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months of 1963 the notifications for children were falling after
the peak of the respiratory syncytial outbreak, while those for
adults were rising as the influenza outbreak developed.

Discussion

Our findings support the view that influenza and respiratory
syncytial viruses are outstandingly important as causes of
epidemic respiratory disease of pneumonic severity in adults and

400- l-a ADULTS
X-x CHILDREN

z 2F"-- R S V

U

020
x I

O I

xx x f .' X1X x

0a
1962 1963 1964 1965

FIG. 3.-Numbers of pneumonia cases notified in persons aged over 15
and under 5 years in relation to outbreaks of influenza (F) and respira-

tory syncytial virus (R.S.V.) infection.

young children respectively. No other viruses have been found
to cause regular elevations of such magnitude in the pneumonia
statistics of the community.

In comparing the observations in adults and in young
children it may be noted that postinfective immunity is usually
sufficient to prevent reinfections with respiratory syncytial virus
of more than trivial severity in adult life. Antigenic variation
by influenza virus makes possible reinfections throughout life
with periodic epidemics affecting the adult population, but it
is less obvious why influenza infections in early childhood

should cause so little serious illness. This paradox will be
considered elsewhere.
Pneumonia and acute bronchiolitis of infants due to respiratory

syncytial virus is often serious and sometimes life-threatening.
The severity and periodic epidemic prevalence of this infection
and its major contribution to serious respiratory disease in early
life justify efforts to devise effective control measures by
prophylactic vaccines or antiviral chemotherapy.

Summary
Comparison of pneumonia notifications with laboratory-

diagnosed influenza and respiratory syncytial virus infections
in Glasgow during 1962-5 confirmed the importance as causes
of pneumonia of influenza in adults and respiratory syncytial
virus in young children. Specific control measures are required
for respiratory syncytial virus infections in early life.

We are grateful to Dr. W. A. Home, Medical Officer of Health
for Glasgow, for access to pneumonia statistics kindly provided by
Miss Mary Knox. We also thank our clinical colleagues in hospital
and general practice for their co-operation in these studies, and our
technical staff for their assistance.
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Studies on an Epidemic of Respiratory Disease caused by
Mycoplasma pneumoniae
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Mycoplasma pneumoniae is recognized as a common cause of
acute lower respiratory disease in military and civilian popula-
tions in the U.S.A. (Chanock et ad., 1963; Forsyth et al., 1965;
Grayston et al., 1965). Though less information is available on
the prevalence of infection by that organism in this country,
reports by Goodburn et a!. (1963), Marmion and Hers (1963),
Andrews (1965), and Watson (1965), suggest that M. pneu-
moniae infection is by no means rare.
We report an outbreak of acute respiratory disease in a

country practice in Dunfriesshire, Scotland, which lasted from
January to June 1965, and in which M. pneumoniae appeared
to be the commonest aetiological agent.

Assistant Lecturer, Department of Medicinq, Royal Free Hospital,
London W.C.1.

t General Practitioner, Johnstone Bridge, Dumfriesshire.
IConsultant in Laboratory Medicine, Belvidere Hospital, Glasgow.
Consultant Haematologist, Royal Infirmary, Dumfries.

Material and Methods

Of the 113 patients studied 93 were from the country practice
of one of us (H. M.); the remaining 20 were patients with
acute respiratory infections admitted during this period to the
Royal Infirmary in Dumfries and to the near-by Lochmaben
Chest Hospital. We included not only patients seeking medical
attention on account of acute respiratory symptoms, but, when-
ever possible, other members of their families or their close
contacts. Almost all the contacts questioned had had recent
respiratory symptoms. In all, 21 families, in addition to 48
individual patients, were studied. Their ages ranged from 1
to 78 years.
Whenever possible blood was taken at the onset of illness

and again 10 to 20 days later. Some patients sought medical
attention after the first week of illness, and many of the contacts
were first seen during or after the convalescent phase. Paired
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blood samples as above were taken if these patients were ill
when they were first seen, and single samples were initially
taken from those who had already recovered. Long-term follow-
up extending from the 12th to the 50th week after illness has
been carried out on approximately one-third of the patients.
The sera were tested by complement fixation (C.F.) with
antigens of M. pneumoniae and Rickettsia burnetii and the
following virus antigens: adenovirus, psittacosis, influenza A,
B, and C, parainfluenza 3, respiratory syncytial, and sendai
(parainfluenza 1), 2 units of complement being used; the fixa-
tion time at 40 C. was 18
hours, and the optimum anti-
gen dilutions were determined a

by chequer-board titrations
against homologous hyper- -0
immune sera.

We interpreted a fourfold L
or greater rise in C.F. anti- 20

body titre with paired serum °
samples as being diagnostic of
recent infection. We included z

also in the recent infection U
group those patients with C_
raised cold agglutinin titres 1964 JAN.-JUN
and a C.F. antibody titre 1965
against M. pneumoniae of 64 FIG. 1

or greater. There were many FIG. 1.-Incidence of C.F. antiboc
patients whose paired blood Duration of symptoms in 23 pati

sampleswere nt take early
respiratory syncytial virus and chic

samples were not taken early

in their illness or from whom
we had single convalescent or paired convalescent and long-
term follow-up samples. In such circumstances it was thought
reasonable to classify as probable recent cases of infection those
patients who had C.F. antibody titres of 64 or greater and those
who on follow-up six to nine months later had a fourfold or
greater fall in antibody titre. We are aware that this latter
group could include some patients with residual antibodies from
a previous infection and exclude those with recent infection
who did not develop C.F. antibody titres of 64. In two children
aged 1 and 2 years C.F. antibody titres of 16 and 32 were also
taken as evidence of probable recent infection.
In addition to the C.F. tests haemoglobin estimations, white

cell and reticulocyte counts, and blood films were made; cold
agglutinin titres were performed on serum separated at 370 C.,
and the direct Coombs test was carried out on red cells taken
into acid citrate dextrose. The Paul-Bunnell test was performed
when the blood film was suggestive of glandular fever.

Chest radiography was performed only on hospital inpatients.
The diagnosis in most patients was therefore based on clinical
examination. A diagnosis of upper respiratory infection was
made in patients with a sore throat and/or nasal symptoms, and
in whom cough was absent or was a trivial symptom only. A
diagnosis of acute bronchitis was made when patients had a

severe cough with or without sputum and there were no clinical
signs of pulmonary consolidation. A diagnosis of pneumonia
was made in patients with a cough and clinical signs of con-
solidation. Since non-bacterial pneumonias characteristically
cause radiological shadowing with relatively few clinical signs
of pulmonary consolidation, it is probable that some of our
patients thought to have acute bronchitis did in fact have
pneumonitis. The term " myringitis " was applied to the syn-
drome of earache with a reddened ear-drum in the presence of
a normal light reflex. Sinusitis was diagnosed when there was

purulent nasal discharge associated with tenderness over the
frontal or maxillary sinuses.
Though this report is concerned mainly with a detailed study

of 113 patients, C.F. antibody results without haematological
data on a further 92 patients with acute respiratory infections
during the first six months of 1965 and on 28 such patients
tested during 1964 are presented also.
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Results

During the first six months of 1965 there was more than a

threefold increase in the incidence of C.F. antibody against
M. pneuntoniae among patients with acute respiratory disease in
this practice as compared with 1964 (Fig. 1). This was accom-
panied by a corresponding increase in the incidence of titres
compatible with recent infection. Of the 113 patients studied
in detail 54 had C.F. antibody at titres of 1: 8 or greater to
M. pneumoniae ; in 40 of these the titres were compatible with
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dents with M. pneumoniae infection. The associated infections were
cken-pox, two cases of each; influenza B, adenovirus, glandular fever, and

measles, one case of each.

recent infection with this organism, 14 of them having titres
" diagnostic " of recent infection and 26 being classed as " prob-
able" recent cases of infection. The mode of presentation in
these 40 patients is shown in Table I.

Various other infections were diagnosed in 25 patients, and
in 58 a diagnosis was not established. The total number of
diagnoses exceeds 113 owing to the presence of a double infec-
tion in some patients.

TABLE I.-Mode of Presentation in M. pneumoniae Infection (40
Patients Aged 1-78 Years)

Mode of Presentation

Upper respiratory infection
,,,, ,,1 + myringitis

,, ,, ,,315 + sinusitis + myringitis
,1J, ,,.1 ,. + otitis media

Bonchitis
,,

+ bronchitis
Bronchitis ..... .. .. .. .. .
Bronchitis + sinusitis
Pneumonia

Pneumonia with referred abdominal pain

No. of Patients

21
4

1

1

3

6
1

2

1

Symptoms and Clinical Signs in M. pneumoniae Infection

Tables II and III summarize the incidence of various symp-
toms and clinical signs among the 40 patients in the M. pneu-
moniae group. Associated infections were diagnosed in several
patients, and their presence has been indicated in Tables II and
III with respect to each symptom and sign. The possible role
of bacterial and viral coinfection in modifying the manifesta-
tions of M. pneumoniae infection may be important to consider.
This present study is incomplete, however, in that bacterial
cultures were performed in only a minority of patients.
Cough of varying degrees of severity was the commonest

symptom, occurring in 29 patients. A moderate or severe
degree of malaise often necessitating confinement to bed was
present in 23 patients. Often the malaise was quite out of
proportion to the clinical findings; such that a normally stoic
farmer would be quite unable to work for a week to 10 days
with a mere upper respiratory infection. Pyrexia of 990 F.
(37.2' C.) or above was recorded in nine patients. This is
probably an underestimate of the incidence of febrile illness. If

458 25 February 1967

I..

,. _s

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J: first published as 10.1136/bm

j.1.5538.457 on 25 F
ebruary 1967. D

ow
nloaded from

 

http://www.bmj.com/


M. pneumoniae and Respiratory Disease-Feizi et al.

TABLE II.-Symptoms Associated with M. pneumoniae Infection in 40
Patients

Symptoms No. No. with Associated Infections

Cough . . 29 R.S.V. 2; I.B. 1; Ad. 1; measles 1
Malaise moderate 16 I.B. 1; Ad. 1; measles 1

,, severe 7 G.F. 1; chicken-pox 1
G.I. symptoms 20
Anorexia .. . 10
Diarrhoea 5
Vomiting .. . 6 R.S.V. 1
Abdominal pain relered ..

"Feverish"...11 R.S.V. 1; I.B. 1; measles 1; Ad. I
Sore throat . .11 R.S.V. 1; measles 1; G.F. i
Nasal discharge 11 R.S.V. 1
Blocked nose 6 Measles 1
Headache . . 10
Sputum .. 7
Purulent sputum 4 Measles 1
Haemoptysis 1

Earache . .I 6 R.S.V. 1, chicken-pox 1
Aching limbs . . Measles I
Stiff joints I
Arthralgia 1
Paraesthesiaehands, feet I
Backache . .. 1 R.S.V. 1
Febrile convulsions .. 1 Ad. 1
Cold hands .. .. .. 1
Conjunctivitis .. 1

R.S.V. = Respiratory syncytial virus. G.F. = Glandular fever. I.B. Influenza B.
Ad. = Adenov . G.I. Gastrointestinal.

TABLE III.-Clinical Signs

Clinical Signs

Rashes (other than " herpes ")

Pyrexia recorded
Lymphadenopathy

Cervical
Axillary
Inguinal
Herpes labialis"

Sinusitis
Enlarged tonsils
Myringitis (non-bullous)

(bullous)..
Otitis media.
Pulmonary consolidation
Confusional state

in M.

No.

13

9
7
7

2

6
2
6
4
1

1

3

1

pneumoniae Infection in 40 Patients

No. with Associated Infections*

Ad. 1; chicken-pox; Staph. pyogenes
1; R.S.V. 2; I.B. 1; G.F. 1

I.B. 1; Ad. 1

R.S.V. 1; G.F. 1; after chicken-pox 1

R.S.V. 1

G.F. 1

I.B. 1

Ad. 1; G.F. 1

After chicken-pox 1

I.B. 1

* Abbreviations as in Table II.

feverish symptoms are considered together with records of
pyrexia 16 patients were either feverish or had a pyrexia
recorded. Gastrointestinal symptdms were present at some time
during the illness in 20 of the patients, the commonest among
them being anorexia. The anorexia was often severe, and fre-
quently lasted for two to three weeks or longer. Diarrhoea and
vomiting occurred in five and six patients respectively; these
were transient symptoms lasting one to three days, and occurred
most commonly during the first week of illness.
Rashes and mucocutaneous lesions occurred twice as often

in the M. pneumoniae group of patients as in patients with
respiratory infections without serological evidence of M. pneu-
moniae infection. Apart from typical herpes simplex and
.measles, rashes occurred in 13 of the former group. Table IV
lists the types of lesion observed. We should stress that it
was not possible to implicate with certainty M. pneumoniae as
a causal agent, for a great many other infections occurred.
Though direct bacteriological and virological cultures were

not systematically performed, evidence of bacterial and
viral coinfection in some of the patients with mucocutaneous
lesions obscured the aetiology. Thus a child aged 5 years
who developed a papulovesicular eruption on her face and
conjunctivitis in association with M. pneumoniae infection
yielded a coagulase-positive staphylococcus from these lesions.
A 9-year-old boy developed a febrile upper respiratory infection
with lymphadenopathy and a bullous myringitis while recover-

TABLE IV.-Rashes and Mucocutaneous Lesions Associated with
M. pneumoniae Infection in 40 Patients

Scaly erythema Face ± trunk . 6 cases
Face alone.3 ,.

and pharynx.1 case
Papulovesicular -os mouth, perinuem. 1

neralized, after chicken-pox ? Stevens-
Johnson syndrome

Pityriasis roses. 1
Reproduced, by permission, from the Proceedsngs of the Royal Society of Medicine.

1966, 59, 1109.
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ing from chicken-pox; he was a "probable" recent case of
M. pneumoniae infection. This febrile episode was followed
by the development of a severe vesicular eruption affecting his
face, trunk, limbs, and oropharynx. This rash closely resembled
Stevens-Johnson syndrome, with the exception that the con-
junctivae were spared. A 3-year-old child who was admitted
with a febrile upper respiratory infection and in whom a
diagnosis of glandular fever and probable recent M. pneumoniae
infection was made developed typical pityriasis rosea in the
third week of illness. Rashes were not confined to patients with
a complicated illness. Erythematous scaly rashes were observed
in patients in whom other infections did not seem to be
involved.

Treatment

The majority of patients with M. pneumoniae infection did
not receive chemotherapy. Penicillin was the first antibiotic
used in patients presenting with pneumonia and with myringitis,
because bacterial pneumonia and streptococcal middle-ear
disease could not be immediately excluded. If there was no
clinical improvement in two to three days, or if cold agglutinin
titres were found to be raised, suggesting a diagnosis of
M. pneumoniae infection, demethylchlortetracycline (Leder-
mycin) was given. This drug was thus given to two patients
with pneumonia and to five cases with middle-ear disease in
whom a diagnosis of M. pneumoniae infection was subsequently
confirmed. Since the drug was prescribed most often for the
patients with severe disease in whom recovery was generally
a gradual process, and since there were no comparable untreated
patients, its effect on the duration and severity of the disease was
impossible to assess.

Duration of Illness

The duration of illness was recorded in 23 patients with
M. pneumoniae infection. In the majority of them the symp-
toms persisted for 7 to 10 weeks after the onset of their illness
(Fig. 2). Associated infections were diagnosed in 7 out of
14 patients with such prolonged symptoms. The symptoms
responsible for the prolongation of illness are shown in Table V.
Malaise, cough, and recurrent respiratory symptoms were the
commonest causes of prolonged illness.

TABLE V.-Symptoms Responsible for Prolonged Illness in 23 Cases of
M. pneumoniae Infection

Malaise ..
Cough
Recurrent respiratory symptoms
Anorexia ..
Skin rash ..
Earache ..
Blocked nose

Recurrent respiratory symptoms + severe chicken-pox,, perioral " herpes simplex " .

7

5
3

2

2

1

1

Haematological Findings
The haematological findings in this epidemic have been pre-

viously described (Feizi et al., 1966), and can be summarized
as follows. Cold agglutinin titres of 64 or above (at 40 C.) or

significant changes of cold agglutinin titres were found only
among patients with evidence of M. pneumoniae infection or

their contacts. In patients who developed cold agglutinin titres
of 64, or above, the levels fell to the normal range between the
7th and the 22nd week after illness. An interesting pheno-
menon of white cell agglutination was observed in two patients
with high cold agglutinin titres. The white cell counts in these
two patients were within the normal range. Among other
patients with M. pneumoniae infection normal, or slightly
raised, or slightly reduced total white cell counts were recorded
with a variable degree of lymphocytosis. Eighty-three per cent.

of patients with " undoubted " or " probable " recent infection
with M. pneumoniae had a weakly positive direct Coombs test

25 February 1967
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460 25 February 1967 M. pneumoniae and Respiratory Disease-Feizi et al. MEDIC
of grade + or + + (Blood Group Reference Laboratory,London, Coombs reagent). Those with a grade + + reactionwhich were tested with specific antisera gave a positive resultwith anticomplement (antihuman 3,k C serum, Dutch Red CrossLaboratories). Though overt haemolytic anaemia did notdevelop, a mild reticulocytosis compatible with a low-gradehaemolytic disorder commonly occurred in patients withM. pneumoniae infection. The incidence of a positive directCoombs test and reticulocytosis fell with time, but in somepatients they persisted as late as the 50th week after onset ofillness.

Discussion
Serological tests should ideally be accompanied by attempts

at direct isolation of the infecting organism in the diagnosis of
M. pneumoniae infection. In this study the C.F. test was
used as the diagnostic criterion, and it is necessary to take into
account that it becomes positive in less than 80% of people
infected with this organism (Chanock et al., 1963). It is none
the less a convenient and useful test. A large proportion of our
patients with a diagnosis of M. pneumoniae infection presented
with upper respiratory symptoms and did not need admission
to hospital. Our figures for the incidence of pneumonia are
in agreement with the observations of Couch et al. (1964), who
diagnosed pneumonia in only 4 out of 52 volunteers who had
been experimentally inoculated with M. pneumoniae. In our
present series only 3 out of 40 patients were diagnosed clinically
as having pneumonia, and only one of these required admission
to hospital. Sporadic cases of pneumonia associated with cold
agglutinins and, rarely, with autoimmune haemolytic anaemia
are seen at hospitals in this country from time to time, and we
(T. F. and R. G. S.) have investigated some 30 such cases during
the past year. Many of these have C.F. antibodies to
M. pneumoniae compatible with recent infection. These
severely ill patients probably constitute only a minority of those
with M. pneumoniae infection, many of whom will have had
infections of the upper respiratory tract or influenza-like
illnesses and will not have been investigated.
The presence of viral and bacterial infections in association

with M. pneumoniae infection is probably important to record.
In fowls McMartin (1965) has shown that M. gallisepticum
and Escherichia coli, if present together, give rise to a more
severe disease than either of these two agents does alone. In
this epidemic associated infections were diagnosed in half of the
patients whose illness was prolonged. The possible role of
recent chicken-pox infection in the development of a rash
resembling Stevens-Johnson syndrome in one of our patients
with probable M. pneumoniae infection is uncertain but worth
considering.

Prolonged illness caused by an organism sensitive to tetra-
cycline (Clyde, 1963) raises the question of therapy in
M. pneumoniae infection. Kingston et al. (1961) in a con-
trolled trial showed a shortening of the period of illness in
patients with this infection treated with tetracycline. The
diagnosis of recent M. pneumoniae infection by serology is not
usually possible before the second or third week of illness. A
raised cold agglutinin titre, which is a helpful criterion, may
also take two to three weeks to develop. Direct isolation of the
organism generally takes a week or longer. In the absence of
a rapid and reliable diagnostic method there can be inevitable
delay in the institution of specific therapy. It is therefore not
surprising that the response to such delayed chemotherapy was
not dramatic in our patients.

In this study high-titre cold agglutinins were encountered
only among patients with undoubted recent infection with
M. pneumoniae. Fourfold or greater changes in cold agglutinin
titre were encountered among undoubted and probable recent
cases of infection or their contacts. The total number of other
infections diagnosed with certainty was small in this outbreak;

more patients with a variety of infectious diseases need to be
studied and are being studied by us with a view to ascertaining
if infections other than M. pneunoniae can give rise to transient
changes of cold agglutinin titre.
The high incidence of a positive direct Coombs test and mild

reticulocytosis in M. pneumoniae infection was surprising, and
the presence of these findings in a large number of patients with
normal cold agglutinin titres was totally unexpected. The
persistence of a positive direct Coombs test for longer than 18
weeks after infection (a period greater than normal red-cell life-
span) would suggest either that the causal agent is persisting
after the first week of infection or that the pathological process
which it initiates is persisting.

Infection by M. pneumoniae often gives rise to another
immunological disturbance-namely, an increase in the serum
immunoglobulin IgM (Feizi, 1967a). This can sometimes be
very marked and not unlike the situation found in the chronic
cold agglutinin syndrome with autoimmune haemolytic anaemia
(Feizi, 1967b). Since the cold agglutinin associated with M.
pneumoniae is an autoantibody, infection by this organism
could well be added to the list of infective conditions associated
with "autoimmune " disorders recently cited by Darneshek
(1966).

Summary
During the first six months of 1965 Mycoplasma pneumoniae

was a common cause of acute respiratory disease in a country
practice in Dumfriesshire. Though the majority of patients
presented with an upper respiratory infection, they often had a
prolonged illness. The problem of early diagnosis with a view
to chemotherapy is discussed.

Cold agglutinin titres of 64 and above or significant changes
of cold agglutinin titre on serial testing were found only among
patients with serological evidence of M. pneumoniae infection
or their contacts.
The high incidence of a positive direct Coombs test and mild

reticulocytosis were suggestive of a low-grade haemolytic dis-
order in the majority of patients with this infection.
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Miss F. McDonald, Miss D. Langran, Mr. A. S. Bryden, Mr.
M. H. G. Carson, and Mr. A. Faulds for their skilled technical
help. One of us (T. F.) is in receipt of grants from the Royal
Free Hospital and the Medical Research Council.
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