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CEHAPTER 1.

INTRODUCTION.

HISTORICAL. -
EPIDEMIOLOGY.
WHOOPING COUGH IN GLASGOW.



The first detailed description of whooping cough, as cited by llajor
(1945), was by Guillame Baillou, a native of Paris, who described an epidemic
which occurred in 1578. He emphasised the severe and often fatal nature of the
illness and its ability to affect children of all ages. Prior to that date the
disease was popularly kwown in England gs chincough or kincough, but writers do
not appear to have recognised 1t as a specific infectious disease. Sydenham
(1679) in his "Opera universa" gave a clear picture of the disease, snd named
it ngﬁgggig (from the Latiangﬁ - intensive, and btussis -.cough). He pointed
out that the disease did not respond to the usuel treastments.

In 1682, Thomas Willis emphasised the epidemic character of the
disease and wrote, "The plan of treatment which is usual in other varieties of
cough is seldom of any use in this, which is the reason why old women and
gypsies are consulted more often than doctors.™

Dr. Robert Watt (1888) recorded that "Next to the smallpox formerly,
and measles now, chin-cough is the most fatal disease to which children are
liable." In Aberdeen, according to J.S. Laing, as cited by Goodall (1928),
there were 20,425 cases notified in ﬁhe yvears 1882-1900: epidemics occurred
every two years. In EdinburghAand Glasgow they occurred every three or four
years. In 1890, 11% per cent of the total deaths of childrem under ten years
of age in the city of Glasgow were due to whooping cough.

The search for the causal micro-organism of whooping cough began with
the growth of the bacteriological concept of infectious disease, and as far back
as 1870, Letzerich deécribed a. fungus which he believed to be asscciated with

the disorder.
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In 1883, Burger published a paper in which he described, with two
woodeuts, the presance of large nurbers of small ellipsoidal rods in stained
films of the expectoration. The description and illustrations suggest that he

actually saw the Haemophilus pertussis.

In 1901, Jochmann and Krause described a small bacillus which they

cultured on blood agar, and called the Bacillus pertussis Eppendorf, and this

appears to be the first use of the present Latin name of the organism of whooping

cough. Credit for the ultimate establishment of Haemophilus pertussis as the

causal organism of whooping cough goes to Bordet and Gengou (1906) and a fuller
description of their work will be given later.

The Incidence of Whooping Cough.

Whooping cough has a wide distribution in countries with temperate
climates. The disease exhibits periodic epidemics, but these tend to occur at
less regular and longer intervals than do similar outbreasks of measles (Butler 1947).
Females tend to be more often affected than do males, and Roseneau (1935) points out
that more females than males have died from the infection.

Uﬁlike the other common infectious diseases of childhood, whooping cough
attacks children under six mouths of age with great frequency. Stocks and Karn
(19232) estimated that in four London boroughs 44 per cent of children suffer from
infection before reaching five years of age, and 60 per cent before reaching ten
years of age. Cockayne (1913) quotes Sir Thomas Watson who described a case
where the disease commenced belore the child was born. The infant was said to
have whooped in the first day of his life. Cockayne described a mild case in a
child aged five days whose mother and brother had whooping couph. Phillips (1921)

described two infants who sickened with the disease on the 8th and 10th days;



both of these infants whooped before they wefe 15 days o0ld. My own youngest case
was & male child aged 19 days who was admitted from a household with whooping cough.
This child had a well~developed paroxysmal'cough and whooped on admission. Although
whooping cough isessentially a disease of children, adults do not escape and at
least one case has been described in a person of 8l years of age.

Epidemiology.

Kohn and Fischer (1947) state that during the year 1941, 3,668 deaths
were recorded in the United States of America as being due to whooping cough. In
a large Wew York hospital the case fabality rate for whooping cough during the
eight-year period from 1939 to 1946 was equal to or greater than the combined
deaths due to measles, scarlet fever and diphtheria.

In Lomdon, Stocks and Karn (1932) estimated that the fatality rate for
children under one year was 4 per cent, and that the general fatality rate was
1.26 per cent. Butler (1947) compared the fatality rates of whooping cough and
measles and pointed out that in England and Wales, since the passing of the Public
Health Act in 1875, the ammual mortality had fallen for each year from over 400 to
about 30 per million of the population. This was not accompanied by any corres-
ponding fall in prevalence of the disease. In Glasgow the general prevalence of
the disease has not fallen but the death rate has progressively declined (Logan,
1949). Logan also indicated that there has been an upper age-shift in the
incidence of whooping cough but no evidence of a similar age-shift in deaths.

Whooping Cough in Glasgow.

At the begimming of the century, Dr. J.B. Russell (1905), who was the

first full-time lMedical Officer of Health of the city, wrote:-
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"Bstimated simply by the mumber of its victims, whooping cough is
by a loung way the most formidable infectious disease known to
Glasgow. Ve might probably generalize and say the most formidable
infectious disease of industrial cities.”

Table 1.

Mortality of the Commoner Infectious Diseases in Glasggﬂ
expressed as a Rate per NMillion of Children under Ten Years.

Scarlet Diphtheria Whooping

Fever and Croup Cough Measles
1860-64 .... 4,724 3,185 6,480 3,663
1865-69 .... 5,860 2,106 5,954 3,687
1870-7¢ .... 5,732 2,627 5,202 3,376
1875-79 .... 2,631 2,252 5,454 2,351
1880-84 .... 2,942 2,308 5,379 2,942
1885-89 .... 1,777 1,969 4,755 2,536
1890-94 .... 1,478 1,707 4,108 3,956
1895-99 .... 1,019 874 3,830 3,404
1900-04 .... 710 722 3,798 2,247
1905-09 .... 441 957 3,823 3,036
1910-14 .... 721 993 2,535 2,558
1915-19 .... 514 763 2,866 2,583
1920-24 .... 323 683 1,939 2,737
1925-29 .... 218 579 1,720 1,291
1930-34 .... 284 536 1,195 1,353
1935-39 .... 108 716 956¢ 630
1940-44 .... 27 575 484 227
1945-49 .... 14 87 163 98

Table 1 shows the death rate from scarlet fever, diphtheria, whooping
cough and measles, calculated against the child populetion under ten years of
age, which existed at the various five-yearly periods since 1890. These figures
have been plotted on a logarithmic scele and the resulting chart is shown
(Figure 1). During the forty years from 1860 to 1899, the public health
service of the city had been developing, and, as a result, the fall in death
rates for scarlet fever and diphtheria had been dramatic. 1In the five year
period from 1895-1899, the death rates per million of childrem under ten years

from scarlet fever and diphtheria were 1,019 and 874, and for whooping cough
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and meesles 3,830 and 3,404. A steady fall in all death rates is apparent,

but measles does not appear to have been affected to the same extent as scarlet
fever, diphtheris and whooping cough. During this cenbury the gereral dowrwar?
trend has continued, and in 1950 there were no deaths in the City from either
scarlet fever or diphtheria. The death rate per million.of children under ten
years with whooping cough in the five-year period 1945 to 1949 was 163, which is
more formidable then the figure for measles which was 98, Whooping cough remained
the most importent infectious disease as a cause of death in 1950,

Death Rate in Glasgpw Fever Hospitals.

The seriousness of whooping cough has probably been under-estimeted in
the past by both medicel end lay persons, and this is reflected in the fact that
it was not until the lst of Jeanuary, lQSO,_that whooping cough became e compul sor-
ily notifiable disease in Scotlend. Reliable statistics are therefore difficult

to obtain. O(ne factor which cen be taken as an indication of the importeance of
the disease is the hospital death-rate. Over a period of 22 years ending in 1890,
there was a death-rate of 18.3 per cent. in Glasgow Fever Hospitels among 5,000
patients treated (Ker, 1909). By 1949, the hospital death-rate had fallen to

5.0 per cent, and while this figure shows considersble improvement, it is still

a formideble one.

The Hospital Case.

It has not been the practice in Glasgow for general practitioners to
refer to hospital children with whooping cough who live in good homes. During
the year, July 1950 to June 1951, 271 cases of whooping cough were treated in
Ruchill Hospital, 128 males and 143 females. buring the same period, 132 were

aged under one year and 9 were over five years of age.



Social Cless of 271 Whooping Cough Patients
treated in Ruchill vospital from July 1950 to June 1951 ~
Divided according to Dismissals wnd Deaths.

Social Class Dismissals Deaths Total
I 0 0 0
11 4 1 5
111 34 5 29
v 98 4 102
v 84 3 87
Institutional 38 0 38
A1l Clesses 258 ' 13 271

The mdjority of patients who were admitted belonged to the Registrar
General'!s social classes IV and V, as is shown in Taeble 2. No patients who
belonged to social class I were adanitted during the year, and, generally spesk-
ing, only severely ill petients were admitted from sociel.clesses II end IIT,

Table 3.
Possible Reasons for Adnission of

271 Whooping Cough Patients treated in Ruchill Hospital
in the Year July 1950 - June 1951.

Institutional .ceeescecosessees 38
critica]~1y ill ® 000N 0P CeOOCo 0o 15
Suspected chest complicetions. 93
Concurrent bronchopreumonia .. 42
Overcrowded home conditions .. 183

The possible reasons for edmission of the 271 whooping cough patients
ere shown in Table 3. Thirty~eight of the cases came from instituticns, ¢
of these were admittsd frow wards in general hospitals, end 29 from residential

nurseries and children's homes. Fifteen were critically 111, aud of these 13
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died. TForby-two pabients were suffering frou concurrent bronchopuacuicuis,

end 93 were svspected of having chest cowmplications. Atelectasis, which
persisted longer than three weeks, was noted in 28 patients, and 12 ol these

were discharged with persistent radiologicael lesions and were referred to chest
clinics as ouf-patients. One hundred and eighﬁy-three of the patients came fro:
overcrowded homes, and a few of these were undernourished end in a reglected
condition. Forty-six patients had been ill for longer then three weeks prior

to adinission to hospital, and for this reason they were unsultable for inclusion
in eny trial of’a new treatment for the dissase.

The average period of residence in hospital for whooping cough patients
in Glasgow fever hospitals during the year 1950 was 42 days. This figure was
considerebly greater than the average period of residence for measles cases, which
wes 18 days and scarlet fever which was 22 days.

During the year, July 1960 until June 1951, there were 13 deaths in the
acute stege of the disease. Seven of the deaths were in females and six in
males., The ages of the fatal cases renged from six weeks to thres years,
seven patients being under one year of age, five in the age group 1l-2 years,
and one aged three years.

Table 4.

Associgted Cause of Death in
13 Whooping Cough Patients.

Bronchopnewinoriie eeeseseesecsscese 4
Abelectasis ceeesseceserecscnsnnss 3
Atelectgsis and Bronchopuneumonia . 1
ContvU1S10IS eesevacocconaccsscssse 4
Baphyseme of Luugs, Interstitial
Buphysene of liediastinum and Leck _1

Total S92 eece00 om0 e 13

i



Chest complications, bronchopmeunonis end atelectasis caused death in
eight patients, as is showm in Table 4., Convulsions caused death in o further
four patlsats. Bleven of the patients caue from zood homes, and two frem over-
crowded home conditions. All except one of the patients appearsd to be well-
nourished. On the average, petients had been ill for 14.5 days before edilssion,
and the average residence in hospital before death was 8.8 days. [ive children,
three with convulsions and two with pneumonia, died within 48 hours of adnission
to hospital,

A female child, aged 9 months, who hed e history of spasmodic cough with
voniting for four weeks, was admitted because of difficulty in bresthing for 24
hours before admission. On examination there was a tense swelling of the right
cheek and both sides of neck with marked crepitus. The child'died Pour days after
admission and post-mortem examination revealed air bubbles of varying size in the
subcutaneous tissues overlying the sternum and the fat surrounding all structures
in the anterior and posterior mediastinum. All lung surfaees showsd numerous
emphysenatous bullae of varying sizes., The histological appearances of the
lungs suggested that death was due to & mechanical causs rather than to pyogenic
obstruction.

The death of four patients from nervous complications was extrenely
distressing. For example, a three year old female child sickened three weeks
and developed a spasmodic cough with whoop about two weeks before adiidsslon.

The history obtained froa the parents and general practitioner suggestsd thabt the
case was one of moderate severity. The child had beeu anbulant, but 48 hours

before admission it was noted that she was not well, Six hours bhefore alnission

the child head two convulsions lasting 10 ainutes end 35 winutes, Gz
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the chilld was convulsing, end despi%e energetic treaténent this continued wntil
death 18 hours later. Post-morteow examinabtion failed to reveal the cuuse of
death, as 1s usual in this type ol fatality.

Patients with bronchopneumonia were given treatment with sulphadiazine
or penicillin, and in severe céses both drugs were used simultaneously.  Oxygen
was administered to the more severely ill patients, and special nursss were
provided when necessary. Desplte this, eight patients died from chest
complications during the year from July 1950 to June 1951.

Consideration of the facts and figures quoted suggested that further
research into the nature énd treatment of whooping cough was desirable for it
became obvious that the need for luproved methods of hendling the disease was

clanent. It was with the hope of improving the standard methods of treatuent

that the investigation about to be described was carried out,



CHAPTER 2.

THE DIAGNOSIS OF WHOOPING COUGH.

DESCRIPTION AND ASSESSMENT OF METHODS.




Because whooping cough is a naturally vari#ble disease, it is not surprising
that confirmation of the diagnosis often presents difficulty. As the illness lasts
for e considerable period, and the onset is gradual and insidious, it seems reason-
able to assume that the earlier the diagnosis can be confirmed and treatment com-
menced, the greater will be the likelihood of success. From an epidemiological
point of view the subject of whooping cough is probably in a highly infectious
state during the cabtarrhal stage, and early isolation of the patient would limit the
spread of infection. The methods used for the diagnosis will now be discussed.
They may be summarised as follows:-

1. Clinical signs.

2. Isolation of the causative organism.
3. Complement fixation tests.

4. Intradermal sensitivity tests.

5. Haematological tests.

Cliniecal Signs.

It is not proposed to describe the clinical picture of whooping cough in
detail. The most characteristic clinical sign, the whoop, is heard late in the
disease, and in some cases may not be heard at all. Clinical signé are of little
value in early diagnosis. During an epidemic the combination of the early signs
of whooping cough along with a history of contact with a previously known case is
an invalueble gulde to diagnosis. Vhooping cough is different from the other
common infectious diseases of childhood where the onset is acute. Clinical signs
alone often do mot indicate the specific diagmnosis.

ism.

4

Isolation of the Causative

v
fo oo . e o el - fi ot miite gror il

Or,

t

The Causative Organism. Infection with Haemophilus pertussis is now

generally accepted as beling the cause of whooping cough. In 1900 it was first seea

by Bordet and Gengou in the Pasteur Institute in Brussels, but it was not until
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1906 that they were able to cultivate it from a plug of mucus obtained from the
bronchial tree of a patient with whooping cough. Difficulty was experienced in
obtaining a primary cultures. For this purpose a medium consisting of a glycerin
gelatin maceration of potatoss with an equal quantity of human blood or rabbits'
blood was used. | After obtaining a primary growth the organism was maintaianed on
ascitic gelatin. They described the organism as being gram negative, and ovoid,
micrococecal, or elongated in shape. The mediun originally used for the isolation

of the bacillus of Bordet and Gengou, now known as the Haemophilus pertussis, is

still, with certain modifications, used today.

In 1916, Chievitz and VMeyer, working in Copenhagen, confirmed the work of
Bordet and Gengou and first described the cough-plate method of diagnosis. In a
foundling home Meyer carried out tests on seven children who were suspected of
being in the catarrhal stage of the disease. Each child was made to cough on to
medium conbained in a petri dish held ten centimebres from the mouth.  After incub-

ation, colonies of Haemgphilus pertussis were isolated from five of the seven plates.

They pointed out the great value of this method in early diagnosis of the diseass,

but it was not to be put into general use for some years.

Further experimental work to confirm that Haemophilus pertussis was the
sole cause of whooping cough was carried out by Sauer and Hambrecht in America in
1929. Paroxysmal cough developed in five healthy young monkeys one to three weeks

after Haemophilus pertussis had been introduced into the larynx.  After death the

bacteria was recovered from the throat, larynx, trachea and lungs. inimsels which
recovered from the disease wero immune to subseguent injections of Haemophilus
pertussis. Further evidence to support the theory was supplied in 1933 when the

Macdonelds introduced the organism into the nose and throat of each of their four
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50NS . Two of the boys, who had five months previously been inoculated with a
specially prepared vaccine, did not develop the disease; whereas the two who had
not been so treated developed clinical whooping cough which was confirmed bacteriol-
ogically and haematologically.

The Cultural Phases of Haemophilus Pertussis. Leslie and Gardner (1931)

pointed out that after isolation from the human subject the Haemophilus pertussis

tends to pass through a series of antigenically distinet cultural phases. The
first and second phases are smooth, and the third and fourth are rough. Guinea pig
experiments suggested that the more toxic phase 1 was solely responsible for

conferring active immunity.

The Cough-Plate liethod of Isolation of Haemophilus Pertussis. In Oxford,

in 1932, Gardner and Leslis using the cough-plate method reported that 75 per cent
of 82 patients with whooping cough were diagnosed in the early stages of the
disease. They were aided in their work by the method, previously described by
Sugare and Macleod (1929), of cutting spreading colonies out of the medium. One
sub-clinical case was diagnosed bacteriologically. In Demmark the following year
this importaent diagnostic method was underlined by Kristensen (1933), who published
the results of 15 years' experience. Missed and atypical cases, especially in
adults, were thought to be an important factor in the spread of the disease.

By 1937 the Danes had a bacteriological diagnostic station which was widely
used. Madsen (1937) claimed that in the catarrhal stage of the disease, Haenophilus
pertussis could be isolated from 74 per cent of whooping cough patients. The
greatest difficulties were the delay due to the slow growth of Haemophilus pertussis
and to the inimical presence of other orgenisms. Straker and estwater (1937)
showed similar results and suggested that the cough-plate method should be used for

routine diagnosis of whooping cough in this country.
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The Use of Penicillin with t"e lledium. In 1929, Fleming noted that

penicillin had great inhibiting powers on the growth of gram-positive bacilli.
This was used by liaclean in 1937, when he carried out a contrﬁlled experiment by
spreading six to eight drops of strong penicillin over half the medium in the
plate, the other half being left untouched. Fifty cough-plates were exposed and

it was found that 47 were positive for Haemophilus pertussis in the treated

portions and 33 were positive in the untreated portions. This work was confirmed
- by Bradford et al. (1946) who used the nasopharyngeal swab method for culture.
In 1946, working in Australis, Anderson was first to incorporate the

penicillin in Bordet-Gengou medium. She isolated Haemophilus pertussis from

79 out of 154 unselected whooping cough patients, as against 39 positive when
no penicillin was incorporated in the medium.

Swab Techniques used for the Isolation of Haemophilus Pertussis. TFor use

in general practice, the cough-plate method has obviously serious disadvantares
in that it is difficult to obtain fresh medium and to get satisfactory exposure
at the correct time. Transportation to the laboratory is also a problem in out-
patient work. To obviate these difficulties, Maclean (1937) used a pharyngeal
swab and claimed to isolate the organism from 75-80 per cent of whooping cough
petients. 1In London,Cruickshﬁnk (1¢44) carried out a comparative trizl of the
cough-plate and post-nasal swab methods. Sixty~seven positive culbtures were
obtained from 250 patients, but it was pointed out that many cases were admitted
to hospital late in the illness. The results of the two methods were roushly
comparable, but for children under two years of age the post-nasal swab appeared
to be the method of choice. Tarr (1946) described a modified post-nasal swab for

use in the culture of the Haemophilus pertussis. The swab used was claimed to

be of spedial value for young children, hut it was never put into zenorel use.
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In these experiments the posterior wall of the nasopharynx was swabbed by
way of the mouth. Bradford and Slavin (1940) took nasopharyngeal swabs by passing
a flexible copper wire, with a small piece of cotton wool on the end, through the
nose until it touched the posterior wall of the nasopharynx (a pernasal swab method).
In comparing the results of 40 primary cultures from 22 whooping cough patients there
were 22 positive nasopharyngeal swabs, 10 positive cough~-plates and 5 positive throat
cultures. In only three cases were the cough-plate cultures positive when the
nasopharyngeal swab was negative. They also found that there was a more profuse
growth of Haemophilus pertussis on the medium and a minimal amount of secondary
invaders when the nasopharyngeal method was employéd. The same workers (Brooks
et al., 1942) published a larger series of 438 cases in which 52 per cent were
positive by the nasopharyngeal method and 27 per cent were positive using the cough-
plate method. These findings were confirmed by Saito et al. (1942) and Bullowa et
al. (1944).

The nasopharyngeal swab method, used for the culture of Haemophilus pertussis,

appears cumbersome and uncomfortable for the patients. In 1948, Cockburn and Holt
described a pernasal swab which was made from an extremely fine nickel chrome wire.
This swab would be passed through the nostril to the posterior wall of the naso-
pharynx, and caused the minimum of upset to the patient. The‘method was used in the
recent Medical Research Council trial (1953). Cockburn and Holt took simultaneous
swabs by pernasal and postnasal methods, and positive results were obtained on 30
occasiouns. In 23 instances both swabs were positive and in 7 the pernasal swab only
was positive. They also proved that there was a greatly reduced contamination of
plates inoculated from pernasal swabs. The pernasal swab is apparently more reliable

Tor the isolation of Haemophilus pertussis than the postnasal swab. It was, however,
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pointed out that sometimes a negative result is obtained even in the early stages
of the disease.

Complement Fixation Tests.

In their original work, Bordet and Gengou (1906) noted that serum from
cured cases of whooping cough showed fixation of complement in the presence of

antigen prepared from a pure culture of Haemophilus pertussis. This test was not

positive until the convalescent stage of the disease. Like all specific antibodies,
however, their presence only proved that the subject had recently been under the
stimulus of the s?ecific antigen aﬁd not that he was suffering from infection at

the time of testing. Donald (1938) was of the opinion that the test was of value
in retrospective diagnosis, but it was not positive until the third or fourth week
or later. In practice this test is rarely used, and its chief value lies in these
cases where retrospective diagnosis is essential.

Intradermal Sensitivity Tests.

The demounstration of specific antibodies to the causal organism by means of
a skin test has been attempted from time to time. In 1937, Paton carried out an
extensive experiment in Belvidere Hospital,Glasgow. An intradermal injection of

whole or disrupted Haemophilus pertussis was used in a conbrolled experiment. It

was found that the inbradermal test failed to give a specific result, and that a
positive result was obtained in some of the patients in the contrel group in whon
there was no history of their having had whooping cough. Donald (1938) partly
repeated the experiment, bubt his results were unreliable and this method of diagnosis
was abandoned.

Using a endotoxin of Haemophilus pertussis, Thomwon (1938) indicated that

there was some parallel between a positive reaction and a history of having had
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whooping cough. There were, however, about 30 per cent of apparently non-specific
reactors. The test is of no value in the early diagnosis of whooping cough.

Heematological Tests.

In many cases of whooping cough a raised leucocyte count with a relative
or absolute lymphocytosis is present in the late catarrhal stage, and this persists
into the paroxysmal stage. The erythocyte sedimentation rate is seldom raised in
normal cases.

Blood Counts. In 1922, Bourne and Scott reported a case of whooping coupgh
in o female child, aged one year and nine months, in which there was a leucocyte
count of 176,000 per cubic millimetre (116,000 lymphocytes per cubic millimetre)
in the seventeenth day of illness. The count fell to 45,000 per cubic millimetre
on the forty-first day of illness. Seitz (1925) described two cases of leucocyte
countd over 150,000 per cubic millimetre in children with whooping cough.

| Begg and Coveney (1935) reported on the blood findings in 65 uncomplicated
whooping cough patients, most of whom were in the lete catarrhal and early paroxysmal
stage of the illness. Total and differential leucocyte counts were performed on
admission to hospital and during early convalescence, and the figures obtained were
compared with the normal for the particular age group. There was an increase in
the nmumber of leucocytes in every case, but lymphocytosis was only present in 77 per
cent of patients. In 35 per cent of the patients, lymphocytosis was well-marked,
and in 23 per cent there was no absolute lymphocytosis. The authors were of the
opinion that blood changes were maximal early in the disease. Gardner (1936)
pointed out that lymphocytosis is not present in the early catarrhal stage, and
this was confirmed by Donald in 1938.

Erythrocyte Sedimentation Rate. In 1936, Gold and Bell described a

ae
Ce

. < oes < » P et . )
diagrostic trial consisting of a suspicious cough along with a retarded erythrocyt:
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sedimentation rate and a lymphocytosis which they considered to be pathognomonic

of whooping cough. Employing the Westergren method, Donald (1938) measured the
erythrocyte sedimentation rates of 95 uncomplicated cases of whooping cough. The
sedimentation rates were retarded or normal in the second and third weeks of illness,
and showed slight acceleration later in the disease. In the control group of 24
patients with acute bronchitis, 29 per cent also showed a normal or retarded
erythrocyte sedimentation rate. This test is, therefore, of little value in itself.
My experilence in a whooping cough ward has been that few patients were old enough to

allow me to obtain a sufficient quantity of blood for the test.

Summagz.

The methods of diagnosis of whooping cough have been discussed. Clinical
signs alone are of little value in early diagnosis, and if relied upon solely, many
mild and subclinical cases may be missed. [Early diagnosis can only be made with

certainty when the causal organism, now accepted as being the Haemophilus pertussis,

is isolated. The method of choice is the pernasal swab cultured on Bordet-Gengou
medium containing a suitable quantity of penicillin to limit the growth of secondary
invading orgenisms. In many instances a raised leucocyte count with a relative
and absolute lymphocytosis is present from the late catarrhal stage. It is a
useful pointer to the diagnosis especially when there are suspicious clinical signs.
Erythrocyte sedimentation rates are of doubtful value in diagnosis. For retro-
spective diagnosis, complement fixation tests may be used, but skin tests are of no

value.



CHAPTER 3.

THE TREATMENT OF WHOOPING COUGH BY ANTIBIOTICS.




Owing to the leck of suitable therapy and to its distressing nature,
fow diseases have been subjected to more varied modes of treatment than whooping
cough. Lapin (1943) quotes one writer as stating that he had collected and listed
400 drugs and therapeutic measures said to be beneficial. In 1903, Sobel advocat-
ed the treatment of the paroxysmal cough by pulling the lower jaw dowrnwards and
forwards, and listed the following procedures and drugs as being in use at the
time of his writing:-

"intispasmodies, narcotics, nervines, ansesthetics, astringents,
inhalations, lccal applications, intubation, tracheotomy,
vaccination, formalin, diphtheritic serum, counter irritation
over the pneumogastrium, compressed air, carbonic acid gas
per rectum, suggestive therapy and ozone."

These examples illustrate the wide range of treatments, local and otherwise,
that physicians have invented in their endeavour to find a solution to the problem
of the treatment of whooping cough. Since the time of Sobel's writing, many other
forms of therapy have been tried, but as this thesis is concerned mainly with the
antibiotic treatment of whooping cough, only the literature relevant to this

aspect will be discussed.

Experimental Work.

It was soon discovered that penicillin and the sulphonamides had no effect

on the growth of Haemophilus pertussis, nevertheless, they were found to be of great

value in the treatment of meny of the complications of whooping cough. As a result
each antibiotic, as it appeared, was subjected to an experimental evaluation in
order to assess whether or not it was likely to be of use in the treatment of the
disease.

In 1950, Wells et al. carried out in vitro tests for sensitivities on

recently isclated strains of Heemophilus pertussis with the followirng antibiobics:-
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Penicillin, Streptomycin, Bactracin, Polymyxin B,
Polymyxin D, Aureomycin, Chloromycetin, HNeomycin,
and Terramycin.
The strains used were obtained from nasopharyngeal cultures from active cases of
whooping cough.  After incubation for 72 hours the strains were subcultured on to

plates containing twofold dilutions of each antibiotic used. After testing 31

strains of Haemophilus pertussis it was concluded that polymyxin was by far the

most effective of the antibioties. Chloramphenicol, aurecmycin and terramycin
appeared to be of moderate value, and penicillin, streptomycin, neomycin and

bactracin were of no value in prevemting the growth of Haemophilus pertussis.

In 1946 the Shaffers in New Orleans, confirming the work of Gallavan
and Goodpasture (1937), suggested that the susceptability of chick embryos to

Haemophilus pertussis might be of use in the evaluation of antibiotic preparations

against the organmism. The method was applied in 1950 by Jackson, Barnes and

Finland who compared the action of seven antibiotics against Haemophilus pertussis

infection in chick embryos. It was found that penicillin, polymyxin B, strepto-
mycin, neomycin, aureomycin, chloramphenicol and terramycin in suitaeble doses
prolonged the life of the embryos.

Hegerty and his co-workers (1245) showed that streptomyein, exhibited in

vitro, had bacteriostatic activity against Haemophilus pertussis, and that mice

treated with intranasal streptdmycin survived twice as long as control mice who
were not so treated. This work wes confirmed by Bradford and Day (1949) who
showed that aureomycin and polymyxzin were also effective against infection in mice,
and they considered aursomycin to be more effective than streptomycin. Bell,
Pitman and Olson (1949) confirmed the value of aureomycin in treating experimental

vertussis infection and noted that: "A treatrnent regime of small doses given at
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frequent intervals over a period of several days was more effective than lerger
doses given singly or at infrequent intervals for a few days." A small clinical
trial of aureomycin in known cases was carried out and favourable impressions were
reported.

Results of Clinical Trials of Antibiotics in Whooping Cough.

Polggzxin. Swift (1948) carried out an uncontrolled experiment in which
ten patients with whooping cough were treated with polymyxin, and it was claimed
that in all cases there was definite improvement within 24 hours. On the other
hand, Kaplan (1949), in New York, who treated 84 children suffering from whooping
'cough,.considered that polymyxin had no effect on the course of the disease. In
1951, Banks treated 17 bacteriologically confirmed uncomplicated whooping cough
patients, all in the 8th and 16th days of illneés, with polymyxin. The drug appear-
ed to be effective but was too toxic for general use. This view of the drug's
toxicity was generally accepted and production of polymyxin was stopped. Howsver,
recently the use of polymyxin in modified doses has been found to have a greater
margin of safety.

StreEtomycin. In 1948, Leichenger and Sghultz conducted a well-controlled
trial in which 16 early cases of whooping cough were treated with streptomycin.

The daily dose of one gram was administered to eight patients by the aerosol route,
to eight patients by intramuscular injection, and there were eight comtrols. All
the patients were in the same ward amnd careful note was kept of the muwber of
paroxysms and vomiﬁs in each 24-hour period. It was considered that the aerocsol
route of administration was the method of choice, and they concluded that strepto-
mycin appeared to be an effective therapeutic agent for whooping cough. A larger

b}

series of 29 whooping cough patients wes reported by Waennameker et al. (1949) vho
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administered streptomycin by intreanasal drops, aerosol mist, and intramuscular
injection. Twenty-one children, who were selected mild cases, acted as conlrols.
It was discovered that despite satisfactory blood levels, streptomycin did not

influence the presence of Haemophilus pertussis in the nasopharynx. They con-

eluded, however, that aerosol and intramuscular therapy with streptomycin favour-
ably influenced the course of the disease. Unfortumately, only clinical
impressions were used in aesessing the course of the illness and the control
patients were not of similar severity to those treated. Later, the same team
(Shepard et al., 1949) treated 64 whooping cough patiehts by combined aerosol and
intramuscular methods but concluded that there was no advantage to be gained in
combining the methods of administration.

In London, Schwabacher, Wilkinson and Karron (1949) reported a small series
of 17 patients in which, despite satisfactory blood streptomyecin levels, no bene-
ficial results were obtained as a result of streptomycin therapy. They suggested

that resistant strains of Haemophilus pertussis might have developed. Gordon and

Almaden (1249) reported a defirnite and rapid improvement in 24 severe cases of
whooping cough treated with streptomycin, and a statistically significant reduction
in the fétality rate in the 24 treated patients as compared with 28 control patients.
These rather unusual results have not been confirmed.

With the discovery of aureomycin and chleramphenicol, streptomycin therapy
was disconbimed without its value in whooping cough ever having been satisfactorily
assessed.

Aureomggig. Aurecomyein hydrochloride was Tirst described by Duggar in
1948.  Following the work of Bell at al. (1949), Iiller and Ross (1$50) of the

United States Army Iledical Corps reported on the aureomycin “reatment of ssvere




whooping cough in six children. They employed a dosage schedule of 350 mllligrams
of aureomycin per kilogram of body weight per day for 8 to 10 days. Iavourable
impressions were recorded.

In 1950, Chang and his colleagues, in Boston, treated 22 bactericlogically
confirmed cases of whooping cough with aureomycin. The dose varied from 60 to
10C milligrams of aureomycin per kilogram of body weight each day, and treatment
was contimued for five days in the first instance. Relapses were reported in
three patients who were given a further course of treatmenﬁ.‘ Controls were used
but these were not teken in strict rotation. In the treated patients the frequency
and intensity of the paroxysmal cough began to decrease after three days, and the
duration of cough was reduced from an average of 30.3 days in the control group %o
21.7 days in the treated group. There was also a more favourable response in the
treated patients ss rsgards the murbers of paroxysms per day. This trial was well
planned, but it is unfortunate that when recording their impressions the observers
knew the patients who were receiving treatment and those who acted as controls,
thereby introducing a possible element of prejudice.

Abboud et al. (1951), in Egyph, treated 53 selected whooping cough patients
with sureomycin and recorded favourable results. There was no adequate control
and the criteria used for assessing progress were of doubitful value. Similar
unreliable impressions were reported from Germany when 47 cases of whooping cough
were successfully treated by Hassleman-Kehlert (1952).

Wehrle and Lepper (1951) reported on the treatment of 137 cases of whooping
cough with aureomycin. They did not consider that the drug had any effect in
altsring the course of the disease. There was, however, a lower incidence of

secondary complications in the trested patients compared with a combrol group,
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and a marked dscrsase in the duration of positive nasopharyungeal cultures was
noted in the patients treated.

First reports on the value of aureomycin in the treatment of whooping
cough are, therefore, conflicting.. Although treatment with the drug appears to
cause the disappearance of the Haemophilus pertussis from the nasopharynx, there
is not always parallel clinical improvement.

Chloramphenicol. The biological properties of chloramphenicol were

described for the first time in 19548 Dby Smith and his co-workers in Detroit. Then

tested against Haemophilus pertussis, the drug was found to prevent its growth on

rabbits' blood in doses which were non-toxic to animal ({ McLean et al., 1949).

In a letter to the editor of the Lancet on 24th September, 1948, Dr. D.P.
Degenherdt described an infant suffering from whooping cough who was treatsd with
chloramphenicol, and he observed tnat there was dramatic improvement. Payne et al.
(1949), working in Bélivia where the death rate from whooping cough is very high,also
reported on the value of chloramphenicol. Fifty children, all bacteriologically
confirmed as suffering from whooping cough, were given chloramphenicol, and it was
claimed that there was freedom from symptoms in approximately four days. The
extremely rapid decrsase in the paroxysmal cough in this series has not been confirm-
ed. One case relapsed after the cessation of treatment. 1In a series of five
infants suffering from severe whooping cough, Macrae (1950) reported dramatic
improvement as a result of chloramphenicol therapy. Khalil and Abdin (1950)
treated with chloramphenicol 25 early cases of whooping cough. o conbrols were
used but the clinical impressions of the therapy were favourable.

Observations by Gray (1950a) have produced svidence that chloramphenicol

depresases the cough count and limits the course of whooping cough regardless of
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the stage at which administration is begun. He carried out a well-controlled
experiment on out~-patients. The patients were treested at home, and the mothers
were asked to keep a record of the mumber of paroxysmal coughs in each 24-hour
period. Treatment was unselected and alternmate cases were given a capsule contain-
ing an inert drug. There was a marked reduction in the cough count in the 29
patients treated with chloramphenicol as distinctlfrom the comtrol group. The
‘beneficial effect of the drug was marked in children treated within 14 days of the
onset, but appeared to be of value in later cases as well. Gray carrisd out care-
ful bacteriological examimnations on both groups, and it was discovered that chloram-
phenicol sterilises the mucous surfaces of the upper respiratory tract. It was
indicated that messive bacterial death occurred within an hour of a single dose

and that the normal flora did not return for two to three days. 1In a second paper,
Gray (1950b) described the successful treatment of 21 cases of whooping cough with
chloramphenicol, in which strict diagnostic criteria were enforced in all cases
admitted for trial. Gray advocated a dose of 100 milligram per kilogram of body
weight followed by two meintenance doses, depending on age, at eight hourly
intervals.

The result of a reasonably large trial was reported by Lassen and Grandjean
from Copenhagen in 1951. A series of 100 whooping cough patients, 80 per cent of
whom were bacteriologically proven, were treated with chloramphenicol. Progress was
assessed by the frequency of the paroxysmal cough and the bacteriological findings.
The course of treatment lasted for five days, and all patients improved during ths
treatment period. Contrary to Gray's findings, seven patients were shown to have

Haemophilus pertussis in the nasopharynx after completion of the course of treat-
P beroussis phary D

ment. After a second course of treatment, two of these patients still had the
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organism in the nasopharynux. Unfortunately, no controls were used, but it was
thought that chloramphenicol was of value in the treatment of all stages of the
disease.

Comparative Antibiotic Studies. In 1950, Hoyne and Brown indicated that in
the treatment of whooping cough, chloramphenicol was better than aureomycin, and
that aureomycin was better than streptomycin, which was considered to be of 1little
value. Hazen et al. (1951) tmeated 150 early whooping cough patients, all
bacteriologically coufirmed, with penicillin, aureomycin, chloramphenicol and
terramycin. Strict rotation of the drugs was used for the patients admitted to
the trial. The penicillin group acted as a control, and this was an attempt to
exclude the effect of the other drugs in causing improvement by influencing
secondary bacterial invaders. The results were assessed by the average daily
mumber of paroxysms, their severity, and the total duration of the paroxysmal cough.
A better response was noted in patients treated with aureomycin, chloramphenicol
and terramycin than in those who received penicillin. Weinstein et al. (1951)

did not confirm these findings in 80 treated cases. They indicated that aureo-
mycin, chloramphenicol and terramycin had little or no effect in reducing the
frequency or severity of the cough in the paroxysmal stage of the disease.
Aureomycin and chloramphenicol were almost equally effective in eradication of

Haemophilus pertussis from the upper respiratory tract, but the incidence of

secondary bacterial invaders was not appreciably reduced.

In a well-organised trial, Booher et al. (1951) reported that the treat-
ment of 111 uncomplicated cases of whooping cough, aureomycin, chloramplenicol
and terramycin appeared to be equally effective, but the results were not so good as

those obtained by other workers. Gray (1950b) had a similar experience in treating
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whooping cough out-patients with aureomycin and chloramphenicol.

Conclusions.

p— — e

As far back as 19509 Dr. J. Freeman published his experience in the treat-

ment of whooping cough with a vaccine prepared from Haemophilus pertussis. A
well-controlled trial was carried out, but after the first month he discovered
that his opinion as to progress had been unconsciously biased in favour of the
patients receiving vaccine. He concluded:-
"hen a doctor reports that he has a drug which has proved to be

of distinct benefit, he should be asked, 'In how many cases

have you tried it? Did you have a system of controls?

and did you have a colleague to report who did not know which

of the cases were controls'? "

Since that time Dr. Freeman's article has often been quoted, but few
workers have attained those high principles when testing the efficacy of a new
treatment in whooping cough. In the antibiotic trestment of the disease, I can
find no instance of an author who was ignorant of the treatment being received when
he made his observations. As has been pointed out, in many trials no countrols
were used, and in many instances the munber of patients treated was few. These
factors have no doubt been responsible for the conflicting reports in the litera-

ture. In 1950 there was obviously need for a well-controlled large-scale trial

of aureomycin and chloramphenicol in the treatment of whooping cough.
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A CLINICAL’ TRIAL OF ANTIBIOTIC TREATMENT OF

WHOOPING COUGH ORGANISED BY THE MEDICAL RESEARCH .COUNC_IL;,

WITH DESCRIPTION OF THE METHODS EMPLOYED

IN A GLASGOW FEVER HOSPITAL (RUCHILL HOSPITAL).
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In December, 1949, a working party was formed by the Antibiotics Clinical
Trials (Non-Tuberculous Conditions) Committee of the lfedical Research Council to
consider the problem of the treatment of whooping cough by the newer antibiotics.
Glowing reports of the effectiveness of chloramphenicol and aursomycin, both of
which were at that time in short supply, had been received, and it was thought
advisable to give some guidance to medical practitioners as to the value of these
drugs in the treatment of whooping cough. In order to obtain a sufficient nuber
of cases to prove the effectiveness or otherwise of the drugs, there was organised
a clinical trial which could be carried out simultaneously at various centres
throughout the country. The working party consisted of a bacteriologist who
acted as chairman, a statistician who acted as secrebary, and physicians from
eight infectious diseases hospitals. Dr. Thomas Amderson represemted Glasgow
and I was privileged in being asked to organise and carry out the clinical trial
of the drugs at Ruchill Hospital.

As has beem pointed out in a previous chapter, there are many factors which
influence the course of wthping cough, which is a naturally variable disease, and
this makes the eriteria for assessing progress difficult to evaluate. As a result,
the working party fully aeppreciated the need for a strietly controlled trial and
that it was necessary for the observer, who was charting the progress, to be
ignorant of the treatment which the patient was receiving. The trial was so
organised that there should be uniformity at the various centres, and the results
when collected were to be analysed ceuntrally.

Organisation of the Antibiotic Trial.

e ST R S e I st ey S g talgo e lipogelo G gioiog

Cases admitted to the Trial. There was no selection of patients, and on

admission an assessment was made as to their suitability or otherwise for the +trial.



The following were excluded:-

(a) Patients over five years of age, becausg previous experience

had suggested that there would not be sufficient numbers in this age
group from which to draw accurate conclusions.

(b) Patients in whom the illness had lasted more than three weeks

from the onset of the cough. It seemed unlikely that any treatment
would be effective in treating such late cases, although many were
complicated and required treatment by antibiotics.

(¢) Complicated cases who urgently required treatment by another

antibiotic were excluded as it would have been impossible to evaluate
the part played by the trial drug in the course of the disease.

(d) Patients who had received chloramphenicol or aursomycin prior

to admission.

On admission the patient's name was entered in an ‘'admission register!
and the suitability or otherwise for trial noted (Figure 2). If the case was
unsuitable, the reason for exclusion was recorded and, the}efore, it was possible
to calculate the percentage of admitted cases which were suitable for trial.

Treatment Register. Wine treatment letters denoting the various drugs in

the trial were employed. A treatment register, copies of which are shown in

Figure 3, consisting of columns which divided the patients into six groups according
to age and sex, was provided. The nine treatment letters were arranged at random
on the left-hand side of each column, and suitable cases were divided into male and
female and into the following age groups:- Under 1 year, 1-5 years and 3-5 years.
The name of a suitable case was entered in the first vacant space in the appro-
prigte column, and there the name appeared opposite one of the treatment leiters. The

treatnert vias, therefore, unselectad.
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Figure 2.

PERTUSSIS
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1229 Drugs. Aureomycin, chloramphenicol and an inert control substance
were dispensed in cachets containing 2560 milligrams. A mixture of lactose and
quinine was used as the coubrol substance, and half the control cachets contained
yellow powder to resemble chlorémphenicol. The cachets were supplied in containers
labelled by the same lstters as these on the treatment register, and the patient was
given treatment from the container in which his or her itreatment letter appeared.

though nine letters were used, three of these denoted the same drugs, thus lessen-~
ing the danger of a drug being identified by any particular letter. The identity of
the drugs was not revealed to us at Ruchill until the trial had been completed.

Dosage and Duration of Treatment. The dosage varied according to the age

of the patient, and in all cases treatment was contimued for seven days. The follow-
ing dosage was employed: -
(a) Children 0=l year of age =~ Gram. 0.5 twice daily.
(b) Children 1-3 years of age - Gram. 0.75 twice daily.
(e) Children 3-5 years of age =~ Gram. 1.0 twice daily.
Record Cards. A record card, a specimen of which is shown in Figure 4, was
provided for each case. There were sections for notes on the following aspects:-

(a) History of Contact: History of contact with a known case of

whooping cough, inside or outside of the home, and the reason fdr the
belief that the primary case was one of whooping cough was obtained from
the parents soon after the child's admission to hospital.

(b) History of Onset of Illness. Dates of omnset of the earliest

symptom, cough, paroxysmal cough, whooping, vomiting and convulsions, if

present, were also supplied by the parents.



FIGURE 4 - &4 -

Hospital ....... .. . (oo,
- ANTIBIOTIC TREATMENT SEX evevree et e oo
OF PERTUSSIS
Age Group ..covevinivniinis vvevirene s
CASE RECORD SHEET Treatment Letter ................... Cerieeaans
(Complete on discharge)
- Child’'s Name . .vovovnveneiiinie e e veiie e eeenn SeX.rerniiin venrirriieieonns cAge i
(in years and months)
Date of admission .... ....... e e e eaeanrarenes Treatment Letter
Hutorf of Contact:
YES NO

I. Is the child a known contact (encircle appropriately)

2. If a known contact (a) What is the evidence of pertussis in the mfectmg (primary) case? (eg., '
*1s whooping and vomiting ',

general practitioner ',

diagnosed by:
“1s swab +ve’, etc.

Il
(b) What was the nature of exposure® (indicate appropriately).
1. The chidren live in the same household.
2. They are in different households but were in contact as follows:
Previous History: !. Date of onset of (a; Earliest symptoms (catarrh or coryza) .......ccooreviinine
() Cough i i e e
(c Paroxysmal cough ... .. .. e
(d) Whooping .o ee ees eeeeiiesnecensnnnine
() Vomiting o s ene svesesmesssisnn
(f) Convulsions ... i e ceemnnesnieeenene
2. ‘Duration of COUGH (in days) prior to gdmission sorsisaeeenens seravee .. days.
m

Relevant Clinical Findings on Admission -




1 FIGURE 4a — 35 —
Progress in Hospital: IV

I. Date Treatment Commenced.........covuverinenininierisieiiaeieieenin, v

2. Where Nursed (encirclev appropriately) Cell Ward with Ward with
less than more than

6 beds 6 beds

‘ NUMBER OF PAROXYSMS. NUMBER OF VOMITS.
TOTAL SISTER’S ESTIMATE NOTED BY
DAY OF AMOUNT NOTED BY 1 OF SEVERITY OF SRR B
OBSERVA- OF DRUG PAROXYSMS (mild, .
TION, (in grams). DAY STAFF. .| NIGHT STAFF. moderate or severe). DAY STAFF. |NIGHT STAFF.

1st¥*

2nd

3rd

4th

5th

6th

© 7th

8th

9th

10th -

11th

12th

13th

14th

15th

"16th,

17th

18th

19th

20th

2ist

* j.e., up to midnight on day of admission.

COMPLICATIONS: Date of onset .........cc.ccoeevueseessuenrnes  Date patient transferred to

complications groupf ............... eerereerrtereraaan
Nature of Complication(s) : v

tients who develop any infection requiring treatment with sulpho_nqmides or antibiotics other than those used in the trials
1It.xlllep:r;:tment. with the trial drugs should be stopped and the physician should treat the case as he thinke best. This record
card should still be used for noting details of treatment, and progress and end result of the case.




NOTES BY PHYSICIAN. VI

DATE. COMMENTS.

CLINICAL SUMMARY OF ‘SEVERVIT._Y (to be completed on discharge) : vil

| OBSERVED TOXIC EFFECTS. o | VI

DATE. ) .. SYMPTOMS.
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Special Examinations:

DATE.

A. X-RAY EXAMINATIONSY:

POSITION.

RESULT.

IX

¢+ Where possible, cases should be X-rayed on admiesion apd thereafter weekly.
be taken where a lesion is suspeoted.

Films other' than in the -A-<P. 'position should only

DATE.

B. LABORATORY EXAMINATIONS*:

" NATURE OF SPECIMEN,

LABORATORY
NUMBER.

RESULT.

EaE—
*Wherever possible (a) Swebs, etc., should be taken on admiesion (1st day. and on the 2nd, 3rd, 8th and 11th days

methods of bacteriological diagnosis. should be used.
(b) Blood counts ‘hould be done on admission and subsequently weekly (or, during treatment, more frequently).

(¢) Complement fixation tests may be necessary for -ctiospective diagnosis.

All possible
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(¢) Relevant Clinical Findings on Admission. [Following admission to the

ward a clinical examination was performed. The relevant {findings were entered
in this section and an attempt was made to assess the severity of the illness.

(d) Ward Sister's Observations: The ward sister made daily entries show-

ing the amount of drug administered, the nunber of paroxysms and vomits in
the day, and her estimate as to whether the paroxysms were on the whole mild,
moderate or severe.

(e) Complications. Should any complication occur, the nature and date

of onset was noted. For the purpose of the investigation, a complication
was defined as any infective condition associated with whooping cough which
the physician in charge considered to be severe enough to require immediate
treatment by sulphonsmides or another antibiotic. If a complication arose
during the seven-day treatment period, administration of the trial drug was
stopped and the fact recorded.

(f) Personal Observations. I made notes in the case records on the

results of clinical examinations which were carried out daily. With the
assistance of the ward sister an attempt was made to assess whether or not
the course of the illness had been altered by the treatment.

(g) Clinical Summary of Severity. On discharge a brief clinical summary

was made.

(h) Observed Toxic Effects. Any toxic effects of the drug were noted.

(i) X-ray Exeminations. Radiological examination of the chest was carried

out soon after admission and weekly thereafter. TFilms were taken roubtinely
in the antero~-posterior position, but, when necessary, other views werec taken

in order to define a suspected lesion-
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(j) Laboratory Examinations. Routine bacteriological and haematological

examinations were carried out. Shortly after admission I took the first per-
ngsal swab which was used to inoculate a Petri plate containing Bordet-Gengou
medium. Thereafter swabs were teken on the second, third, eighth and eleventh
days. By so doing it was possible to isolate the causal organism in many cases.
Total differential leucocyte counts were made soon after admission and at weekly
intervals thereafter. In order to mainbtain uniformity, I personally carried
out these examinations. Capillary blcod was obtained either from the nail bed
in older children or from the heel in infants, and the standard methods employed
were these described by Whitby and Britton (1950).

Duration of the Trial. At Ruchill Hospital the clinical trial commenced

in December, 1950, and contimued until May, 1951. During that six-month period
all cases admitted were entered in the treatment register and were admitted to the
trial if the necessary criteria were fulfilled.

Additional Investigations.

In addition to the antibiotic trial outlined above, it was decided to
carry out simultaneously the following imvestigations:-

(a) Bacteriological Investigations. Stimulated and guided by Dr. Anderson's

interest and experience in bactericlogy, I decided to carry out personally all
investigations for the isolation of the causal organism of whooping cough.

(b) Exemination of Contacts. It was also decided to examine contacts

of cases of whooping cough in order to determine if the Haemophilus pertussis

was present in the nasopharynx in healthy persons and if a ‘carrier state!
existed.

(¢) Radiological Ixemirations. Full radiological examinstions of the

chest were made in order to confirm the work previously carried out in Zuehill
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Hospital by Lees (1950).

(a) Clinical Observations. Additional clinical notes were made in all
cases to determine the effect of the drugs onﬂclinical manifestations of the
dissase.

Methods emplOyed at Rudhlll Hospital.

Description of the Wards. At Ruchill Hospital, during the 1950-51

- e

epidemic, two wards were devoted exclusively to the treatment of whooping cough.
The wards 2 and 27 were identical in every respect, each having one compartment
with six cots and one compartunent with fourteen cots, separated by centrally placed
duty room, kitchen and amnexe. Each ward was staffed by an experienced sister, a
staff nurse, nurses and domestics, and all were fully instructed on the specilal
mirsing problems associated with whooping cough.

Procedure on Admission. At Ruchill Hospital all whooping cough patients

brought‘by ambulance wers examined by the medical officer on duty prior to being
admitted to the ward. A careful history of contact with another infectious
disease was cbtained by the ambulance murse when she visited the patient's hone,
arnd the medical officer was able to take this into consideration when he examined
the case. This procedure helped to minimise the risk of cross-infection and
faulty diagnosis.

Shortly after admission, I visited the ward and made full clinical examin-
ation of the patient and assessed the suitability or otherwise for the trial. At
this time a pernasal swab was taken and freguently a paroxysmal cough resulted.

If the diagnosis was reasonably certain and the case considered suitable, the name
was entered in the treatment register and treatment commenced.

Administration of the Drugs. 1In order to encourage close liaison bebrsen
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the two wards the drugs were stored in ward 27 and the treatment register was kept
in ward 2. The staff nurse in each ward was responsible for the drugs and their
adninistration.

+ was found by expetience that the most convenient times for administering
doses were 9.00 a.m. and 2.00 pem.,as these two times‘followed the changing of
napkins, etc., and did not interfere with feeding. The morning dose was given by
the staff nurse and the evening dose by the night nurse. Little difficulty was
experienced in the administration of the drugs. With children under nine months
of age the drug was dissolved in a little water .and given from a spoon. Qlder
children could usually be persuaded to swallow the drug which was,if necessary,
concealed in jam or some other pleasant-tasting substance.  Administration of
drugs to the middle group, of approximate age one to three years, presented diffi-
culty on occasions, and sweetened condensed milk was discovered to be a suitable
agent for disguising the bitter taste. In no instance was it found necessary to
discontimue treatment because of difficulty in administration of the drug. On the
other hand, the vomiting which frequently followed paroxysmel coughing proved
troublesome in certazin cases. If the child vomited within one hour of administra-
tion of the drug, the dose was repeated, but if vomiting occurred after the second

dose, a note of this fact was entered in the case record card under 'Toxic iffects'.

Recording of Paroxysms, Whoops and Vomits. A specimen is shown in Figure
5 of charts provided for this purpose, ome of which was placed beside each cot.
There was a space for each day in tne week and separate columns for the use of day
and night staffs. To simplify recording, all charts were renewed on the same day
each week, with the effect that all were at the same stage at amy one time. It was

impossible to provide a murse solely for the recording of paroxysms, bub an
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additional number was provided and as far as possible the nurses were specially
selected. When it occurred, each paroxysmal cough was recorded on the appropriate
chart, and it was noted whether or not the child whooped or vomited. The nuber
of times the child whooped in each paroxysm was noted as accurately as possibls.
Under test, many difficulties were apparent in this method of recording
Paroxysms. At night it occasionally happened that several children began to
cough at the same time with the result that there were insufficient nurses in the
ward to cope with all the children. Also it was often noted that bables could not
be heard when older children were coughing. These difficulties were fully realis-
ed by the organisers of the trial, but they were minimised by the conscientious
way in which the nurses carried out their duties.

Estimation of the Severity of the Paroxysms. These estimations were made

by the ward sister who observed the child. For 21 days, daily estimations as to
the severity of the paroxysms were made, using the following criterisa for as58ess5-
ment: - . '

(a) Severs. A paroxysm was defined as severe when it was prolonged to
such an extent that it caused the child to be exhausted, or if cyanosis were
present, or if there was considerable expectoration, and when considerable
nursing attention was required.

(b) Mild. TWhen the child was not distressed, no expectoration was
obvious, vomiting was not present, and no nursing attention was required
during the paroxysm, it was considered to be mild.

(¢) Moderate. All paroxysms which did not fit into the above two
categories.

Estimation of Progress. Estimation of progress of each case was made by

the ward sister and myself, assisted when necessary by the observations ol ©tae



- 44 -

staff nurses. On the eighth day of observation an attempt was made to assess
clinically whether or not improvement had teken place during the treatment period.
Improvement was recorded as heing slight, good, or dramatic.

Methods of Bacteriological Examination.

In attempting to isolate the causal organism of whooping cough, the method
found most successful at Ruchill Hospital had been the pernasal swab and this was

the method used.

The Pernasal Swab. As described by Cockburn and Holt (1948), the pernasal

swab was made from seven inches of a very fine flexible nickle chrome wire. A loop
was formed from one end and the last quarter of an inch of the terminal end was
bent back to hold a very thin pledget of cotton wool which was firmly wound round.
The swab was placed in a six-inch by half-inch test tube which was plugged with
cotton wool and the whole autoclaved.

Following use, the cotton wool was burned off and the wire straightened,
after which the swab could be remade.

Prior to taking the swab the child was placed on his or her back and held
securely by an assistant. The pernasal swab wés then passed gently and swiftly
backwards along the floor of the nose through both nostrils in turn until it
“touched the posterior wall of the nasopharynx. When the swab was fully inserted
a half turn was made prior to withdrawal and replacement in the test tube. On
occasions it was not possible to insert the swab into both ﬁostrils, but in no
case was the abnormality so great asz to prevent effective swabbing. The procedure
was easily carried out provided that the child was securely held and it caused
little general disturbance. Frequently a paroxysm followed immediately alter the

swab had been taken, and therefore many new admissions were diarnosed clinicallw.



- 45 -

Bordet-Gengou lMedium. In order to obtain uniformity, Bordet-Gengou agar

base déhydrated by "Difco Laboratories" was used. When required the medium was
rehydrated by suspending 4 grams of the base in 100 millilitres of 1 per cent
solution of glycerol in distilled water. In order to dissolve the medium com-
pletely, the suspension was heated to boiling point and then sterilised in the
autoclave for 15 minutes at 15 pounds pressuee (121%.). 4fter cooling to 45°¢.
to 50°C., sterile defibrinated horse blood was addéd to make a final concentration
of 15 per cent, and 0.2 units per milliiitre of penicillin was added.  After
thorough mixing it was poured into sterile Petri plates and care was taken that
the surface was free from pitting. During cooling, the plates were only partially
dried in order that there would remain in the medium sufficient moisture ‘o with-
stand the prolonged incubation required for the growth of colonies of Haemophilus
pertussis. The plates were then stored in a cool place until required. Fresh
medium was prepared daily and frequently large quantities were required.

Inoculation of the Medium. The plate was inoculated as soon as possible

after taking the permasel swab. In the case of in~patients this was done
immediately, bﬁﬁ vwhen conbacts had been swabbed at home there was frequently up

to three hours' delay. The swab was removed from the test-tube in the laboratory
and stroked over half the plate and then lightly stroked eight times over the re-
maining half of the plate. A separate plate was used for each swab.

The inoculated plate was then pleced in a tin and incubated at 37°C. for
up to six days. It was my custom to use separate tins each day as this simplified
exeminetion. Clean and sterilised National Dried Millk tins were foumd to be
convenient for the purpose.

Identification of Haemophilus Pertussis. I examined the plates daily
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but did not open them until incubation had been carried out for 72 hours. A4
hand-lens was used and the entire surface of the medium carefully examined.

Haemophilus pertussis appeared as tiny mercury-drop-lilke colonies, of which in a

gsparsely inoculated plate there were sometimes only one or two. On occasions
I have discovered the. entire plate covered by very small colonies giving the
classical appearance of aluminium paint. Plates with no growth were replaced in
the tin and incubation continued with daily examinatiors for six days. Contamin-
ated plates often had to be discarded but on occasion it was possible to cut out
the affected portion of medium. TWhen secondary invaders were present, the type
of organism and the extent of contamination were noted.

Suspicious colonies were removed from the plate by strgight platinum wire
and identified morphologically and by slide agglutination. The organism was first
stained by Gram's method when it appeared as a small gram-negative coccobacillus,

somewhat resembling Haemophilus influenzae. It was noted, however, that the

colonies of Haemophilus influenzae were flatter and not so easily removed as was

the case with Haemophilus pertussis. Slide agglutination tests were then carried

out. A uniform suspension of a suspected colony in normal saline was prepared and
divided into three portions on a grease-free slide. To one of the drops of the
suspension there was added a 1oopfﬁl of specific rabbit antisera to Haemophilus
pertussis, and a loopful of the specific rabbit antisera to Haemophilus pora-
pertussis was added to the second drop of suspension. The third drop of
suspension acted as a control. After rocking the slide for 30 seconds, agglutin-
ation of the organism became obvious microscopically in positive cases, there

being no similar agglutination in the parapertussis or control suspensions.

Exgmination of Contacts. As many features of the disease are still
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undetermined, it was decided to observe as many conbtacts as possible, ond it was
hoped that some additionsl information might be gained.  During epidemics of
scarlet fever and cerebro-spinal fever, it'is frequently possible to isolate the

- causal organism from the throat and nasopharynx of normel healthy carriers as well
as from clinical cases of the disease. With a view to ascertaining whether or
not a similar carrier state existed in whooping cough, three groups of contacts
were observed. A copy of the fomm used for recording the list of contacts of
each case and the results of pernasal swabs is shown in Figure 6.

(a) Nursing and Domestic Staff. In the two whooping cough wards at

Ruchill Hospital, the nursing and domestic staff were examined and seriel
pernasal swabs taken at fourtesn days inmbtervals. 1In addition, pernasal
swabs were taken from the staff of a residential nursery where there had
been several whooping cough patients.

(b) Family Contacts. I visited the homes of several patients who lived

near the hospital. Informaetion was obtained regarding each member of the
family as to whether or not he of she had previously had whooping eough or
had been immunised against the disease. Pernasal swabs were taken from all
of these contacts.

(¢) Contacts in Institutions. I visited institutions, such as residen-

tial nurseries, and took pernasal swabs from all the child comtacts. In each
case, records were made as to previous history of having had whooping cough
and to immunisation state. It was also noted if the contact had been close,

€.5e, 1f the child had slept in the same room as the patient.
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Figure 6.

Thooping Cough Contacts.

N&me Of Patient Pevseeeseserosse e e Ward seeceoevee

Address PO P C I PPV IEVINOPOOEITPPROOEEEOPENEORLIPOEENNIEGCEOROEBNOEROBOEEQRTOITEOTS

' Relationship | Date
Name Age to Swab Result
Patient taken

Ruchill Hospital,
GlaSgOW- D&'te ‘0;00..0.'..'0.
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THE MEDICAL RESEARCH COUNCIL REPORT

UPON THE CLINICAL TRIAL OF ANTIBIOTIC TREATMENT

CONDUCTED 1IN EIGHT INFECTIOUS DISEASES HOSPITALS.



A report by the Whooping Cough Sub-Commitiee of the Antibiotics (Fon
Tuberculous Conditions) Committee of the Medical Research Council was published
in the Lancet in June, 1953. The trial was carried out in eight infectious
diseases hospitals during the years 1950-1951, employing methods previously
described in Chapter 4.

Three hundred and seventeen patients were treated at the various centres,
hut 23 of these were later excluded because all the nccessary criteria had not
been fulfilled. Ruchill Hospital supplied the largest individual total number
of patients, and 94 were included in the final analysis: 31 were in the chloram-
phenicol group, 31 in the aureomycin group, and 32 in the control group. It
should be noted that these figures do not exactly correspond with the separate
analysis which I carried out. This was due to minor differences in interpreta-

tion of the criteria for inclusion. For example, one of the Ruchill patients

who was found to be infected by Haemophilus parapertussis was excluded from the

final analysis by the committee but has been included in my own series.

The Medical Research Council analysed the records of 294 patients, of
which 98 were in the chloramphenicol group, 96 in the aureomycin group and 100
in the control group. There was remarkeble uniformity at each hospital in the
distribution of patients in the three treatment groups according to age and sex.
This emphasised the excellence of the treatment registers which had been compiled
for the purpose. Of the children treated in the investigation, 54.8 per cent
were females but no separate analysis by sex was made.

Although diagnosis was based chiefly on clinical grounds, Haemophilus

pertussis was isolated from 47 per cent. of the patients.

The original intention was t serv
/ L5 we 11 was toe observe each ohilgy - N .
ech chi l(.i. Ior 2G days , but this
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was not always practiceble, and some children were discharged before the observa-
tion period was completed. However, allowance has been made for this in the
final analysis

Bach patient was placed in one of three groups according to duration of
symptoms prior to the commencement of treatment. Eighty-five children who had
symptoms of 1 to 8 days' duration before commencement of treatment were classi-
fied as "early", 147 children who had symptoms 9-15 days before commencément of
treatment were classified as "intermediate", and 67 children who had symptoms
16-20 days before commencement of treatment were clessified as "late". The date
of onset of illness was taken as being the day on which the first sign was noted
‘and not the day of onset of the paroxysmal cough. No patient who had been ill
for longér than 21 days was admitted for investigation.

The results of the three treatment groups were assessed by analysing
(a) the number of paroxysms per case per day, (b) the severity of the paroxysms,
(¢) the nwiber of complications, (d) the number of deaths, and (e) the bacteriol-
ogical findings at intervals during the observation period.

Number of Paroxysms.

For each treatment group the average mumber of paroxysms per case per day
was calculated separately. The results were recorded on three graphs, one for
early cases, one for intermediate cases, and one for late cases. The analysis
showed that early cases who had received antibiotic treatment, fared better when
compared with the controls than did those treated when the illness had lasted
longer than eight days. There appearsd to be little difference between the two
antiblotics, aureomycin and chloramphenicol, and further analysis, therefore, was

made only bebtween treated and comtrol patients.
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The average number of paroxysms per case in the treated group was less
than in the comtrol group fof the early, intermediate and late cases, and the
differences were consistent throughout the period of observation. In the early
cases the difference between treated and control groups was greatest. This was
shown both by calculating the average nunber of paroxysms per case, and by calcu-
lating the percentages of cases showing 0-9, 10-19, and 20 or more paroxysms in
various days. The differences were statistically significant in both cases.

Severity of Paroxysms.

In each case the estimation of severity of the paroxysms was made daily
by the ward sister énd the percentages of patients in which paroxysms were mild,
moderate and severe were tabulated in five four-day periods. The greatest effect
on the severity of the paroxysms was again seen in the early cases where there was
a statistically significant difference between patients in the treated and control
groups . In the intermediate cases, while the effect on severity was not so
marked, the difference in the nuber of severe paroxysms between treated and un-
treated cases was nevertheless statistically significant.

The andlysis indicated that treatment had had a greater effect on the
severity than the total mumber of paroxysms.

Complications and Deaths.

During the observation period, 19 patients, seven in the control group,
seven in the aureomycin group, and five in the chloramphenicol group, developed
respiratory complications. In five cases (three in the control group and two
in the chloramphenicol group), the complications arose during the period vhen the
drug was being administered. In all other cases, the complications arose after

cessation of treatment.
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In addition there were three fatal cases, one in each treatmert group.
The patient in the control group was a male child aged six weeks, who developed
bronchopneumonia on the 5th day of observation and died on the 1Cth day despite
the administration of penicillin and sulphonamides. This child was very young
and the fatal outcome is not surprising. The other two deaths which occurred in
the Ruchill series will be discussed later.

It is interesting to note that none of the complicated and fatal cases
occurred in patients treated within eight days of the onset of symptoms.

Bacteriological Results.

Patients admitted to the trial were swabbed on the lst, 2nd, 3rd, 8th and
1lth days. The general conclusion reached was that on the 8th and 1lth days the
percentage of positive cases was less in the treated than in the control groups
for early, intermediate and late cases.

Toxic Effects.

Presumed toxic effects were made in 28 patients, of whom 12 were in the
chloramphenicol group, 15 in the aureomycin group, and one in the control group.
In 19 patients, vomiting appeared to be due to administration of the drug, and
in a further five there was anorexia. Diarrhoea was noted in two patients in the
chloramphenicol group, and redness of the buttocks in one case in the aureomycin
group. One patient in the aureomycin group developed an urticarial rash as the
result of treatment.

It is worth noting that four children, three in the aureomycin group and
one in the chloramphenicol group, had to be excluded from the final anslysis

because of repeated vomiting of the drug.



The main conclusion reached in the study was that early recognition and
early antibiotic therapy of whooping cough would help to reduce the severity of
the infection, but that little was to be gained from the antibiotic treatment
of cases in which even slight symptoms had been present for more than a week.

One of the great difficulties in assessing the effectiveness of a new
treatment is to obtain a sufficient number of cases. In the recent trial of
the antibiotics in whooping cough, the difficulty was overcome by making use of
eight hospitals throughoﬁt the country. This method, although still uncommon,
is becoming more recognised as a means of accumulating a sufficient number of
cases to carry out a strictly'controlled trial. As one of the'purposes of the
trial was to obtain information as quickly as possible,it is most unfortunate

that two years elapsed between the completion of the clinical trial and the

publication of the report.



CEAPTER 6.

DESCRIPTION - OF THE PATIENIS

ADMITTED TO THE CLINICAL TRIAL

IN RUCHILL HOSPITAL.
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History obtained from the Parents and Guardians.

Eom = e e R i SR e e s o e B e e A e v e e

Social Class and Housing Conditions. As it was considered that the

social class and housing conditions might well have an important bearing on the

progress of the disease, careful note was kept as to these factors. Of the 96

patients considered in the final analysis, 69.6 per cent came from the social

class IV and V. There were 19 children from institutions, two from general

children's hospitals, and 17 from residential homes in the city. These patients

are shown separately and are not analysed by social class, as is shown in Table 5.
Table 5.

—— e e

Social Class of the 96 Patients
admltted to tne Cllnlcal Trial.

o
Social Class Nunmber Per Cent
|
I 0 -
1T 0 -
---------- e e o i e o e e " S v s -  a = o R A S A S A e W . . -
11T 10 10.6
P —— e e e e e e e e
v 37 38.4
e v e e D . - e - - . . . . A T . e e s ey B . . - = o |
v 30 31.2
Institutional 19 19.8
- U —
Total 96 100 !

There were 87.5 per cent of patients who came from overcrowded houses
and 62.4 per cent lived in one- or two-apartment houses, as shown in Table S.

This Pinding is typical among patients in Glasgow fever hosvpitsals.



- 55 -

Table 6.

PSS ———

Hou§éﬂgijgzqq;§§gg§“ﬁrom'w@égédfatients were admitted.

oembor of 1 Peviemts | Overcrowded ___
parumern S_’ ] Tharb er E Per Cent NumberL Per Cent
One 32 1 33.3 31 1 32.3
———————————————————————————— T————————m-———u—-—-hn~——~n——u
Two 28 1 29.1 22 1 23.2
e I Y SO N
t
Three 12 ! 12.5 2 1 2.0
____________________________ :-.-—-.........._-..-—.....,._...-.-:——........_-.--.
Tour ! 5 ' 5.3 0 ' -
~~~~~~~~~~~~~~~~~~~ G SECTIE
Institutional | 19 | 19.8 o 1 -
" -+
Total 96 1 100 65 | 67.5
]

Immunization State. Only nine (9.4%) patients had received immunization

against whooping cough and all these came from institutions. It was noted,
incidentally, that 55 (57%) of the 96 patients had neither been immunized against
diphtheria nor vaccinated against smallpox.

Previous Illness. It was considered that previous illness and especially

diseases of the chest might influence the course of whooping cough, and the findings
are recorded in Table 7.
Table 7.

Previous Illness in 96 Whooping Cough Patients,
divided according to Treatment Groups.

Control jlureo- | Chloram- | |
Illuess Group | mycin |phenicol | Total |
e lOroup | ovowp |
Another Infectious Disease 5 i 6 }é____l~~“§%__:
____________________________________________________ i
Gastroenteritis 3 L §~-__ P9
"913'2:?‘9-12%§9@§9-.(.1E91_1:§9&:9i€i.92l__-i%_n_]_n_.é __________ 4j ..... 11
Other R RSN AU S N
o Illzuess } 19 | 25 17 | 52
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There was no history of‘previous illness in 59 of the patients. Twenty-
four patients had had another infectious disease and, in addition, nine had
suffered from gastro-enteritis. A previous history of chest disease, mainly
bronchitis and bronchopneumonia, was recorded in 11 patients, three of whom were
in the aureomycin group, four in the chloramphenicol group, and four in the

control groupe.

History of the OUnset of the Tllmess. Parents and guardians were care-
fully questioned as to the date of onset of the illness and to the nature of the
first sign noted. The date of the onset was taken as being the day on which the
child sickened and not the day of onset of the paroxysmal cough. Great difficulty
was experienced in obtaining accurate information, and this appeared to have no
relationship to the intelligence of the parents. The same difficulty was noted
when obtaining information from trained mirses in hespitals and children's homes.
Frequently it was noted that apparently less intelligent mothers were most
observaent, and they could often associate the child's illness with some other
event. For example, it was common for a mother to say that the child became
ill 'four days after the New Year! or 'the same day that Mrs. Smith died'.

Then such a statement was made it was often possible to fix the date with great
accuracy.

In some cases, general malaise, anorexia, or signs of respiratory'catarrh
prior to the onset of cough were reported by the mothers. Imn a further group a
dry cough was the first sign, and in a few cases the paroxysmal cougn was the [irst
sign noted. The dates of onset of signs prior to cough, dry cough, and paroxysmal
cough were noted as sccurately as possible. In 36 (37.5%) patients, a history of

general malaise, etc., was noted prior to the onset of cough. In 45 (46.9%)
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patients, the first sign was a dry cough, and in remaining 15 (15.6%) patients
there was appareutly no catarrhal stage at all, as is shown in Table 8.
Teble 8.

The Pirst Sign of Illness noted by Parents or Guardians
in 96 VWhooping Cough Patients.

-

T Turber "
First Sign of cegﬁ
Patients
General Malaise,
Anorexia, Coryza, 36 37 «5
etec.
Dry Cough ‘ 45 46.9
Paroxysmal Cough 15 | 15.6
Total 96 100

Duration of the Catarrhal Stage. In the 36 patients who had signs of

illness prior to the onset of cough, the average duration of this period was
5.3 days, there being extremes of one and 13 days, and the mode was five days.
In 18 of ﬁhese‘patients, the first cough noted was paroxysmal, but in the remain-
ing 18, there was a varying interval between the onset of the cough and its
becoming paroxysmel. This interval varied from 2 to 15 days, with an average
of 5.1 days and a mode of six days. |

In 81 of the 96 patients there was a cabtarrhal stage, and the interval,
in days, bebween the onset of illness and the establishment of the paroxysmal stage
is shown in Figure 7. The average duration of the catarrhal stage was 6.7 days,
and it was as short as one day and as long as 21 days, with a mode of seven days.

13

Institutional Cases. In view of these conflicting findiags, and obvious

L et n o e w8

difficulty in obtaining an accurate history, it was dscided to pay special
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FIGURE 7.
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attention to the histories of the 19 institutional cases. It seemed likely that
earlier synptoms, such as malaise, anorexia, etc., might have been noticed in
institutions. Upper reépiratozy signs prior to the onset of a dry cough was
noted in five patients, and a dry cough wes the first sign noted in 8 of the 19
patients. In the remaining six patients, the first sign noted was the paroxysmal
cough. It would appear, therefore, that in 13 (68.4%) of the 19 patients, there
was a detectable Qatarrhal stage, and that in 6 (31.6%) patients, the catarrhal
stage was absent.

In five patients there were upper respiratory symptoms prior to the onset
of cough for an average period of 5.6 days with a mode of six days. In the 13
patients, in which there was a catarrhal stage prior to the onset of cough, it was
reported that the first cough was paroxysmal. The duration of the catarrhal
stage in 13 institutional cases varied from 2 to 21 days, with an average of seven
days and a mode of seven dgys.

Vhooping. Fifty-six (58.1%) of the 96 patients were said to have whooped
prior to admission. Little reliance can be placed on this figure as many of the
parents seemed unable to recognize a whoop.

Vomiting. It was reported that 47 (49i) of patients had vomited before
admission. It was soon realised, however, that expéctoration'was of ten confused
with vomiting, and so little reliance can be placed on this'figure.

Convulsions. Four patients were said to have suffered from convulsions
before admission. In three of these patients there was only one alleged con-
vulsion in each case, but no relisble witness was present. The {fourth child was
a male child aged two vears who was in the tenth day of illress when ne had iwo

short conmvulsions lasting about five minutes. The second of these was witnessed



by the general practitioner. The child had mno convulsion after admission to
hospital.

Confirmation of Diagnosis.

No patient was includéd in the final analysis unless either bacteriol-
ogical confirmation had been attained or at least two of the following primary
eriteria were satisfiedi- |

() Yhoop heard by the ward sister or myself;

(b) History of contact with a knowm case of whooping cough.

(c) Raised leucocyte count with a definite lymphoeytosis.

Bacteriological confirmation also obtained in 50 (52.1%) of the patients.

Haemophilus pertussis was isolated from 49 cases, and Haemophilus parapertussis

was isolated from ome case. Of the 45 patients who had negative bacteriological
tests, the three criteria were satisfied in 15 patients. Vhoop was heard and the
haematological findings were significant in 10 patients. There was a conbact
history and significant haematological findings in six patients.

Age and Sex of Groups.

Patients were divided by the treatment register inbo six groups according
to age and sex, and further subdivided according to the treatment given. Thirty-
three patients received aureomycin, 32 received chloramphenicol, and 31 écted
as controls, as is shown in Table 9.

ixactly the same number of males as females were treated in the series.

In the aureomycin group 17 (51.5) patients were female, and in the chloramphenicol
group 17 (53.15%) patients were female, and in the control group 14 (45.2%) patients

were fonale. Generally spealting, the grouns appeared comparable wiili rogerd o

sex ratio, but there was a sli

=&

eht preponderance in the number of mzles in the -1
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year age-group. Uhen divided into age and sex groups, the numbers appeared to
be too small to allow any conclusions to be drawn. It did no% appear from
preliminary inspection that sex played any part in the course of the illmness,
and no separate analysis by sex was made.

In the O-1 year age group, 16 patients were treated with aureomycin, 13
with chloramphenicol, and 15 acted as comtrols. In the 1-3 year age-group, il
- were treated with aureomycin; 10 with chloramphenisol, and there wsre 10 coutrols.
In the 3-b year age~group, six were treated with aureomycin, seven with chloram-
phenicol, and six acted as controls. All three treatment groups are, therefcre,
comparable as régards age distribution.

Duration of Illness prior to Admission to Hospital.

In all cases, treatment was started within 24 hours of admission to
hospital. As the course of the illmness lasts for at least six weeks, it is of
vital importance that the duration of illness prior to the commencement of treat-
ment be taken into account. Patients were, therefore, divided inbo three groups.

(a) Egg}y cases were defined as these with symptoms for 1-& days

before treatment was commenced.

(b) Intermediate cases were defined as these with symptoms for

9-15 days before treatment was commenced.

(¢) Late cases were defined as these with symptoms for 16-21

ren e et

days before treatmemnt was commenced.
There were 27 patients in the early group, nine treated by eaureomycin,
nine by chloramphenicol, and mine acted as comtrols, as shown in Table 10.
diate grouwn, and of these 16 were

Yorty-soven patients were placed in the in

treated by aureomycin, 17 by chloramshenicol, and 14 acted as controls.
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were 22 patients in the late group, eight on aureomyecin, six on chloramphenicol,
and eight controls.

Of the 27 early cases, 17 (62.9%) were in the O-1 year age-group. This
high percentage was due to outbreaks of whooping cough in residential homes for
infants.

When the patients in the three age-groups were divided separately
according to whether they were early, intermediate, or late, the mumbers were
generally comparable. For example, in early cases aged 0-1 year, there wers
five patients on aureomycin, six on chloramphenicol, and six controls. In inter-
mediate cases aged 1-3 years, there were four on aureomycin, six on chloramphenicol
and six controls. In late cases aged 3-~5 years, there were two on aursomycin,
two on chloramphenicol, and two controls.

Severitx of the-Illpggs.

Soon after admission, in each case an estimate was made as to whether the
illness was mild, moderate or severe. Cases were judged as being mild in 11
(33%) of the gureomycin patients, 8 (25%) of the chloramphenicol patients, and
10 (32%) of the comtrols, as is shown in Table 11. Cases were judged as being
moderate in 14 (43%) of the aureomycin patients, 16 (50%) of the chloramphenicol
patients, and 13 (42%) of the controls. Cases were judged as being severe in
8 (24%) of the aureomycin patients, 8 (25%) of the chloramphenicol patients, and
8 (25%) of +the control. Therc was a comparable distribution of mild, modercte
and severe cases in each treatment group.

An attempt was made to compare the severity of illness with the duration
of illuess hefore admission to hospital, and the findings are shovm in Tabhls 12.

fo positive correlation was obtained.
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EEEE%EEZ of' the Groups.

In a strictly controlled clinical trial, it is essential that the patients
who have been treated are comparable with these who have not been tredsted. I
have considergd from various aspects the numbers of patients in each of the three
treatment groups, and the reasons for claiming that the treatment groups are

comparable are summarized below.

Facto Chloram- |
concerngc g:tients Aureomyein | phenicol ! Control (
1 e Group Group ~ Group !
* 4
Total Numb ers 33 32 31 i
———————————————————————————————————————————— o e s 0 e 20 200w o f o v e
Sex - Male 15 15 17 i
Female 17 17 14 1
Age- Groups - 0-1 year 16 15 15 i
1-3 years 11 10 10
3=b years 6 7 6
_____________________________________________ SRR I
Duration of TIllness prior to
Commencement of Treatment:
Early (1-8 days) 9 9 9
Intermediate (9-15 days) 15 17 14
Late (16-21 days) 8 I 8 8
Severity of Illness:
Mild 11 8 10
Mod erate 14 15 13
Severe 8 8 8

Admission Register.

e T I R e

During the six-month period from 16th December, 1950, umtil June, 1951,
194 patients were admitted with the diagnosis of 'whooping cough' to wards 2 and 24
at Ruchill Hospital. During that period a further 21 whooping cough patients were
admitted to other wards in the hospitsl, making a total of 215 patients. OF the

9 = . . - B 2~ as L s i e e
215 paticnts, only 101 fulfilled the criteria laid down for admission to the trial:
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and of the 101, Tive had to be excluded at a later date. In four of +the
excluded petients, the accuracy of the history obtained was doubtful, and it
was considgred possible that the children had been ill for longer than 21 days.
The other child who was excluded was discovered radiologically to have a pleural
effusion. Of the remaining 114 patients not.aémitted to the trial, 37 were not
suffering from vhooping coughe.

The reasons for .exclusion of 77 whooping cough patients from the trial
are debtailed in Table 13.

Table 13.

Reason for Excluslon of 77 Thooping Cough Patients
from the Antibiotic Trial.

Late Cases .orvececnresnrense 28
Concurrent Bronchopneumonia .. 23
Concurrent with another

Infectious Disease eeovcoes 2
Over five years of age ceeeven 5
Treated with Aureomycin nd

Chlorampheniccl before

Admission eececcersccncecas 5
Critically 11l cvevvereocraces 11
Other conditions eeeececccess 3

B e |

Total esesscsvene 77

There were 28 late cases, that is, patients who had been ill for longer than 21
days before admission to hospital. These patients were admitted mainly
because of persistent chest complications. Urgent treatment was required in 23
patients who were suffering from bronchopneumonia. Two patients were sullering
from another infectious disease as well as whooping cough, snd five were unsuit-
able hecause they had been given one of the trial drugs prior bo aldmission.

n * 1 LRI A v s ey wn S e AT e T
Sleven patients, who appearec o be eritically ill, were not admiticd o lhu
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trial, eight of these 1l patients died, one had comvulsions on admission bub

made a good recovery, one had primary tuberculosis and after prolonged

sangtborium treatment made a satisfactory recovery, and one was cachectic and

in a grossly neglected state. Three other whooping cough patients were
admitted, and of these, onme had acute appendicitis, onme had tuberculous menin-
gitis, and one, who was suffering from a head injury, was in need of observation.
Only fivé patients were over five years of age, and the oldest was an 1l8-year-old
student murse from a general hospital. The exclusion from the trial of patients
over the age of five years, therefore, seems %o have been justified

The Trial Patients.

HWinety-six uncomplicated whooping cough patients were admitted to The
trial. It was attanpted, first of all, to ascertain the reasons for having
had the patients admitted to hospital. Seven categories were used, as is
shown in Table 14, and it was discovered that only four patients did not fall
into at lecast ons of these.

' Table 14

Possible Reason for Admission to Hospital
of 96 Thooping Cough Patients.

Under one year Of age .eevecooo |46
Patients severely ill ......... |24
Institutional cases ..eecessess {10
Bad Eome Conditions ..eeeeeoces {64
Chest Complication suspected ... |38
Suspected Convulsions eeseeeces 4
Adritted as another Infectious
DiSCASE ssesesssesssosnsevenca

feeting flossow patients was the home
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existed there was ample justification for admission of the whooping cough
patient. T also feel that it was justifiable to admit any whoopinz cough
patient under the age of one year, and there were 46 of these. Twenty-four

of the 96 patien#s were severely ill, and 19 more came from institutions. It
is interesting to note that 33 of the 96 patients were admitted with the
diagnosis 'whooping cough and pneumonia'. lany genersl practitioners appear
to have difficulty in differcntiating the signs of bronchitis, which are present
y

in the early stages of the illness, from those of true bronchopneumonia. Four
patients were suspected of having convulsions and a further four patients were
admitted as another infectious disease.

When these seven criteria were considered in relation to each patient
it was discovered that 25 patients satisfied one of the criteria. TForty-two
patients satisfied two of the criteria, 23 patients satisfied three of the
eriteria, and two patients satisfied four of the criteria.

Summazz.
A general description of the background of the patients admitted to

the trial has been given, and the criteria laid down for acceptance are dis-

cussed.
A brief description of the whooping cough cases not admitted to the
trial, with reasons for their exclusion, is given.

Reasons are given for considering the two groups as being comparable.



_CHAPTER 7.
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GENERAL, AND CLINICAL OBSERVATIONS

MADE UPON PATIENTS AND THEIR ILLNESSES

DURING THE INVESTIGATION..
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In additicn to the notes made on the Medical Research Coun@il record
card, careful notes of the results of daily clinical examinations were made.
The various clinical manifestations of the disease will now be discussed.

.

Temperature, Pulse and Respiration.

Of the 96 uncomplicated whooping cough patients admitted to the trial
71 (73.8%) of ecases were apyrexial throughout their stay in hospital, as shown
in Teble 15.

Table 15.

Pyrexia noted in the 96 Whooping Cough Patients
admitted to the Trial, divided according to Treatment Groups.

. . Under o_ o Over
Treatment Group Nil 100°F. 100°-101°F. 101°F. Total
Control 25 2 4 0 31
Aureomycin 22 9 1 1 33
Chloramphenicol 24 5 0 3 32
All Patients 71 16 5 4 96

In 16 patients the t;mperaﬁure was intermittent during the first two to
five days in hospital and did not exceed 100°F. Over and above this, in five
patients the temperature exceeded 100°F., but was less than 101°F.,, but in all
cases the temperature had returned to normal within three days. In the remain-
ing four patients, temperatures over 101°F. were recorded, bubt in no case did it

exceed 1C2.6°F. In three of these patients, this pyrexia only lasted for two

days, and in one patient it was present for three days and returned to normel on

the sixth day in hospital.
Pulse and respiration rates were not affechted DY the illness and were

raiged only in proportion to the temperauvre.
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A catarrhal condition of the nasopharyngeal mucosa was present in
54 (56.3%) patients, 17 in the aureomycin group, 18 in the chloramphenicol
group, and 19 in the control group, as is shown in Table 16.
Table 16.

S .y

Coryza noted in the 96 Yhooping Cough Patients
admitted to the Trial, divided according to Treatment Groups.

Cd;;ggﬁgﬂvﬁﬁééfyza
Treatment Group Absont Prossnt Total
Comtrol 12 19 31
Aureomycin 16 H 17 33
Chloramphenicol 14 18 32
- {--
A1l Patients 42 54 96

The average duration of the coryza was 9.4 days in the 54 patients
in which it was present. Jor the aureomycin group, the average duration was
10.2 days, for the chloramphenicol group 8.2 days, and for the conbtrol group
8.9 days. Reference %o Table 17, which illustrates the frequency distribu-
tion, indicates that in the chloramphenicol group, coryza tended to clear up
more gquickly than in the coutrol or aursomycin group.

" Table 17.

8. e —mrse—

Frequency Dlstrlbutlon of the Duration (1n DaJs) of Coryza

divided accordqu to TreaLmensAJroups

Treatment o Duration in Days o
Group 1lels] {516'7 glof10i11 12!1{14]13116(17 18 119 ﬁol21 22
o IRRRN NN P

Control Spl-ntzinfeied 2l ai o ap -y -2 - -
iureomyein ’ R R R R R A S IS Tl IR R R
! Chlorawohmicol ,m,-‘ﬁzizgzzfs;z;z: 41101 -y - ].'L ‘j "j -1 = -y i ,
e e JRSSRUUY ST AU R NS SUES S Ry S {._ﬂ,;«..:.,.:.,.‘;...t__;, . .-_,:._.;,_____ ]
K1 Groups | -fLj-|3lsief7{e{5] 7] 5j 51 1) 5] -{1j1t -t 211 g
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Listlessness and Sleep.

Listlessness was clinically noticeable in 13 Cases, being presemt in
eight severe and five méderate céses. Two of these patients died, and in the
remaining 11% the average duration of listlessness was six to eight days.

Two patients, both of whom were severely ill, were restless at night
to such an extent that sleep was disturbed. Béth these cases are included
in the group that were listless during the day. All the remaining patients
appeared to sleep well and had paroxysmal cough only when disturbed. I made
frequent visits to the wards at night and was impressed by the fact that on the
whole the patients' sleep did not appear to be unduly disturbed by paroxysmal
coughing . This was probébly the result of prompt and skilful handling by +the
mursing staff, |

Gastro-intestinal Tract Dgﬁﬁurbance.

Three manifestations of upset of the gastro-intestinal tract, namely,
vomiting, anorexia and diarrhoea, were observed. These will now be discussed.

Vomits. Each time a patient vomited a note of the incident was re-

corded. Analysis showed that 17 of the 96 patients did not vomit at any time,
and of these, six were in the aureomycin group, six were in the chloramphenicol
group, and five were in the control group. Regular vomiting, that is, vomiting
on at least one occasion in five out of auy seven days of observation, occurred
in 86 patients. Of these 36 patients, 16 were in the aureomycin group, 1l in
the chloramphenicol group, and 9 in the control group. 'hen the average murber
of times each child vomited was considered in 4-day periods, it was noted that
during the treatment period it was 3.9 for the aureomycin treated patients,

3.5 for the chloramphsnicol treated pabtients, and 2.4-2.2 for the coubrol

patients, as is showm in Table 18.

)]

¥
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During the 13-1€ day period, the average number of vomits.was 2.5 for
the aureomyein group, 2.2 for the chloramphenicol group, and 2.9 .for the controls.
It would appear, therefore, that during the treatment period, patients who were
repeiving antibiotic ﬁherapy vomited more frequently than did the controls.

When the duration of illness prior to admission to hospital is considered
it would appear that during the treatment period early cases vomited less
frequently than did intermediate cases. Tor example, on days 5-8, in the
chloramphenicol group, the average mumber of vomits was 1.3 for early cases and
5.0 for intermediate cases; 1in the avreomycin group, the average was 2.2 for
early cases and 3.1 for intermediate cases; and in the control group, the
average was 1.6 for early cases and 2.7 for late cases. Late cases in the
aureomycin group vomited,on an average, 8.0-6.6 times during the first eight
days of dbservation, while control patients vomited 3.4-2.6 times during the
same period.

Generslly speaking, it was found that the number of times each child
vomitedfwas greater in the age-group 3-5 years than in children under & years
of age, as is shown in Table 19. This was especially so in the aureomycin
group where, during the period l-4 days, the average mumber of vomits was 8.3
for children aged 3~-5 years, 3.8 for children aged 1-3 years, and 2.7 for
children aged 0-1 yeér. Similar figures for the control patients was 4.7
for children aged 3-5 years, 1.2 for children aged 1-3 years, and 2.C for
children aged 0-1 year. This finding was not the same as for patients in
the chloramphenicol group.

Loss of Appotite. Appetite tends to be poor throughou' the discase.

Special note was mede of patients in whom it was exceptionally poor or absent.



Table 19,

Average Number of Times Each Patient Vomited (by 4-Day Periods),

ded according to Treatment and Age Groups.
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In my series, approximately half of the patients in the aureomycin group showed
loss of appetite which was almost complete during the treatment period. For
example, in the 5-8 day period, 48.5 per cent of the patients receiving aureo-
myein had 1oss of appetite, and the similar figures fof chloramphenicQl and
control groups were 28.1 per cent and 16.1 per cent, as is shown in Table 20.
During the secomd week in hospital, the appetite returned to normal in the
patientstreated with aureomyecin. It would appear that aureomycin causes loss

of appetite. This fact was not influenced by the duration of the illness before
treatment was commenced.

Table .20.

Patients in whom Loss of Appetite was noted in each Four-Day Period,
divided according to Treatment Groups

T
c ! | o
ase8 1-4 Days | 5=8 Days | 9=12 Days ver
Treatment Observed 12 Days
Group - -_'--—-""""'"""“"""—"l"'-"""'""---"-:"“"r"“"'—r ““““““ 1"‘""|"'":“'“""'j
No.! % Yod % [Wod % |No.d % |Wo.l 7
! 1 ) ! [}
| ! 1
Control 51 1160 7122.9 | 51161 | 3} 9.7 | 113.3
Aureomycin 33 1100 |17 151.8 [16148.5 | 7 121.1 | 216.1
Chloramphenicol |32 1100 |12!37.5 |9128.1 } 3} 9.4 | 0}0
e
1
All Patients |96 ilOO 36 137.5 [50151.2 [15113.5 | 313.1
i d [}

Bowel lovements. Looseness of stools was noted in eight patients,

four in the aureomycin group, three in the chloramphenicol group, and two in
the control group. In four of these patients the diarrhoea was present on
admission and was probably a non-specific enteritis unassociated with whooning
cough. 4 further two pebients, aged six months and seven months, had tronsiecnt
diarrhoea which appeared to be related to denbition upset. In the remaining two

. . . « A K. N ) e 2}
patients there did appecr To0 be an assoclabion with whoopling cougn. One of
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thesevpatients, aged two years, was admitted with the disgnosis "elinical
dysentery'. Paroxysmal cough became obvious five days after admission to
hospital. The diarrhoes ceased soon after the paroxysmal cough became estab-
lished. Ioderately severe diarrhcea occurred on the 15th day of observation
in a child who was severely ill with whooping cough. complicated with broncho-
pneumonia and atelectasis. In no case was diarrhoea due to antibiotic therapy.

The Paroxysmal Cough and Expectoration.

The mumbers and severity of the paroxysmal coughs in eagh case will be
discussed in the next chapter. A thick mucus expectoration following the cough
is common in many whooping cough patients and is generally considered to be a
normal occurrence in the illnmess. Clinically detectable expectoration was noted
in 55.2 per cent of the 96 whooping cough patients, 62.5 per cent in the chloram-
phenicol group, 45.5 per cent in the aursomycin group, and 58.1 per cent in the
control group, as is shown in Table 21.

Table 2l.
Patients in whom Mucoid Expectoration following Paroxysmal

Coughing was noted (in 4-day Periods),
divided according to Treatment Groups.

Treatment Total 1-4 5-8 9-12 | 13-16 {over 17
Group Cases Days Days Days Days Days
Observed
|
Control........ 31 18 17 14 11 9
Per cent 100 58.1 54.8 45.1 35.5 25.8
Aureomgycin .... 33 15 15 12 i 0 7
Per cent 1¢0 45.5 45.5 36.6 27.3 21.2
Chloramphenicol | 32 20 16 12 2 2 ‘
Per cent 100 62.5 50.0 37.5 6.3 6.3
A1l Patients 96 53 {48 | 38 2z P18 ,i
Per cent 100 55.2 % 50.0 ; 39.5 22. 3 18.0 ;
- - S Ao !
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tWhen the amount of expectoration is considered in each 4-day period
it is noted that the.expectoration lessens more quickly in the chloramphenicol
patients. TFor example, on dayé 13-16, expectoration was pfesent in 35.5 per
cent of comtrols, 27.3 per cent of aureomyein treated patients, and 6.3 per
cent of patients treated with chloramphenicol. When the amount of expector-
ation was compared with the records of clinical examiﬁations, it was discovered
that, in many instances during the treatment period, chloramphenicol patients
appeared to develop a looser and more productive cough. Treatment’by chloram=-
phenicol may have been responsible for the speedier eradication of expectoration
from the bronchial tree.

Three patiehts who developed a purulent expectoration will be discussed
under complications.
Thooping .

The mumber of times each child whooped during each paroxysm was noted,

and it was hoped that it might be possible to get an indication as to the
severiéy of the paroxysmal cough from the number of whoops. There were, how-
ever, great differeﬁces in whooping among the patients. For example, one child
whooped 527 times during 18 paroxysms in a 24-hour period. This was an average
of 29.3 whoops during each paroxysm. Other children only whooped occasionéll s
and did mnot whoop at every iumspiration during a paroxysm. Some children did
not whoop at all during the entire course of the illness.

For the purpose of analysing the findings as regards whooping, I have

pladed each child into one of the following three categories:-
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(a) Absent:- No whoops observed during the entire 21-day
observation period.

(b) Established: Patients in whom ten or more whoops per day
were recorded on at least five successive days
of observation.

(c) Occasional: Patients in whom whoops have been recorded but
were insufficient to satisfy the above criteria
of being established.

As is showm in Table 22, for all patients, whooping was absent in 47.8
per cent of patients, occasional in 18.9 per cent of the patients, and established
in 33.3 per cent. of patients. There was no appreciahle difference in the
incidence between the treatment groups.
Table 22.

e Y

Incidence of "whooping" in 96 'Thooping Cough Patients,
divided according to Treatment Groups,and
indicating whether “WhooPigif‘was Absent, Cccasional, or Established.

B Y P S

Incidence B fureo- | Chloram- 411 Patients
of Control mycin phenicol femmemm—=wmn S
"whooping ™ Group Group Group Nurber | Per cent
!
Absent 15 16 15 46 ; 4T7.8
Occasional 4 7 7 18 v 18.9
Established o112 10 10 32 i 33.3
1
Total 31 33 32 96 E 100

When the incidence of whooping was considersd in relation to the ages
of the patients, it was discovered that age bears a definite relationship to
whooping. TFor the age-group O-1 year, whooping was present in 28.3 per cent
of patients:; for the age-group 1-3 years, whooping was present in 6473 per
cent of patients; and in the age-group 3-5 years, whoopins was prosent in 82.5
patients, as is showm in Table 23. Istablished whooping was noted

per cent of

3 ~ . - - PRI SRR P
in 83.2 per cent of patients aged 3-5 years, 45.0 per cent of patients aged
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1-3 years, and 13.1 per cent of patients aged 0-1 year. These figures suggest
that older patients tend to whoop more frequently than do patients under 1 year
of age.

Table 23.

Incidence with Percentages of "whooping™ in 96 Whooping Cough Patients,
divided according to Treatment Groups and
indicating whether "whooping™ was Absent, Occasional or Established.

- fad Eauieniidate det e el a———— ~“--~"-r‘-—~~-‘-' R TR e L
Imliie,nce AGE: 0-1 year AGE: 1-3 years | AGE: 3-5 years
G e e e e e B e e e g e e e e e e o e
"whooping " Nurber | Per cent Wumber | Per cent 1 Nurber ! Per cent |
i . A
v ) 1 t
Absent 33 1 T1.7 11 | 35.7 2 ! 10.5
Occasional 7 1 15.2 6 1 19.3 5 | 26.3
Established 5 1 13.1 14 | 45.0 12 ! 63.2
;L 3 1 —
Total 46 | 100 311100 19 ¢ 100
1 1 1

gxanosis.

——e=

Cyanosis was observed in nine patients, seven of whOm‘were severely ill
and two of whom were moderately 1ll. In seven cases, cyanosis was pressnt only
during the paroxysmal c0ugh and was, on the whole, slight. Cne patient developed
continuous cyanosis which became worse during paroxysmal coughing and persisted
for seven days until death. The other case was one in which extensive atelec-
tasis arose late in the illness. vThe cyanosis in this patient was slight and
became worse during the paioxysmal cough. It lasted for seven days and the
patiéni made a good recovery.

Other Signs.

Haemorrhage. Haemorrhagic phenomena are described as being character-
istic during the paroxysral stage. Lapin (1943) states that "subconjunctival

haemorrhages and epistaxis are frequent. Other authorities, who include

Christie (1945), Harries and liitman (1947), Joe (1947) and Top (1947), make
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similar statements. The only case in my series which exhibhited this phenon-
enon was & male child aged four years who developed bilateral subconjunctival
haemorrhages. In a personal series of 300 patients observed over the years
1950 %o 1952, I have only seen one other case of haemorrhage and that was.one
of epistaxis. In my opinion, haemorrhages do not occur in whooping cough as
frequently nowadays as they did in the past, possibly due to a lessening sever-
ity‘of the disease.

Ulceration of the Fraemum. This sign receives prominence in most of

the standard text-books of infectious diseases, In my opinion it is uncommon,
h&fing:been noted only once in the series described (a female child apged two
years six months), and three times in a personal serieé of 300 cases observed
over the years 1950-52.

Examinatiqg of the Chest.

Generally speakins, uncomplicated cases of whooping cough reveal no gross

abnormality on physical examination of the chest. A degree of simple bronchitis
may be noted in the early stages of the disease, and, in the later stages,
temporary atelectasis may be noted. Emphysema may be present but is difficult to
detect on physical examination, especially in young children.

| The numbers of children who revealed no abnormality on physical examin-
ation of the chest in each 4-day period is shown in Table 24; As each success-
ive 4-day period passed fewer and fewer children exhibited abnormal physical
signs.  In the control series 64.5 per cent had some degres of abmormality at
the start of the trial and only 7.7 per cent had some abnormality after 20 days.
This return to normality was markedly accelerated in these cases under Lraa nent

K3

‘L . msas o il et ad
wlth chloramphenicol where 46.5 per cent showed abmormalities of ths chost at
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the start of the tiial but only 12.5 per cemt after 12 days, and only 6.3 per
cent after 20 days. Aureomycin seemsd to have no effect in accelerating the
return to normality. The rate at which chloramphenicol caused a return +o
normal is marked, and the difference from the control series is significant.

Numbers of Patients in vhom Abnormal Physical Signs in the Chest were
Absent, divided according to Treatment Groups (in 4-Day Periods).

PR R

1-4 |5-8 |o9-12 {15-16 [17-20 | Over
Treatment Group Days Days | Days { Days ;| Days 20
R 1 | Days
| b | TS
Control ~ 31 Patients 11 13 16 19 21 28
Per cent ! 35.5 | 41.9| 51.6{ 61.6] G67.7! 92.3
{ ! |
Aureomyein - 33 Patients | 14 - ! 18 20 23 24 | 25
Per cent 42.1 54.2! 60.6 69.7 72.71 75.8
i !
! Chloramphenicol - 32 Patients 17 v 19 23 28 ' 30 30
Per cent 5345 59.4] 61.9] 87.5 93.7_‘% 93.7
All Patients (96) 42 50 59 70 75 183 |
Per cent 43.7 | 52.1| 61.5/ 72.9! 78.1! 86.‘5.J

Clinical Assessment of the Effect of Treatment on the Course of the Illness.

——

An atbtempt was made to assess the clinical condition of the patient
after seven days of treatment. This was based on the ward sister's and my
own clinical impression of the case on the eighth day of observation. is
none of us know which case was in the combrol group and which was recesiving
treatment, these impressions are considered to be oif value.

The clinical assessment was based on four categories - no improvoment or
worse than on admission,'slight, good, or drametic improvsement.

11
W eRe]

4s is shown in Table 25, cases under treatment farcd belbter tuan

Fal LI
v

control group, where, for example, 37.5 per cent of the patienbts trented with
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chloramphenicol and 453.4 per cent of those treated with aureomycin had improved
to an extent judged to be "good", aé compared with only 22.6 per cent of the
control series. Improvement judged as "dramatic" was only noticed in four
patienté, of whom three were treated with chloramphenicol and one was treated
with aureomycin.

Relapsed Cases.

Five patients treated with chloramphenicol relapsed after cessation of
the treatment. This will be discussed fully in the next chapter.

Total Residence in Hospital.

It is well known that whooping cough patients require tb be hospitalized
for a longer period than do patients suffering from other common infectious
diseases. Thus, it was hoped that if an effective treatment of the disease could
be evolved it would result in a shorter period of hospitalization with a conse-
quent 'saving of hospital beds and dimimution of the always attendan’ risks of
cross infection. An:analysis was made of the effect of treatment on the length
of stay of whooping cough patienté in hospital.

The average length of stay in hospital was 4.7 weeks for control cases,
5.2 weeks for cases treated with aureomycin, and 4.3 wecks for cases treated with
chloramphenicol. After the fifth week in hospital 55.0 per cent of control cases,
4l.6 per cent of cases treated with aureomycin, and 75.0 per cont of cases treated
with}chloramphenicol had been dismissed, as is shown in Table 26. In this

restricted series of patients selected at random, the average length 9? stay in
héspital was less in the chloramphenicol group and greater in the aureomycin group

than in the conmtrol group.
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Table 26.

Frequency Distribution of Total Residence in Hospital of
96 Whooping Cough Patients.

Length of . :
Stay in Control Aureomycin Chloramphenicol|{ All Patients
Hospital | ___growp_____ | ___Group_____ I Group. ...l ceeoon
(Weeks ) Wo. 1 % No.g{ % No.? 7 No. ¢ o

i 1 1 i
3 - 11 35.5 | 12 1 36.4 12 1 37.5 | 35 | 36.5
4 - 6 i 19.5 5 ! 15.2 12 ! 37«5 25 1 23.8
5 = 4 i 12.9 4 ! 12.1 11 3.1 9 i 9.5
5 = 4 ! 1z2.9 3 : 2.1 51 9.4 10 ¢+ 10.6
7 - 3 ! 9.6 3 ! 9.1 01 - 6 1 62
8 - 31 9.6 1 1 3.0 11 3.1 5 ¢ 5.1
Over 9 0! - 4 1 12.1 21 6.2 6 1 6.2
Deaths 0o - 1 1 3.0 1§ 3.1 2 1 2.
] L T T
Total 31 100 33 1100 32 1100 96 | 100

Summa:l.

The various clinical manifestations of the disease have been given and
discussed.

Temperature, pulse, and respiration ratés were not greatly affected by
the illness.

A catarrhal condition of the nasal mucosa was present in 56.3 per cent
of patients. This tended to clear up more quickly in patients treated with
chloramphenicol thah in control patients.

Vomiting was a variable symptom and, during the period when treatment was
being administered, it occurred more frequently in patients who were receiving
antibiotic therapy than it did in the control patients. Cenerally speaking, early
cases vomited more frequently than did late cases, and children over threec years
of aze vomited wore frequently than did the younger childron. aureonyein cauvsad
. |

PR TR S SOk S o
loss of appetite in approximstely half of tae PaTLeNnts Treawod.
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Patients who recelved chloramphenicol therapy were noted to have a
more productive cough and a looser expectoration of macus than did controel
patients and patients receiving aureomycin.

Great variation was discovered in the number of times each child whooped.
Whooping was more frequently present in children in the older age groups than
in childreh under one year of age. There were 47.8 per cent bf patients who
did wot whoop at all.

The average length of stay in hospital of patients treated with chloram-

_phenicol was less than that of those in the combtrol group.



CHAPTER 8.
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EFFECT OF THE ANTIBIOTICS USED

ON THE PAROXYSMAL COUGH
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The Mumber cf Paroxysms.
OXY

The averége mmber of paroxysms per case was calculated separately for
each of the 21 days of observation. The results for each day are shown in
Figures 8, 9, 10 and 11, and the tables from which these graphs ﬁave been
compiled appear in the Appendix.

Generally speaking, when all the patients in the trial were considered,
the average number of paroxysms per case per day was less in the aursomycin
and chloramphenicol groups than in the control group. This is illustrated in
Figure 8. On the 8th day of observation, the average difference between the
coﬁtrol group and the aureomycin group was 1.8 paroxysms, and between the control
group and the chloramphenicol group was 3.8 paroxysms. It appeared, therefore,
that treated patients fared little better than these who acted as conbrols.

Analysis by Duration of Illness prior to Admission to Hospital.

The average number of paroxysms per case in the early, intermediate,
and late cases are shown in Figures 9, 10 and 1l respectively. For the early
cases the average muber of paroxysms per case was‘consistently less in the
aureomycin and chloramphenicol groups than in the control group. For example,
on the 8th, 12th and 16th days the average differences between the control group
and the aureomycin group were 6.6, 5.2 and 9.8 paroxysms respectively. Between
the control group and the chleramphenicol group the average differences on the
same days were 10.6, 8.2 and 9.2 paroxysms. ror the imbermediate and late cases
there was no appreciasble difference in the average murber cf paroxysms between
treated and control patients (Figures 10 and 11).

-1 1ok ~Toran i 3 ey
It would appear, therefore, that treatment wilth chlcramphenicol and

dureomycin is effective in reducimng the murber of paroxysms only i the treatnert
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is started within the first eight days of illress. This is further illustrated
in Table 27, where the average mumbers of paroxysms per case per day are shown
in 4-day periods. The only consistent difference between the antibiotic treated
cases and the controls is in the eérly_cases.

A further gnalysis was then made by calculating for the 2nd, 8th, 14th
and 20th days of observation the numbers and percentages of cases with 0-9,
10-1¢, and 20 or more paroxysms (Tables 28, 29, 30 and 31). By this method also
the difference between the conbrol group and the anbibiotic treated group was great-
er in the early cases. On the 1l4th day the percentage of patients with 0-9
paroxysms was 66.7 per cent for chloramphenicol treated cases, 77.8 per cent for
aureomycin treate@ cases, and 22.2 per cent for comtrol cases (Table 29). How-
ever, when the intermediate and late cases were considered there was no similar
difference. TFor example, by the 1l4th day the percentages of intermediate cases
with more than nine paroxysms was 43.7 per cent for chloramphenicol treated
cases, 43.8 for aureomycin treated cases, and 35.7 for control cases.

Analysis by Age. At the time of writing there has been little attempt

to assess the influence of age on the antibiotic treatment of whooping cough.
An analysis by age was made on patients who were estimated as belng moderately

or severely ill. There were 32 patients in the age-group O-1 year, 21 patients

in the age-group 1-3 years, and 14 patients in the age-group 3-5 years. The

average mumber of paroxysms per case per day for these age-groups is shown in
Figures 12, 15 and 14.

Reference to Figuré,l2 indicates that the frequency of the paroxysms
decreased rapidly after two to three days in the patients azed Ol yoar treated

1 . - k) ) - el AT ,\_’- n 114
with aurecmycin and chloramphenicol. (n the 8th day oi observation, the
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