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VARIOUS CONDITIONS
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TECHNICAL ASSISTANCE oF MURIEL B. STONE

(From the Thorndike Memorial Laboratory, Second and Fourth Medical Services (Harvard),
Boston City Hospital, and the Department of Medicine, Harvard
Medical School, Boston)

(Received for publication September 22, 1944)

The development of significant titers of cold
agglutinins (autohemagglutinins) in most cases
of primary atypical pneumonia of unknown eti-
ology® (1, 2) was first noted in this laboratory
(3) and later, independently elsewhere (4 to 6).
This finding has since been confirmed in other
clinics (7, 8). A few cases of pneumonia are in-
cluded among the previously reported cases of
marked autohemagglutination collected from the
literature in 1937 (9) and a detailed study of some
of the important properties of the cold agglutinin
was carried out in a case of “diffuse bronchopneu-
monia” reported in 1918 (10). Cold agglutinins
have also been described in many other conditions,
notably in association with various blood dys-
crasias, liver diseases, and in allergic and periph-
eral vascular disorders. Their occurrence even
in these conditions is still sufficiently rare that
only individual cases or very small groups of
cases have been reported by any single observer.
The only infectious disease in which autoag-
glutinins have been found with any great regu-
larity is trypanosomiasis (11)

The literature concerning the occurrence of cold
agglutinins, their nature and properties, and the
methods for detecting them have been reviewed
recently (12). Very few reports are available
of extensive surveys of the occurrence of cold
agglutinins in various infectious diseases with the
use of standardized quantitative methods. In
a study of sera from 421 cases of various com-
mon infectious diseases (6), significant titers were
found only in cases of primary atypical pneumonia
and of mumps complicated with orchitis. Many
of the sera included in that study had been stored
for several months. Other authors (7, 8) ob-
tained negative results, in 135 and in 138 control

1 Hereafter referred to as “atypical pneumonia.”

cases respectively, including normals and persons
with various infections other than primary atypi-
cal pneumonia.

The present paper deals with the results of
tests for cold agglutinins in 1069 cases of a va-
riety of common diseases particularly those in-
volving infections of the respiratory tract. De-
tails concerning the occurrence of cold agglutinins

‘in the 200 characteristic cases of primary atypical

pneumonia included among these cases and the

-results of studies of some of the properties of the

cold agglutinins are left for separate consideration
in the papers which follow.

MATERIALS AND METHODS

Patients. Except for some of the patients with atypi-
cal pneumonia from other hospitals, almost all of the cases
studied were regular admissions to the wards of the
Boston City Hospital between September 1942 and March
1944. Control sera included a number of serial speci-
mens provided by Drs. T. Duckett Jones and Benedict F.
Massell, from carriers and non-carriers of hemolytic strep-
tococci, as well as from 6 cases of rheumatic fever. Many
of these had hemolytic streptococcal infections shortly be-
fore or during the period when the bloods were being col-
lected. Many cases were chosen specifically for this study
as representatives of disease entities, others were selected
because they had febrile illnesses of more than a few days
duration while still others were included because they
were receiving sulfonamide therapy for a week or longer.
Almost all of the patients with bacterial pneumonias and
about two-thirds of the remaining cases, other than those
without disease, received sulfonamide therapy. The diag-
nosis recorded in each case was arrived at by the authors
after reviewing all of the available data.

Both serum and plasma were used in the tests. Venous
blood was obtained in most cases under sterile precau-
tions and allowed to clot at room temperature or at
37° C. The clear serum was then separated and removed
after centrifugation. Some of the tests were carried out
immediately but usually the sera were stored in sterile
rubber stoppered test tubes in a refrigerator at 5 to 10° C.
and the tests were carried out in most instances within a
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TABLE I
Cold isoagglutinins in various conditions

Maximum titer
Diagnosis Total
than 10 10 20 ° v
Primary atypical pneumonia, etiology unknown 45 8 10 22 115 200
Probable atypical pneumonia 1 5 2 3 11
No disease: includes 33 carriers and 37 non-carriers of | 100 100
hemolytic streptococci
Pneumonia: Pneumococcal 143 5 1 1 1 151
Staphylococcal 32 2 1 2 37
Streptococcal 18 2 20
Other bacterial 1 1 2
Pneumonia, probably bacterial, etiology not determined 86 2 2 90
Acute respiratory tract infections without pneumonia:
Tracheobronchitis 30 1 31
Pharyngitis, tonsillitis, sinusitis 59 1 60
Clinical influenza 18 18
Influenza (virus or antibody) 43 1 1 1 46
Tuberculosis: Miliary 8 8
Pulmonary (positive sputum) 12 1 1 14
Pleural effusion (positive guinea pig) 5 2 2 1 10
Others 2 2
Chronic pulmonary infections and tumors 12 1 1 1 15
Sterile pleural effusions (? etiology) 7 7
Bronchial asthma with acute bronchitis 11 1 12
Burns with lung involvement (including 5 with hemo- 19 19
globinuria)
Congestive cardiac failure 24 24
Pulmonary (7) and cardiac (9) infarctions 16 16
Enteric and urinary tract infections 26 2 28
Exanthemata: Rubella ) 1 6
Measles 8 . 8
Varicella 5 5
Mumps (3), Pertussis (1), Diphtheria (1) 5 5
Meningococcal (10), pneumococcal (6), influenzal (1), and 17 2 19
streptococcal (2) meningitis
Acute rheumatic fever 16 16
Sulfonamide rash (not otherwise included) 5 5
Erythema multiforme (vesicular type) 13 13
Streptococcus viridans (7) and pneumococcal (4) endo- 11 11
carditis
Gonococcal infections 4 1 1 6
Misc. surgical infections 19 19
Poliomyelitis (1), lymphogranuloma venerum (2), lympho- 4 4
cytic choriomeningitis (1)
Diabetes (1), periarteritis nodosa (1), hepatic cirrhosis (5), 11 11
internal hemorrhage (3), thrombophlebitis (1)
Fever of undetermined origin 6 6
Thrombocytopenic purpura (2), infectious mononucleosis 7 7
(3), acute leukemia (2)
Hemolytic anemias (no pneumonia) 1 1 1 4 7
Totals (excluding primary atypical pneumonia) 809 21 14 5 9 858

few days. A number of specimens were obtained as ox-
alated blood. These were warmed to 37° C. and the
plasma, separated by centrifugation, was used for the tests
on the day it was obtained or on the following day. Serial
specimens were taken at suitable intervals in most of the
cases but single samples were obtained in some of them,
usually during the second to the fourth week after onset
of the febrile illness.

The definition of cold agglutinins for purposes of this
study is the one usually accepted for human bloods. The

agglutination is independent of the blood groups, is opti-
mum at 0 to 5° C., diminishes with rise in temperature,
and is no longer demonstrable at 37° C. For convenience,
the tests were done for cold isoagglutinins rather than for
autoagglutinins which are usually, though not always, en-
tirely comparable. The erythrocytes in these tests were
obtained from group “O” donors. A few members of the
laboratory staff contributed all of the blood used and most
of the cells were obtained from 3 of these donors. Ox-
alated blood was washed 3 times in a large volume of
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saline and a 2 per cent suspension of cells in physiological
saline was then made and used in the tests. For the pres-
ent study, almost all of the tests were carried out with
cells that were 2 to 4 days old.

The tests for cold agglutinins were carried out as fol-
" lows: Serial 2-fold dilutions of serum or plasma in saline
were made in 0.5 ml. amounts in 100 X 11 mm., test tubes.
In most of the early tests, the first dilution was 1:2 but
in the later ones it was 1:5. Equal volumes of 2 per cent
cells were added, the tubes were shaken thoroughly, and
stored in a refrigerator overnight. The racks of tubes
were usually placed in an ice water bath before the read-
ings were made. In reading the tests, the tubes were rap-
idly inverted 3 times to loosen all of the cells from the
bottom of the tube and to allow thorough mixing. The
agglutination was graded from 4+ to 1+, the former
representing a single hard clump of cells not broken up
on mixing while the latter indicated a finely floccular ag-
glutination, easily visible without magnification. Finer
agglutination, visible only with the aid of a magnifying
lens (%), was noted but not considered in the values
recorded. The titers are recorded as the reciprocal of
the highest final dilution of serum giving 1+ agglutina-
tion.

After the readings were made in the cold, the racks
of tubes were placed in a water bath or incubator at
37° C. for 2 hours. All the positive agglutinations re-
corded in these studies were completely reversed by this
procedure.

RESULTS

A summary of the maximum titers obtained in
the 1069 cases of various diseases is given in Table
I. It is seen at a glance that two groups of cases
stand out from among all the others. They are
the cases of atypical pneumonia and those of
hemolytic anemia. Of the 200 characteristic cases
of atypical pneumonia, 137 or 68.5 per cent had a
maximum titer of 40 or higher. The cases listed
as “probable atypical pneumonia” each had a simi-
lar characteristic clinical course but either the lung
lesion had already cleared when the first speci-
men of blood was obtained, or the history and
physical signs were characteristic, but the x-ray
was negative, or complicating factors such as
congestive heart failure or superimposed bacterial
infections made the interpretation of the pul-
monary findings uncertain. All of these cases
had cold agglutinins, but a titer of 40 or higher
was obtained in only 5 of them. '

Among the cases other than those of atypical
pneumonia, cold agglutinins were found in the
greatest frequency and highest titers in the
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hemolytic anemias. Significant titers were ob-
tained in 4 of 7 such cases and low titers (10 or
20) were obtained in 2 of the others. The bloods
in all of these cases were studied by Dr. T. Hale
Ham in considerable detail. A few of the sig-
nificant facts in the 4 cases with the high titers
may be noted.

The first of these was in a colored man of 35 who was
first studied by Dr. Ham in 1939. At that time he had
a Lederer’s type of acute hemolytic anemia with cold
agglutinins in a titer of 160 (1 +) and strong (2 or 3 +)
agglutination in the lower dilutions. The patient had
latent syphilis at the time and more than 2 years later he
was treated in the hospital for luetic meningitis, but his
anemia had cleared by then and he no longer had cold
agglutinins.

The second patient was a colored man, 45 years old,
who was first admitted on February 12, 1943, and was
found at that time to have hypertensive heart disease,
syphilitic laryngitis, and an acute upper respiratory tract
infection. At this time, the patient may have had atypi-
cal pneumonia which was not recognized because of the
other findings. No abnormal blood cytological findings
were made out during this admission and tests for cold
agglutinins were not done. On March 11, 2 weeks after
discharge, he was readmitted because of hemoglobinuria
and severe anemia. The cold agglutinin titer was 1280
on March 11 and dropped to 320 during the next 6 weeks.
The agglutination was marked (3 + and 4 +) in all but
the highest dilutions. The anemia improved and the pa-
tient was discharged but he again returned 21 months
later, at which time he died of congestive heart failure
without a recurrence of the anemia. The cold agglutinin
titer at this time, however, was 2560 (2 +) and again the
agglutination was very marked (4+ and 3+) in all but
the highest dilution.

The third case was that of a woman, 45 years old, who
had long suffered from cold urticaria and hemoglobinuria.
In this case, too, the cold agglutinin titer was 2560 with
marked agglutination occurring in all but the last dilu-
tion of serum.

The fourth case was in a colored man of 34 who de-
veloped a marked acute hemolytic anemia on the sixth day
of treatment with sulfanilamide for acute glomerular
nephritis and streptococcal pharyngitis. Cold agglutinin
titers of 40 and 80 were obtained in 2 samples of serum
on the day after the anemia and hemolysis occurred and
after the sulfanilamide was discontinued. Three weeks
later, the titer was still 80. Strong agglutination (3 +
and 2 +) occurred in the 1:10 and 1:20 dilutions in each
instance.

In all of these 4 cases, there was increased osmotic
fragility of the red blood cells (only a slight increase was
demonstrated on the first day in the last case mentioned),
the Donath-Lansteiner and acid hemolysis tests (13) were
negative, and the cold agglutination was completely abol-
ished at 37° C,
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Among the remaining 851 cases, only 10, or 1.2
per cent, had cold agglutinins in titers of 40 or
higher. A few pertinent remarks concerning the
illness and the course and character of the cold
agglutination observed in these cases are also of
interest. There were 5 such cases among those
listed as bacterial pneumonias.

One of these cases was in a man 42 years old, who had
an abrupt onset of typical lobar pneumonia on March 2,
1943, without antecedent upper respiratory tract infection.
He was admitted on the following day and received full
doses of sulfapyrazine for 6 days. His temperature fell
to normal on the second day, only to return almost to the
original level of 104° on the following day and the fever
persisted until the tenth day. During this time, there were
physical and x-ray signs first of frank consolidation of
the left upper lobe and then of atelectasis of that lobe fol-
lowed by extension of the consolidation to the lower lobe.
The leukocyte counts varied from 27,000 to 11,000 during
the febrile course. Type 7 pneumococci predominated in
cultures of the sputum obtained at entry and repeated
blood cultures were negative. A cold agglutinin titer of
40 (1+) was obtained on the seventh day and a slightly
stronger agglutination (2 +) was noted only in the 1:10
dilution of the same serum. The second case was one of
a type 7 pneumococcal pneumonia with negative blood
cultures, leukocytosis, and a good response to penicillin.
A titer of 160 was obtained both in acute-phase and con-
valescent sera. The patient had a severe cough for 3
weeks prior to the abrupt onset of the lobar pneumonia.

In the other 3 cases, staphylococcus aureus was the only
or predominant organism. The first of these was in a
woman 22 years old whose illness began on September
22, 1943, and was characterized by chilliness, substernal
and right lower chest pain, cough, and purulent sputum.
There were physical and x-ray signs of dense consolida-
tion of the left lower lobe and possibly of fluid, but the
latter was not demonstrated by thoracentesis. Sputum
and blood cultures obtained on the fifth and ninth days
were positive for hemolytic staphylococcus aureus. The
leukocyte count stayed between 8500 and 9400 throughout
the febrile course. There was gradual improvement in
the fever and symptoms on sulfamerazine therapy. Drug
therapy was discontinued after 10 days because of the
occurrence of a rash and fever. The cold agglutinin titer
was 40 (2 +) on the fourteenth day and 80 (2 +) on the
twenty-first day. The early clinical course in this case
strongly suggested that of a primary atypical pneumonia
with superimposed staphylococcal infection.

In the second case of staphylococcal pneumonia there
were a number of complicating factors. The patient was
a woman 56 years old who was admitted on February 10,
1943, with a variety of symptoms which, together with the
physical and laboratory findings, were interpreted as those
of cirrhosis of the liver and chronic lymphogranuloma
venereum. There were scattered medium moist rales, and
x-rays showed fine miliary nodular areas of density
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throughout both lung fields. The patient had a per-
sistent low grade fever and leukopenia. She also had an
active osteomyelitis of a finger and staphylococcus aureus
septicemia. The pulmonary lesions persisted throughout
her stay. She died after 7 weeks in the hospital and au-
topsy was not obtained. On 2 occasions in the middle of
her hospital course, her blood showed cold agglutinins in
a titer of 80 (1 +) with somewhat stronger agglutination
(24) in all the lower dilutions. In this case, also, the
possibility that the pulmonary lesion began as a primary
atypical pneumonia cannot be entirely excluded.

The last case among the pneumonias was in a man of
64. He was admitted in October 1943 on the third day
of an illness which began with chills, diarrhea, headache,
pleuritic pain in the left lower chest, dyspnea, and cough
productive of grossly bloody sputum. He had had a slight
coryza 3 days prior to the onset of these symptoms.
There were physical and x-ray signs of consolidation of
the left lower lobe. The leukocyte counts ranged between
3000 and 7100. Staphylococcus aureus predominated in
cultures of the sputum, and the blood cultures were all
negative. On sulfamerazine therapy, the patient’s tem-
perature dropped in 2 days from 102.8 to about 100° F.
and a low grade fever persisted for another week. In this
case, a cold agglutinin titer of 40 (1 4) was noted on the
sixteenth day but there was no stronger agglutination ob-
served in any of the lower dilutions of the same serum.

One patient with tuberculous pleurisy with effusion had
cold agglutinins. He was a man of 40 who had had a
slight cough for a year until one week prior to his entry
on February 22, 1944, when he began to have chilly
sensations, sweats, and substernal pain. Characteristic
fluid was obtained which yielded tubercle bacilli on guinea
pig inoculation. Fever reaching 102° F. daily persisted
throughout his hospital stay, during which he received 2
courses of sulfapyrazine therapy. The cold agglutinin
titer before sulfonamide therapy was started was 80
(1+) with somewhat stronger agglutination (2+4) in
the lower dilutions. After the first course of sulfapyra-
zine, the titer was 40 (1+). In this case, too, the early
symptoms preceding the onset of the effusion suggest the
possibility that the patient had atypical pneumonia which
activated a pre-existing tuberculosis. Similar . reactiva-
tion of tuberculosis has been observed in this clinic fol-
lowing definite influenza virus infections. It is of interest
that all 4 of the other cases of tuberculous pleurisy with
effusion which were studied showed some cold agglutinins
in titers of 10 and 20. In each of these cases, however,
the agglutination was weak (1+) even in lower dilu-
tions.

One patient with a proved carcinoma of the lung had a

cold agglutinin titer of 40. In this case, however, the

agglutination was weak (1) in all the dilutions that
were tested. The patient’s symptoms consisted of cough,
bloody sputum, anorexia, and loss of weight. Signs of
fluid predominated in the affected side of the chest and
characteristic bloody fluid was removed and shown to
contain tumor cells.

The case of rubella was a typical one with a slightly
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prolonged febrile course. Cold agglutinins in a titer of
40 (1+4) were demonstrated in serum obtained several
days after the fever and rash had subsided. The aggluti-
nation was somewhat stronger (2+) in the lower dilu-
tion of the same serum. There was no clinical evidence
of pneumonia in this case except for a slight cough.

The patient with bronchial asthma was a man of 70
who was admitted February 24, 1943, two days after the
onset of an acute tracheobronchitis. There were scattered
crepitant as well as musical rales throughout the chest
and physical and x-ray signs of bronchiectasis and of
patchy bronchopneumonia in both lower lobes. He had
a febrile course of 11.days in spite of sulfadiazine ther-
apy. Blood taken on the eighth day had a cold agglutinin
titer of 40 (1+) and the agglutination was weak (1+)
in the lower dilutions as well.

The cases of influenza are of special interest.
Of the 64 cases studied, all except 2 of those from
which virus was isolated occurred during the
course of the epidemic in December 1943 and
early in 1944 (14). Serial samples of serum
were tested in most of these cases. In 2 cases,
there was weak cold agglutination (1 +) in titers
of 10 or 20 and the same titers were observed in
all the sera from each case. In only one case did
cold agglutinins develop to a significant titer.

This case was in an intern who had the characteristic
symptoms of clinical influenza which began February 26,
1944, several weeks after the peak of the influenza epi-
demic in Boston. He had been in Minnesota during the
previous November and December when the epidemic of
influenza was at its height there but he had no symptoms
at that time. His clinical course was characterized by
daily swings in temperature from normal to 101° F. for
4 days, with cough and headache throughout this time.
There were a few scattered fine rales heard only in his
right lower lobe for several days but repeated x-rays re-
vealed no abnormal findings in the lungs. The leukocyte
counts remained normal throughout his course. A few
pneumococci, Type 28, were obtained in cultures of throat
washings obtained for virus studies on the day after the
onset. These washings were injected intranasally in mice
and into the allantoic sac of 11-day chick embryos and
readily yielded a virus which had many of the character-
istics of an influenza virus but it differed serologically
from typical strains of both A and B influenza viruses.
This strain is now being studied further. No rise in anti-
bodies to either the PR8 (type A) or the Lee (type B)
strains of influenza could be demonstrated by either the
complement fixation or the agglutination-inhibition
(Hirst) tests and no rise was demonstrated by the latter
test against his own virus.2 The sera obtained on the
.second and ninth days showed no cold agglutinins but
those of the sixteenth and thirty-second days had titers of

2 This patient is listed as Case 68 in reference 14.
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20 (2+) and 80 (2+), respectively. Such titers have
been obtained at corresponding stages of the disease in
many characteristic but mild cases of primary atypical
pneumonia.

From the data presented, it is apparent that
among the cases other than those of hemolytic
anemia, some at least may have had atypical pneu-
monia. In them, either positive x-ray signs were
not made out or the symptomatology and physical
signs were obscured by those of other coexisting
diseases. Even in one of the cases of hemolytic
anemia,—the one which was complicated by
syphilis and hypertensive heart disease,—the ap-
pearance of or increase in cold agglutinins may
very well have resulted from the acute respiratory
infection which occasioned the first entry. This
infection, in turn, had many characteristics of
atypical pneumonia, but, unfortunately, studies
with this in mind were not made until the patient
was readmitted later with hemoglobinuria and
anemia. In fact, x-rays -taken for other purposes
during the first admission showed suggestive
lesions in the lungs which had been overlooked.
The signs of atypical pneumonia, if that is what
he had, were completely overshadowed by those
of syphilitic laryngitis and congestive failure.

DISCUSSION

The data presented indicate quite clearly that
significant titers of cold agglutinins, demonstrable
by the method used, are found infrequently in
normal individuals and in patients with res-
piratory or other infectious diseases except in
cases of primary atypical pneumonia and in cer-
tain types of hemolytic anemia. Indeed, in some
of the few other cases in which similar titers of
cold agglutinins were demonstrated, the possibility
of recent or coexisting atypical pneumonia could
not be entirely ruled out. In fact, a detailed re-
view of the other cases in which cold agglutinin
titers of 10 or 20 were found in this study showed
a similar likelihood of the coexistence of atypical
pneumonia in many of them. From the literature it
would appear that only in cases of trypanosomiasis
have cold agglutinins been encountered with the
same regularity.® Furthermore, a careful study of

8 A high incidence of cold agglutinins has been reported
recently in cases of tropical eosinophilia (16) and among
Melanesian natives in yaws epidemic areas (17).
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the previously reported cases of marked auto-
hemagglutination suggests that many of them may
have had pulmonary infections similar to those
which are currently being classified as atypical
pneumonia. Favour (15), however, found cold
agglutinins more frequently in other conditions.

At this time, it is still reasonable to say that
no single specific etiological agent has as yet been
identified in cases of primary atypical pneumonia
and consequently no reliable immunological test
based on such a specific etiological agent is avail-
able for the definite identification and classification
of such cases. The development of cold ag-
glutinins may, therefore, serve as a helpful diag-
nostic aid in these cases until such agent or agents
are discovered. At least the development of cold
agglutinins in patients presenting characteristic
symptoms and physical and x-ray signs may serve
to segregate one group of cases among those now
classified as primary atypical pneumonia of un-
known etiology. It also seems reasonable to as-
sume that the development of cold agglutinins in
these cases is related in some way to the unknown
causative agent. This does not entirely preclude
the possibility that other cases having the same
etiological agent may run a similar clinical course
without developing cold agglutinins and, con-
versely, that certain other types of etiological
agents may produce cold agglutinins. The rela-
tion to the disease or to the development of cold
agglutinins of the virus isolated from the patient
who was considered, on clinical grounds, as hav-
ing influenza is still obscure.

In this study, the tests for cold agglutinins were
carried out in each case within a few days of the
time when the blood was drawn. This is an im-
portant factor, particularly in sera of low titer
as will be shown in a later paper in this series.
Deterioration on storage of the cold agglutinins
in sera of atypical pneumonias was postulated by
Horstmann and Tatlock (7) because of the sig-
nificantly lower titers found by them in sera that
had been stored for a long time before they were
tested.

SUMMARY AND CONCLUSIONS

Tests for cold agglutinins, using erythrocytes
from normal group O donors, were carried out in
1069 cases, including normal persons and patients
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with a variety of conditions, mostly respiratory
tract infections of various sorts.

Cold agglutinins in titers of 40 or higher were
found in 137 or 68.5 per cent of 200 characteristic
cases of primary atypical pneumonia of unknown
etiology, in 5 of 11 cases in which this was the
probable diagnosis, and in 4 of 7 cases of various
kinds of hemolytic anemia.

In only 10, or 1.2 per cent of the remaining
851 cases were cold agglutinins demonstrated in
similar titer. In some of these 10 cases and of
the few others in which cold agglutinins were
demonstrated in lower titers, atypical pneumonia
may have played a part.

It is suggested that the development of cold
agglutinins is related to the causative agent of
primary atypical pneumonia and may serve as a
diagnostic aid in this disease.

The authors are deeply indebted to the many physicians,
both at the Boston City Hospital and elsewhere, who
permitted us to see and follow their cases, obtained the
blood samples, and made available the clinical and labo-
ratory data. Dr. T. Hale Ham provided some of the
sera and studied the blood in the cases of hemolytic ane-
mia and Miss Geneva A. Daland carried out some of the
tests in these cases.
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