpable tip to three
fingerbreadths of enlargement. It was smooth and not
tender.

During the next two or three days the patients remained
moderately ill and slightly drowsy, the temperature being
sustained or remittent, with a maximum of 102 to 104° F
(389 to 40° C.). The throat continued inflamed, the nose
became blocked, and a posterior nasal discharge often
developed, though the anterior nares remained dry and
normal in appearance. Hoarseness and cough were never
prominent symptoms and sputum was scanty. Abnormal
signs in the chest were very uncommon and consisted of
scattered rhonchi only. The conjunctival inflammation fre-
quently increased at this stage. It was accompanied by very
little discomfort. The lower palpebral conjunctivae became
red and oedematous and moderate-sized vessels appeared over
the bulbar conjunctivae. With more severe inflammation,
the lower conjunctival sacs became oedematous and granular,
and follicles were formed. A false membrane was seen in
one case. The discharge was usually watery: the eyelids
rarely became sticky or matted. In the most severely
inflamed eyes the palpebral and bulbar conjunctivae were
intensely red. At any particular time one eye often appeared
worse than the other, but by the end of the illness both eyes
had usually been affected to some degree. In a few cases
the conjunctivitis preceded or followed the main illness by
three days or more. By the third or fourth day of illness
the patients felt much better, the temperature falling by
lysis over 24 to 48 hours, and the pulse rate returning to
normal.

During the convalescent phase abnormal signs gradually
resolved. A moderate degree of lassitude and shakiness was
experienced, but within 14 days from onset most patients
felt well and could undertake a full day’s activity. By this
time eyes, throat, glands, and upper respiratory tract had
all become almost or quite normal. Relapses were not
encountered and complications were uncommon. Two cases
of moderately severe otitis media were observed ; both re-
solved rapidly without otorrhoea. Routine chest x-ray films
were not taken during the acute phase of the illness, but
basal shadows were found in two cases examined about three
weeks after onset. A mass x-ray survey carried out at
Lancing in early July revealed no further abnormalities
that could be attributed to the infection. Albuminuria,
jaundice, skin rashes, hepatic enlargement or tenderness, and
abnormalities of the central nervous system were absent.

The clinical features described above are those of the
fully developed case, which constituted about a third of the
total. In about a fifth of the patients whose illnesses were
otherwise similar the conjunctivae were unaffected. The
remaining cases were less severe, and in about a quarter of
them moderate or severe eye involvement occurred alone,
with little or no fever or constitutional disturbance. In all

these clinical varieties serological evidence of infection was
found.

Slit-lamp Examination.—Mr. A. J. Cameron kindly ex-
amined seven of the Epsom cases during the convalescent
stage (11th to 18th day of iliness). All these cases had had
moderate or severe involvement of the eyes during the acute
stage of the illness, but at the time of examination few
abnormalities were apparent to the naked eye. In five of
these cases, many groups of small lesions, staining with 1%
rose Bengal, were seen at the limbus on the nasal con-
junctival side. In one case small diffuse nebulae which did
not stain were found over the cornea. The staining lesions
were similar to those found in superficial punctate keratitis,
In the remaining case no lesions were seen.

Treatment.—Either penicillin (500,000 or 250,000 units by
intramuscular injection twice daily), chlortetracycline (250
mg. four times a day), or sulphadimidine 1 g. four times a day
was given in representative cases, early in the illness.
No effect on the patient’s general condition was apparent.
The course of the signs and of the fever appeared to be
unaffected when compared with cases in which symptomatic
treatment was given alone.

Laboratory Findings

Paired specimens of serum were available from 91 boys in
the seven outbreaks investigated, and a fourfold or greater
rise in complement-fixation titres was found in 52 cases
(57%). Material for the isolation of viruses had been taken
from 42 patients in five of the schools and adenovirus
strains were isolated from 25 (60%) of them. The samples
consisted of 33 throat washings from which 22 strains were
isolated and 17 eye swabs which yielded 5 strains. These
results are shown for each school in Table II. It will be

TaBLE II.—Results of Serological and Virus Isolation Tests*

T C.F. Virus Isolation Tests
School ests on
Paired ; Eye Throat
Sera Patients Swabs Swabs
Lancing College 20/50 7/20 3/12 5/14
Epsom College . 9/11 6/8 1/2 6/7
Wellmgborough College .. 2/3 4/4 - 4/4
Wrekin College .. .. 7/10 5/6 — 56
Roysse s School .. 6/6 3/4 1/3 2/2
Queen’s College, Taunton . 3/4 — P —
Nava! School 517 — — —
Total .. 52,91 25/42 5/17 22/33

* Number positive/number tested.

seen that serological evidence of infection was obtained in
a number of boys at each school, and that where material
had been taken for culture a number of strains were isolated
from eye or throat swabs. There was satisfactory agreement
between virus isolation and serological tests in the 35 cases
where both types of specimen were available. A comparison
of the two tests is shown in Table III.

TaBLE IIl.—Comparison of Virus Isolation and Serological Tests

in 35 Cases
C.F. C.F.
Test Positive | Test Negative Total
Virus isolated .. .. 22 1 23
,» notisolated .. 6 6 12
Total .. .. 28 7 35

At Lancing College only 20 out of 50 cases tested showed
a rising titre of antibody—a lower proportion than in other
schools. In 21 of the 50 the first serum specimen had
been taken between 8 and 23 days from the onset of illness
and only one of these showed a rise in titre in the second
specimen. Most of these sera, however, showed a level of
antibody consistent with the stage of illness. In the remain-
ing 29 cases the first specimen of serum had been taken
before the eighth day from onset of iliness and 19 (66%)
showed a rise in titre. This proportion is similar to that
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obtained in the other schools, where almost all first speci-
mens of serum had been taken within a week of onset of
illness. At Lancing College serum was obtained three to
four months after the illness from 47 boys who had shown
an antibody titre of 1/8 or more in an early convalescent
specimen taken 10 to 30 days from onset of illness. The
antibody titre had not altered more than twofold in 64% ;
it had fallen four-
—— -SERUM-10-30 DAYS FROM ONSET . fold in 21% and
1 eightfold or more
8 SERUM 3-4 MONTHS FROMONSET| in 159%, The dis-
tribution of titres
obtained in the
\ early and late con-
\ valescent speci-
mens from these
cases is shown in

Fig. 2.

Virus strains were
isolated from pa-
tients in five of the
seven schools, and
in each case rep-
resentative strains

s were tested for neu-
.\ tralization by sera
" specific for adeno-
* virus types 1 to 8
inclusive. No virus
was neutralized by
more than one
serum, and all
strains from one
school were of the
same type. The
results were as follows: Lancing College, 2 strains nega-
tive to types 1 to 8 inclusive; Epsom College, 6 strains
type 7; Wrekin College, 3 stfains type 3 ; Wellingborough
College, 4 strains type 3 ; Roysse’s School, 3 strains type 3.

Two strains from Lancing College were subsequently
tested against serum specific for an adenovirus strain isolated
from a case of respiratory illness in a Dutch military recruit.
Thi; serum neutralized the Lancing strain to the dilution
obtained against the homologous virus. Professor van der
Veen, who isolated the Dutch strain (deWit), has informed us
that Dr. W. P. Rowe has classified it as the adenovirus type
14 prototype strain.* It was found that the Lancing virus
strains took longer to cause degeneration of the HeLa cultures
on primary isolation than did strains from the other schools.
They were also found to lose titre on storage at —30° C.
considerably more rapidly than is the case with other adeno-
virus types of which we have experience. These points may
explain the relatively low isolation rates shown for Lancing
College recorded in Table II.

At Lancing and Epsom Colleges throat and eye swabs
from a proportion of cases were examined bacteriologically,
total and differential white blood cell counts were made, and
serum was tested for heterophil antibody and a rising titre of
complement-fixing antibody to influenza viruses A, B, and C.
Bacteriological results generally showed a normal flora even
in those cases where the throat appeared most inflamed, but
in a few the growth consisted predominantly of haemolytic
streptococci, pneumococci, Staphylococcus aureus, or Haemo-
philus influenzae. At Lancing College white-cell counts were
normal or slightly low with a relative lymphocytosis; in
most cases a few atypical mononuclear cells resembling those
of glandular fever were present. These never exceeded
7% of the differential count. Such cells have been described
in infectious hepatitis (Barker et al., 1945) and other virus
infections, and in some allergic conditions (Randolph and
Gibson, 1944). In a few cases there was an increase in
eosinophils of up to 10%. Similar results were found at
Epsom College. The Paul-Bunnell test was negative in all

*A virus strain from the Lancing College outbreak has since

been examined by Dr. W. P. Rowe, who confirms that’it belongs
to type 14

o

NUMBER OF SERA

3 , . .
<%g Y& 'he 'h2

C F.TITRE
Fi16. 2.—Distribution of complement-
fixation titres in 47 cases tested 10 to 30

days and three to four months from on-
set of illness.

Yoa >'ss

cases examined with the exception of one case of typical
glandular fever in each school. Complement-fixation tests
for influenza were negative in each of the 24 cases tested.

Epidemiological Observations

All seven outbreaks occurred during the early months of
the exceptionally warm dry summer of 1955. Sports and
other fixture lists were examined. but no connexion was
discovered between the schools. Directors of public health
and other laboratories throughout England and Wales and
many school medical officers were informed in June that
we were anxious to learn of any similar occurrences, but,
apart from an outbreak in a school in the North of England
during the autumn (Tyrrell et al., 1956) and one or two
sporadic cases, we know of no other evidence of pharyngo-
conjunctival fever in Britain during 1955. In 1956 the
laboratory assisted in the investigation of what was probably
the same syndrome in a residential girls’ school and found
evidence of adenovirus type 7 infection in a sample of
patients tested. A few scattered sporadic cases were again
found in 1956. i

It seemed improbable that if an illness with so striking
a clinical picture had occurred in this country in epidemic
form prior to 1955 it would not have been recorded.
Accordingly we looked for any evidence of immunity in
older age groups that might have resulted from past infec-
tion with the same virus. In Lancing, Epsom, and Wrekin
Colleges illness attack rates were calculated by year of
birth ; these are shown in Table IV. It may be seen that

TABLE IV.—lllness Attack Rate by Year of Birth in Three Schools

Attack Rate (%) for Those Born in:
School
1936 | 1937 | 1938 I 1939 l 1940 l 1941 ]1942-3
Lancing College 14 16 22 27 38 38 50
Epsom . 0 7 10 6 36 30 43
Wrekin . 12 8 17 19 23 30 —*

* Only 1 boy in this age group at risk.

attack rates fell with rising age in all three schools. Further
evidence of immunity associated with age was the almost
complete absence of illness among adult members of the
staff in any of the schools. In the four outbreaks not shown
in Table IV either the number of cases was too small or
insufficient information was collected for age-specific attack
rates to be calculated. However, it should be mentioned
that there appeared to be little difference between the attack
rates in senior and junior schoolboys at either Welling-
borough School or Queen’s College, Taunton.

The sequence of cases was studied in detail at Epsom and
Lancing, but no pattern of spread of infection was apparent.
However, boys in residential schools have so many different
contacts with one another that the pattern of spread of
infection by personal contact might well be obscured.
Attack rates in houses, dormitories, and classes showed no
difference greater than could be accounted for by age or
chance. The onset of the outbreak at Queen’s College,
Taunton (see Fig. 1), had the explosive character often
associated with food-borne infection, but this possibility was
not investigated. It is interesting that it was in this school
that gastro-intestinal symptoms were most prominent.

Swimming-baths have in some reports been suspected of
spreading pharyngo-conjunctival fever. The seven out-
breaks mentioned here took place during a hot summer,
and all the schools had either a swimming-bath of their
own or the use of one, so bathing may have played a part
in spreading infection. At Lancing College, however, where
the swimming-bath was closed on May 28, the subsequent
course of the epidemic was not apparently affected.

No conclusive evidence was found on the length of the
incubation period. Bell and his colleagues (1955), after
study of the intervals between the onset of the first and sub-
sequent cases in households, concluded that the incubation
period was probably five to seven days. The distribution of
intervals between first and later cases in dormitories at
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Lancing College and Epsom College, shown in Fig. 3, re-
sembles that presented by Bell er al. and supports their
conclusion.
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FiG. 3.—Distribution of intervals from onset of first case in
dormitory to onset of subsequent cases (15 intervals of more than
30 days are not shown).

Discussion

Strong evidence has been given by Bell er al. (1955) that
the syndrome called by them pharyngo-conjunctival fever
was due to adenovirus infection. The clinical features of the
seven school outbreaks reported here closely resembled this
American description. In the five schools where virus isola-
tion was attempted adenovirus strains were isolated and the
presence of virus was found to be followed by an increase
in complement-fixing antibody in 22 out of 23 cases tested.
At Lancing College results were available which indicated
that a rise in antibody titre could be shown only in cases
from which the first specimen of serum had been taken
within a week of onset of illness. It therefore seems prob-
able that adenovirus infection was also the cause of the
outbreaks in this country.

The differentiation of individual cases of pharyngo-con-
junctival fever from other acute respiratory infections, in
particular influenza, streptococcal sore throat, and glandular
fever, might well be difficult without laboratory evidence.
In epidemic form, however, the characteristics of the syn-
drome seem quite unlike those of any other. The rarity
of cough, tracheitis, and bronchitis should distinguish
pharyngo-conjunctival fever from influenza; the nasal
symptoms, general non-tender enlargement of cervical
glands, and relative absence of follicular or exudative
pharyngitis should distinguish it from streptococcal infec-
tion. The character, severity, and frequency of the con-
junctivitis is unlike that seen in these infections. The short
non-relapsing course of the illness and the occurrence of an
outbreak would make glandular fever an improbable
diagnosis.

Too little is yet known of the full range of clinical
manifestations of adenovirus infection to be sure that
pharyngo-conjunctival fever could easily be distinguished
from them all. It seems quite different from the febrile
catarrh seen in military recruits in whom conjunctivitis is
usually absent but in whom cough and bronchitis are
usually present and pneumonic complications are not un-
common. Epidemic kerato-conjunctivitis, which may be
due to adenovirus infection and which is seldom accom-
panied by nasopharyngeal or febrile symptoms, is far more
painful and the corneal damage is often much greater and
lasts longer. Difficulties are more likely to arise if it should
prove that the adenoviruses can cause other similar but not
identical syndromes such as febrile pharyngitis unaccom-
panied by prominent conjunctivitis (Ginsberg ez al., 1955)
and outbreaks such as that in Helsinki (Forssell et al., 1956),
where in addition to pharyngitis and conjunctivitis there
were meningeal symptoms.

Type 3 adenovirus was isolated from the cases described
by Bell and his colleagues. The same group of workers

subsequently reported similar illnesses following conjunc-
tival inoculation with viruses of types 1, 3, 4, and 5 (Bell
et al., 1956). Types 1, 4, and 5 have not, however, been re-
ported in natural infections causing pharyngo-conjunctival
fever. On the other hand, type 3 virus has been isolated
from cases of febrile catarrh in military recruits (Berge
et al., 1955) as well as from pharyngo-conjunctival fever. In
the school outbreaks of pharyngo-conjunctival fever described
here type 3 virus was found in three schools, type 7 in one
school, and type 14 in another school. We have not encoun-
tered type 3 virus in association with any other clinical syn-
drome, but type 7 was isolated from cases of febrile catarrh
in extensive outbreaks in R.A.F. recruits and from sporadic
civilian and military cases. The Lancing virus appeared
similar to type 14 strains found by Dr. van der Veen in
cases of respiratory illness in Dutch recruits and by us in a
patient with febrile catarrh in an R.A.F. unit. Virus type
does not therefore seem to be the only factor in determining
the clinical syndrome. Trauma to the conjunctiva, either
chemical or mechanical, and route of infection may be other
important factors (Bell ez al., 1956).

Summary

Clinical, laboratory, and epidemiological features are
described of outbreaks of pharyngo-conjunctival fever
associated with adenovirus infection in seven residential
schools for boys.

The illnesses were chdracterized by three to five days’
fever, sore throat, blocked nose, enlarged cervical glands,
and painless conjunctivitis. A detailed clinical descrip-
tion based on the study of patients in two of the out-
breaks is given.

Serological evidence of adenovirus infection was
obtained in all seven outbreaks, and virus strains were
isolated from throat washings or eye swabs from
patients in five schools where this was attempted. Three
of the outbreaks appeared to be due to type 3 virus, one
to type 7, and one to type 14.

In three schools where the influence of age on suscep-
tibility was studied, illness attack rates fell with rising
age.

We are indebted to Mr. A. J. Cameron, consulting ophthalmic
surgeon to Epsom College, for slit-lamp examinations; to Dr.
D. M. Stone and Dr. N. E. G. Richardson for haematological
and bacteriological work; to Dr. R. A. Cocks for help in collect-
ing blood specimens ; and to the school matrons—especially Miss
N. M. J. Morris, S.R.N., of Epsom College, and Miss B. Clarke,
S.R.N., of Lancing College—for considerable help and forbear-
ance during our investigations. We are grateful to Professor J. van
der Veen, of the University of Nijmegen, for kindly supplying the
type 14 adenovirus strain (deWit) and a quantity of homologous
antiserum. Finally, we thank Drs. J. A. Boycott, L. Hoyle, K. E.
Hughes, A. C. Jones, and R. L. Vollum, of the Public Health
Laboratory Service, for telling us of outbreaks and for allowing
us to assist in the investigations.
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