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ubsiding. Possible sources and modes of infection were
investigated.

The salient clinical features were headache, fever,
.oiddiness, nausea and vomiting, bradycardia rigors and

igns of meningeal irritation. Side-ward investigations
revealed a cerebrospinal fluid pleocytosis in 96% and a
leucopenia in 34% of patients examined. Complete
recovery occurred in every patient with no relapses 13

ays after the onset of the 'epidemic'.
Treatment was confined to symptomatic measur~s and

antibiotics were avoided.

The cooperation of the matron and staff of Brewelskloof
Hospital is gratefully acknowledged. We are indebted to the
staff and pupils of the W~rcester Schools for the Blind and

the Deaf for their assistance during the outbreak. We wish
to thank Dr. B. Maule OJark Secretary for Health, and Dr.
Rijno J. Smit, Chief Regional Health Officer, Cape Town
for permission to publish this paper.
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During June 1960 a closed epidemic of acute aseptic
meningitis occurred in the closed community of the
Schools for the Deaf and the Blind at Worcester, Cape
Province. The epidemiological and clinical features of
this 'epidemic' are described in the preceding paper by
Wilsen et a[,1

lsolation and Identification of the Aetiological Agent

This report represents the laboratory findings on
pecimens taken from approximately 40% of patients.

The virus isolated from a number of specimens was
hown to be ECHO virus type 4.

Outbreaks of acute aseptic meningitis caused by ECHO
virus type 4 have been described previously both in South
Africa' and elsewhere.·-' .

MATERIALS ro METHODS

l. Specimens

Throat swabs, cerebrospinal fluids, rectal swabs, and
blood samples were collected in parallel from patients
during the first week of the 'epidemic'. In addition 6
pecimens of faeces were collected. Follow-up samples of

blood were collected approximately 6 weeks later.

2. Bacteriological Investigations

At the onset of the 'epidemic' specimens collected from
everal of the seriously ill patients were submitted for

bacteriological investigation.

Blood was cultured in bile-broth and clot cultures were
put up for isolation of salmonellae. Rectal swabs and
cerebrospinal fluids were cultured for pathogenic bacteria.

3. Virological Investigation

(a) Inoculation of mice. Litter of 6 - uckling mice,
leSs than 24 hours old, were inoculated subcutaneously,
intraperitoneally, and intracerebrally with single and
pooled specimens of cerebrospinal fluid and suspensions
made from rectal and throat swabs.

(b) Inoculation of eggs. The chorio-allantoic membrane
of batches of 6 eleven-day old white Leghorn embryonated
eggs were inoculated according to the method of Beveridge
and Burnet6 with cerebro pinal fluid and suspensions of
rectal and throat swabs.

(c) inoculation of tissue cultures. Suspeo:iion were
made from stools. throat, and rectal swabs in 1 - 2 ml.
of tissue-culture fluid (0'5% lactalbumin hydroly ate in
Hanks balanced salt solution or Parker No. 199), contain
ing antibiotics. After centrifugation, the supernatant fluid
was used for inoculating roller tissue-culture tube, the
inoculum being 0·1 - 0·25 m/. per tube. The cerebrospinal
fluids were inoculated undiluted, the inoculum being
0·25 - 0·5 ml. per tube. Sera were inoculated undiluted in
0·1 m/. amounts.

Roller-tube cultures of renal epithelium of the vervet
monkey (Cercopithecus aethiops pygerythrus), HeLa cells,
and primary human amnion cell were inoculated with
various specimens. The fluid in the e cultures wa renewed
at 3 to 5-day interval.

eutralization teslS. An estimated do e of 100 TC
ID•• of the viru isolated was mixed with equal volumes
of suitably diluted heat-inactivated antisera to ECHO virus
types 1 - 19 and to polioviru types 1 - 3. A control in
the ca e of the E HO virus anti era, the above virus do e
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was mixed with equal volumes of heat-inactivated pre
immunization rabbit sera.

After allowing these mixtures to stand for 1 hour,
0·1 ml. of each mixture was inoculated into each of 3
monkey kidney roller tube cultures. Tubes were observed
daily for cytopathic effect.

Antibody tests on acute and convalescent sera. Some of
the paired acute and convalescent sera were investigated
for antibodies by mixing approximately 100 TC ID.o
of the isolated virus with equal volumes of heat
inactivated acute and convalescent sera. The sera were
tested both undiluted and in serial dilution. Mixtures
were allowed to stand at room temperature for I hour,
after which 0·1 m!. of each mixture was inoculated into
each of 3 monkey kidney roller tube cultures. Tubes were
observed daily for cytopathic effect.

RESULTS

1. Bacteriological Jn vestigations
No pathogenic bacteria were isolated from the cultures

of blood, blood clot, rectal swabs, and cerebrospinal
fluids.

2. Virological Investigations
(a) Mice. No clinical signs of disease were noted during

observation periods of 21 and 28 days. The viruses
recovered from specimens in tissue culture were inoculated
into 24-hour-old suckling mice, but they remained
clinically healthy for observation periods of 14 and 21
days. Histological sections of mice, sacrificed on the 10th
day after inoculation with active virus, did not show
lesions compatible with virus infection.

(b) Eggs. No deaths occurred amongst the chick
embryos inoculated. Chorio-allantoic membranes, examined
48 hours after inoculation, showed no lesions.

(c) Tissue culture. Virus was isolated from 32 of the
131 specimens inoculated into monkey kidney cell cultures.
An analysis of these isolates is shown in Table 1.

TABLE I. RESULTS OF TISSUE CULTURE

No. No. positive for Positive
Specimen Investigated ECHO virus type 4 %

CSF 41 23 56
Throat swabs 32 7 22
Rectal swab 33 2 6
Stools 5
Serum 20

Total: 131 32 24

Of the. specimens inoculated into monkey kidney cell
cultures, those inoculated with cerebrospinal fluid showed
the earliest cytopathic effect. Within 4 - 8 days, 15 of the
cerebrospinal fluids gave positive results whereas the
remainder took 9 - 16 days. Cultures inoculated with
suspensions prepared from throat swabs showed cytopathic
changes within 6 - 23 days, wherea when suspensions were
made from rectal swab these changes were apparent in
7 - 15 days.

o cytopathic changes appeared in the HeLa or human
amnion cell cultures with one exception. This was a virus
isolated in HeLa cells from a pecimen of stool. The
nature of this virus i being inve tigated.

Neutralization tests. Neutralization tests carried out on
the viruses isolated in monkey kidney cultures showed
that these were ECHO virus type 4. In each case ECHO
4 antiserum either protected the monkey kidney cells
completely or delayed cytopathic effects for several days.
These tubes were set up in parallel with controls using pre
immunization sera.

Antibody tests on acute and convalescent sera. The
antibody tests carried out on 10 sets of paired sera
showed in 7 out of the 10 cases a low level of antibody,
the cytopathic effect in tissue culture being delayed for
24 - 48 hours in comparison with the acute sera controls_

DISCUSSIO

A striking feature of this investigation is that over 50'1e>
of the cerebrospinal fluids yielded ECHO virus type 4
on inoculation of monkey kidney cell cultures. Such a
high isolation rate provides valuable evidence for impli
cating this virus as the aetiological agent in this 'epidemic'
of aseptic meningitis. The specimens of cerebrospinal fluid
from which virus was isolated were collected during the
first 7 days of the illness.

Sore throat was not a symptomatic feature of the
'epidemic' despite the fact that virus was isolated from
22% of throat swabs examined. The isolation rate was
considerably higher from the throat swabs than from the
rectal swabs.

Although classified as an enterovirus, spread could be
equally well explained. by the oro-naso-pharyngeal route
as by faecal contamination. This would seem to be
supported by the higher virus isolation rate from throat
as opposed to rectal swabs. It could, however, be argued
that, if faeces and not rectal swabs had been examined,
a higher isolation rate would have been obtained. It is
possible that the isolation rate from these two sites may
vary at different stages of the illness.

TO viraemia was demonstrated.
In neutralization tests with the ECHO antisera prepared

in rabbits, it is advisable to use pre-immunization sera in
virus controls. By this means misinterpretation due to the
effect of inhibitors present in rabbit serum and resistant
to inactivation at 56°C. for 30 min., is avoided.

Examination of some of the convalescent sera shows a
poor antibody response. It is probable that the plaque
reduction technique, as suggested by Itoh and Melnick;
would be more useful for demonstrating antibodies. These
findings of low levels of antibodies are similar to those
previously reported by Chin et al.' and Malherbe et al.'
and may be partly responsible for the high relapse rate.

It is important to carry out laboratory investigations in
outbreaks of acute aseptic meningitis. In this manner the
nature of the aetiological agent and the local conditions
governing its spread may be ascertained. Such knowledge
is essential for the ultimate prevention and control of
these diseases.

SUMMARY

A closed epidemic of acute aseptic meningitis due to
ECHO virus type 4 occurred at Worcester in the Cape
Province during June 1960. This report represents the
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laboratory finding relating to the 'epidemic'. Of the 131
specimens collected from patients who were ill with the
di ease and examined virologically, 32 yielded ECHO 4
viru in monkey kidney tissue culture. Of 41 cerebrospinal
fluids investigated, 23 yielded ECHO virus type 4. TO

viraemia was demonstrated. Serum-neutralization te ts
arried out on paired era howed a poor antibody

response.
We wish to thank Dr. L. S. Smith of the Government

Laboratory, Cape To\ n, for bacteriological investigations; Dr.
V. Measroch of the Poliomyelitis Research Foundation, for
investigation of specimens re the Coxsackie virus group; and
Mi s F. J. Stewart and Messrs. J. H. Maytham and J. C. T.
Rademan for technical assistance. We al 0 wish to express our
thanks to Dr. B. Maule Clark, Secretary for Health; Dr.

R. Turner, enior Government Pathologi t; Prof or A.
Kipp-, Dire tor of the iru Re e rch nit, niver ity of
Cape Town; and Dr. J. H. . Gear, Dire tor of the AIMR,
for permi ion to publish thi paper.

REFERE 'CE

1. \ ilsen. A. A. J., l'eisach, H. and Howarth. W. H. (1961): . Alr. Med.
J .• 35. 330.

2. Malherbe. H. H., Harwin, R. and mith, . H. (1957): [bid.. 31, 1261.
3. Chin. T. D., Bef3n. G \. and Wenoer, H. A. (1957): Amer. J. Hyg.,

66. 76.
4. Lehan, P. H., Chick, E. \ ., DOLO, I. L.. Chin, T. D., Heeren, R. H.

and Furcolow, M. L. (1957): Ibid., 66, 63.
5. John son. T., Boltiger, M. and LOfdahl, (195): Arch. ges. iru--

lorsoh., 8, 3.
6. Beveridge, W. l. B. and Burnet, F. 1. (194 ): Medical Research Council.

Special Report '0. 256.
7. Itoh. H. and Melnick, J. L. (19 7): J. expo Med .• 106. 677.

TRACHEOTOMY I STATUS ASTHMATICUS
DEO. BOTHA, M.B., CH.B., M.MED. (1 T.) (PRET.), Medical FaCility, University of Pretoria

Bronchial asthma, and in particular status asthmaticus,
is a disease process usually associated with a high
morbidity; fortunately it has a low mortality rate!

Yet, despite the fact that it occurs relatively infrequently,
most of us have probably had the frustrating experience
of helplessly watching a patient die from the effects of
hypercapnia resulting from status asthmaticus, after
having tried all the known remedies, new and old.

A case of status asthmaticus is presented in which
tracheotomy was probably a life-saving procedure."

This procedure has been used in various states of acute
pulmonary insufficiency· and, considered in terms of
pulmonary phy~iology, its use is rational and logical.

CASE REPORT

T.T.J., a European male (civil servant) aged 45 years, was
admitted to Pretoria General Hospital at 6.45 p.m. on 28

ovember 1956 with a history of a slight, productive cough
of a few days' duratiolJ. About 3 hours before admission
he had begun to expenence wheezing and dyspnoea. Tbis
patient was known to have been subject to infrequent attacks
of bronchial asthma over a number of years. On examination
the significant findings were: moderate hyper-resonance of the
chest with diffuse, wheezing, rhonchi and a respiratory rate
of 20 per minute. Expiration was prolonged and forceful,
bringing the accessory muscles of respiration into play. Anxiety
was a prominent feature. Blood pressure was 120/85 mm.Hg
and the pulse rate was 90 per minute.

During the following 24 hours respiratory distress wa
unrelieved despite vigorous treatment with various antispas
modics (adrenaline, ephedrine, 'asthmolysin', aminophylline
and prantal methy]sulfate"), sedatives (ether and olive oil
retention-enemas, chlorpromazine and pethedine), infusions
of ACTH and hydrocortisone, inhalations of 90% alcohol,
potassium iodide expectorants, and intravenous nitrogen
mustard (0·1 mg. per kg. as a slow infusion). Because of
viscous purulent sputum and a moderate polymorphonuclear
leucocyto is, antibiotics were given - tetracycline, 500 mg.
6-hourly, and ub equently treptomycin, 0·5 G. b.d. and
novobiocin sodium, 500 mg. 8-hourly. Cyanosis soon super
vened although the patient had been treated in an oxygen tent,
but oxygen administration through a face mask caused the
cyanosis to disappear. A nasal catheter was 'Iater ubstituted
for the face mask.

Instead of improvement, the second 24-hour period pro
duced a rapid deterioration in the patient' condition. Breathing
became hallow and rapid, fiUes appeared at the lung ba e ,

and the patient became irrational and tuporose. Perspiration
was profuse, the pulse rate increased to about 170 per
minute ( inus rhythm) and the blood pre ure ro e to 165/110
mm.Hg. The urine, which on admis ion had hown nothing
abnormal, now contained albumin ++++ and ome casts.
(A spe~imen examined during convale ence again howed
notbing abnormal.)

Towards the evening of the second day, i.e. about 48
hours after admission, the patient became comato e, and
could not be roused. Then positive-pre ure breatbing enabled
him to be roused for short periods, after which he again
lapsed into coma. Hi condition now became critical, and
about 56 hour after admi ion he wa comatose with
hallow breatbing at a rate of 44 per minute and a pul e rate

varying between 170 and 200 beats per minute. He wa till
perspiring profusely. Cyano is could nOl be abolished entirely
although oxygen was administered intermittently.

As a last resort tracheotomy was decided upon and per
formed under local anaesthesia. The trachea and larger
bronchi were immedia'tely cleared of a large amount of
tenacious mucus by a suction catheter passed through the
tracheotomy opening. A few moments after air was flowing
freely through the tracheotomy opening, apnoea upervened,·
but fortunately only for a few econd. Very soon after the
tube had been secured in position and oxygen administered
through the opening, breathing became quieter and the patient
assumed a healthy pink colour, having al 0 stopped per pi ring.
Two hours later he was soundly asleep for the first time in
60 hours, and his pulse rate wa down to 98 beats per
minute, although Wheezing, rhonchi and bronchospasm were
still apparent. The respiratory rate dropped to 30 per minute
during the following 12 hours.

Twenty-four hours after the tracheotomy it was possible to
di continue oxygen for long periods without ill effect. igrul
of bronchial ob truction and infection persisted for another
3 days, after which there was gradual, but definite improve
ment. Bronchial secretions were regularly aspirated through
the tracheotomy tube, and the patient soon learned to cough
effectively with his finger placed over the opening in the
tube,"· using the same manoeuvre when he wished to speak
above a whisper.

Vigorous antibiotic treatment wa continued, and anti
pasmodics as well as prednisone were administered.

On the 19th day of hospital treatment, after the tracheotomy
tube had been removed and the patient had been ambulant
for almo t a week, he developed a evere manic-depres ive
psychosi . About 3 year previously he had been treated for
the same condition. De pile withdrawal of teroids, there
wa no improvement in hi mental state, and he wa
transferred to a mental hospital on the 25th ho pital day.
After a few month, however, he was discharged from the
in titution well enough 10 re ume hi work.




