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Evidence is accumulating that influenza virus
plays a role in the etiology of certain pneumonias
generally considered to be primarily bacterial in
origin. The earliest recorded observations (1, 2)
describe influenza as a mild self-limited disease of
the upper respiratory tract which progressed oc-
casionally in certain individuals to produce more
serious symptoms involving the pulmonary tissue.
Soon after the discovery of bacteria, clinicians (3)
pointed out that pneumonia caused by strepto-
cocci, staphylococci and pneumococci often fol-
lowed symptoms of influenza.

During the pandemic of 1918 influenza was fre-
quently complicated by bacterial pneumonia. Cer-
tain investigators (4, 5) believed that the primary
disease was of unknown virus etiology and that
the pulmonary involvement was a manifestation
of the secondary invasion of the respiratory tissues
by pathogenic organisms.

Epidemiological data (6-10) show a significant
increase in pneumonia deaths accompanying and
following epidemics of clinical influenza. Other
similar data (11, 12) indicate that localized epi-
demics of pneumococcus pneumonia have been as-
sociated with outbreaks of clinical influenza.

Laboratory evidence (13-22) on clinical cases
of bacterial pneumonia in man and experiments
on laboratory animals (23-28) during the past
decade have further supported these observations.

The studies reported herein show that there was
a simultaneous infection with pneumococci and in-
fluenza virus in about one-half of the human cases
of lobar pneumonia studied during an influenza
epidemic. Such mixed infections were also ob-
served during interepidemic periods.

1This study was supported in part by a grant from
the Division of Research Grants and Fellowships, Na-
tional Institutes of Health, U. S. P. H. S., Bethesda, Md.

2 Read in part at the annual meeting of the American
Society for Clinical Investigation, May 3, 1948.

MATERIAL AND METHODS

Source and preservation of specimens
Sputum: Specimens of sputum were obtained from 69

cases of bacterial pneumonia admitted to hospitals in the
Baltimore area between November 30, 1946 and August
5, 1947. The group included 61 cases of pneumococcal
pneumonia, three cases of pneumonia due to Fried-
lander's bacillus, and five cases which were diagnosed
clinically as bacterial pneumonia but in which the causa-
tive organism was not identified. Sixty-four were clini-
cally lobar pneumonia and five were broncho-pneumonia.
Sixty-two of the specimens were from the Osler Medical
Clinic of The Johns Hopkins Hospital. These cases are
believed to represent an unselected sample of the 75
cases of bacterial pneumonia which hospital records show
were admitted to the Osler Clinic during this period.
The other seven specimens were obtained from either
Sinai Hospital or from the Veteran's Hospital, Fort
Howard, Maryland.

Thirty-six of the 69 cases (52 per cent) occurred
during March and April 1947, when influenza "A" was
known to be prevalent in the community as indicated by
an increase in upper respiratory disease and by the fre-
quent isolation of influenza virus. The occurrence of
this outbreak afforded the opportunity to classify the
cases into two groups (1) interepidemic, those occurring
before and after March and April 1947, and (2) epi-
demic, those occurring during March and April. This
classification with respect to the influenza epidemic is
used throughout this report.

The sputa were mixed with beef heart infusion broth,
pH 7.4, and were either inoculated immediately into em-
bryonated hen's eggs or were frozen in sealed glass
ampoules and stored at - 20° C until they could be
examined for the presence of influenza virus. The maxi-
mumperiod of storage was approximately four months.

Acute and convalescent sera: Acute and convalescent
blood specimens were obtained from 53 of the 69 patients.
The acute specimens were collected soon after admission
to the hospital, and the convalescent specimens were
secured just prior to discharge, approximately six to ten
days later. A third specimen was collected about five
months later from 25 of the cases. Serum from these
specimens was inactivated by heating for 30 minutes at
560 C, frozen in rubber stoppered glass ampoules and
stored at -20° C until it could be examined by the red
cell agglutination-inhibition technique for antibody activ-
ity against various known strains of influenza virus.
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Autopsy material: Specimens of lung and bronchus
were obtained at autopsy from 86 persons dying in Balti-
more 8 between December 1946 and October 1947. In
addition one specimen was obtained from a person dying
of pneumonia in May 1946. Of the 87 specimens, nine
were from persons in whom death was believed to be
due directly and primarily to pneumonia, 28 were from
persons with pneumonia which was believed to be sec-
ondary to some other condition, and 50 were from per-
sons who had no evidence of pneumonia. Classification
was made on the basis of clinical and pathological data
in the hospital and autopsy records. The group whose
death was believed to be due primarily to pneumonia
includes six cases of pneumococcal pneumonia and three
cases which may not have been bacterial in origin since
the causative organism was not identified. The group of
secondary pneumonia consists of terminal or aspiration
pneumonias and pneumonias first detected at autopsy.
The third group includes only cases in which there was
neither clinical nor pathological evidence of pulmonary
pneumonia.

A 25 per cent suspension of the lung and bronchial
tissue was made by emulsification with beef heart infu-
sion broth in a Waring blender. The suspension was
centrifuged to remove large particles of tissue and the
supernatant was stored at -200 C in sealed glass am-
poules until it could be examined for the presence of
influenza virus. The maximum period of storage was
approximately six months.

Virus isolation
Both sputum and lung specimens were examined for

influenza virus by the same technique. Five hundred
units of penicillin and 5000 jug. of streptomycin were
added to each milligram of the specimen and about 0.4
ml. of this mixture was inoculated into the amniotic sac
(29) of 12 or 13 day old chick embryos. Ten embryos
per specimen were used for the first egg passage and
six for each additional passage.

The embryos were incubated at 350 C for four days.
On the fourth day amniotic fluid and embryos were
harvested. The amniotic fluid was tested for the pres-
ence of influenza virus by the pattern agglutination tech-
nique (30) using chick and guinea pig red blood cells.
If the fluid was negative by this test the lungs and
tracheas of the embryos were removed and ground in a
mortar with the homologous amniotic fluid. Penicillin
and streptomycin were added to the mixture and this
material was passed amniotically to 12 or 13 day old
embryos. Three egg passages were carried out before
a specimen was considered negative.

In an attempt to detect possible laboratory cross infec-
tion six embryos were inoculated with sterile broth at
the same time each group of specimens was examined.
The broth control was carried along with the specimens
through three egg passages of six embryos each.

8All autopsy specimens were obtained- through the
Department of Pathology of The Johns Hopkins Hos-
pital and Medical School.

Identification of viruses
Amniotic fluids which gave positive tests by the pat-

tern technique referred to above were inoculated into the
allantoic sac of 10 or 11 day old chick embryos. In-
oculated embryos were incubated for two days at 35° C,
chilled overnight at 4° C, and the allantoic fluid har-
vested. Serial passage by the allantoic route was con-
tinued until allantoic fluid with a sufficient concentration
of virus could be obtained for identification by the hemag-
glutination-inhibition test (31). A suitable antigen was
usually obtained by the fourth egg passage.

Known influenza immune sera used in identification of
viruses were prepared by subcutaneous inoculation of
chickens with the following strains of influenza virus:
the PR8 strain of influenza A, the Lee strain of influ-
enza B, a strain of influenza A (F47A7) 4 isolated from
an uncomplicated case of influenza during the 1947 epi-
demic in Baltimore, a strain of influenza A (P47A7)
isolated from the lungs of a case of pneumonia in
January 1947, and a strain of swine influenza virus.

Some of the strains, particularly those isolated during
March and April 1947, proved difficult to identify as
either A or B using this technique. Three of these
strains (P47A2, P47A7, P47A8) were selected for fur-
ther study employing acute and convalescent sera from
cases of influenza occurring during three different epi-
demics: the 1943 influenza A epidemic,5 the 1945 influ-
enza B epidemic, and the 1947 influenza epidemic during
which two of the three strains were isolated.

Serological tests
Serum was tested by the hemagglutination-inhibition

technique (31) using known strains of influenza virus as
antigen. The strains of influenza virus routinely used as
antigen in these tests were the PR8 strain of influenza
A, the Lee strain of influenza B, two recently isolated
strains of influenza A (one [P47A2] from a fatal case
of pneumonia occurring in January 1947 and one [F47A71
from an uncomplicated case of influenza in March 1947),
a strain of influenza B (P47B2) from a case of pneu-
monia in January 1947, and a strain of swine influenza.6
In order to rule out the effects of variations in antigen
concentration and variation in red cells used from time
to time, all sera whose titers were to be compared were
tested simultaneously.

4The method of strain designation for influenza virus
isolated in this laboratory is as follows: The first letter
stands for the disease from which the virus was isolated
(F = uncomplicated influenza; P= pneumonia). The
first two numbers represent the year of isolation. The
second letter refers to the type of influenza virus (A =
influenza A; B = influenza B). The last number is the
order of isolation in the laboratory. Thus F47A7 is
the seventh strain of influenza isolated in this laboratory
in 1947 from uncomplicated influenza.

5 These sera were obtained through the courtesy of
Dr. Thomas Francis, Jr., Ann Arbor, Michigan.

Dr. Richard Shope, Princeton, New Jersey, kindly
furnished his Strain 15.
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TABLE I

Influenza virus isolation and serological data on specimens collected from clinical cases of bacterial pneumonia

On the basis of serological results using the six anti-
gens above, the cases of pneumonia were divided into
four categories:

(1) Those in which the convalescent specimen when
compared with the acute specimen showed a three-fold
or more increase in titer to at least one of the strains
of influenza A, but not to either strain of influenza B
used as antigen.

(2) Those in which the convalescent specimen showed
less than a three-fold increase in titer but in which the
third specimen when compared with the convalescent
specimen showed a four-fold or greater decrease in titer
to at least one of the strains of influenza A, but not to
either strain of influenza B.

(3) Those in which the third specimen when compared
with the convalescent specimen showed at least a four-
fold decrease in titer to both influenza A and influenza B
antigens.

(4) Those in which there was neither a three-fold
increase nor a four-fold decrease in titer to any of the
antigens used in the test.

Since no specific increases or decreases in titer were
obtained with the influenza B antigens it is not necessary
to include these categories.

The cases in Group 2 were classified as pneumonia
with positive serological evidence of recent or concomi-
tant infection with influenza A. Specific decrease in
titer over a period of months has previously been used
(15) as the basis for serodiagnosis of infection with
influenza virus, but the procedure is not so well estab-
lished as that of diagnosis on the basis of specific in-
creases in titer over a short period of time from the
acute stage of the disease to early convalescence. In this
laboratory it was observed that in a number of instances
the convalescent specimen when compared with the acute
specimen showed a non-specific decrease in titer to all
the antigens employed in the test. Sometimes as much
as a three- or four-fold decrease was noted. The cause
of this non-specific decrease is entirely unknown. Since
such a decrease would tend to mask specific increases in
titer it would not give false positive results in category
number 1. It would, however, tend to magnify specific
decreases in titer if the third specimen were compared
with the acute specimen. For this reason in making
positive diagnoses on the basis of decreases in titer, the
third specimen was always compared with the second, or
with the convalescent specimen rather than with the
acute specimen. Because of the uncertainties involved in
diagnosis on the basis of specific decreases in titer over

a period of several months it was felt that only four-fold
or greater decreases should be considered as serological
evidence of infection with influenza virus.

The cases in Group 3 were classified as pneumonia
with doubtful serological evidence of infection with in-
fluenza virus. Only two cases fell in this group. The
significance of these doubtful results is difficult to deter-
mine. They may represent inherent inaccuracies in the
test or they may be the result of anamnestic reactions.
On the other hand, they may be indicative of actual
infection with influenza virus. In the latter case their
nonspecific nature might be explained either on the basis
of infection with a strain of influenza virus with broad
antigenic characteristics or on the basis of infection with
more than one strain of influenza virus during the inter-
val of several months.

The cases in Group 4 were classified as pneumonia
with no serological evidence of infection with influenza
virus.

RESULTS

Clinical cases of bacterial pneumonia
Isolation of virus

The results of both virus isolation and sero-
logical studies in the 69 cases of bacterial pneu-
monia investigated are shown in Table I.

Of the 33 specimens collected during the inter-
epidemic period only one was positive by virus
isolation. This was a specimen of sputum obtained
on the fifth day of disease from a case of Type I
pneumococcal lobar pneumonia occurring in Jan-
uary 1947. A strain of influenza B (P47B2) was
isolated from this sputum on the first egg passage.
Influenza virus was not isolated from a second
sputum obtained on the seventh day of disease.
On retesting the original sputum which had been
stored at - 200 C for two weeks influenza B was
again isolated on the first egg passage. The other
strain of influenza B (P47B1) was isolated from
the lungs of a fatal case of pneumonia which also
occurred in January of 1947. This case will be dis-
cussed later. During the interval between De-
cember 1945, at which time there was an epidemic
of influenza B in Baltimore, and the time of isola-
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TABLE II

Day of disease on which sputum was collected and virus
isolated from clinical cases of bacterial pneumonia

Number of specimens

Day of disease
Inter- Positive Epidemic Positive

epidemic for Epeiodei for
periods influenza influenza

1-4 21 20 7
5-9 9 1 12 5

10 and over 3 3 1
Unknown 1
Total 33 1 36 13

tion of these two strains of influenza B, approxi-
mately 100 specimens of nasal washings from per-
sons with upper respiratory infections had been
inoculated into chick embryos. In no instance was

influenza virus detected.
Influenza virus was isolated from 13 of the 36

cases of bacterial pneumonia which occurred dur-
ing the influenza epidemic in March and April,
1947. The cases from which these strains of virus
were isolated were all classified as pneumococcal
pneumonia. Two were bronchopneumonia and
the others were lobar pneumonia. Six were shown
to be due to Type I, two to Type XXV, one to
Type II, one to Type IV, and two to untyped
pneumococci. Both Type IV and Type XXII
were present in the sputum in one case. In these
13 positive cases sputum specimens were obtained
from the first to the 20th day after the onset of
clinical symptoms of pneumonia (see Table II).

In this small series of cases there is no correla-
tion between day of disease and ability to isolate
virus from sputum. The fact that virus was iso-
lated from six specimens on or after the fifth day
of pneumonia is somewhat surprising because it is
generally believed that the virus is demonstrable in
nasal or throat washings from uncomplicated in-
fluenza only early in the disease.

The isolation of influenza virus beyond the ex-

pected time in these complicated cases of mixed
virus and bacterial infection may be explained on

the basis that the virus in conjunction with the
pathogenic bacterium descends to the lower re-

spiratory tract, persists and probably multiplies in
the respiratory epithelium of the bronchial tree
longer than it ordinarily persists in the epithelial
cells of the upper respiratory tract.

Appropriate precautions were taken to prevent
laboratory cross infections leading to false posi-

tive results. These are believed to have been ade-
quate for the following reasons:

(1) All of the 13 strains isolated during the in-
fluenza epidemic were found to be similar to strains
of influenza A isolated from uncomplicated cases
of influenza occurring in Baltimore during the
same period.

(2) In each case the influenza virus was isolated
on the first egg passage.

(3) All of the strains upon original isolation
showed certain characteristics of the "O" type
virus (32) in that they had a much higher ag-
glutinating titer for guinea pig red blood cells than
for chicken red blood cells.

(4) Twelve of the positive sputa were retested
after they had been stored at - 20° C for approxi-
mately eight months. Virus was again isolated
on the first egg passage from 11 of these. The
12th sputum was negative after two egg pas-
sages. It is believed that the long period of stor-
age, during which time the specimens were al-
lowed to thaw and refreeze at least once, might
well account for the failure to reisolate influenza
virus from this one case. The possibility that the
first isolation of influenza virus from this sputum
might have resulted from a laboratory cross infec-
tion must be considered. However, on original iso-
lation this strain showed "O" characteristics, which
usually do not persist beyond the first passage.
Unfortunately, no second serum was obtained from
this individual so that a confirmatory serological
diagnosis could not be made.

(5) None of the 18 broth controls which were
inoculated and passed in a manner similar to the
sputum specimens was ever shown to be contami-
nated with virus.

(6) All strains gave low hemagglutination titers
in the early egg passages which increased for five
to six passages.

Serological studies
Acute and convalescent serum specimens were

obtained from 22 of the 33 cases which occurred in
the interepidemic periods. A third specimen was
obtained from 10 of these. There were no posi-
tive serological results in this group. The three
specimens of serum obtained from the one case
which was positive by virus isolation gave nega-
tive results by all serological tests including the
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test in which the homologous virus was used as

antigen. This may be an indication that the in-
fluenza virus played no part in this particular pa-

tient's illness. However, it has been noted that a

certain proportion of persons who have clinical in-
fluenza during proved influenza epidemics fail to
show an antibody response (33-38). In this con-

nection it is interesting to note that of 45 cases of
uncomplicated influenza occurring during the 1947
epidemic from which virus was actually isolated,
only 21 (39) showed a significant increase in titer
when tested by the agglutination-inhibition tech-
nique. Therefore, it seems reasonable to believe
that the influenza B virus might have played a part
in the disease process even though it caused no

increase in serum antibody content as measured by
the hemagglutination-inhibition test.

There were two doubtful results obtained on the
specimens in the interepidemic group. A case of
clinical lobar pneumonia of undetermined cause,

which occurred in February 1947, was tested sero-

logically five months later and showed a four-fold
decrease in titer to a current strain of influenza A
as well as a six-fold decrease in titer to the Lee
strain of influenza B. Another case of lobar pneu-

monia believed to be due to Type VIII pneumo-

coccus, which occurred in July 1947, showed a de-
crease in titer to both influenza A and influenza B
antigens after a period of three months.

Acute and convalescent serum specimens were

obtained from 33 of the 36 cases which occurred
during the 1947 epidemic of influenza A. A third
specimen was obtained from 15 of these. Twelve
positive serological results were obtained in these
cases, 10 falling into Group 1 as described above,
and two into Group 2. Of the 10 cases in which
the convalescent specimen showed at least a three-
fold increase to influenza A antigens seven were

also positive by virus isolation. As previously
stated these seven cases were pneumococcal pneu-

monia due to various types of pneumococci. The
other three were also due to pneumococci. All
three were classified clinically as lobar pneumonia.
One was due to Type I and one to Type II. Both
Type III and Type XI were present in the sputum
of the third case. Of the two cases diagnosed sero-

logically on the basis of a specific four-fold de-
crease, one was also positive by virus isolation.
Both these cases were pneumococcal lobar pneu-

monia, Type I.

No doubtful results were obtained in the epi-
demic group. Twenty-three specimens, including
three which were positive by virus isolation, were
negative serologically.

Of the four strains of influenza A routinely used
as antigen in the agglutination-inhibition test by
far the greatest number of positive results were
obtained with P47A2, a strain of influenza A iso-
lated from the lungs of a fatal case of pneumonia
which occurred in February 1947. Nine of the
ten cases which fell into the first group of sero-
logical positives showed a three-fold or more in-
crease in titer with this antigen. Seven of the ten
were positive with F47A7, a strain of influenza A
isolated from a clinical case of influenza in March
1947 and chosen in this laboratory as the refer-
ence 1947 influenza A strain. Only two of the ten
showed a three-fold or more increase to PR8, and
one showed a significant increase with a strain of
swine influenza virus. Table III shows the re-
sults of ten serologically positive cases with the
four influenza A antigens.

In summary, of the 33 cases in the interepidemic
periods one was positive by virus isolation and
none was positive by serological methods. Of the
36 cases in the epidemic period 13, or 36 per cent,
were positive by virus isolation. Eight of these
13 were also positive by serological tests. In ad-
dition to these eight, four cases were positive by
serological results but negative by virus isolation.
Thus, a total of 17 cases, or 47 per cent of those
occurring during the influenza epidemic, gave posi-

TABLE III

Ratio of convalescent serum titer to acute serum titer with four
different influenza A antigens in cases of bacterial

pneumonia with serological evidence of
concurrent influenza virus infection

Convalescent titer/acute titer with
various antigens

Specimen number

PR8 Swine F47A7 P47A2

367 6.1 4.3 3.0 3.0
388 13.0 2.1 21.0 40.0
390 2.0 0.6 4.6 10.0
396 2.3 1.5 7.0 10.0
406 2.6 - 1.4 12.0
413 0.6 0.5 5.2 3.0
424 1.1 0.7 0.9 7.3
427 0.8 0.4 2.0 8.0
434 2.5 2.3 3.2 3.3
435 0.7 0.4 3.0 0.6

Total positive 2 1 7 9
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tive evidence of the presence of influenza virus as-
sociated with lobar pneumonia. All of these 17
cases were pneumococcal pneumonia. Eight were
classified as Type I, two as Type XXV and one
each as Types II, IV and XXII. Both Types
III and XI were present in the sputum of one and
Types IV and XXII in the sputum of another.
Two cases were due to pneumococci whose type
was not determined.

Virus isolation from autopsy material
The results of virus isolation from autopsy ma-

terial are shown in Table IV.

TABLE IV

Influenza virus isolations from specimens of lung and
bronchus obtained at autopsy from patients with

pneumonia and with no pneumonia

Epidemic Inter-
period period Total

Classification

No. No. No. No. No. No.
cases pos. cases pos. cases pos.

Primary pneumonia 2 0 7 2 9 2
Secondary pneumonia 7 0 21 2 28 2
No pneumonia 26 0 24 0 50 0

Influenza virus was isolated from two of the
nine fatal cases classified as primary pneumonia.
Both pneumococcus Type II and a strain of in-
fluenza A were isolated from the lungs of one of
these cases (P46A1) which occurred in May 1946.
In order to determine the quantity of virus present
in the lungs of this case, titrations were made by
inoculating chick embryos both by the allantoic
route and by the amniotic route. The dose which
would infect 50 per cent of the embryos inoculated
was calculated using the method proposed by Reed
and Muench (40). The EID50 for 11 day chick
embryos inoculated via the allantoic route was

1-7 8. For 13 day embryos inoculated by the
amnniotic method an EID50 of 10-8 3 was obtained.
These data indicate that virus was present in large
quantities.

At the time of occurrence of this case, clinical
and epidemiological evidence indicated that influ-
enza A had not been prevalent in Baltimore for 2½2
years and laboratory studies on upper respiratory
disease for at least six months prior to the case

had not disclosed influenza A in the population.

In Jaunary, 1947, in Baltimore, one year after
the last known clinical case of influenza B, a strain
of influenza B was isolated from the lungs of an-
other fatal case of pneumonia (P47B1) and pneu-
mococcus Type XI was isolated from the tracheal
exudate three days before death.

The clinical and pathological aspects of these
two cases will be discussed in another paper (41).

Influenza virus was isolated from the lungs of
two of the 28 cases classified as secondary pneu-
monia. Both of the cases occurred early in Feb-
ruary, just one month prior to the influenza A epi-
demic in Baltimore. One of the two strains
(P47A1) of virus isolated was similar to strains
isolated from clinical cases of influenza A during
the epidemic. The other strain (P47A2) was
also influenza A but it differed antigenically from
the epidemic strain.

Lack of data makes it impossible to determine
the exact nature of the pulmonary involvement of
these two cases. There is, however, evidence in
both cases which indicates that there was some pul-
monary involvement. Since these cases will not be
included in the subsequent paper a brief resume
of the clinical and pathological data is given here.

One of the patients (P47A1), a colored male 14
months old, entered Sydenham Hospital with a
diagnosis of chicken pox from the Harriet Lane
Home of The Johns Hopkins Hospital. On ad-
mission his temperature was 103, pulse 176 and
respirations 44. The uvula, the tonsils and the
posterior pharynx were injected. The lungs were
clear. The patient was given penicillin. After
four days the temperature was normal and the
throat injection had subsided. A systolic murmur
was present over the base of the heart. Subse-
quently, this became more pronounced, spreading
to the apex. On the ninth hospital day the pa-
tient died. The final clinical diagnosis was heart
failure of unknown etiology, healed varicella, otitis
media, and acute pharyngitis.

At autopsy wide-spread collapse in the posterior
parts of both lungs was noted. There were small
scattered areas of what appeared to be consolida-
tion. The right auricle and ventricle were much
enlarged.

Sections of the lung showed a condition com-
patible with chronic passive congestion. There
were also small scattered foci of coagulative necro-
sis. The fresher ones seemed to be composed of
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fibrin, a few mononuclear cells and some hemor-
rhage. The walls of the alveoli in these areas were

necrotic. These lesions were said to be not unlike
those previously observed (42) in a case of con-

genital varicella.
Unfortunately, no cultures were made from this

lung and it is impossible to determine what part,
if any, pathogenic organisms might have played in
the disease process. It is also impossible to de-
termine whether or not influenza virus itself played
any part in the formation of the lung lesions found
at autopsy.

The other fatal case (P47A2) classified as sec-

ondary pneumonia from which a strain of influ-
enza A was isolated was a white male seven months
old. This patient was referred to Sydenham Hos-
pital with a diagnosis of bronchopneumonia of one

day's duration. He was dead on arrival at the
hospital. A cisternal tap showed cloudy fluid
containing H. influenzae. The patient's older
brother who was brought to the hospital at the
same time was subsequently shown to have had
meningitis due to H. influenzae.

At autopsy the lungs were found to be mostly
air-containing. The pleural surfaces were smooth.
The bronchial mucosa was covered by thin mucoid

material. On section the cut surfaces of the lungs
showed numerous grayish areas separated by
areas of red. In some areas the foci of consolida-
tion appeared to be around the walls of the small
bronchi.

Histological examination of these lungs failed
to show any evidence of consolidation, bronchitis,
or interstitial pneumonia.

As in the previous case no cultures from the
lungs were reported. A culture made in this lab-
oratory revealed no significant pathogen but the
plates were contaminated with a gram negative
rod believed to be Aerobacter aerogenes.

Titrations in chick embryos were made to de-
termine the quantity of virus in this lung. The
EID50 was 102.8 with 11 day embryos inoculated
allantoically. This is a minimum figure since the
titration was made after the specimen of lung had
been stored for six months at - 20° C. During
the storage period the specimen was known to have
been thawed and refrozen at least once. The quan-

tity of virus in the lung was therefore sufficient to
suggest that the virus might have become estab-
lished in the lung tissue. The role it played, either
alone or with some undetermined bacterial agent,

TABLE V

Serological study of strains of influenza virus isolated from cases of bacterial pneumonia using serum
from chickens immunized with known strains of influenza virus

Hemagglutination-inhibition titer with specific immune chicken sera
strain of Souc Date of __________

virus Sourceisolation
PR8 Lee Swine F47A7 I[P47A2 P47A7

PR8 1670 128 182 120 338 388
Lee 69 588 169 42 45 417
Swine 52 32 1560 37 49 37
F47A7 Clinical influenza March 1947 147 56 91 835 512 549
P46A1* Fatal pneumonia May 1946 182 32 112 64 779 256
P47B1 Fatal pneumonia Jan. 1947 49 338 45 32 128 128
P47A1* Fatal pneumonia Feb. 1947 128 169 1175 _
P47A2 Fatal pneumonia Feb. 1947 147 32 104 74 362 32
P47B2 Nonfatal pneumonia Jan. 1947 32 169 32 32 32 32
P47A3* Nonfatal pneumonia March 1947 169 194 120 1350 -
P47A4 Nonfatal pneumonia March 1947 208 256 208 779 56 512
P47A5 Nonfatal pneumonia March 1947 128 64 79 588 169 223
P47A6 Nonfatal pneumonia March 1947 294 182 182 1450 388 479
P47A7 Nonfa ta pneumonia March 1947 84 39 52 417 208 447
P47A8 Nonfatal pneumonia March 1947 239 208 256 1560 512 512
P47A9 Nonfatal pneumonia March 1947 182 256 60 779 417 223
P47A10 Nonfatalpneumonia April 1947 208 112 158 722 239 417
P47A11 Nonfatal pneumonia April 1947 223 194 120 958 479 447
P47A12 Nonfatal pneumonia April 1947 779 1270 512 2200 891 588
P47A13 Nonfatal pneumonia April 1947 138 338 169 512 588 294
P47A14 Nonfatal pneumonia April 1947 91 104 52 512 294 128
P47A15 Nonfatalpneumonia April 1947 97 79 32 388 182 91

* All except these tests were run simultaneously.
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in the production of the clinical symptoms cannot
be determined on the basis of available data.

Strain identification
The results of hemagglutination-inhibition tests

using known immune chicken sera with the vari-
ous strains of virus isolated from sputum or lung
specimens are shown in Table V.

Interpretation of these data is very difficult
since the homologous titers of the various immune
sera were different and since there was some un-

avoidable variation in the quantities of the differ-
ent antigens used in the test.

It seems clear, however, that of the four strains
isolated from the lungs of fatal cases of pneumonia
one (P47B1) was a typical strain of influenza B
and two (P46A1 and P47A2) were strains of in-
fluenza A which immunologically were very sim-
ilar to each other, and somewhat similar to the
PR8 strain of influenza A. Neither of these
strains showed cross reactions with the Lee strain
of influenza B. The fourth strain (P47A1) was

inhibited to almost the same extent by both PR8
chicken antiserum and Lee chicken antiserum.
It was inhibited by much higher dilutions of
chicken antiserum to the strain chosen in this
laboratory because of its early isolation and its
antigenic similarity to subsequently isolated strains
as the reference 1947 strain of influenza A
(F47A7).

Of the 14 strains isolated from the sputum of
nonfatal cases of pneumonia, one (P47B2) was a

typical strain of influenza B. The other 13 strains,
all isolated in March and April, 1947, were similar
to each other and to the reference 1947 strain of in-

fluenza A (F47A7). They were inhibited to al-
most the same extent both by PR8 chicken anti-
serum and by Lee chicken antiserum.

The tests described above were carried out after
the various strains had been passed only three or

four times in chick embryos. Since it is known that
antigen prepared from recently isolated strains may

contain a substance which inhibits the agglutination
of red blood cells in the presence of normal as well
as immune sera (57) three strains (P47A2,
P47A8 and P47A7) were selected for further
study after repeated passages in chick embryos.
After 12 embryo passages, the results were es-

sentially the same as those obtained using antigens
prepared from earlier egg passage material. Strain
P47A2 was again inhibited, although to a small ex-

tent, by PR8 antiserum but not by Lee antiserum.
Strains P47A7 and P47A8 were inhibited to al-
most the same extent by both PR8 antiserum and
by Lee antiserum. They were inhibited to a

greater extent by F47A7 antiserum.
By using the unidentified strains of virus as

antigens in hemagglutination-inhibition tests with
human acute and convalescent sera obtained from
persons who had clinical influenza during three
different proved influenza epidemics, somewhat
more clear-cut results were obtained. The results
of these tests are shown in Table VI.

On the basis of the results obtained with human
acute and convalescent sera, the strains of in-
fluenza virus isolated from patients with pneu-

monia during the 1947 epidemic of influenza in
Baltimore are believed to be more closely related
to influenza A than to influenza B and to be very

closely related to strains of influenza virus isolated

TABLE VI

Identification of selected strains of influenza virus using human acute and convalescent sera
from three influenza epidemics

Serum Convalescent titer/acute titer with various antigens
specimen Source of serum
number

PR8 Lee P47A2 F47A7 P47A7 P47A8

1 1943 influenza A epidemic 5.0 1.2 5.2 1.2 1.6 1.1
2 1943 influenza A epidemic 8.5 1.8 13.1 2.5 3.2 1.2
3 1943 influenza A epidemic 2.1 1.1 5.0 2.6 2.6 2.8
4 1943 influenza A epidemic 9.1 1.1 17.3 2.3 4.6 2.3
5 1945 influenza B epidemic 1.3 5.7 1.3 0.7 0.7 1.0
6 1945 influenza B epidemic 1.3 16.0 1.2 1.0 1.2 1.0
7 1945 influenza B epidemic 1.3 24.0 1.6 1.1 1.1 0.8
8 1947 influenza A epidemic 10.0 1.0 16.0 5.3 9.2 8.0
9 1947 influenza A epidemic 3.5 1.2 60.0 10.0 7.0 9.3

10 1947 influenza A epidemic 7.0 1.4 3.7 5.7 5.3 8.0
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from uncomplicated cases of influenza occurring
during the same period.

DISCUSSION

It seems evident on the basis of results obtained
in these and other similar studies that often during
influenza epidemics and occasionally during non-
epidemic periods, bacterial pneumonia is in some
way related to recent or concurrent infection with
influenza virus. The pathogenesis of these multi-
ple infections is not yet understood.

It seems unlikely that influenza virus alone is
often responsible for severe pneumonia. During
the 1918 pandemic a vast number of fatal cases of
pneumonia were examined (4, 43-47) and in only
two reported instances (47) was it impossible to
isolate a pathogenic organism from the lungs.
Since the discovery of the virus etiology of influ-
enza a number of successful attempts have been
made to isolate the virus from the lungs of fatal
cases of pneumonia. In all but one of these (18) a
pathogenic organism was also present in the lungs.

No pathogenic organism was isolated from the
lungs of one of the fatal cases reported in detail in
another paper (41) and the pathology in this case
is that of pure virus pneumonia. A pneumococcus
Type XI was isolated, however, from the tracheal
exudate three days before the patient died of
bronchopneumonia.

Influenza virus has been isolated from the spu-
tum of non-fatal cases of pneumonia. In most in-
stances the predominating organisms in the sputum
from these patients were pneumococci or hemolytic
staphylococci. However, there is clinical evidence
that infections with influenza virus alone can
cause slight abnormal pulmonary signs and might
actually cause some patchy consolidation (22, 48).
Reimann (49) in a review of pneumonias of viral
origin states that pneumonia is an integral part of
influenza but- for unknown reasons influenzal
lesions of the lung are more often invaded by
pathogenic organisms than are the lesions of other
viral pneumonias.

Probably the most generally accepted explana-
tion concerning the relationship of influenza virus
and bacteria in the pneumonias accompanying in-
fluenza is that the viral agent plays only a prepara-
tory role. It is commonly believed that debilitating
infections such as influenza decrease the general
resistance of the host and predispose to bacterial

invasion. The mechanism by which general host
resistance is lowered is not understood. A more
clear-cut explanation for the lowering of local re-
sistance in the respiratory tract can be given. It
is known that influenzal infections in the ferret
(50) and probably in the human (51) cause de-
struction of the ciliated epithelium of the respira-
tory tract. The destruction of this important lo-
cal defense mechanism would be expected to facili-
tate invasion of the lungs by pathogenic organisms.
Symptoms of pneumonia often have their onset a
week or more after the first symptoms of influenza.

Although there is only slight evidence (26) to
support such a concept, there is a possibility that
the virus might act on certain potentially patho-
genic organisms composing the normal flora of
the nasopharynx in such a way as to increase their
virulence and invasive ability. The invasive ability
might be enhanced simply by the protective action
against phagocytosis offered by mucus present as
a result of influenzal infection. As reported
herein, the isolation of influenza virus from 36 per
cent of bacterial pneumonias occurring during an
influenza epidemic indicates that the virus could
have been playing an active part in the disease
despite the onset of the pneumonia several days
after the onset of clinical influenza. Both agents
may be actively engaged in some as yet unknown
relationship. Pathological manifestations of virus
and bacterial complex infections are often similar
regardless of the type of bacterium. The virus is
thought to play a part in producing the pathological
lesions and superimposed on such lesions are
changes brought about by the bacterium.

Taylor (52) observed that a sublethal dose of
influenza virus kills mice if followed in a day or
two by intranasal instillation of sterile fluid. He
proposed that the sterile fluid upset a delicate host-
parasite relationship between spread of the virus
and antibody production. By analogy such a
mechanism might explain the simultaneous bac-
terial and influenza infections in man.

The inflammation produced by the bacterium
may enhance release of the influenza virus from in-
fected cells and aid in the spread of the virus to un-
infected cells before the production of sufficient
antibodies could prevent such a spread.

It is interesting to note that in five instances in
the present study influenza virus was isolated
from cases of pneumonia during interepidemic pe-
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riods with respect to influenza. Sporadic cases
of influenza have been reported by several investi-
gators (20, 53-56) but there is not yet general
agreement concerning the whereabouts of influenza
virus between epidemic periods. Further investi-
gation of bacterial pneumonias during periods
when uncomplicated cases of influenza are not oc-
curring to any great extent might indicate that in-
fluenza is indeed an endemic disease reaching
epidemic proportions at more or less regular in-
tervals'. Why it was possible to isolate influenza
virus from the sputum or lung of five cases of pneu-
monia and not possible to demonstrate the virus
in nasal washings in any of about 100 cases of un-
complicated upper respiratory infections during
the same interepidemic periods is not known. It
may be that in cases of complex infection the virus
descends to the lower respiratory tract and pro-
liferates longer than it would in the upper respira-
tory epithelium. The number of uncomplicated
cases from which nasal washings were examined
represents only a small fraction of all the upper
respiratory infections which occurred during the
interepidemic periods and it is possible that more
extensive studies would reveal sporadic cases of
uncomplicated influenza as well as influenza com-
plicated by pneumonia.

While these studies have been concerned with
the simultaneous occurrence of influenza virus and
bacteria in pneumonia, it is difficult to resist the
speculation that other respiratory viruses, if and
when techniques are available for their ready isola-
tion and identification, will also be found in as-
sociation with bacteria in other cases of pneumonia
in man.

SUMMARY

1. Seventeen of 36 cases of pneumococcal pneu-
monia occurring during an epidemic of influenza
A in Baltimore in March and April, 1947, yielded
positive evidence, either by virus isolation or by
serological studies of recent or concurrent infec-
tion with influenza virus.

2. All of the 13 strains of influenza virus iso-
lated from these 36 cases were found to be similar
to strains of virus isolated from uncomplicated
cases of influenza occurring during the same pe-
riod.

3. Influenza virus was isolated from the spu-
tum of one of 33 cases of bacterial pneumonia oc-

curring during interepidemic periods. The one
positive specimen was from a case of pneumococcal
lobar pneumonia and the virus isolated was a typi-
cal strain of influenza B.

4. The lungs of two fatal cases of primary pneu-
monia and two cases of secondary pneumonia, in
which no pathogenic organism was identified,
yielded influenza virus. Three of the strains of
virus were influenza A and one was influenza B.
All four of these cases occurred during inter-
epidemic periods with respect to influenza.

5. These studies indicate that influenza virus
plays a role in the etiology of certain pneumonias
which have hitherto been considered primarily bac-
terial in origin.
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