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Influenza presents a paradox. To the clinician
practicing medicine in 1918, influenza was a fear-
some disease attended by frequent and often fatal
pulmonary complications. To the student of in-
terpandemic influenza in the last quarter century,
the disease is an acute, temporarily incapacitating
infection of the upper respiratory tract which is
benign except on the rare occasion when bacterial
pneumonia supervenes. This contrast in the mani-
festations of influenza has led to speculation that
the disease of 1918 was either a different disease
entity or caused by an agent of greater virulence
than influenza viruses now encountered.

The microbiologic and pathologic evidence ac-
cumulated during the 1918-19 pandemic estab-
lished the probable bacterial etiology of most in-
fluenza fatalities. There were, however, many
clinicians who insisted that certain patients died
of fulminating illness unassociated with known
bacterial pathogens. This impression received
support in the studies of Goodpasture who pre-
sented pathologic evidence of a diffuse hemor-
rhagic pneumonia in two patients which was un-
associated with the demonstrable presence of bac-
teria (2).

The pandemic of 1918-19 antedated the first
recognition of the influenza A virus (Smith, An-
drewes and Laidlaw, 1933 [3]). Thus, knowl-
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edge of influenza derived from modern virologic
studies of the epidemic (interpandemic) disease
must be applied with caution to the 1918-19 pan-
demic. In the new pandemic in 1957, certain old
questions remained unanswered:

1. What is the etiologic agent of pandemic in-
fluenza?

2. Is the pandemic disease more severe than the
interpandemic form or only more widespread?

3. Is bacterial pneumonia the major cause of
fatalities in pandemic influenza; if so, may fatali-
ties be prevented by modemantimicrobials?

4. May influenza virus induce fatal disease in
the absence of bacterial pathogens?

The first question has been unequivocally ans-
wered. A virus biologically indistinguishable from
viruses previously isolated from cases of epidemic
influenza may cause pandemic disease. The etio-
logical agent of the 1957-58 pandemic, the so-
called Asian strain of influenza virus, differs anti-
genically from previously isolated viruses, but is
nonetheless a strain of influenza A virus. Fur-
thermore, recent serologic studies suggest anti-
genic similarity of the virus of the 1957 pandemic
to the agent of the pandemic of 1889 (4).

The definitive answer to the second question
must await analysis of data from the present pan-
demic, but preliminary evidence suggests that
pandemic influenza does not differ clinically from
the epidemic disease (5, 6).

Partial answers to the final questions are sub-
jects of the present paper. This investigation of
patients with pulmonary complications of influ-
enza was organized in the fall of 1957 as a pro-
spective study of disease in the new pandemic.
The results represent a collaborative integration of
laboratory and bedside investigations.

During the 1957-58 influenza pandemic more
than 50 patients with influenza and evidence of
lower respiratory tract involvement were admitted
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to The New York Hospital. Extensive clinical
and laboratory observations were made on 33
individuals in this group in whom influenza virus
infection could be clearly documented. As these
studies progressed it became apparent that four
pulmonary syndromes could be differentiated on
the basis of history, physical examination, the ap-
pearance of chest X-rays, bacteriologic and viro-
logic studies and the subsequent course of the ill-
ness. These syndromes have been categorized as
follows:

1. Influenza virus infection with physical signs
of lower respiratory tract involvement without in-
filtrates detectable by roentgenography.

2. Influenza virus infection followed by sec-
ondary bacterial pneumonia.

3. An acute, rapidly progressive pneumonia
apparently produced by influenza virus infection
alone.

4. Concomitant viral and bacterial pneumonia.
The present paper describes and defines these

clinical entities. Included in this report are the re-
sults of laboratory and physiologic studies, the
course of illness, the therapy employed and the
microbiologic and histologic studies of tissues ob-
tained post mortem.

MATERIALS AND METHODS

All 33 patients were hospitalized at The New York
Hospital. Thirty patients were studied on the medical
wards. Three pregnant women were studied on the
obstetrical service.

1. Clinical studies. Each patient was initially exam-
ined by the house staff. When the clinical history was
compatible with influenza, the patient was re-examined
and evaluated by a member of the influenza study group.
During the acute phase of illness, each patient was exam-
ined at least once daily by members of the study group
who kept detailed records on symptoms, physical find-
ings and the course of the illness.

2. Routine laboratory studies. Certain routine stud-
ies were performed serially on all patients. These in-
cluded hematocrit determinations, total and differential
leukocyte counts, erythrocyte sedimentation rates, uri-
nalyses, chest roentgenograms, blood urea nitrogen, ve-
nous carbon dioxide combining power and serum sodium,
serum potassium and serum chloride determination.

3. Virologic studies. The procedures used for the iso-
lation of influenza virus are presented in detail in the
succeeding paper (7). Throat washings were obtained
for influenza virus isolation on the majority of patients.
Attempts were also made to recover influenza virus from
specimens of peripheral blood, urine and spinal fluid in

selected cases. In patients dying during the course of
their disease, specimens of lung tissue removed at au-
topsy were frozen and stored at -68° C. until virus
studies could be performed.

Acute serum specimens were drawn at the time of ad-
mission on all patients. Subsequent convalescent sera
were obtained on one or more occasions 7 to 35 days later
on patients who survived their illness. Sera were tested
for the presence of hemagglutination-inhibiting and/or
complement fixing antibody to the Asian strain of influ-
enza A virus by techniques detailed in the preceding
paper (5).

The following criteria were arbitrarily established as
definitive evidence of recent infection with the Asian
strain of influenza A virus:

1. A fourfold or greater rise in complement fixing
antibody between acute and convalescent sera using the
Japan 305 strain of influenza A virus as the test (viral)
antigen.

2. An initial complement fixing antibody titer of
1: 128 or greater against the Japan 305 strain in patients
seen on or after the seventh day of influenza symptoms.
These titers were felt to represent clear evidence of in-
fluenza infection after study of a series of 55 normal indi-
viduals revealed none with baseline serum titers of com-
plement fixing antibody above 1: 64.

4. Bacteriologic studies. Specimens of sputum, blood,
and swabs from the nasopharynx and throat were cul-
tured from all patients. In many instances, duplicate
cultures were performed within the diagnostic bacteri-
ology laboratory of The New York Hospital and the
laboratories of the Division of Infectious Disease.

Sputum specimens were plated on blood and chocolate
agar plates and inoculated into liver dextrose and thio-
glycollate broth. Particular attention was directed to iso-
lation of coagulase positive staphylococci, pneumococci,
Hemophilus influenzae and beta hemolytic streptococci.
Microorganisms were identified by appropriate subcul-
ture, biochemical reactions, staining characteristics and
serologic studies.

In many instances, 1 ml. of emulsified sputum was also
inoculated intraperitoneally into white mice. When ani-
mals died, the peritoneal cavity was washed with 1 ml.
of sterile saline and the peritoneal exudate examined by
Gram stain and inoculated upon blood agar plates and
into appropriate liquid media. Animals which survived
sputum inoculation were killed several days later and the
peritoneal washings subjected to the same procedures.

In fatal illnesses, postmortem cultures of lung and
heart's blood were obtained from all but one patient.
Specimens of lung tissue were plated directly on blood
agar plates and inoculated into beef heart infusion broth,
liver dextrose broth, and beef heart infusion broth con-
taining five per cent defibrinated rabbits' blood. Speci-
mens of lung from five patients were ground under sterile
conditions, and quantitative pour plates were made to as-
certain the concentrations of bacteria per milliliter of
lung tissue.

All staphylococcal isolates were studied for pigment
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production, hemolysis, mannitol fermentation and coagu-
lase production. The majority of strains were subjected to
bacteriophage typing using the technique of Blair and
Carr (8).

Antibiotic sensitivity studies were carried out on all
strains of staphylococci. Initial tests were performed
utilizing the surface disc method. The discs used con-
tained 10 ,ug. of tetracycline, chloramphenicol, strepto-
mycin and erythromycin, 1.5 units of penicillin, and 5 yg.
of novobiocin. In addition, standard serial tube dilution
sensitivity studies were carried out on the majority of
staphylococcal isolates. Beef heart infusion broth con-
taining five per cent defibrinated rabbit blood was used
as the medium. One-half ml. of a 10' dilution of an 18
hour broth culture was used as the inoculum.

5. Cardiopulmonary and renal studies. Standard 12
lead electrocardiograms were obtained on 29 patients
and were obtained serially on all patients who were seri-
ously ill. Venous pressure determinations were made
on or shortly following admission in 23 patients and
were studied serially in patients with symptoms or signs
suggestive of congestive heart failure.

Arterial blood gas studies were made in eight patients
by Dr. Daniel Lukas and his associates. Blood obtained
from the brachial artery was analyzed for oxyhemoglobin
saturation, oxygen binding capacity, and carbon dioxide
content by the method of Van Slyke and Neill (9). Ar-
terial pH was performed on the same specimens using a
Cambridge research model pH meter. Serum carbon
dioxide content was calculated from the nomogram of
Van Slyke and Sendroy (10). Partial pressures of ar-
terial carbon dioxide and serum bicarbonate were calcu-
lated from the Henderson-Hasselbalch equation using a
solubility coefficient of 0.0301.

Blood plasma volumes were determined on four pa-
tients at the height of their pulmonary disease process by

TABLE I

Normal laboratory values (The New York Hospital)

Determination Normal value

Blood urea nitrogen 8-15 mg. %
Serum carbon dioxide combining

power 22-27 mM/L.
Serum sodium 132-143 mEq./L.
Serum potassium 3.5-5.3 mEq./L.
Serum chloride 97-106 mEq./L.
Serum glutamic oxaloacetic

transaminase 0-35 units/ml./min.

Arterial blood pH 7.40 it: 0.02 units
Arterial oxyhemoglobin

saturation 94-98%
Arterial carbon dioxide content 24-27 mM/L.
Arterial partial pressure carbon

dioxide 39-42 mm. Hg
Arterial bicarbonate 22.8-25.8 mEq./L.
Blood pyruvic acid 60-125 /uEq./L.
Blood ketones 10-80 ,gEq./L.
Corrected erythrocyte sedi- Males, 10 mm. in 1 hr.

mentation rate (Wintrobe) Females, 20 mm. in 1 hr.

Dr. David Thompson and his associates using the T-1824
dye method of Chinard (11). T-1824 disappearance
curves were also performed on two of these individuals.
The dye disappearance curves obtained were compared to
the values recorded in normal subj ects by Noble and
Gregerson (12). Phenolsulfonphthalein excretion and
urea and inulin clearances were performed on selected
patients.

6. Miscellaneous laboratory studies. Additional stud-
ies were performed on certain patients because of ques-
tions which arose during the course of this study.

1. Liver function tests were obtained on nine patients.
These included determinations of total serum protein, al-
bumin-globulin (A/G) ratios, total and fractionated se-
rum bilirubin, cephalin flocculation, thymol turbidity and
serum alkaline phosphatase.

2. Serum glutamic oxaloacetic transaminase levels
were determined in 22 patients and were followed serially
when abnormal results were encountered.

3. Studies on blood clotting were performed on five
patients. These included standard bleeding and clotting
times, clot retraction studies, plasma prothrombin de-
terminations, capillary fragility tests and enumeration of
blood platelets.

4. Serums were studied for the presence of cold ag-
glutinins on from one to six occasions in 21 patients.
Serum heterophile antibody was determined in 10 pa-
tients during the course of their illness.

5. Three patients developed signs and symptoms sug-
gestive of central nervous system involvement. Electro-
encephalographic tracings were obtained, and studies of
the cerebrospinal fluid, including attempts at virus iso-
lation, were made in two of these patients.

6. Venous blood from two patients was analyzed for
ketones and pyruvic acid by the methods of Bessman (13)
and Friedemann and Haugen (14).

Values for these determinations in The New York Hos-
pital laboratories are listed in Table I.

7. Postmortem studies. Ten patients died during the
course of illness. An additional patient died with an
acute myocardial infarction six weeks after discharge
from the hospital. Complete postmortem studies were
carried out in eight patients. In two in whom a com-
plete autopsy was not permitted, specimens of lung were
obtained by needle or incision for virologic, bacteriologic
and microscopic examination.

RESULTS

General description of the patients studied

Thirty-two of the 33 patients included in this
study were admitted to the hospital between Sept.
29 and Nov. 11, 1957. The remaining patient
was admitted during January, 1958 (Figure 1).
Patients ranged in age from 13 to 75 years. Ap-
proximately two-thirds (21 patients) were under
50 years of age. Eighteen were males and 15 were
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FIG. 1. DATES OF ADMISSION OF PATIENTS WITH PULMONARYCOMPLICATIONS OF INFLUENZA

females. None of these patients had received
influenza vaccination preceding the pandemic.
Twenty-four patients had evidence of chronic dis-
ease or pregnancy antedating influenza. Symp-
toms suggesting the development of parenchymal
lung involvement arose one to 14 days after the
onset of initial influenzal symptoms.

In the following sections the four pulmonary
syndromes observed are discussed separately along
with the laboratory studies which aided in the
characterization of each syndrome. Other labora-
tory studies which did not materially aid in dif-
ferentiating these clinical entities are considered
in the succeeding section. Subsequent sections re-
view therapy, the course of the illnesses and stud-
ies on postmortem material. Selected case reports
are included in the final section.

I. The clinical syndromes manifested by patients
with influenza attended by signs of lower respira-
tory tract involvement

1. Influenza with physical signs of lower respira-
tory tract involvement without roentgenographic
evidence of pneumonia

In three patients with influenza, chest findings
developed which suggested parenchymal lung in-
volvement in the absence of roentgenographic evi-
dence of pulmonary infiltrates. All three of these
individuals had evidence of underlying disease
antedating the onset of influenza. Two patients
had rheumatic heart disease. One patient with in-
active pulmonary tuberculosis had known pul-
monary hypertension as determined by previous
cardiac catheterization studies.

Symptoms referable to the respiratory tract ap-
peared within 48 hours of the onset of typical in-

fluenza symptoms. All three patients exhibited
high fever and marked prostration; a cough which
was productive of small amounts of blood tinged
sputum appeared in two. Two patients noted
pleuritic chest pain. Mild dyspnea was noted by
all three patients.

Physical examination of the lungs revealed uni-
lateral or bilateral crepitant and musical inspiratory
rales accompanied by diminished or harsh breath
sounds. Coarse rhonchi and occasional wheezes
were heard in two of the three patients. Bilateral
pleural friction rubs were noted in one patient.
Signs of local consolidation were absent.

Total leukocyte counts were within the normal
range in two patients; moderate leukocytosis was
observed in one. Erythrocyte sedimentation rates
were slightly elevated. Few bacteria were seen in
sputum smears, and cultures from two patients
demonstrated only normal pharyngeal flora. Oc-
casional colonies of hemolytic Staphylococcus
aureus and pneumococci were grown from sputum
cultures obtained from the third patient. Blood
cultures were sterile.

The Asian strain of influenza A virus was iso-
lated from the throat washing of one of the two
patients from whom washings were obtained.
Serologic proof of influenza virus infection was ob-
tained in all three. Symptoms and signs persisted
from three days to several weeks. In each patient
a complete recovery ensued on symptomatic treat-
ment alone.

Comment. These three patients with influenza
developed signs of lower pulmonary tract disease
without X-ray evidence of pneumonia. There was
no convincing evidence of bacterial infection. Re-
covery occurred without antimicrobial therapy.
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These patients were believed to have bronchiolitis
accompanying influenza. They are included to
portray the full spectrum of pulmonary involve-
ment witnessed during the epidemic, but are not
considered further in the analysis of the more seri-
ous pulmonary complications of influenza.

2. Influenza complicated by secondary bacterial
pneumonia

Fifteen patients had serologically established in-
fluenza followed by evidence of bacterial infection
of the lung. These patients ranged in age from 13
to 72 years. Eight were males and seven were

females.

Seven patients had evidence of pre-existing dis-
ease. Three had rheumatic heart disease with es-

tablished mitral valve disease. Two patients were

diabetic. One patient had bronchiectasis and
pulmonary emphysema of long standing. One pa-

tient had progressive muscular dystrophy with
involvement of the respiratory musculature. The
remaining eight patients had no evidence of under-
lying disease prior to the onset of influenzal symp-

toms. One patient was in the third trimester of
pregnancy. A summary of clinical data on these
patients is recorded in Table II.

Clinical history. Ten of these 15 patients had a

remarkably similar history. In each, the typical

TABLE II

Influenza complicated by bacterial pneumonia: Summary of clinical data

Pulmonary involvements
Duration
of illness Symptoms Signs

Patient, Under- prior to
Age, Date of lying pulmonary Productive Chest Resp./ Admission Cya- Pulmonary
Sex admission disease* symptoms Chills cough pain Dyspnea min. temp. nosis findingsl

dayst 0 C.
R. S. 9/29/57 RHD, MS, <1 0 0 0 ++ 28 40.0 0 Rales, RLL
40 F MIAF
N. Q. 9/30/57 0 4 0 + + + + 30 40.5 0 Consol., RLL
21 M Bloody
B. N. 10/1/57 RHD, MS, <1 0 + 0 ++ 30 39.8 0 Rales, harsh
52 F MI Bloody B.S., RLL,

LLL

C. G. 10/4/57 0 3 + + + 0 24 38.5 0 Consol., RLL,
59 M Muco LLL

purulent

D. P. 10/11/57 0 <1 0 + 0 0 26 39.6 0 Consol., LLL
13 F Purulent

M. M. 10/14/57 Mild 2 0 + 0 0 22 38.8 0 Consol., RLL
68 F diabetes Bloody
R. L. 10/17/57 Muscular 4 0 + + ++ 22 39.6 4: Consol., RUL.
22 M dystrophy Bloody RLL, LLL

P. R. 10/17/57 RHD, MS, 1 0 + + + 0 28 38.6 0 Consol., RLL
45 M MI Bloody

N. M. 10/22/57 Chronic 3 + + 0 0 20 40.0 0 Rales, LLL
57 M pulm. dis. Muco

purulent
A. L. 10/23/57 0 <1 + + 0 0 24 39.6 0 Consol., RLL
28 F Rusty

G. M. 10/24/57 Pregnant 6 0 + ++ 0 28 38.6 0 Rales, decr.
42 F 8 months Muco B.S., RLL,

purulent LLL

H. W. 10/26/57 Mild <1 0 + ++ 0 40 39.2 + Rales, decr.
72 M diabetes Mucoid B.S., RLL,

LLL

N. C. 11/1/57 0 14 + + ++ 0 28 39.7 0 Consol., LLL
24 F Muco

purulent
L. F. 11/4/57 0 4 0 + + + 40 40.4 0 Consol., RUL,
63 M Bloody LLL

A. M. 11/11/57 0 3 0 + 0 0 24 37.8 0 Consol., LLL
40 F Bloody

* RHD, rheumatic heart disease; MS, mitral stenosis; MI, mitral insufficiency; AF, auricular fibrillation; HCVD, hypertensive heart disease;
ASCVD, arteriosclerotic heart disease; CO, coronary occlusion; AS, aortic stenosis; Al, aortic insufficiency.

Where pulmonary symptoms blended with initial influenza symptoms the interval has been listed as <1.
Cough, chest pain, dyspnea and cyanosis are graded in severity from 0 to + + +.
RLL. right lower lung; LLL, left lower lung; RUL, right upper lung; LUL, left upper lung; B.S., breath sounds.
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influenza symptoms had been followed by a defi-
nite period of improvement. Five patients felt
strong enough to return to their usual occupations.
Following a period of two to 14 days (average 3.8
days), there was a sudden reappearance of symp-

toms which suggested the onset of pulmonary in-
fection. A shaking chill was experienced by four
patients. Eight patients developed typical pleu-
ritic chest pain and noted a marked increase in
cough which was productive of bloody or purulent
sputum.

Five of the 15 patients did not have a clear cut
interval between the initial influenzal illness and
symptoms of pulmonary involvement. In these
patients pulmonary symptoms blended with the
initial illness so that it was impossible to deter-
mine the time of onset of the bacterial complication.

Physical findings. All patients in this group

appeared acutely ill. As noted in Table II, admis-
sion temperatures were above 390 C. in the ma-

jority, ranging from 38.6 to 40.50 C. Respiratory
rates were only moderately increased, ranging
from 20 to 30 respirations per minute in 13 of the
15 individuals. Cyanosis was uncommon and was

observed in only two patients in association with
pleuritic chest pain.

Examination of the chest in each instance re-

vealed evidence of localized disease which corre-

sponded with the abnormalities found on roent-
genographic examination. Ten patients had clas-
sic local signs of consolidation including dullness
to percussion, increased fremitus, bronchial breath-
ing, egophony and bronchophony. Five patients
had localized rales, rhonchi and abnormal breath
sounds without signs of classic consolidation.
Single lobe involvement was observed in nine pa-

tients and bilobar disease in five. One patient had
consolidation of three lobes. Signs of diffuse pul-
monary involvement were not observed in these
patients.

Laboratory studies. Total leukocyte counts ob-
tained at the time of admission ranged from 3,300
to 24,600 white blood cells per cu. mm. A leuko-
cytosis of 10,000 or more was present in 11.
Polymorphonuclear leukocytes predominated, and
an increase in band forms was noted in every case.

Admission white blood cell counts and the ob-
served range of total leukocyte and absolute
granulocyte counts during the acute illness are

portrayed in Figure 2. Ten of the 15 patients
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FIG. 2. TOTAL LEUKOCYTEAND POLYMORPHONUCLEAR
LEUKOCYTE COUNTS IN PATIENTS WITH INFLUENZA
COMPLICATEDBY BACTERIAL PNEUMONIA

Admission white blood cell counts are indicated by the
open circles; the vertical bars indicate the range in val-
ues during the acute illness.

showed elevated erythrocyte sedimentation rates
at the time of their admission.

Chest roentgenograms. In all 15 patients chest
roentgenograms revealed evidence of lobar or

lobular involvement of the type commonly observed
with bacterial pneumonia (see Figures 12, 14, and
15 accompanying the case reports). In 10, true
lobar distribution of the pulmonary infiltrate was

observed. Infiltrates were dense and localized and
halted abruptly at fissure lines. One patient with
staphylococcal pneumonia developed cavitation
within the involved lobe. Empyema or the de-
velopment of significant amounts of pleural fluid
was not observed. In no patient in this group
did X-ray films reveal extension of the process fol-
lowing the institution of antimicrobial therapy.

Bacteriologic findings. Sputum smears con-

tained many polymorphonuclear leukocytes and
large numbers of bacteria. A heavy growth of

pneumococci was obtained in sputum and throat

cultures from eight patients. Coagulase positive
Staphylococcus aureus was isolated as the predomi-
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nating microorganism, or in pure culture from the
sputum of three patients. Hemophilus influenzae
was the only microorganism recovered from the
sputum of one patient.

Sputum cultures from three patients revealed
mixed bacterial growth. Both pneumococci and
staphylococci were isolated in large numbers from
the sputum of one patient. Coagulase positive
staphylococci and Hemophilus influenzae were

obtained from another, and coagulase positive
staphylococci, Aerobacter aerogenes, and Candida
albicans were grown from sputum cultures of one

patient who acquired her disease within the hos-
pital (Table III).

Virologic studies. Throat washings obtained
from 13 patients on the third to the thirty-fifth
day of illness were studied for the presence of in-
fluenza virus by methods detailed elsewhere (7).
Influenza virus was not recovered from any pa-

tient in this group.

Serologic studies. Both acute sera and conva-

lescent sera were available in eight patients. In
these eight individuals, a fourfold or greater rise
in complement fixing antibody titer was demon-

TABLE III

Influenza complicated by bacterial pneumonia: Summary of bacteriologic and virologic data

Influenza virus studies

Complement fixation

Virus isolation Day of illness
serum Reciprocal

Bacteriologic studies Day of obtained of CF titer
illness Treat- Out-

Patient Specimen Cultural findings Specimen obtained Result 1 2 1 2 mentt come

R. S. Throat Pneumococcus TW* 3 0 6 19 16 4,096 EM Recov.
blood 0 Te

N. Q. Sputum Hem. StaPh. aureus 22 512 Pen Recov.
blood 0 EM

SM

B. N. Sputum Few hem. Staph. aureus TW 15 0 3 17 16 1,024 Pen Expired
Blood A. aerogenes EM 37 days

Monilia cM
0 SM

C. G. Sputum Hem. Staph. aureus TW 12 0 14 24 512 1,024 Pen Recov.
Blood H. influensac EM

0 cm
SM

D. P. Sputum Pneumococcus VIII TW 7 0 9 16 32 512 Pen Recov.
Blood 0

M. M. Sputum Pneumococcus III TW 6 0 6 16 32 128 Pen Recov.
Blood 0

R. L. Throat Pneumococcus III TW 7 0 7 18 512 1,024 Pen Recov.
Blood 0 EM

SM

P. R. Sputum Pneumococcus TW 4 0 4 19 8 128 Pen Recov.
Blood Hem. Staph. aureus EM

0 SM

N. M. Sputum Pneumococcus TW 6 0 6 13 64 2,048 Pen Recov.
Blood 0

A. L. Sputum Pneumococcus TW 1 0 1 8 16 256 Pen Recov.
Blood 0

G. M. Sputum H. influensae TW 13 0 12 30 512 1,024 CM Recov.
Blood 0 SM

H. W. Sputum Hem. Staph. aureus TW 35 0 35 512 EM Recov.
Blood 0 cm

SM

N. C. Sputum Pneumococcus 19 30 128 64 Pen Recov.
Blood 0 EM

SM

L. F. Sputum Hem. Staph. aureus TW 9 0 11 26 256 512 Pen Recov.
Blood 0 EM

SM

A. M. Sputum Pneumococcus TW 7 0 7 15 128 4.096 Pen Recov.
Blood 0

TW, Throat washings.
t EM, Erythromycin; Te, Tetracycline; Pen, Penicillin; SM, Streptomycin; CM, Chloramphenicol.
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TABLE IV

Primary influenza virus pneumonia: Summary of dinical data

Pulmonary involvement:
Duration
of illness Symptoms Signs

Patient, Under- prior to
Age, Date of lying pulmonary Productive Chest Resp./ Admission Cya- Pulmonary
Sex admission disease* symptomst Chills cough pain Dyspnea min. temp. nosis findings*

days ° C.
G. H. 10/5/57 RHD, AF, <1 0 ++ 0 +++ 40 40.2 ++ Bilat. basilar
49 M MS. MI bloody severe insp. rales

C. P. 10/11/57 RHD, MI <1 + ++ 0 +++ 38 39.5 +++ Diffuse bilat.
47 M mucold severe wheezing,

rales

A. B. 10/13/57 RHD, MI, <1 + ++ 0 +++ 36 40.0 +++ Diffuseharsh
45 M AS, Al bloody severe B.S., Insp.

rates, RLL.
LLL

P. B. 10/14/57 RHD, AF, <1 0 ++ 0 +++ 42 40.4 +++ Diffuse sup-
45 M MS bloody severe pression, B.S..

rales. RLL,
LLL

J. B. 10/15/57 HCVD <1 ? ++ ? +++ 54 39.2 +++ Diffusebilat.
75 F bloody severe wheezing,

rales

A. C. 10/19/57 ASCVD <1 + + 0 +++ 40 39.4 ++ Harsh B.S..
66 M C.O. mucoid severe diffuse bilat.

rales

i Abbreviations are the same as those used in Table II.
Where pulmonary symptoms blended with Initial influenza symptoms the interval has been listed as <1.
Cough, chest pain, dyspnea and cyanosis graded in severity from 0 to + + +.

strated with the Asian strain of influenza A virus.
Seven patients were admitted seven to 35 days af-
ter the onset of influenza symptoms. In these
seven patients initial complement fixing antibody
titers of 1: 128 or greater were demonstrated. A
summary of bacteriologic and virologic data ap-
pears in Table III.

3. Primary influenza vTirus pneumonia

Six patients in the present series manifested a
diffuse pulmonary syndrome which was believed
to represent primary influenza virus infection with-
out secondary bacterial infection.

These patients constituted a relatively uniform
group. All six patients had established heart dis-
ease. Five of the six were males. Four males be-
tween the ages of 45 and 49 years had antecedent
rheumatic heart disease. Severe mitral valve
disease was present in three, combined mitral and
aortic valvular disease in one. A 66 year old male
had arteriosclerotic heart disease with a history
of two previous myocardial infarctions. The single
female, a 75 year old woman, had known hyper-
tensive cardiovascular disease.

Clinical history. In the five patients who gave
an adequate clinical history, a remarkably uniform
sequence of events had occurred. Each patient

had experienced an illness characteristic of in-
fluenza with chilly sensations, high fever, scratchy
sore throat, a dry, nonproductive cough, head-
ache, muscular aching and prostration. Over the
next 24 hours increasing respiratory distress
caused each patient to seek hospitalization. Thus
each of these patients was admitted within 36
hours of the onset of the initial symptoms of
influenza.

In three patients increasing dyspnea was as-
sociated with a distressing cough productive of
bloody sputum. Three patients had sustained one
or more shaking chills. In no instance was pleural
pain or purulent sputum noted. Certain clinical
features of this illness are summarized in Table IV.

Physical examination. On admission each of
these patients appeared acutely and seriously ill.
Admission temperatures ranged from 39.2 to
40.4° C. Respiratory distress was profound with
respiratory rates of 36 to 54 per minute. Extreme
dyspnea made speech difficult in all instances.
Moderate to profound cyanosis was present in all
six patients. In none was shock apparent at the
time of admission. Venous distention, hepa-
tomegaly and peripheral edema were not present.

Examination of the lungs revealed findings
which were quite different from those noted in
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the group with secondary bacterial pneumonia.
In general, findings were diffuse, and in no in-
stance were focal signs of consolidation (dullness
to percusion, bronchial breath sounds, egophony,
bronchophony) detected.

In three patients the only physical findings on
admission consisted of fine inspiratory rales ac-
companied by scattered inspiratory wheezes and
expiratory prolongation over the lower lung fields.
As the disease progressed, physical findings be-
came more extensive and frequently varied from
hour to hour. As dyspnea and cyanosis increased,
air exchange became progressively difficult. At
times, increasing suppression of breath sounds
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LEUKOCYTE COUNTS IN PATIENTS WITH PRIMARY IN-
FLUENZA VIRUS PNEUMONIA

Admission white blood cell counts are indicated by the
open circles; the vertical bars indicate the range in val-
ues during the acute illness.

was evident over the lower lung fields posteriorly,
spreading gradually to involve the entire chest.
At other times, patients were noted to develop in-
creasing expiratory difficulties with diffuse in-
spiratory rales and prominent expiratory wheezing.

In the terminal stages of the disease, findings on
physical examination were similar in all patients.
Harsh suppressed breath sounds were heard
throughout both lung fields. Generalized sticky
inspiratory rales were evident. Coarse bubbling
rales and grating rhonchi obscured expiratory
breath sounds, and the expiratory phase was mark-
edly prolonged. At this stage dyspnea was un-
bearable, and respirations were rapid and gasping
in nature. Marked agitation was common, and in-
tense cyanosis was observed in all patients.

Routine laboratory studies. Total leukocyte
counts on admission ranged from 13,700 to 19,200
cells per cu. mm., and a marked leukocytosis was
maintained throughout the acute illness. In every
case there was a striking preponderance of poly-
morphonuclear leukocytes and an increase in im-
mature band forms (Figure 3). Erythrocyte sedi-
mentation rates were within normal limits in four
of five patients studied. These are depicted in Fig-
ure 4 and are contrasted with the elevated sedi-
mentation rates found in the majority of patients
with secondary bacterial pneumonia or concom-
itant viral and bacterial pneumonia.

Chest roentgenograms. Chest roentgenograms
revealed diffuse infiltrates which mimicked the
roentgenographic picture of cardiac pulmonary
edema. In general, a fanning perihilar infiltrate
of a diffuse and nodular nature was noted. The
infiltrate was more striking toward the lung bases
and bronchovascular markings were increased.
Two patients showed small loculated interlobar ef-
fusions. In one of these patients the effusion was
present prior to admission. Typical X-ray pic-
tures are presented in Figures 17, 19, 20 and 21
which accompany the case reports.

Bacteriologic findings. In none of the six pa-
tients were significant numbers of pathogenic bac-
teria isolated from the sputum. Stained smears of
sputum revealed only a few polymorphonuclear
leukocytes and scant bacteria in three patients.
In the remaining three patients polymorphonuclear
leukocytes were noted in stained sputum prepara-
tions, but only rarely could bacteria be found.
One or more sputum and pharyngeal cultures

\
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taken prior to the institution of therapy demon-
strated only normal throat inhabitants (alpha and
gammastrepococci, Neisseria and diptheroids) in
two patients. An occasional colony of pneumo-

cocci was noted in sputum cultures obtained from
four patients but normal flora predominated. A
few colonies of Hemophilus influenzae were also
isolated from the sputum from two of these four
patients.

Mice injected with sputum remained healthy,
and bacteria could not be isolated on subsequent
culture of the peritoneal cavities. Blood cultures
taken on one or more occasions from each patient
were sterile.

Extensive bacteriologic studies were performed
on emulsions of lung tissue obtained from the five
patients who died. Multiple cultures from four
patients were sterile on incubation for 10 days.
The fifth patient dying on the eleventh day of ill-
ness had a clear-cut episode of aspiration two days
before death. Fungi and bacteria could be seen

on microscopic section surrounding aspirated
food and muscle fibers within the bronchi. Mode-
rate numbers of Candida albicans and Escherichia
coli were obtained on lung cultures from this pa-

tient. Bacteriologic and virologic data on this
group of patients are summarized in Table V.

Virologic findings. Three of the throat wash-
ings obtained from four patients on the second and
third day of illness yielded the Asian strain of in-
fluenza A virus. Influenza virus was not iso-
lated from the throat washing of Patient P. B., the
only patient in this group who survived. A sig-
nificant rise in complement fixing antibody was

demonstrated in this patient. Attempts at virus
recovery from concentrated urine specimens of two
patients were unsuccessful. Cerebrospinal fluid
obtained from one patient on the fifth day of ill-
ness did not yield influenza virus.

Influenza virus was isolated from the lungs of
the four patients who died within five days of
onset of their disease. Virus concentrations of
102, 104, 105-8 and 105.7 50 per cent egg infectious
doses (EID50) per Gm. of lung were found in
these specimens (Table V).

4. Combined influenza virus and bacterial pneu-
monia

Nine patients in the present series had an ill-
ness accompanied by clinical and laboratory fea-
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tures which suggested that both influenza virus and
specific bacterial pathogens were responsible for
their lower respiratory tract disease. These pa-
tients ranged in age from 21 to 61 years. Four
were males and five were females. There was evi-
dence of antecedent chronic disease in six. Three
patients had rheumatic heart disease with mitral
valve involvement; one of these three patients
was also in the sixth month of pregnancy. Two
patients had arteriosclerotic cardiovascular disease
with previously documented myocardial infarc-
tions. One patient had multiple myeloma. One
of the three patients without evidence of underly-
ing disease was in the eighth month of pregnancy.

Clinical history. Eight patients in whom a re-

liable history could be obtained gave a story of
typical influenza. Four patients noted a period
of improvement lasting two to four days before
symptoms suggesting lower respiratory tract in-
fection appeared. In four patients the symptoms
of lower pulmonary tract disease blended with the
original influenzal symptoms, and it was impossible

to determine the point at which the pulmonary in-
volvement had occurred. Severe dyspnea similar
to that noted by patients with the syndrome of pri-
mary influenza virus pneumonia caused the admis-
sion of each patient.

Seven patients had noted cough which was pro-

ductive of grossly bloody sputum in four and was

purulent in three. Shaking chills were noted by
five patients. Four patients noted pleuritic chest
pain.

Physical findings. All nine patients appeared
seriously ill at the time of admission. Admission
temperatures ranged from 38.6 to 40.4° C. Se-
vere respiratory distress was present in all, and
respiratory rates above 36 respirations per minute
were present in seven individuals. Cyanosis was

noted in eight patients. Two patients with pre-

existing heart disease showed signs of congestive
failure. In the remaining seven patients, no ve-

nous distention or other signs of cardiac failure
were noted.

Examination of the lungs revealed variable

TABLE VI

Concomitant influenza virus and bacterial pneumonia: Summary of clinical data

Pulmonary involvement:
Duration
of illness Symptoms Signs

Patient, Date Under- prior to
Age, of lying pulmonary Productive Chest Resp./ Admission Cya- Pulmonary
Sex admission disease* symptomst Chills cough pain Dyspnea min. temp. nosis findings*

days 0C.
H.G. 10/11/57 0 4 + + + +++ 60 38.6 ++ Consol., RLL
32 F (pregnant purulent severe Diffuse insp. rales

8 mos.)

P. E. 10/15/57 RHD, 1 + + 0 +++ 44 39.5 ++ Consol., RLL
38 M MS, MI, bloody severe Diffuse wheeze,

AS, AI harsh B.S.

E. R. 10/17/57 RHD,MS 1 + + + ++ 44 39.8 + Consol., LLL
35 F (pregnant bloody

6 mos.)

G. A. 10/18/57 ASCVD 1 + + 0 + + 34 39 0 Bilat. basilar
57 M old C.O. bloody rales

R. C. 10/23/57 RHD, MS 2 + + + ++ 28 40 + Consol., RML
31 F purulent Insp. rales,

RLL, LLL

M. L. 10/24/57 ASCVD 1 0 + 0 +++ 40 39.6 + Diffuse insp.,
66 M old C.O. muco severe exp. rales

purulent

F. R. 10/28/57 Multiple ? Unreliable history 38 39.2 +++ Rales, RLL, LLL
53 M myeloma 1-4

A. Z. 11/8/57 0 3 0 + ++ +++ 60 40.3 +++ Consol., RLL,
21 F sanguino severe LLL

purulent Diffuse rates,
wheezes, harsh
B.S.

B. P. 1/26/58 0 3 0 ++ 0 +++ 60 40.4 +++ Consol., LLL
61 F bloody severe Diffuse rales,

wheezes, rhonchi

* Abbreviations are the same as those used in Table II.
Where pulmonary symptoms blended with initial influenza symptoms the interval has been listed as <1.
Cough, chest pain, dyspnea, and cyanosis graded in severity from 0 to + + +.
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findings. Six patients had evidence of local con-
solidation of one or more lobes. Five of these pa-
tients had, in addition, diffuse signs which in-
cluded inspiratory rales, prolongation of expira-
tion, wheezing and diminished or harsh breath
sounds. These findings were similar to the pul-
monary findings noted in the patients described
previously with primary influenza virus pneu-
monia. Three patients had diffuse pulmonary
findings without signs of focal consolidation. Clin-
ical data are summarized in Table VI.

Routine laboratory studies. Total leukocyte
counts obtained on admission ranged from 1,400
to 21,000 leukocytes per cu. mm. Six of the nine
patients showed a marked leukocytosis with an
increase in immature leukocytes. Two patients
showed a striking leukopenia and granulocyto-
penia. In both of these patients Staphylococcus
aureus was the bacterial pathogen and both sub-
sequently died of their illness. Total leukocyte and
polymorphonuclear leukocyte counts obtained dur-
ing the course of the acute illness are pictured in
Figure 5. Erythrocyte sedimentation rates ranged
from 17 to 51 mm. per hour (Figure 3), and were
significantly elevated in five patients.

Chest roentgenograms. Seven patients showed
both local lobar infiltrates and bilateral nodular
perihilar infiltrates on admission chest roentgeno-
grams. Diffuse perihilar infiltrates similar to
those seen in the group believed to have primary
influenza virus pneumonia were observed in two
patients. Typical roentgenograms are pictured in
Figures 24, 26, 27 and 29 which accompany the
case histories.

Bacteriologic findings. Examination of sputum
smears obtained on admission commonly revealed
large numbers of polymorphonuclear leukocytes,
even in patients with leukopenia. Large numbers
of microorganisms could be seen in sputum
smears. On sputum culture, coagulase positive
Staphylococcus dureus was isolated in pure cul-
ture from three patients. Pneumococci in rela-
tively pure culture were isolated from three.
Sputum cultures resulted in growth of both
pneumococci and hemolytic Staphylococcus au-
reus in three instances. A few colonies of He-
mophilus influenzae were isolated from the sputum
culture of one patient in addition to staphylo-
cocci and pneumococci. Repeated blood cultures
were sterile in all patients. Postmortem cultures
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FIG. 5. TOTAL LEUKOCYTEAND POLYMORPHONUCLEAR
LEUKOCYTE COUNTS IN PATIENTS WITH CONCOMITANT
INFLUENZA VIRUS AND BACTERIAL PNEUMONIA

Admission white blood cell counts are indicated by the
open circles; the vertical bars indicate the range in val-
ues during the acute illness.

were obtained on all four patients who died. Lung
emulsions from two patients yielded coagulase
positive staphylococci in concentrations of 108
microorganisms per ml. The lungs of one pa-
tient dying 53 days after the onset of influenza
with an unuswdl myocarditis and pulmonary ar-
teritis showed a few colonies of coagulase positive
staphylococci, Candida albicans and F. coli, but
there was no histologic evidence of significant
bacterial infection. Specimens of lung obtained
from one patient dying on the sixth hospital day
were sterile on culture. This patient had had
large numbers of pneumococci isolated from ini-
tial sputum cultures.

Virologic studies. Influenza A virus of the
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THE PULMONARYCOMPLICATIONS OF INFLUENZA

Asian strain was recovered from seven of nine pa-
tients in whom throat washings were obtained
prior to the fourth day of illness. The two throat
washings negative for influenza virus were ob-
tained on the fifth and seventh days of disease.

Blood specimens obtained from three patients
were inoculated into chick embryos without re-
covery of influenza virus. Concentrated urine
specimens from two patients and one cerebrospinal
fluid obtained on the sixth day of illness from a
patient manifesting central nervous system signs
likewise failed to yield influenza virus (7).

Paired serologic specimens obtained on six
patients showed a fourfold or greater increase in
complement fixing antibody to the Japan strain
of influenza A virus.

At autopsy, low titers of influenza virus were
demonstrated in the lungs of three patients, all
of whom died prior to the ninth day of their ill-
ness. No influenza virus was recovered from the
patient who died 53 days after the onset of in-
fluenza. Bacteriologic and virologic data on these
cases are summarized in Table VII.

II. Special studies performed on patients with in-
fluenza and pneumonia

1. Cardiac studies

Many patients in the current series had evidence
of underlying heart disease. Because of this high
incidence of pre-existing cardiac abnormalities,
and reports of myocarditis associated with in-
fluenza (15, 16), a careful evaluation of cardiac
function was made in all patients. Thirteen of the
15 patients with localized secondary bacterial
pneumonia had no clinical or laboratory findings
suggestive of cardiac involvement. The two re-
maining patients had severe rheumatic heart dis-
ease, and evidence of congestive heart failure ac-
companied their pneumonia. Dyspnea, orthopnea
and moderately elevated venous pressures of 140
and 165 mm. saline were noted in these two
patients.

In contrast, all of the patients who presented the
diffuse pulmonary syndromes with either primary
influenza virus pneumonia or combined bacterial
and viral pneumonia showed striking dyspnea,
orthopnea and cyanosis. Pulmonary findings were
usually compatible with left heart failure. There
were, however, certain features which suggested

that the acute pulmonary disease observed was
secondary to pulmonary infection rather than
cardiac failure:

a. First, the high fever, leukocytosis and pro-
found systemic symptoms suggested that an acute
infectious process was present.

b. Second, cardiac findings suggesting serious
myocardial involvement, such as heart sounds of
poor quality, diastolic gallop, pulsus alternans or
narrowing pulse pressure, were not observed.

c. Third, signs of right heart failure were con-
sistently absent in 13 of the 15 patients with diffuse
pulmonary syndromes, despite the presence of sig-
nificant pre-existing heart disease in 11 of these
patients. Venous pressure determinations were
transiently elevated (120 mm. and 150 mm. saline)
in two patients who were agitated at the time of
study. The remaining venous pressures in these
13 patients were consistently normal. Two pa-
tients with concomitant influenza virus and bac-
terial pneumonia had definite signs of congestive
heart failure which included peripheral edema,
distended neck veins, hepatomegaly and elevated
venous pressures. A summary of venous pressure
determinations is recorded in Figure 6.

d. Blood volume studies. Determinations of
blood and plasma volume were made on four pa-
tients at the height of their disease process. Blood
volumes and plasma volumes were within pre-
dicted normal limits in three patients. A mini-
mally elevated blood volume (118 per cent) was
noted in one patient. Because of evidence of pro-
gressive fluid accumulation in the lungs, T-1824
disappearance curves were also performed on two
of these patients in an attempt to detect whether
a generalized increase in vascular permeability was
present. In both instances disappearance curves
were normal. These data are summarized in
Table VIII.

e. Electrocardiographic studies. Electrocardio-
grams were obtained on one or more occasions in
12 of 15 patients with secondary bacterial pneu-
monia. In four instances, electrocardiographic ab-
normalities were noted. Three patients with rheu-
matic heart disease showed electrocardiographic
changes compatible with their underlying cardiac
lesions without other abnormalities. One patient,
a 72 year old male with mild diabetes, showed ab-
normal T waves and RT segments suggestive of
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Pressures recorded in mm. saline above the level of the right auricle.

coronary artery disease. No changes suggestive
of myocarditis were noted.

Serial electrocardiograms were obtained on 14
of the 15 patients with diffuse pulmonary involve-
ment. One patient without previous known heart
disease (B. P.) showed electrocardiographic
changes suggesting early left ventricular hyper-
trophy. Patients with underlying heart disease

showed electrocardiographic abnormalities com-

patible with their basic heart disease. These ab-
normalities persisted without change throughout
the course of illness. One patient with rheumatic
heart disease (C. P.) had bouts of ventricular
tachycardia a few hours preceding death. The
remaining patients without antecedent heart dis-
ease had normal electrocardiograms. Again,

TABLE VIII

Blood volume studies and T-1824 disappearance rates in four patients with pneumonia complicating influenza *

Plasma Blood
vol. vol.

Patient, Predicted as N of as %o of T-1824
Age, Type of Day of Plasma plasma predicted Hema- Blood predicted disappearance
Sex pneumonia illness volume volume norm. tocritt volume norm. (% in 1st hour)

L. L. % L.
A. B. Primary virus 3 3.20 3.11 103 40 5.34 95
45 M

P. B. Primary virus 2 3.33 3.26 102 40.1 5.56 95.1 5.84
45 M

J.B. Primary virus 3 2.89 2.54 114 39.6 4.78 118 4.45
75 F

P. E. Mixed 2 3.34 3.15 106 45.6 6.13 108
38 M viral-bacterial 3 3.51 3.15 111 39.5 5.80 102

* T-1824 technique (11).
t Corrected for 4 per cent trapped plasma.
T Average T-1824 disappearance in normal males, 5.2 per cent 4t 1.65 (12).
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TABLE IX

Blood gas data on eight patients with influenza virus pneumonia or combined influenza virus and bacterial pneumonia

Patient,
Age, Arterial blood gas studies
Sex,

Under- Day C02
lying of pH 0s sat. pC02 content HCOs

disease* illness Status of disease Conditions of test units % mm.Hg

Primary influenza virus pneumonia
P. B. 3 Day of admission, critically Off O2 7.43 84.8 45

45 M ill, cyanotic, tachypneic
RHD

MS-MI 4 Apparent improvement, Off O 7.41 91.8 51
less respiratory distress

S Condition deteriorating, IPPBt 7.25 92.8 51
increasing respiratory distress 100% O2

6 No significant change Off O. 7.31 83.8 76
7 Initial improvement, IPPB 7.38(v4 535

beginning diuresis 100% Os
4 hours post acetazoleamide

8 Marked diuresis, Off 0: 7.30 92.9 47
improvement Acetazoleamide, 1 Gm. daily

J. B. 3 Day after admission, coma- Off Os 7.21 46.2 67
75 F tose, tachypneic, cyanotic
HCVD

3 30 minutes later Positive pressure mask 7.16 91.0 76
100% 02

3 30 minutes later IPPB 7.2S 96.5 47
100% Os

4 Coma lighter, Off Os 7.36 73.5 39
respirations less labored

4 30 minutes later IPPB 7.23 91.5 54
100% 0O

5 Same as day 4 Off 02 7.14 69.9 60

5 30 minutes later IPPB 7.13 94.7 63
40%02

8 Slight improvement, lungs Off 0 7.34 74.2 37
clearing, coma continuing

Concomitant influenza and bacterial pneumonia
P. E. 3 Day after admission, critically Off O2 7.46 80.1 37

38 M ill, cyanotic, tachypneic
RHD

Ms-MI 4 No change IPPB 7.40 87.7 46.4
AS-Al 100% Os

8 Steady improvement Off O 7.48 85.4 42.0
13 Steady improvement Off 02 7.38 92.6 46.0

16 Steady improvement Off O2 7.36 92.2 52.0

A. Z. 4 Day of admission, critically Off O2 7.42 71.1 25
21 F ill, cyanotic, tachypneic

4 30 minutes later Positive pressure mask 7.40 82.6 28
100% Os

4 30 minutes later IPPB 7.36 93.9 34
100% Os

8 Semi comatose, IPPB 7.22 97.2 78
obstructive respirations 100% Os

9 Comatose, IPPB 7.44 97 39
obstructive respirations 100% Os

Post acetazoleamide
F. R. ? 5-9 Increasing respiratory distress, Off Os 7.25 50.5 58
53 M cyanosis

Multiple
myeloma ? 5-9 30 minutes later IPPB 7.23 91.5 62

100% Os

M. L. 3 Day of admission, critically Off O2 7.28(V)t 80.3 411
66 M ill, cyanotic, tachypneic

ASCVD
7 Moderate improvement Off Os 7.45 90.0 37

B. P. 5 Day after admission, critically Off Os 7.18 70.5 27
61 F ill, cyanotic, tachypneic
G. A. 11 Improving, respiratory Off O2 7.23Cv)t 93 55.11
S7 M distress disappearing

ASCVD

* Abbreviations the same as those used in Table II.
I IPPB, Intermittent Positive Pressure Breathing apparatus.

;v), Value obtained on venous blood.
Calculated from venous pH.

mM/L. mEq./L.
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changes suggestive of myocarditis were not ob-
served.

2. Blood gas analysis

Arterial blood gas studies were performed on
two patients with primary influenza virus pneu-
monia and six patients with the syndrome believed
to represent combined bacterial and virus pneu-
monia. The results of these determinations are
recorded in Table IX.

Six patients were studied early in the course
of their illness. All six showed striking reduc-
tion in oxyhemoglobin saturation with values
ranging from 46.2 to 84.8 per cent. The two pa-
tients with the syndrome of influenza virus pneu-
monia had elevated partial pressures of carbon di-
oxide and lowered arterial pH. The four patients
with mixed viral and bacterial pneumonias had
normal or reduced partial pressures of carbon
dioxide and serum bicarbonate concentrations
early in the course of the disease, with variable
alterations in arterial pH.

As their pulmonary disease progressed, the ar-
terial blood gas studies performed on four patients
showed remarkably similar abnormalities. Ar-
terial oxyhemoglobin saturation fell progressively,
and values of 50.5 and 69.9 per cent were noted
in two patients. The remaining two patients were
not removed from oxygen for blood gas studies
because of profound air hunger and cyanosis. All
four patients developed respiratory acidosis as
evidenced by a high partial pressure of carbon di-
oxide and a markedly reduced arterial pH.

Arterial blood specimens obtained from four
patients early in the recovery phase showed a re-
turn of the oxyhemoglobin saturation towards
normal. Three of these four demonstrated con-
tinuing carbon dioxide retention during this pe-
riod of improvement.

3. Studies on renal function
Although urine abnormalities were noted in the

majority of patients studied, there was no evi-
dence of direct renal damage accompanying influ-
enza. Proteinuria was present in virtually all
patients and appeared to be related to the height
of the fever. Hematuria was not noted during
the course of illness. Admission blood urea ni-
trogen values ranged from 11 to 20 mg. per cent.
In patients with secondary bacterial pneumonia,

blood urea nitrogen concentrations promptly re-
turned to normal levels with hydration. In pa-
tients critically ill with diffuse pulmonary syn-
dromes, blood urea nitrogen frequently rose as the
disease progressed. Urea clearances performed in
a number of patients were within normal limits
unless shock had supervened. Inulin clearances
performed on three patients critically ill with ad-
vanced influenza virus pneumonia were signifi-
cantly depressed.

4. Studies of serum electrolytes

No consistent changes in serum electrolytes
were noted. In general, serum sodium, potassium
and chloride determinations were normal. In pa-
tients with diffuse pulmonary disease, venous car-
bon dioxide combining powers frequently rose
as the severity of the illness increased, and se-
rum chlorides fell concomitantly. Two patients
with primary influenza virus pneumonia and se-
vere acidosis had elevated serum pyruvate levels of
130 and 164 ,uEq. per L. and elevated blood ketone
values of 103 and 142 ,uEq. per L., respectively.

5. Liver function studies

Liver function studies were performed in nine
patients with primary influenza virus pneumonia
or mixed influenza virus and bacterial pneumonia.
With the exception of alterations in the serum glu-
tamic oxaloacetic transaminase levels, no sig-
nificant abnormalities were noted.

Serum glutamic oxaloacetic transaminase.
Twenty-two patients had single or repeated de-
terminations of serum transaminase concentra-
tions. The results of determinations are graphed
in Figure 7. As noted, transaminase levels were
elevated in the majority of patients studied. In
general, the height of serum transaminase con-
centrations appeared to parallel the severity of the
clinical illness. Patients with secondary bacterial
pneumonia generally showed the least abnormality.
Two patients with primary influenza pneumonia
and seven patients with mixed viral and bacterial
pneumonia showed elevations of serum transami-
nase to over 60 units per ml. per minute at some
time during the course of their illness.

6. Studies on blood clotting
Bloody sputum was a prominent feature of pri-

mary influenza virus pneumonia and the concom-
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itant influenza virus-bacterial pneumonia. Stud-
ies of bleeding, clotting and prothrombin times,
as well as tourniquet and clot retraction tests and
quantitative platelet counts were done in five pa-

tients with hemoptysis accompanying their ill-
ness. All studies were within normal limits.

7. Other serologic studies

Serum cold agglutinins were determined on one

to six occasions in 18 patients. Seventeen patients
showed no detectable cold agglutinins. An initial
cold agglutinin titer of 1: 5 in the serum of one

was not present in a second serum. Heterophile
antibody concentrations in nine patients were

within normal limits.

8. Studies on staphylococci isolated from pa-
tients with pulmonary complications
Coagulase positive hemolytic Staphylococcus

aureus strains were present in the admission spu-

tum cultures in 12 patients with bacterial or mixed
viral and bacterial pneumonias. In six the staphy-

lococcus was grown in pure culture from the spu-

tum. In the remaining six patients, other po-

tential pathogens were also recovered in signifi-
cant numbers.

Bacteriophage typing was performed on 10 of
the 12 initial sputum isolates. No single phage
type predominated. Three staphylococcal strains
were typed in bacteriophage group I, three strains
in group III, and two strains had miscellaneous
bacteriophage patterns. Two staphylococcus
strains were nontypable.

Of these initial isolates, five strains were sen-

sitive to less than one unit of penicillin and seven

were penicillin-resistant (1.56 to 50 units per
ml.). Seven of the 12 initial isolates were sen-

sitive to tetracycline, 10 to streptomycin, 11 to
erythromycin, and 11 to novobiocin. All of the
strains which were sensitive to penicillin were also
susceptible to all other drugs. Data concerning
staphylococcal isolates are summarized in Table
X.

As noted in Tables X and XI, additional strains
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TABLE X

Studies on coagulase positive staphylococcus aureus strains isolated from 12 patients

Hospital Antibiotic sensitivityt
Source day Amt. Bacteriophage

Patient Group culture obtained growth* type Pen. SM EM CM T Nov.

N. Q. Sputum 1 +++ RI SI S. S R S

Sputum 1 +

Sputum 1 +++

Sputum 1 + +

Sputum

Sputum

1 +++

18 ++

Sputum 1 +++

Stool 16 +++

Gr. III
47/75

Gr. I
52A/79

Non-typable

Gr. III
53/VA4

Gr. III
55/VA4

Miscellaneous
80/81

Gr. III
53/VA4

R R SS SS R

R S S SS S
12.5 1.56 0.1 6.25 0.4

S S S S S

R R R R R
6.25 50 50 50 50
R R R R R.

15.6 50 50 50 50

S
0.39

S
0.39

S

S

S

R S 5 SS R S
50 1.56 0.1 6.25 50 1.56
R R R R R S

50 50 25 50 50 0.39

Sputum 1 +++

Sputum
Naso
Pharynx

Sputum

S S S S S

++

+++

Sputum 1 + +

Sputum 47 +

Sputum 1 +++

Lung 7 +++
5 X 108im1.

Sputum 1 4 X
Lung 2 10+ Iml-

s
0.05

Gr. I
52A/79

Nontypable

Gr. III
7/47 -

Nontypable

S S S S S

0.78

S S S SS S

0.1 1.56 0.1 6.25 0.4

R
6.25
R

1.56

R
25
R

50

Miscellaneous
80/81

Gr. III
53/VA4

Gr. I
52A/79

S S SS
0.2 6.25

R R R
50 50

S S SS
1.56 0.1 6.25
R R R

50 50 50

S S S

S S S

0.78 0.78 0.2

S

S

S

0.78

S S

0.8 0.39
R S

0.39

R R
7.50 12.5
R S

50 0.39

S S

S S

0.39

* +, Occasional colony; + +, appreciable growth; + + +, predominating organism and/or pure culture.
t Pen, Penicillin; SM, Streptomycin; EM, Erythromycin; CM, Chloramphenicol; T. Tetracycline; Nov, Novo-

biocin.
$ R, resistant; S, sensitive. Where tube dilution sensitivity studies were performed these are recorded in units

per ml. for penicillin and ,ug. per ml. for the other antibiotics.

of staphylococci were isolated from five of these
patients 16 to 50 days-after the initial isolation
of staphylococci. In two patients (H. W. and
B. P.), strains possessing the same phage pattern
and antimicrobial sensitivities were isolated from
the sputum and -lung, respectively. In the re-

maining three patients (L. F., R. C. and A. Z.),
strains of different phage types were recovered
from stool, sputum and lung. In each instance
in which a different staphylococcal strain was iso-
lated during hospitalization, it was found to be

resistant to the antimicrobial drugs in use (Table
XI). This apparent superinfection within the
hospital appeared to be of possible importance in
the fatal outcome in one patient (A. Z.).

9. Comparison of the virologic findings in pa-
tients with different clinical syndromes

Separation of the clinical syndromes described
was made on the basis of clinical evidence before
virologic information became available. Differ-
ences among clinical syndromes with respect to

B. N. .W
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P. R. .C
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TABLE XI

Summary: Antibiotic sensitivities of 17 strains of coagulase positive staphylococic isoalted from
patients with influenza and pneumonia

Penicillin Streptomycin Erythromycin Chloramphenicol Tetracycline Novobiocin

S* R* S R S R S R S R S R

Primary sputum
isolations 5 7 10 2 11 1 10 2 7 5 1 1 1
(12 patients)

Second isolations
of staphylococcit 1 4 1 4 1 4 1 4 1 4 5 0
(5 patients)

* S, sensitive; R, resistant.
t Different phage type in three of five. Source of second isolates: sputum (eighteenth and forty-seventh days of

hospitalization), two; lung (second and seventh days of hospitalization), two; stool (sixteenth day of hospitalization), one.

the incidence of virus recovery from throat wash-
ings and the concentrations of virus obtained from
lungs at autopsy were subsequently noted. These
differences are summarized in Table XII.

Throat washings taken from 13 patients with
secondary bacterial pneumonia did not yield in-
fluenza virus in any patient. In contrast, influenza
virus was recovered from throat washings of nine
of 12 patients believed to have primary influenza
virus pneumonia or mixed viral-bacterial pneu-

monia. Significant differences were also noted
in the concentration of influenza virus in lung
tissues obtained from patients dying with primary
influenza pneumonia or mixed viral-bacterial in-

fections. Three of the four patients who died with
the syndrome of primary influenza virus pneu-

monia had pulmonary concentrations of influenza
virus above 104 infectious units (EID50) per Gm.
of tissue. In contrast, virus concentrations of
less than 102 infectious units per Gm. were ob-
tained in lungs of the three of four patients dying
with mixed viral-bacterial pneumonia in whom in-
fluenza virus could be recovered.

10. Evidence of central nervous system involve-
ment

Three patients showed during their illness ab-
normalities which suggested the possibility of

TABLE XII

Summary: Influenza virus isolations from throat washings and lung specimens

Secondary bacterial pneumonia Primary influenza virus pneumonia Mixed influenza virus-bacterial pneumonia

Day of Day of Day of
illness illness Result illness Result

specimen Speci- specimen Speci- (conc./Gm. specimen Speci- (conc./Gm
Patient obtained men Result Patient obtained men lung)t Patient obtained men lung)t

R. S. 3 TW* 0 G. H. 5 Lung +++ H G. 7 TW 0
B. N. 15 TW 0 105.3 P. E. 3 TW +
C.G. 12 TW 0 C.P. 3 Lung +++ E.R. 1 TW +
D. P. 7 TW 0 105. G. A. 3 TWV +
M. M. 6 TW 0 A. B. 3 TW + R. C. 5 TW 0
R. L. 7 TW 0 4 Lung +++ 53 Lung 0
P. R. 4 TW 0 104 M.L. 3 TW +
N. M. 6 TW 0 P. B. 2 TM 0 ? 1-4 TW +
A. L. 1 TW 0 J. B. 3 TWV + F. R. ? 6-10 Lung +
G.M. 13 TW 0 11 Lung 0 102
H. W. 35 TW 0 3 TW + 4 TW +
L. F. 9 TW 0 A. C. 4 Lung + A. Z. 10 Lung *+
A. M. 7 TW 0 102 102

4 TW +
B. P. 4 Lung +

102.7

* TW, throat washing.
t Concentrations of virus recorded in 50 per cent egg infectious doses (EIDbo).
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central nervous system involvement. One pa-
tient (J. B.), a 75 year old woman with primary
influenza virus pneumonia, entered the hospital in
semicoma and remained comatose throughout her
10 day hospital course. Focal neurologic signs
were not present. Cerebrospinal pressure, cell
count, protein, sugar and chloride were normal on
two occasions, and influenza virus was not re-
covered from cerebrospinal fluid.

A second patient (A. C.) with primary in-
fluenza virus pneumonia had a series of convul-
sions followed by coma 24 hours after admission
and expired eight hours later. At autopsy no
pathologic abnormalities were detected in the
brain.

The third patient (P. E.) with combined bac-
terial and viral pneumonia initially responded well
to oxygen and antimicrobial therapy. On his
third hospital day he became lethargic. Twenty-
four hours later he was noted to have a partial
left III cranial nerve paresis and a mild right
hemiplegia. Cerebrospinal fluid was slightly xan-
thochromic. Cerebrospinal fluid protein was 54
mg. per cent and the cell count was normal.
X-rays of the skull were normal and parietal burr
holes did not reveal evidence of a subdural hema-
toma. Electroencephalograms were diffusely ab-
normal and were fell to be compatible with en-
cephalitis. No virus could be recovered from the
cerebrospinal fluid. During the next three weeks
the patient remained lethargic, confused, and dis-
oriented. His mentation changes and neurologic
signs gradually improved, although at the time--
of discharge 40 days after admission his electro-
encephalogram remained markedly abnormal.

Whether the changes noted in these patients
were. related -to -severe hypoxia and. profound--illness
or were a direct result of influenza virus infection
was not satisfactorily answered by the present
study.

III. The course and therapy of influenza with pul-
monary complications
1. Influenza with secondary bacterial pneu-
nionia
Patients with secondary bacterial pneumonia

following influenza responded to treatment in a
manner which did not differ from that observed
in bacterial pneumonia uncomplicated by influenza.

The eight patients with pneumococcal pneumonia
responded promptly to antimicrobial therapy which
consisted of penicillin alone in five patients, peni-
cillin in combination with erythromycin and strep-
tomycin in two, and erythromycin and tetracycline
in one patient who had a history of penicillin al-
lergy. Temperatures returned to normal in two to
eight days and physical findings of pneumonia
cleared in four to 16 days.

The five patients with staphylococcal pneumonia
following influenza also responded satisfactorily
to antimicrobial therapy. Four of these patients
had infections produced by strains which were re-
sistant to penicillin but sensitive to erythromycin
and chloramphenicol. These four patients re-
ceived antimicrobial regimens which included
erythromycin. The fifth patient, with pneumonia
caused by a staphylococcal strain resistant to high
concentrations of streptomycin, chloramphenicol
and erythromycin, appeared to respond to therapy
which utilized all three of these agents. In this
group, temperature response was slower, taking
from four to 13 days for complete return to the
afebrile state. Roentgenograms cleared more
slowly. One patient developed roentgenographic
evidence of pulmonary cavitation with subsequent
slow resolution. The single patient with pneu-
monia apparently due to Hemophilus influenzae
responded promptly to therapy with chlorampheni-
col and erythromycin.

One patient (B. N.) developed her pneumonia
while in the hospital. Sputum cultures consistently
yielded Aerobacter aerogenes, Candida albicans
and small numbers of hemolytic Staphylococcus
aureus. Despite the administration of penicillin,
streptomycin, tetracycline, erythromycin and chlor-
amphenicol in varying combinations, she showed
no significant improvement. On the thirty-seventh
day of her illness the patient died suddenly with
symptoms suggestive of a massive pulmonary em-
bolus. No autopsy was obtained on this patient.

2. Primary influenza virus pneumonia
Treatment of the syndrome of primary influenza

pneumonia was unsatisfactory, and only one of
six patients in this group survived. Major thera-
peutic problems were the high, unremitting fever,
progressive respiratory disease with increasing
hypoxia and the increasing respiratory and meta-
bolic acidosis.
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TABLE XIII

Comparison of oxygen administration via positive pressure
mask or intermittent positive pressure breathing (IPPB)

mask on the arterial oxyhemoglobin saturation in
patients with influenza virus pneumonia

Arterial oxyhemoglobin saturation
(per cent)*

Positive
pressure

Without mask- IPPB
Patient 02 100% 02 100% Os

J. B. 46.2 91.0 96.5
73.5 91.5
69.9 94.7t

F. R. 50.5 91.5

A. Z. 71.1 82.6 93.9

*All specimens were taken serially from the brachial
artery; 15 to 20 minutes was allowed for stabilization
under each test condition before samples were obtained.

t Forty per cent 02 administered.

Despite the lack of evidence of bacterial infec-
tion, each patient received intensive antimicrobial
therapy, the details of which are outlined in the
individual case reports. In no instance was there
any apparent improvement following administra-
tion of antibacterial agents.

The severe hypoxia and marked cyanosis were
not corrected by the use of an oxygen tent or rou-
tine oxygen face mask. Arterial blood oxygen
saturation studies performed on three patients in-
dicated that oxygen administered via the Bennett
Intermittent Positive Pressure Breathing (IPPB ) 4

Apparatus resulted in maximal improvement in
oxyhemoglobin saturation. As noted in Table
XIII, significant increase in arterial oxygen satu-
ration followed the use of a positive pressure mask,
but in each case further improvement in oxygen
saturation was achieved by use of the IPPB mask.

Unfortunately, the IPPB mask was not tolerated
by most patients for prolonged periods of time.
The cycling apparatus proved fatiguing to the pa-
tient, and claustrophobia and agitation were com-
monly intensified by the mask. Also, the intro-
duction of air under pressure was frequently ir-
ritating and appeared to dry the pharynx and
tracheobronchial passages. This often resulted
in thick tenacious secretions which were difficult
to remove despite maintenance of high humidity in

4The IPPB mask used in these studies was obtained
from V. Ray Bennett and Assoc., Inc., Los Angeles,
Calif.

the mask by alternating aerosols of bronchodila-
tors, Alevaire® and normal saline. The one pa-
tient who survived was the only patient able to
tolerate intermittent positive pressure breathing
for long periods of time.

Five of the six patients, including the patient
who survived, received adrenal steroids in doses
which varied from the equivalent of 400 mg. to
1,000 mg. of cortisone acetate daily. Steroids
used were hydrocortisone, which was administered
intravenously, or prednisone, which was given
intramuscularly or orally. In the majority of pa-
tients the administration of steroids appeared to
reduce the fever. In certain instances, discussed
in more detail in the case reports, the administra-
tion of intravenous hydrocortisone appeared to re-
sult in a transient improvement in the pulmo-
nary signs and respiratory distress. Nevertheless,
steroids did not appear to alter significantly the
overall course of the illness.

3. Coincident influenza virus and bacterial
pneumonia

Five of the nine patients with combined viral
and bacterial pneumonia recovered despite the
critical nature of their illness upon admission.
Therapy was similar to that utilized in primary in-
fluenza virus pneumonia except for the choice of
antibiotics. In each instance, antibacterial therapy
with penicillin, streptomycin and either erythro-
mycin or chloramphenicol was administered until
a specific bacteriologic agent was isolated and its
in vitro sensitivity to antibiotics determined.
Thereupon the antibiotic regimen was altered
when necessary to include the most appropriate
antimicrobials. Oxygen therapy was adminis-
tered in the same manner as in primary influenza
virus pneumonia and was fraught with the same
difficulties.

Seven of the nine patients also received steroid
hormones in dosage equivalent to 400 to 1,000 mg.
cortisone acetate daily. Temperatures fell to-
wards normal concurrently with steroid therapy in
four of the seven. Dramatic temporary improve-
ment with subsequent relapse was noted following
steroid treatment in one patient (R. C.). In the
remaining patients there were no striking effects
on the clinical course.

Four patients with evidence of combined viral
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and bacterial pneumonia died during the course

of their illness. One patient (F. R.) with pneumo-

coccal and vir'al pneumonia died on the sixth day
of his illness with a progressive diffuse pulmonary

disease in every way similar to that seen in pri-

mary influenza virus pneumonia. Lung speci-

mens obtained post mortem were sterile on bac-

teriologic culture, and influenza virus was re-

covered in a concentration of 102 infectious units

(E1D,50) per Gm.

Two patients (A. Z. and B. P.) died of over-

whelming staphylococcal and influenza virus pneu-

monia. One patient (R. C.) died 53 days after

the onset of her initial influenza symptoms with

an acute myocarditis and pulmonary arteritis of

unknown etiology. Patients A. Z., B. P. and R. C.

are described in detail in the case report section.

4. Treatment of the hypercapnea and respiratory

acidosis observed in patients with diffuse pul-

monary involvement

Seven of the 15 patients with primary viral or

combined viral and bacterial pneumonia developed

progressive respiratory acidosis with increasing

partial pressures of carbon dioxide and falling ar-

terial blood pH. In five patients serum bicarbo-

nate levels rose progressively as carbon dioxide

tension rose, resulting in a partially compensated

acidosis.

Because of the severe carbon dioxide retention,

acetazoleamide (Diamox®), 250 mg., was ad-

ministered every six hours to four of these patients

for periods of several days. The results of this

therapy are presented in Table XIV.

Three patients had a diuresis and serum carbon

dioxide combining power returned to normal. No

significant fall in blood pH occurred during aceta-

zoleamide therapy, and all three patients showed

definite clinical improvement with reduction in

pulmonary signs and subjective respiratory dis-

tress. In the remaining patient (A. Z.) a return

of blood carbon dioxide and pH to normal was

noted, but no clinical improvement was observed.

IV. Pathologic findings at postmortem examina-

tion

1. Primary influenza virus pneumonia

Complete postmortem examinations were per-

formed on four patients who died with the syn-
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FIG. 8. PRIMARY INFLUENZA VIRUS PNEUMONIA,
CASE G. H.

Hyaline acellular membrane lining alveolar ducts and
alveoli of the right upper lobe. Note the relative paucity
of inflammatory cells or erythrocytes in the alveoli. He-
matoxylin and eosin 180 X.
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FIG. 9. PRIMARY INFLUENZA VIRUS PNEUMONIA,
CASE G. H.

Ulceration of a small bronchus in the right lower lobe.
Note that adjacent alveoli are filled with erythrocytes ad-
mixed with fibrin. Neutrophilic leukocytes are present,
but in small numbers. Hematoxylin and eosin 90 X.



FIG. 10. PRIMARY INFLUENZA VIRUS PNEUMONIA,
CASE C. P.

Ulceration of small bronchus in the left lower lobe.
Large numbers of neutrophilic leukocytes are present
within the lumen and the wall of the bronchus and alveo-
lar spaces. Note the hyperemia of capillaries and alveo-
lar hemorrhage. A few alveolar walls are necrotic.
Hematoxylin and eosin 120 X.

FIG. 11. COMBINED INFLUENZA VIRUS AND STAPHYLO-
COCCALPNEUMONIA, CASE A. Z.

Wall of small abscess showing central zone of necrosis
containing colonies of staphylococci and adjacent masses

of neutrophilic leukocytes. Hematoxylin and eosin
240 X.

*4. ,.*.

M.,

E:4.

.9~~~~~~~~~V

~~~99%.9~~~~~~~~~~

*9 . . v m-of

c.a-t'#ad.l
'S9°''> r ;

6



THE PULMONARYCOMPLICATIONS OF INFLUENZA

drome believed to represent influenza virus pneu-
monia without bacterial involvement. Each of
these cases showed distinctive gross and micro-
scopic alterations. High titers of influenza virus
were demonstrated in the lungs of three, and patho-
genic bacteria could not be demonstrated in cul-
ture or in numerous histological preparations of
the lungs in these patients (G. H., C. P. and
A. C.). The fourth case (J. B.) aspirated pre-
terminally, and a small number of fungi and bac-
teria were demonstrated about aspirated material
within bronchi but did not appear of importance
in the causation of the diffuse parenchymal
changes. In this case, influenza virus was not re-
covered from the lung but was isolated from the
throat washings during life.

The lungs in each of the four cases presented
remarkably similar alterations. The trachea and
bronchi often contained bloody fluid, and the
mucosa was strikingly hyperemic. The paren-
chyma was dark red, markedly congested, edema-
tous and heavy. The total weight of both lungs
varied from 1,600 to 4,000 Gm. Crepitus was of-
ten greatly diminished or absent, especially in the
posterior and inferior portions, and these areas
were dark purple-red in contrast to the somewhat
lighter color of the upper lobes. On section, large
amounts of blood-tinged fluid flowed from the dark
red surfaces, and irregular hemorrhagic areas,
ranging from a few millimeters to 6 cm. across,
were frequently encountered. The pulmonary
arteries and veins in these areas were devoid of
thrombi.

Widespread and striking microscopic alterations
were found in varying degrees in all four cases
(Figures 8-10). Tracheitis, bronchitis and bron-
chiolitis with loss of normal ciliated epithelial cells
were prominent and were frequently associated
with evidence of epithelial regeneration. Sub-
mucosal hyperemia, focal hemorrhage, hemor-
rhage, edema and a slight cellular infiltrate were
present in such areas. The alveolar spaces con-
tained varying numbers of neutrophils and mono-
nuclear cells admixed with fibrin and edema fluid
(Figures 8-10). The alveolar capillaries were

markedly hyperemic and intra-alveolar hemorrhage
was common, particularly in the lower lobes (Fig-
ure 9). Focal necrosis of the alveolar septa was
found in only one case. In general, all changes

described were most marked in the lower lobes,
as demonstrated in Figures 8 and 9.

In each of the cases, striking acellular, hyaline
membranes lined many of the alveolar ducts and
alveoli. Such hyaline membranes were frequently
prominent in areas that showed minimal cellular
exudation.

Examination of the heart revealed chronic
cardiac disease in each of the four. Two patients
had severe rheumatic valvular damage with severe
mitral valve deformities; one patient showed ex-
tensive coronary atherosclerosis. Cardiac changes
compatible with longstanding hypertension were
noted in the remaining patient.

In no instance was there gross or microscopic
evidence of myocarditis. Microscopic examina-
tion of the brain failed to show evidence of en-
cephalitis in the three cases in which examination
was permitted.

2. Combined influenza virus and bacterial pneu-
monia

Postmortem studies were also performed on
four patients believed to have concomitant influ-
enza virus and bacterial pneumonia. Two patients
who died on the fifth and tenth days of illness
(B. P. and A. Z.) showed gross and microscopic
changes generally similar to those described in
the primary influenza virus pneumonia group.
In addition, both patients had a diffuse, necrotiz-
ing pneumonia. Microabscesses in which myriads
of gram-positive cocci could be easily demon-
strated were found throughout the lungs (Figure
11). Cultures-yielded hemolytic Staphylococcus
aureus. Influenza virus was also recovered from
the lungs of both cases. Examination of the heart
in both cases failed to show abnormalities. The
one brain examined showed no gross or micro-
scopic changes.

In the remaining two patients (R. C. and G. A.),
death occurred two months after the onset of in-
fluenza symptoms. Influenza virus was not re-
covered from these lungs post mortem, although
the virus had been previously obtained from throat
washings.

One patient (R. C.) died 53 days after the onset
of influenza. At autopsy, chronic rheumatic heart
disease with mitral stenosis was found. In addi-
tion, a widespread, acute, necrotizing myocarditis
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and subacute pulmonary arteriolitis were present.
The lungs failed to show hyaline membrane for-
mation, bronchiolitis or other changes that could
be clearly attributed to the initial viral infection.
The etiology of the arteriolitis and myocarditis in
this patient was not determined. The striking
polymorphonuclear infiltration of the myocardium
appeared of recent origin.

The remaining patient (G. A., Autopsy No.
17365) with a pneumonia believed to be due to
both viral and bacterial infection responded well
to therapy and was discharged after complete re-
covery. He re-entered the hospital six weeks later
with a fresh myocardial infarction and subse-
quently expired. Autopsy studies failed to reveal
evidence of residual pulmonary abnormalities that
could be attributed to the previous influenza in-
fection. The brain appeared normal. The detailed
postmortem findings are included in the indi-
vidual case reports.

CASE REPORTS

I. Influenza complicated by bacterial pneumonia
The four patients discussed below characterize

the spectrum of illness as observed in 15 patients
who developed bacterial pneumonia following in-
fluenza infection.

1. N. Q., NYH778883. A 21 year old white man was
admitted on Sept. 30, 1957, with fever, chest pain and
bloody sputum. Five days prior to admission the patient
had noted the onset of a moderately sore throat, chilly
sensations, anorexia, photophobia, dry cough and eye ball
soreness. On bedrest there was progressive improve-
ment over the next three days. The evening before ad-
mission the patient became precipitously worse. He de-
veloped pleuritic right anterolateral chest pain, and his
cough became productive of bloody sputum.

Physical examination on admission revealed a tem-
perature of 40.50 C., heart rate of 100 beats per minute,
respirations of 30 per minute and blood pressure of 150/
60 mm. Hg. The patient was lethargic and acutely ill.
There was splinting of the right lower thorax on res-
piration. A right pleural friction rub was present, and
dullness to percussion, bronchial breath sounds, egophony
and fine inspiratory rates were noted over the right base
posteriorly. The remainder of the physical examination
was not remarkable.

Initial laboratory studies showed a white blood cell
count of 12,200 per cu. mm. with 71 per cent mature poly-
morphonuclear cells and 10 per cent immature forms.
The erythrocyte sedimentation rate was 46 mm. per hour.
Sputum smears demonstrated many polymorphonuclear
cells and masses of gram-positive cocci. Sputum cul-

tures contained an almost pure growth of hemolytic
Staphylococcus aureus. This microorganism was re-
sistant to penicillin but sensitive to erythromycin, chlor-
amphenicol, streptomycin and novobiocin. The admission
chest roentgenogram, shown in Figure 12, demonstrated
a localized right lower lobe infiltrate.

Therapy was initiated with aqueous penicillin, 2.4 mil-
lion units per day; dihydrostreptomycin, 2 Gm. per day;
and erythromycin, 2 Gm. per day. The course of the pa-
tient's illness is shown in Figure 13. During the first
five days the temperature ranged to above 390 C. and the
patient remained extremely ill. A right pleural effusion
developed which was sterile upon culture. During the
ensuing 18 days the temperature returned gradually to
normal, and the pleural effusion slowly resolved. A
chest roentgenogram taken on the tenth hospital day
showed cavity formation within the area of pneumonia
(Figure 14). Complete resolution occurred on con-
tinued therapy, and the patient was discharged asymp-
tomatic after 32 days of hospitalization. A serum ob-
tained late in his illness (22 days) showed a comple-
ment fixing titer of 1: 512 against the Japan 305 strain
of influenza virus.

Comment. This patient had rather typical
staphylococcal pneumonia following influenza
caused by a strain sensitive to most antibiotics.
There was a definite period of improvement after
influenza, followed by new symptoms consisting
of pleural pain, marked exacerbation of cough, and

FIG. 12. ADMISSION CHEST ROENTGENOGRAMON PA-
TIENT N. Q., A 21 YEAR OLD MAN WITH INFLUENZA
COMPLICATED BY STAPHYLOCOCCALPNEUMONIAOF THE
RIGHT LOWERLOBE
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bloody sputum which heralded the onset of the
staphylococcal infection.

2. C. G., NYH780147. A 59 year old white man was
admitted on Oct. 4, 1957, with fever, chest pain and a
productive cough. The patient was well until 11 days
prior to admission when he developed fever, headache,
sore throat, diffuse myalgias, diarrhea, vomiting and
cough which was productive of small amounts of grayish
sputum. On bedrest he improved quite markedly so that
two days later he was able to return to work. The next
day he had a shaking chill and noted the onset of left
chest pain, and his cough increased. He was treated with
penicillin and tetracycline, but his symptoms continued
and he was admitted to the hospital.

Physical examination revealed a well-developed, well-
nourished man who appeared in no acute distress. Ad-
mission temperature was 38.50 C., pulse 76 beats per
minute, respirations 24 per minute, and blood pressure
130/70 mm. Hg. Examination of the chest revealed dull-
ness to percussion posteriorly over the medial part of
both lower lung fields. Breath sounds were diminished,
and sticky, inspiratory rales were heard over the areas
of dullness. The remainder of the physical examination
was within normal limits.

The initial white blood cell count was 13,600 leuko-
cytes per cu. mm. with 69 per cent mature polymorpho-
nuclear cells and 17 per cent band forms; the erythro-
cyte sedimentation rate was 22 mm. per hour. Examina-
tion of sputum smears revealed many polymorphonu-

clear cells and gram-positive cocci. Sputum cultures
showed a heavy growth of hemolytic Staphylococcus
aureus (phage type 52A/79) and Hemophilus influenzae.
The staphylococcus isolated was resistant to 6.25 units
of penicillin and sensitive to streptomycin, erythromycin,
tetracycline, chloramphenicol and novobiocin. Chest
roentgenogram showed a bilateral lower lobe pneumonia.
Influenza virus was not recovered from a throat washing.

The patient was placed on a daily dosage of 2 Gm.
each of dihydrostreptomycin, erythromycin and chlor-
amphenicol. He became afebrile by the fourth hospital
day and remained so during the remainder of hospitaliza-
tion. The physical signs of pulmonary involvement
cleared slowly. One month after admission, physical and
roentgenologic examination were both within normal lim-
its. Serum obtained on Days 14 and 24 showed com-
plement fixing antibody titers of 1: 512 and 1: 1024 re-
spectively against the Japan 305 strain of influenza virus.

Comment. This patient had a bacterial pneu-
monia following typical influenza. Both hemo-
lytic Staphylococcus aureus and Hemophilus in-
fluenzae were cultured from the sputum. A dis-
tinct period of improvement after influenza was
followed by symptoms suggesting bacterial pulmo-
nary infection. Complete recovery followed pro-
longed antimicrobial therapy.

3. D. P., NYH495539. A 15 year old school girl was
admitted on Oct. 11, 1957, with fever. headache and a
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FIG. 14. CHEST ROENTGENOGRAMON PATIENT N. Q.
ON DAY 10 OF HOSPITALIZATION SHOWINGA MULTILOCU-
LATED CAVITY IN THE AREA OF PNEUMONIA

productive cough. Five days prior to admission the pa-
tient developed a frontal headache which was rapidly fol-
lowed by anorexia, chilliness, fever and diffuse myalgia.
A cough developed which was productive of small amounts
of yellow, thick sputum. Three days before admission
she had returned to school, but profound malaise, ano-
rexia and productive cough persisted.

At admission, physical examination revealed a tem-
perature of 390 C., pulse rate 100 beats per minute, res-
pirations 28 per minute, and blood pressure of 108/80 mm.
Hg. Splinting of the left hemithorax and tenderness of
the left lower chest to palpation were noted. Signs of
consolidation were evident over the left lower lung field
posteriorly, and a pleural friction rub was present. Physi-
cal examination was otherwise within normal limits.

The initial white blood count was 10,200 per cu. mm.
with 60 per cent polymorphonuclear leukocytes, 17 per
cent immature granulocytes, and the erythrocyte sedi-
mentation rate was 34 mm. per hour. Sputum smears
showed many gram-positive diplococci, and cultures of
the nose, throat and sputum disclosed large numbers of
pneumococci, type VIII. Mouse inoculation of sputum
from the patient also yielded the same organism. The ad-
mission chest roentgenogram revealed a left lower lobe
infiltrate.

Therapy was instituted with 300,000 units of procaine
penicillin administered every 12 hours. The patient be-
came afebrile 18 hours after admission and remained so
during the remainder of her hospitalization. Chest roent-
genograms showed complete clearing of the pneumonic
infiltrate by the eighth hospital day. A 16-fold rise in

complement fixing antibody to influenza A virus (Japan
305 strain) was demonstrated with paired sera obtained
on the sixth and sixteenth day of the patient's illness.

Comment. This patient developed pneumococcal
lobar pneumonia following typical influenza. In
this instance the bacterial complication blended
with the initial viral infection. At no time during
her illness was there a definite change in sympto-
matology which dated the onset of her bacterial
infection. The response on appropriate antibiotic
therapy was satisfactory.

4. R. L., NYH506121. A 22 year old white man with
severe muscular dystrophy was admitted on Oct. 17, 1957,
because of fever, dyspnea and chest pain. Six days prior
to admission he developed an illness characterized by dif-
fuse myalgia, fever, cough and bifrontal headache. Over
the next three days he improved but then noted a sudden
exacerbation of symptoms with increased cough produc-
tive of blood-streaked sputum, chest pain and dyspnea.
These symptoms became progressively worse and neces-
sitated hospitalization.

On admission, physical examination revealed a young
man with extensive muscular dystrophy who was in mod-
erate respiratory distress. There was minimal cyanosis
of the lips and nailbeds. The admission temperature was
39.60 C., heart rate 110 per minute, respirations 22 per
minute, and blood pressure 120/80 mm. Hg. Bilateral in-
spiratory sticky rales were heard over the lower lobes
posteriorly, and signs of consolidation were evident over
the right upper lobe. The remainder of the physical ex-
amination was unremarkable.

FIG. 15. ADMISSION CHEST ROENTGENOGRAMON PA-
TIENT R. L., A 32 YEAROLD MANWITH INFLUENZA COM-
PLICATED BY PNEUMOCOCCALPNEUMONIAOF RIGHT UP-
PER, RIGHT LOWERAND LEFT LOWERLOBES
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The admission white blood cell count was 17,500 cells
per cu. mm. with 90 per cent polymorphonuclear leuko-
cytes. The carbon dioxide combining power was 32 mM
per L. A chest roentgenogram revealed infiltrates of
the right upper lobe, right lower lobe and left lower lobe
(Figure 15). No sputum could be raised by the patient
upon admission. Large numbers of pneumococci, type III,
were demonstrated in admission throat cultures. Blood
cultures were sterile.

Influenza virus was not isolated from initial throat
washings obtained on Day 7 of illness, but complement
fixing antibody titers of 1: 512 and 1: 1024 were demon-
strated with serums taken on the seventh and eighteenth
days of illness.

The patient's course is pictured in Figure 16. Therapy
consisted of oxygen by tent; streptomycin, 2 Gm. per

day; erythromycin, 2 Gm. per day; and penicillin, 2.4
million units per day. The patient became afebrile in
48 hours and recovery thereafter was uneventful.

Comment. This patient with muscular dys-
trophy had typical influenza followed three days
later by pneumococcal pneumonia involving three
lobes. Prompt and uneventful recovery followed
institution of antimicrobial therapy.

II. Primary influenza virus pneumnonia

Six patients in the present series had influenza
virus infection without demonstrable bacterial in-

fection. Because of the importance of docu-
menting this syndrome, the essential data relative
to all six patients are reported here.

1. G. H., NYH746483. A 49 year old man with long
standing rheumatic mitral stenosis and insufficiency was

admitted on Oct. 5, 1957, with a 20 hour history of fever
and progressive respiratory difficulty. The day prior to
admission the patient had developed generalized myalgia,
headache, fever and a nonproductive cough. During the
next 18 hours his cough became progressively worse

and productive of bloody sputum. Dyspnea increased re-
lentlessly and precipitated his admission.

On admission the patient appeared cyanotic, markedly
dyspneic and critically ill. The admission temperature
was 40° C., the pulse was irregular at 90 beats per minute,
respirations were 40 per minute, and blood pressure 125/
80 mm. Hg.

The neck and arm veins were not distended. Examina-
tion of the chest revealed no evidence of local consolida-
tion. Coarse inspiratory rales and occasional rhonchi at
both lung bases posteriorly were the only pulmonary
findings, despite the severe respiratory distress. The
heart was markedly enlarged and had a mitral configu-
ration. The rhythm was that of auricular fibrillation. A
harsh, blowing systolic murmur was heard at the apical
area, but because of the patient's stertorous breathing no

other murmurs could be distinguished. The liver was

not enlarged and peripheral edema was not detected.
Laboratory studies revealed a hemoglobin concentra-
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tion of 18 Gm. and a white blood cell count of 19,200 cells
per cu. mm. with 24 per cent polymorphonuclear cells, 64
per cent band forms and 6 per cent metamyelocytes.
Venous pressure was 90 mm. saline at the level of the
right auricle. An electrocardiogram did not differ from
previous tracings. Blood urea nitrogen was 20 mg. per
cent, and the venous carbon dioxide combining power
22 mMper L. A sputum smear revealed moderate num-
bers of leukocytes and rare gram-positive cocci. Only
a rare colony of pneumococci plus normal pharyngeal
flora were grown on culture. The initial chest roentgeno-
gram, shown in Figure 17, revealed an extensive, bi-
lateral, diffusely nodular infiltrate fanning peripherally
from the hilar regions. A fusiform shadow seen in the
right mid-lung field was believed to represent an inter-
lobar effusion in the right horizontal fissure. This had
been present in roentgenograms taken prior to the present
illness.

The patient's course is depicted in Figure 18. He was
placed in an oxygen tent, and treatment with penicillin,
streptomycin and chloramphenicol was inititated. The
administration of morphine sulfate, digitoxin, diuretics,
aminophyllin and Vaponephrine® by nebulizer did not
notably improve his respiratory distress. The patient's

FIG. 17. ADMISSION CHEST ROENTGENOGRAMON PA-
TIENT G. H, A 49 YEAR OLD MANWITH PRIMARY IN-
FLUENZA PNEUMONIASUPERIMPOSEDUPON RHEUMATIC
HEART DISEASE WITH MITRAL STENOSIS AND INSUFFI-
CIENCY

The density in the right mid-lung field represents a

loculated interlobar effusion which was present prior to
the acute illness.

temperature rose to 40.9° C. and pulmonary rales in-
creased bilaterally. During the second 24 hours he
showed transient improvement, but this was followed by
steady deterioration. Inspiratory rales were gradually
replaced by expiratory rales, low-pitched grating rhonchi
and coarse breath sounds of diminished intensity. Cy-
anosis was progressive and dyspnea became unbearable.
The patient became extremely agitated and was un-
able to tolerate an oxygen mask of any sort except for
two to three minutes at a time. Seventy-two hours after
admission his blood pressure became unobtainable. De-
spite intensive therapy, which included hydrocortisone
and levarterenol, the patient died on the fourth hospital
day.

Findings at autopsy (Autopsy No.. 17247). The sig-
nificant postmortem findings were confined to the lungs
and heart. The heart weighed 600 Gm. and showed
changes characteristic of rheumatic heart disease with se-
vere mitral stenosis. The mitral valve was thickened and
stenotic. The aortic valve cusps were rigid and thick-
ened. The chambers of the heart were dilated and the
right and left ventricles were hypertrophied. The left
auricular appendage contained a well-organized mural
thrombus. Multiple sections of the heart examined mi-
croscopically showed no evidence of myocarditis.

The lungs were intensely engorged and failed to col-
lapse when the chest was opened. Their combined weight
was 4,000 Gm. The trachea and bronchi contained much
foamy, blood-stained fluid, and the underlying mucosa
was markedly hyperemic and exhibited many focal ulcera-
tions. The parenchyma throughout all lobes was dark
red and subcrepitant, and large amounts of thin, blood-
tinged fluid flowed from the cut surface.

On microscopic examination the mucosa of the trachea
and major bronchi was focally ulcerated or covered only
by a low cuboidal epithelium. The submucosa in such
areas showed marked vascular congestion, focal hemor-
rhages, edema and a diffuse but scanty infiltration with
lymphocytes, plasma cells and neutrophils. The process
was patchy, however, and some bronchi were lined by
ciliated epithelial cells that appeared essentially normal.

In the parenchyma of the upper lobes the chief altera-
tions consisted of hyperemia of alveolar capillaries, focal
alveolar hemorrhages, and a very prominent thick, acel-
lular hyaline membrane that covered the surfaces of the
majority of the alveoli and alveolar ducts (see Figure 8).
Many alveoli were filled with a pink, granular precipitate
admixed with strands of fibrin, a moderate number of
erythrocytes and neutrophils, and many histocytes con-
taining hemosiderin or carbon particles. The ciliated
epithelium of the small bronchi in the upper lobes ap-
peared essentially normal.

In the lower lobes abnormalities were similar but
more marked (see Figure 9). Many small bronchi were
ulcerated or covered by a low cuboidal epithelium which
exhibited considerable numbers of mitoses. In some
areas, many alveoli contained large numbers of neutro-
phils and hemorrhage was more widespread. Bacteria
could not be demonstrated in multiple sections specially
stained by the Gram and Giemsa methods.
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Bacteriologic cultures performed independently in two
laboratories failed to reveal growth of bacteria. Influ-
enza A virus of the Asian type was recovered from lung
tissue in concentrations of 105- infective virus particles
per Gm.

Examination of the brain failed to show encephalitis or

other unusual changes.
2. C. P., NYH667901. A 47 year old white man was

admitted to the hospital on Cct. 11, 1957, with fever and
rapidly progressing dyspnea. The patient had known
rheumatic heart disease with predominating mitral in-
sufficiency of many years duration. Chronic exertional
dyspnea and orthopnea had been present for at least five
years. The day prior to admission the patient developed
fever, shaking chills, headache, myalgia and a severe

nonproductive cough. During the night his cough be-
came productive of thick, white sputum, and he developed
marked respiratory distress for which he was admitted
to the hospital.

Physical examination revealed an acutely ill, cyanotic
man in severe respiratory distress. The admission tem-
perature was 39.50 C., heart rate 128 beats per minute,
respirations 38 per minute, and blood pressure 130/80
mm. Hg. The neck veins were not distended. Per-
cussion of the chest revealed no local areas of dullness.
Fine, moist rales were heard throughout the chest ac-

companied by diffuse inspiratory and expiratory wheezes.
Coarse, sticky, inspiratory rales were present at the right
base. The heart was grossly enlarged to percussion, and
loud apical systolic and diastolic murmurs were noted.
There was no peripheral edema.

The white blood cell count obtained on admission was

15,300 cells per cu. mm. with 82 per cent mature poly-
morphonuclear cells and 18 per cent band forms. The
hematocrit was 49 per cent; the erythrocyte sedimenta-
tion rate 14 mm. per hour. Urinalysis gave a 4 plus test
for protein; the carbon dioxide combining power was 29
mMper L. Venous pressure was 120 mm. saline at the
level of the right auricle. An electrocardiogram re-

vealed no changes from previous tracings.
Examination of stained sputum smears failed to re-

veal any predominating microorganisms. Sputum cul-
tures yielded a sparse, mixed flora in which a few col-
onies of Diplococcuis pnewinoniae, Pseudonionas pyo-
cyaneus, and Proteus vulgaris could be identified. Blood
cultures were sterile. The initial chest roentgenogram,
shown in Figure 19, demonstrated a greatly enlarged
heart and a diffuse, bilateral infiltrate radiating from the
hilum which was compatible with either a diffuse pneumo-

nitis or acute pulmonary edema.
The patient was given oxygen by mask, and penicil-

lin, streptomycin and erythromycin were administered.
Digitalization was increased and aminophyllin was given
intravenously without significant improvement in the pul-
monary findings. Because of the patient's profound air
hunger, attempts were made to administer oxygen via a

positive pressure mask or the IPPB mask, but the pa-

tient became markedly agitated and extremely weak with
either mask and would not tolerate such therapy. The
morning after admission he became rapidly worse, de-
veloped increasing respiratory distress and cyanosis, and
his blood pressure fell to shock levels. He was placed
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FIG. 19. ADMISSION CHEST ROENTGENOGRAMON PA-
TIENT C. P., A 47 YEAR OLD MANWITH PRIMARY IN-
FLUENZAVIRUS PNEUMONIASUPERIMPOSEDUPONRHEU-
MATIC HEARTDISEASE WITH MITRAL INSUFFICIENCY

on levarterenol and was given 500 mg. of hydrocorti-
sone intravenously. The patient became progressively
more hypoxic and cyanotic, had a convulsion and died
approximately 60 hours after the onset of his illness.

Findings at autopsy (Autopsy No. 17257). The prin-
cipal findings were confined to the heart and lungs. The
heart weighed 650 Gm. and showed changes character-
istic of rheumatic heart disease with involvement of the
mitral, aortic and tricuspid valves. The mitral valve ap-

peared grossly incompetent because of shortening and
fusion of the chordae tendineae and thickening of the
leaflets at the line of closure. The aortic valve showed
shortening of the left cusp and fusion of the commissures
of the posterior and left cusps. The tricuspid valve was

thickened along the lines of closure. There was marked
hypertrophy and dilatation of both ventricles. The peri-
cardial cavity was obliterated by fibrous adhesions. Mi-
croscopic sections of the heart showed a few areas of
focal fibrosis but no other unusual changes.

The combined weight of the lungs was 2,100 Gm. and
the parenchyma was diffusely firm, noncrepitant, and
dark red. The trachea and major bronchi contained
much blood-stained mucus, and the bronchus to the left
upper lobe was plugged with bloody mucus. The cut
section of the lungs revealed numerous dark red nodular
areas of hemorrhage. The pulmonary arteries and veins
appeared grossly normal in hemorrhagic area and were

devoid of thrombi.
On microscopic examination the mucosa of the trachea

and larger bronchi was focally denuded or ulcerated. In

a few areas only the basal cell layer of the mucosa re-
mained. The blood vessels of the submucosa were mark-
edly hyperemic, and the interstitial tissue was edematous
and infiltrated with many lymphocytes and plasma cells
and lesser numbers of neutrophils. Many of the smaller
bronchi contained plugs composed of mucus and neutro-
phils.

The alveolar capillaries were engorged with erythro-
cytes and there were numerous focal areas of alveolar
hemorrhage. Many of the alveolar spaces contained a
pink granular precipitate and small strands of fibrin.
Only a small number of alveolar walls were covered by
hyaline membranes. The alveolar spaces of the upper
lobes contained considerable numbers of hemosiderin-
laden macrophages and only a few neutrophils, while in
the lower lobes exudation of neutrophilic leukocytes was
more marked, as shown in Figure 10. The mucosa of
many of the smaller bronchi was ulcerated and there was
necrosis of adjacent alveolar walls and hemorrhage with
a moderate interstitial edema. No unusual changes were
noted in the brain or other viscera.

Numerous sections of various lobes were stained by
Gram's method and bacteria could not be demonstrated.
Multiple cultures of lung tissue showed no bacterial
growth on prolonged incubation. The Asian strain of in-
fluenza A virus was recovered from lung tissue in con-
centrations of 106 infectious units per Gm.

3. A. B., NYH757624. A 45 year old white man with
rheumatic mitral insufficiency and aortic stenosis was ad-
mitted on Oct. 13, 1957, with fever and rapidly increas-
ing dyspnea. For one year prior to admission the pa-
tient had noted exertional dyspnea and mild orthopnea.
One and one-half days prior to admission he had devel-
oped fever, bifrontal headache, generalized myalgia, a
moderate sore throat and a nonproductive cough. On
the ensuing day he noted rapidly progressing respiratory
distress which caused him to seek admission.

Examination revealed a cyanotic, dyspneic man who
was acutely ill. His admission temperature was 40° C.,
pulse 104 beats per minute, respirations 36 per minute,
and blood pressure 120/80 mm. Hg. The pharynx was
moderately injected. Venous distention was not present.
Examination of the chest revealed no local signs of
consolidation. Bilateral sticky, inspiratory rales were
present at both bases and harsh breath sounds were pres-
ent throughout both lung fields. The heart was moder-
ately enlarged, and apical and aortic systolic murmurs
were present. No hepatomegaly or peripheral edema
were noted. The remainder of the physical examination
was within normal limits.

The initial white blood cell count was 13,500 cells per
cu. mm. with 78 per cent mature polymorphonuclear cells
and 10 per cent band forms. The erythrocyte sedimenta-
tion rate was 14 mm. per hour. Urinalysis revealed a 3
plus test for protein. Peripheral venous pressure was 120
mm. saline at the level of the right auricle, and an Evans
blue dye blood volume determination was normal. An
electrocardiogram taken on the day of admission was

considered normal.
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Examination of stained sputum smears revealed no
predominating microorganisms. Throat and sputum cul-
tures yielded only normal pharyngeal flora with occasional
colonies of pneumococci and rare colonies of Hemophilus
influenzac. Blood cultures were sterile. The admis-
sion chest roentgenogram, shown in Figure 20, demon-
strated cardiac enlargement which had not changed from
previous examinations. There were bilateral diffuse nodu-
lar infiltrations compatible with a diffuse pneumonitis
or pulmonary edema. A loculated effusion in the right
transverse fissure was noted.

The patient was placed in an oxygen tent and penicil-
lin, streptomycin and erythromycin were administered.
The patient's condition gradually deteriorated during the
first 24 hours. Temperature remained at 400 C. and could
not be reduced with large doses of aspirin. Conventional
therapy of acute pulmonary edema produced no change
in his condition. The respiratory rate rose to 64 per min-
ute and cyanosis deepened. Diffuse inspiratory and ex-
piratory rales increased. Oxygen administered via the
IPPB apparatus was tolerated poorly because of agita-
tion and increasing claustrophobia.

At this time hydrocortisone, 100 mg., was given intra-
venously. The patient improved transiently with marked
clearing of the pulmonary rales. However, within six
hours his respiratory rate again rose to 64 per minute and
cyanosis and agitation increased. Progressive expira-
tory difficulties were noted and coarse rales, grating
rhonchi and harsh breath sounds were heard throughout
the lung fields. Venous pressure determined at this

FIG. 20. ADMISSION CHEST ROENTGENOGRAMON PA-
TIENT A. B., A 45 YEAR OLD MANT WITH INFLUENZA
VIRUS PNEUMONIA SUPERIMPOSED UPON RHEUMATIC
HEART DISEASE WITH AORTIC STENOSIS AND MITRAL
INSUFFICIENCY

The density in the right mid-lung field represents an

interlobar effusion.

time was 65 mm. saline. Again intravenous hydrocorti-
sone was administered, with transient clearing of pul-
monary signs. Nevertheless, respirations became in-
creasingly labored and the patient died 40 hours after
hospitalization.

An autopsy was not performed on this patient. How-
ever, needle aspirates of lung were obtained post mortem
and were sterile on bacteriologic culture. Influenza A
virus of the Asian type wuras recovered from a throat
washing obtained on Day 2 of the illness and also from
pulmonary tissue obtained after death in a concentration
of 10' egg infectious units per Gm.

Comment. Each of these three patients had
severe rheumatic heart disease. Each entered the
hospital within 36 hours after the onset of a typi-
cal influenza-like illness with fev-er and rapidly
progressive difficulties in breathing. In each case,
the findings on initial physical examination and
chest roentgenograms were interpreted as being
compatible with pulmonary edema of cardiac ori-
gin. The absence of venous distention, the pres-
ence of normal venous pressures, the striking
fever and the failure of the patient to respond to
treatment for congestive failure suggested that
the illness was primarily a manifestation of in-
trinsic pulmonary disease rather than myocardial
decompensation.

Each patient had a rapid down-hill course char-
acterized by sustained fever, increasing cyanosis
and air hunger. Marked agitation developed, and
measures required to obtain adequate oxygenation
could not be tolerated. There was no response to
massive antimicrobial therapy and death in all
three ensued within 96 hours after hospitalization.
At autopsy the lungs showed destructive changes
characterized by pulmonary hyperemia and hemor-
rhages, alveolar hyaline membranes, and focal ul-
ceration of the trachea and bronchi. Postmortem
bacterial cultures were uniformly sterile, and in-
fluenza A virus (Asian strain) was recovered in
high concentration from samples of lung tissue ob-
tained post mortem.

4. P. B., NYH420164. A 45 year old white man wvas
admitted on Oct. 14, 1957, because of fever and increasing
dyspnea. The patient had known rheumatic heart dis-
ease of long standing. Six years prior to admission he
had undergone mitral valvulotomy and had remained
relatively free of cardiac symptoms since that time.
The day prior to admission the patient noted the onset
of sore throat, fever, a nonproductive cough, diffuse
myalgia, nausea and a scratchiness of his eyes. Over the
next 12 hours fever persisted. His cough became pro-
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ductive of blood-tinged sputum, and he noted increasing
difficulty in breathing.

Admission physical examination revealed a dyspneic,
cyanotic, agitated man who was acutely ill. The tem-
perature was 40.40 C., heart rate 110 beats per minute,
respirations 38 per minute, and blood pressure 150/80
mm. Hg. The conjunctivae were mildly injected. There
was no venous distention. Examination of the chest re-
vealed no signs of consolidation, but breath sounds were
markedly decreased throughout and a few bilateral in-
spiratory basilar rales were noted. The heart was en-
larged and auricular fibrillation was present. A blowing
systolic murmur and a soft mid-diastolic murmur were
noted at the apex. There was no hepatomegaly or periph-
eral edema.

Initial white blood cell count was 13,700 cells per cu.
mm. with 71 per cent polymorphonuclear cells and 18 per
cent band forms. The hematocrit was 44. Urinalysis
showed a 4 plus test for protein. Admission carbon di-
oxide combining power was 30 mMper L. A venous
pressure performed with difficulty on admission was 160
mm. saline, but a blood volume determination simultane-
ously performed was normal. An electrocardiogram was
not significantly different from previous tracings. Ar-
terial oxyhemoglobin saturation was 84.8 per cent and
the arterial blood pH was normal.

Sputum smears revealed only sparse bacteria, and spu-
tum cultures yielded normal pharyngeal flora with rare
colonies of pneumococci and Hemophilus influenzae.

FIG. 21. ADMISSION CHEST ROENTGENOGRAMON PA-
TIENT P. B., A 45 YEAR OLD MANWITH PRIMARY IN-
FLUENZA VIRUS PNEUMONIASUPERIMPOSEDUPONRHEU-
MATIC HEARTDISEASE WITH MITRAL STENOSIS

A mitral valvulotomy was performed on the patient
six years prior to the present admission at which time the
anterior portion of the fourth rib was resected.

Blood cultures were sterile. The admission chest roent-
genogram showed patchy pneumonic densities extending
from the hila toward both lower lung fields (Figure 21).

The hospital course is illustrated in Figure 22. The
patient was given penicillin, 2.4 million units; strepto-
mycin, 2 Gm.; and erythromycin, 2 Gm. daily. In addi-
tion, mercurial diuretics and digitalis were administered,
and prednisone, 200 mg. daily, was started. Oxygen was
administered by tent or nasal catheter alternating with
the IPPB mask. Vaponephrine® and Alevaire® were
intermittently aerosolized through the mask.

During the first three days of hospitalization the pa-
tient appeared to improve. His fever diminished, pul-
monary signs lessened and arterial oxygen saturation rose
to 91.8 per cent. However, on the fourth day the pa-
tient became worse. His temperature rose to 39.20 C., the
respiratory rate increased to 44 per minute, and the pa-
tient was increasingly disoriented and apprehensive. Ex-
amination of the lungs at this time revealed suppression
of breath sounds and marked inspiratory and expiratory
moist rales, and wheezes were noted throughout the chest.
The patient, although extremely restless, tolerated oxy-
gen via the IPPB mask extremely well, and arterial oxy-
gen saturation could be maintained at almost normal
levels. Nevertheless, there was evidence of increasing
respiratory acidosis.

On the seventh hospital day the arterial pCO, had
reached 76 mm. Hg. Serum bicarbonate had risen con-
comitantly to 37.2 mEq. per L. At this time acetazol-
amide, 0.5 Gm. every 12 hours, was administered. Dur-
ing the next 24 hours the patient had a diuresis of 3,000
ml. of urine. His serum bicarbonate and carbon dioxide
combining power fell to a normal range and abnormal
pulmonary findings decreased.

During the remaining weeks of hospitalization the pa-
tient's inspiratory and expiratory wheezes and rates
gradually disappeared and breath sounds became normal.
Influenza virus was not demonstrated in a throat wash-
ing taken on Day 2 of illness, but convalescent serums
showed a 16-fold rise in complement fixing and hemag-
glutinating antibody titers against the Asian strain of in-
fluenza A virus.

Comment. This case represents the only pa-
tient who recovered in the group of six patients
believed to have primary influenza virus pneu-
monia. The history, physical findings and initial
course were in every way similar to other patients
in this group. Although influenza virus was not
isolated from the initial throat washing, there was
a diagnostic rise in complement fixing and specific
hemagglutination-inhibiting antibody titer during
the illness. No evidence of concomitant bacterial
infection was obtained.

Although the reasons for this patient's survival
are not known, two factors may have contributed
to his recovery. First, in contrast to the remaining
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FIG. 22. COURSEOF ILLNESS IN PATIENT P. B.

patients in this group, this patient was able to
tolerate oxygen administered via the IPPB mask
for long periods and maintained his arterial oxy-
gen saturation at almost normal levels. Secondly,
a diuresis occurred in association with the adminis-
tration of acetazoleamide. Clearing of pulmonary
signs and the return of arterial pCO2 and serum
bicarbonate to normal levels were temporally
associated.

5. J. B., NYH779866. A 75 year old white womanwas
admitted on Oct. 15, 1957, with fever, intense cyanosis
and coma. An inadequate history from relatives indi-
cated that one day prior to admission the patient had
developed fever which was followed by dyspnea and
orthopnea.

Physical examination revealed an intensely cyanotic,
comatose, elderly woman with rapid, labored respirations.
Admission temperature was 39.20 C., heart rate 108 beats
per minute, respirations 54 per minute, and blood pres-
sure 180/80 mm. Hg. Despite the obvious dyspnea, neck
veins were not distended. Examination of the chest re-
vealed only diffuse inspiratory rales throughout both
lung fields without evidence of local consolidation. The
heart was minimally enlarged and a loud, harsh systolic

murmur was heard along the left sternal border and at
the apex. The liver was not enlarged. There was no
peripheral edema.

Initial laboratory studies revealed a white blood cell
count of 15,700 cells per cu. mm. with 79 per cent poly-
morphonuclear cells and 15 per cent band forms. Uri-
nalysis gave a one plus test for protein. Examination of
the sediment revealed 8 to 10 white blood cells per high
power field. A determination of venous carbon dioxide
combining power was 18 mMper L. Peripheral venous
pressure was 94 mm. saline. The electrocardiogram
showed changes suggestive of left ventricular hyper-
trophy. A blood volume determination performed on the
first hospital day was minimally elevated (118 per cent of
calculated normal).

Cultures of sputum, nasopharyngeal and throat secre-
tions yielded only normal pharyngeal flora, and blood cul-
tures were sterile. A throat washing taken on admission
revealed the Asian strain of influenza A virus. The ad-
mission chest roentgenogram revealed dense pulmonary
infiltrations involving the lower half of both lung fields
and a prominent hilar fan which was interpreted as
vascular congestion.

Because of the similarity of this patient's illness to the
cases already described, it was believed that this illness
probably represented influenza, and treatment was insti-
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tuted accordingly. Digitalization, the administration of
morphine sulfate, rotating tourniquets, intravenous ami-
nophyllin, diuretics and positive pressure oxygen via the
IPPB apparatus did not produce notable improvement.
Penicillin, 6 million units; streptomycin, 2 Gm.; chlor-
amphenicol, 2 Gm.; and hydrocortisone, 200 mg. daily,
were given.

The patient's course is depicted in Figure 23. On the
program outlined, her temperature returned to normal
over a 48 hour period and the respiratory rate decreased
to 25 to 30 per minute, but pulmonary findings of rales,

rhonchi and expiratory prolongation persisted at the lung
bases. Arterial oxygen saturation was difficult to main-
tain. Serial arterial blood gas studies were performed
which are included in Tables IX and XIII and Figure
23. Without supplemental oxygen, arterial oxyhemo-
globin saturation was 46.2 per cent on admission and
never rose above 73.5 per cent during hospitalization.
However, the administration of oxygen under pressure

consistently brought oxyhemoglobin saturation to above
90 per cent. There was little evidence that the pCO,
could be reduced by any mechanical breathing aid. A
respiratory acidosis was generally maintained, and su-

perimposed metabolic acidosis gradually developed as the

blood urea nitrogen rose. Blood ketones were elevated
to 142 ,.Eq. per L., and blood pyruvate was increased to
164 ,uEq. per L. on the one determination performed.

In view of the continuing coma, lumbar puncture was

performed. There were no abnormalities of protein,
sugar or cells, and influenza virus could not be recovered
from the cerebrospinal fluid. The blood urea nitrogen
gradually rose to a maximum of 83 mg. per cent. On
the ninth day of disease the patient aspirated food and
pharyngeal secretions; respiratory findings increased and
coma deepened. She expired on the eleventh day of
illness.

Findings at autopsy (Autopsy No. 17278). The prin-
cipal abnormalities were confined to the heart and lungs.
The heart weighed 500 Gm. and showed changes char-
acteristic of hypertensive cardiovascular disease. The
left ventricle was hypertrophied, measuring 15 mm. in
thickness at the base. The coronary arteries were patent
but their lumina were focally narrowed by fibrous and
fatty plaques. Microscopic examination revealed focal
myocardial fibrosis without evidence of active myocarditis.

The lungs were hemorrhagic, subcrepitant, and together
weighed 1,600 Gm. The mucosa of the trachea and
bronchi was markedly hyperemic. The lung parenchyma
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was dark red to purple, and a frothy fluid could be readily
expressed from the cut surfaces. Numerous nodular
areas of consolidation ranging up to 1 cm. across were

present in the entire right lung and to a lesser degree in
the left lower lobe. Elsewhere the lung was well aerated.

Microscopic examination showed that only the mucosa

in the deeper folds of the trachea remained, and even

here the normal mucosa was replaced by low cuboidal
cells. The submucosal vessels were markedly hyperemic
and the interstitial tissues were edematous and infiltrated
with moderate numbers of lymphocytes, plasma cells and a

few neutrophils. The mucosa of the small bronchi was

frequently lined by squamous epithelial cells which
showed marked variation in size, shape and staining
quality. A number of these cells were in mitosis.

Throughout the lung parenchyma the alveolar capil-
laries were engorged with red blood cells. The alveolar
spaces contained a pink, granular precipitate and varying
amounts of fibrin. Focal hemorrhages were present, and
in many areas hyaline membranes covered the walls of
the alveoli and alveolar ducts. In the upper lobes there
were moderate numbers of histiocytes and a few neutro-
philic leukocytes and lymphocytes within the alveolar
spaces. In the lower lobes all of these changes were more

marked. In addition, the small bronchi and many of
the alveolar spaces contained masses of polymorphonu-
clear leukocytes. In some of the small bronchi aspirated
muscle fibers and other food particles were demonstrated.
In these areas gram-positive cocci and budding yeast-like
fungi were seen. Permission to examine the brain was

not obtained.
Bacteriologic cultures obtained from the lungs post

mortem yielded a few colonies of E. coli and moderate
numbers of Candida albicants. Influenza virus was not

recovered from the lung tissue.

Comment. The postmortem findings in this
case were those of pneumonia characterized by
hemorrhage, edema and hyaline membrane forma-
tion. In addition, there was evidence of aspiration
pneumonia which was confined to certain sections
of the lower lobes. Influenza A virus was isolated
from the throat during life but was not isolated
from the lung post mortem. It is probable that the
failure to recover the virus at autopsy was related
to the prolonged period (11 days) between the
onset of illness and death (7).

The early recovery of influenza virus from the
throat, the clinical syndrome and the postmortem

findings were suggestive of an influenza virus
pneumonia complicated preterminally by an aspira-
tion pneumonitis. The possibility of concomitant
encephalitis was entertained, but influenza virus
could not be recovered from cerebrospinal fluid,
and other examinations of the spinal fluid were un-

remarkable. Postmortem examination of the brain
was not permitted.

6. A. C., NYH768041. A 66 year old white man was
admitted on Oct. 19, 1957, with increasing respiratory
difficulties of one day's duration. This patient had known
arteriosclerotic heart disease and a history of two previ-
ously documented myocardial infarcts. One day prior
to admission he had several shaking chills and developed
fever, sore throat, muscle aches and a cough productive
of greenish sputum. Progressive respiratory distress led
to his admission.

Physical examination on admission revealed an acutely
ill man with extreme dyspnea and intense cyanosis of
the lips and nailbeds. Temperature was 39.20 C., pulse
rate 124 per minute, respirations 40 per minute, and blood
pressure 170/100 mm. Hg. Inspiratory rales were heard
throughout both lung fields. There was no evidence of
pulmonary consolidation. The remainder of the physical
examination was within normal limits.

Laboratory studies revealed a white blood cell count
of 19,000 cells per cu. mm. with 72 per cent mature poly-
morphonuclear cells and 14 per cent band forms. The
hematocrit was 56 per cent. Urinalysis showed a spe-
cific gravity of 1,024, a 4 plus test for protein, 25 to 50
red blood cells and 3 to 8 white blood cells per high
power microscopic field. The erythrocyte sedimentation
rate was 15 mm. per hour; the serum carbon dioxide
combining power was 22 mMper L. Serial electro-
cardiograms showed no change from previous tracings.

Sputum smears showed no predominance of any bac-
terium, and sputum and throat cultures yielded only nor-
mal pharyngeal flora. Influenza virus with the antigenic
characteristics of the Asian strain was recovered from a
throat washing. An admission chest roentgenogram
showed generalized cardiac enlargement and extensive
pulmonary infiltrates which radiated peripherally from
the hilar region-a finding consistent with bilateral pul-
monary edema or diffuse pneumonitis.

Treatment was instituted with oxygen via positive pres-
sure mask, intravenous aminophyllin, diuretics, digitalis
and morphine sulfate. A phlebotomy of 400 ml. of blood
was performed. Penicillin, 2.4 million units; strepto-
mycin, 2 Gm.; and erythromycin, 2 Gm., were given
daily. Because of continuing cyanosis, the IPPB mask
was substituted for the positive pressure mask. The pa-
tient's blood pressure fell to 80/40 mm. Hg and levar-
terenol was added to his regimen. Over the next 24
hours the patient improved markedly. The respiratory
rate declined to 30 per minute and cyanosis disappeared.
Because the hypotension appeared related to use of oxy-
gen under pressure, the regimen was altered so that 30
minutes of intermittent positive pressure breathing every
two hours was alternated with periods in an oxygen tent.
The patient's blood pressure stabilized at 130/80 mm. Hg
and levarterenol was discontinued. A chest roentgeno-
gram taken 36 hours after admission showed significant
improvement.

On the third hospital day the patient had a right sided
convulsion followed shortly by a more severe left sided
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seizure. Following the seizures blood pressure was un-
obtainable and inspiratory and expiratory rales and
rhonchi were heard throughout the chest. The patient
expired eight hours after his initial convulsion.

Findings at autopsy (Autopsy No. 17274). Significant
postmortem findings were confined to the heart and lungs.
The heart weighed 490 Gm. and showed changes typical
of hypertensive and arteriosclerotic cardiovascular dis-
ease. There was diffuse sclerosis of the entire coronary
system with marked narrowing of the lumina in many
areas. Both the right coronary and left circumflex cor-
onary arteries were completely occluded close to their
origin. Microscopic sections of the heart revealed ex-
tensive fibrosis but no evidence of acute necrosis or
myocarditis.

The trachea and major bronchi were extremely hy-
peremic. The lungs weighed 1,850 Gm. The parenchyma
was firm, subcrepitant and dark red, and the cut surfaces
exuded a small amount of pink frothy fluid. The right
and left lower lobes were consolidated, dark red and
airless.

On microscopic examination the mucosa of the trachea
was largely denuded or covered by low cuboidal cells, but
in some areas normal ciliated cells were present. The
submucosal vessels were markedly hyperemic 'and the
interstitial tissue was infiltrated with moderate num-
bers of lymphocytes and plasma cells and a few neutro-
philic leukocytes.

Marked vascular congestion and focal hemorrhages
were prominent in the upper lobes, and there were large
amounts of pink granular material and fibrin within the
alveolar spaces. Histiocytes containing hemosiderin or
carbon granules and moderate numbers of neutrophilic
leukocytes were also present in the alveolar spaces. Hy-
aline membranes covered many of the alveolar walls of
the upper and right middle lobes.

Congestion of the alveolar capillaries and intra-alveolar
edema were more marked in the lower lobes, and in ad-
dition the alveoli contained large numbers of poly-
morphonuclear leukocytes and fibrin. In these lobes the
bronchi were frequently ulcerated, and the lumina con-
tained moderate numbers of neutrophilic leukocytes.

Changes suggestive of encephalitis were not seen in
sections of the brain.

Bacteria were not seen in sections of the lungs stained
by the Gram and Giemsa methods. One postmortem cul-
ture yielded two colonies of coagulase negative Staphylo-
coccus albus but other cultures were sterile. Asian in-
fluenza A virus was recovered in a concentration of 10'
egg infectious units (EID,,) per Gm. of lung tissue.

Comment. Initially, this patient was believed to
have acute pulmonary edema of cardiac origin.
His early response to therapy for congestive fail-
ure appeared to support this possibility. However,
the history obtained later of typical influenza fol-
lowed by respiratory distress, the high fever, leu-
kocytosis and absence of electrocardiographic

changes suggested that influenza virus infection
was responsible for the syndrome observed. The
subsequent isolation of an influenza virus from
the throat and lungs, the absence of bacterial
pathogens and the characteristic findings at au-
topsy indicated that this patient had developed a
fulminating influenza virus pneumonia.

III. Pneumonia of combined influenza virus and
bacterial origin
Nine patients in the current series had evidence

of a progressive bilateral pneumonitis with focal
signs of consolidation in which both influenza
virus and bacterial pathogens were implicated.
The following four cases illustrate this syndrome.

1. E. R., NYH389976. A 35 year old housewife was
admitted on Oct. 17, 1957, with fever, cough and chest
pain. There was a past history of asymptomatic rheu-
matic mitral stenosis. The patient was six and one-half
months pregnant. The night before admission she de-
veloped a scratchy throat and mild generalized myalgia.
At 1:00 a.m. on the day of admission she awoke with
headache, experienced two shaking chills, developed left
anterior chest pain and noted a cough which was pro-
ductive of bloody sputum.

Admission physical examination revealed an extremely
ill, dyspneic woman who was slightly cyanotic. The tem-
perature was 39.5° C., the heart rate 120 beats per min-

FIG. 24. ADMISSION CHEST ROENTGENOGRAMON PA-
TIENT E. R., A 35 YEAROLD WOMANWITH CONCOMITANT
INFLUENZA VIRUS AND PNEUMOCOCCALPNEUMONIASU-
PERIMPOSED UPON RHEUMATIC HEART DISEASE WITH
MITRAL STENOSIS AND PREGNANCY
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FIG. 25. COURSEOF ILLNESS IN PATIENT E. R.

ute, respirations 44 per minute, and blood pressure 100/60
mm. Hg. No venous distention was present. Classic
signs of consolidation were noted over the entire left
lower lobe. The heart was slightly enlarged to percus-

sion, and a loud presystolic apical murmur was present.
The remainder of the physical examination was within
normal limits.

Laboratory studies showed the white blood cell count
to be 8,200 cells per cu. mm. with 80 per cent mature
polymorphonuclear cells and 17 per cent band forms.
The erythrocyte sedimentation rate was 17 mm. per hour.
Venous pressure, DecholinS circulation time and an elec-
trocardiogram were normal. Examination of stained
sputum smears showed many gram-positive diplococci,
and sputum cultures yielded many pneumococci. A chest
roentgenogram (Figure 24) revealed homogeneous den-
sity throughout the left lower lung field with nodular
densities extending from the right hilum.

The course of illness is illustrated in Figure 25. The
patient was placed on penicillin, streptomycin and chlor-
amphenicol. Prednisone, 80 mg. daily, was administered
by mouth. Oxygen was administered by tent and the
IPPB mask. Physical signs of lobar consolidation cleared
rapidly; however, the patient remained exhausted, tachyp-
neic and continued to have a fatiguing cough productive
of bloody sputum. Repeated chest roentgenography re-

vealed that the diffuse, nodular bilateral infiltrate had
increased as the lower lobe infiltrate had subsided. Re-
covery was slow, the patient remaining febrile until the
eighth hospital day. A chest roentgenogram taken 11
days after admission showed marked resolution of the

bilateral pneumonic process, but residual bilateral nodu-
lar infiltrates were still present (Figure 26). She was
discharged without abnormal findings 22 days after ad-
mission.

Influenza A virus of the Asian type was recovered
from a throat washing obtained on admission. Studies
of acute and convalescent serum revealed a fourfold rise
in complement fixing antibodies diagnostic of influenza.

Comment. This patient with influenza also had
single lobe pneumococcal pneumonia which re-
sponded to adequate antimicrobial therapy. How-
ever, fever, respiratory distress and hemoptysis
persisted for more than a week and symptomatic
improvement was slow. Chest roentgenography
showed clearing of the lobar infiltrate but progres-
sion of a bilateral diffuse infiltrate believed to be
indicative of viral involvement. This patient was
believed to have combined pulmonary infection
caused both by influenza virus and the pneumo-
coccus.

2. A. Z., NYH781886. A 21 year old woman was ad-
mitted on Nov. 8, 1957, because of profound respiratory
distress. Three days prior to admission she had de-
veloped a sore throat, myalgia, bifrontal headache, a
dry cough and fever to 1030 F. (oral). She was seen by
a physician who noted no respiratory distress or abnor-
malities on physical examination of the chest. The night
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prior to admission she developed pleuritic right chest
pain, tachypnea and dyspnea. On the morning of ad-
mission her respiratory distress became increasingly se-
vere. When seen by her physician she was markedly
cyanotic and audible bubbling sounds could be heard at
considerable distance from the patient.

Physical examination on admission revealed a critically
ill, anxious, dyspneic woman who was intensely cyanotic.
Her temperature was 40.30 C., respiratory rate 60 per
minute, pulse 160 per minute, and blood pressure 130/70
mm. Hg. The conjunctivae and pharynx were moder-
ately injected. Crackling inspiratory rales and harsh
breath sounds were noted throughout both lung fields.
Expiration was labored and appeared to be obstructed.
There was evidence of consolidation of both lower lobes.
The remainder of the physical examination was not re-
markable.

Initial laboratory studies showed the white blood cell
count to be 2,000 cells per cu. mm. with 58 per cent
lymphocytes, 8 per cent monocytes, 7 per cent poly-
morphonuclear cells, 9 per cent band forms, 13 per cent
metamyelocytes and 5 per cent myelocytes. Urinalysis
gave a 3 plus test for protein. The electrocardiogram
showed generalized depression of the RT segments with
decreased amplitude of the T waves. The patient's ar-
terial oxyhemoglobin saturation was reduced to 71.1 per
cent.

Sputum was grossly bloody and contained large num-
bers of gram-positive cocci. Hemolytic Staphylococcus

FIG. 26. CHESTROENTGENOGRAMON PATIENT E. R.
TAKENON DAY 11 OF HOSPITALIZATION

Despite virtually complete clearing of the left lower

lobe infiltrate, patchy nodular infiltrates remain visible
in all lobes.

FIG. 27. ADMISSION CHEST ROENTGENOGRAMON PA-
TIENT A. Z., A 21 YEAR OLD WOMANWITH INFLUENZA
VIRUS AND STAPHYLOCOCCALPNEUMONIA

aureus (international bacteriophage type 80/81) was
grown in pure culture from the sputum. This organism
was sensitive to erythromycin, chloromycetin, strepto-
mycin and novobiocin, but resistant to penicillin and the
tetracyclines. The Asian strain of influenza A virus was
recovered from throat washings. The admission chest
roentgenogram, shown in Figure 27, revealed dense bi-
lateral lower lobe infiltrates with scattered nodular den-
sities present in the central areas of both lung fields.

The patient was given oxygen through a positive pres-
sure oxygen mask, and administration of erythromycin,
dihydrostreptomycin and chloromycetin, 2 Gm. each day,
were started. Hydrocortisone, 100 mg. every 12 hours,
was injected intravenously, and prednisone, 100 mg. daily,
was given by mouth. A summary of the patient's course
is depicted in Figure 28.

Over the first four days in the hospital the patient
showed moderate improvement. Oxyhemoglobin satu-
ration rose to 93.9 per cent with use of the IPPB mask.
Expiratory difficulties appeared relieved with alternating
aerosols of Alevaire® and epinephrine, and temperature
fell to below 390 C. Nevertheless, signs of consolidation
persisted, and she remained cyanotic and tachypneic when
oxygen therapy was discontinued.

On the fifth hospital day the patient developed high
tracheal obstruction which required tracheotomy and
vigorous suctioning. Following this episode her condi-
tion worsened rapidly. There were numerous episodes
of transient obstruction of various lobes by thick puru-
lent mucus, and her temperature rose to 40 to 410 C. A
marked respiratory acidosis developed with the arterial
pCO2 rising to 78 mm. Hg. The administration of aceta-
zolamide, 1.0 Gm. daily, was associated with the return
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FIG. 28. COURSEOF ILLNESS IN PATIENT A. Z.

of arterial blood pCO2 and pH to normal, but there was

no improvement in the patient's clinical course. The on-

set of bloody diarrhea was associated with the recovery

of hemolytic Staphylococcus aureus from stool cultures.
On the sixth hospital day blood pressure fell to shock
levels and the patient died.

Findings at autopsy (Autopsy No. 17315). Autopsy
was limited to the removal of sections of organs through
an abdominal incision. The lungs were obviously heavy
and the lower lobes were nodular and firm. On section
the parenchyma was diffusely hemorrhagic and airless,
and small abscesses containing soft, yellow, purulent ma-

terial were found in all lobes.
Microscopic examination revealed widespread ulcera-

tion of the bronchial mucosa together with extensive al-
veolar edema and hemorrhage. Many of the alveoli and
alveolar ducts were covered with a thick hyaline mem-

brane. Interstitial tissues were edematous and con-

tained numerous polymorphonuclear leukocytes. As il-
lustrated in Figure 10, the abscesses showed central ne-

crosis and contained many colonies of cocci. Microscopic
sections of the heart were not remarkable.

Quantitative bacterial cultures of the right upper and
left lower lobes demonstrated a pure growth of hemo-
lytic Staphylococcus aureus in concentrations of 5 X 102
microorganisms per Gm. Bacteriophage typing revealed

that these microorganisms were of phage type III (53
VA 4). This strain was resistant to more than 50 ftg. of
all antimicrobials except novobiocin. Influenza A virus
of the Asian strain was demonstrated in a concentration
of 102 EIDAS per Gm. in lung tissue.

Comment. This young patient developed a

rapidly fatal bilateral pneumonia. Both staphylo-
cocci and influenza virus were isolated from the
sputum and the lungs at autopsy. During her
hospitalization of six days, a drug-sensitive staphy-
lococcus was replaced by a staphylococcus of dif-
ferent phage type which was insensitive to all anti-
microbial agents used in treatment. It seemed
probable that this microorganism entered the re-

spiratory tract via tracheostomy tube during the
last 36 hours of life.

3. R. C., NYH653327. A 31 year old white woman

was admitted on Oct. 23, 1957, with fever, cough and
respiratory distress. The patient had known rheumatic
heart disease and had undergone a mitral commissurotomy
four and one-half years prior to admission. In recent
months she had noted increasing fatigue and exertional
dyspnea. Four days prior to admission the patient de-
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veloped an illness characterized by chills, fever and
photophobia. Two days prior to admission she noted
increasing cough, chills, fever and increasing dyspnea.

Physical examination disclosed an acutely and chron-
ically ill cyanotic woman with moderate dyspnea. The
temperature was 40.0° C., respirations 28 per minute,
heart rate 130 beats per minute, and blood pressure 98/65
mm. Hg. The neck veins were moderately distended.
Examination of the chest revealed bilateral moist in-
spiratory rales over both lower lung fields. Sticky in-
spiratory rales and bronchial breath sounds were de-
tected over the right middle lobe. The expiratory phase
of respiration was moderately prolonged. The heart was
moderately enlarged, and loud systolic and diastolic
murmurs were heard at the apex. The liver was en-
larged to 5 cm. below the right costal margin and was
tender. No peripheral edema was present.

Pertinent laboratory studies revealed a white blood
cell count of 10,200 cells per cu. mm. with 67 per cent
mature polymorphonuclear cells, 20 per cent band forms,
and 2 per cent metamyelocytes. The sedimentation rate
was 24 mm. per hour. Electrocardiograms showed sinus
tachycardia and evidence of right ventricular hyper-
trophy and "digitalis effect." The venous pressure was
150 mm. saline at the level of the right auricle.

Sputum cultures yielded many colonies of hemolytic
Staphylococcus aureus and pneumococci. The staphylo-
coccus isolated was sensitive to the tetracyclines, chlor-
amphenicol and erythromycin but was resistant to 3.25
units of penicillin. Chest roentgenography revealed dif-
fuse, patchy densities radiating from the hilar areas
bilaterally.

It was believed that the patient had chronic congestive
heart failure and combined influenza virus and bacterial
pneumonia. Treatment was initiated with digitoxin,
mercurial diuretics ind oxygen via the IPPB mask.
Erythromycin and chloramphenicol, 2 Gm. daily, were
given by mouth.

On this program the venous pressure returned to
normal, but pulmonary signs failed to improve. Predni-
sone, 60 mg. daily, was started at this time. Dramatic
improvement followed the initiation of steroid therapy.
One week later prednisone was slowly withdrawn only
to be followed by the return of fever, fatigue and dyspnea.
Chest roentgenograms showed some clearing, but a dif-
fuse reticular infiltrate remained. Prednisone was rein-
stituted and again there was rapid improvement and
defervesence. Attempts were again made to withdraw
the steroids, but again the patient's symptoms and fever
returned and prednisone was therefore continued. The
patient pursued a gradual downhill course characterized
by fever, anemia and increasing heart failure, and she
expired on the forty-ninth hospital day.

Study of paired serums obtained on the sixth and
thirty-eighth day of illness showed an eightfold rise in in-
fluenza A complement fixing antibody.

Findings at autopsy (Autopsy No. 17357). The prin-
cipal autopsy findings were confined to the heart and
lungs. The heart weighed 380 Gm. and the myocardium

was remarkably flabby. The mitral valve orifice was nar-
rowed to a slit-like opening, and the mitral valve leaflets
were thickened by fibrous tissue and focal calcification.
The chordae tendineae were thickened and shortened.
The walls of the coronary arteries were thin and their
lumina patent. Microscopically there was an extensive
infiltration of polymorphonuclear leukocytes associated
with focal necrosis of myofibers throughout the heart.
Aschoff bodies were not present. The blood vessels
throughout the heart appeared normal.

The lungs together weighed 1,280 Gm. and the middle
and lower lobes of the right lung were dark red and
firm. Sections of the lung revealed marked passive hy-
peremia with extensive hemosiderin deposits within many
mononuclear cells together with much alveolar hemor-
rhage and edema of recent origin. In some areas there
was interstitial fibrosis and fibrosis of alveolar walls.
Many small arteries, arterioles and capillaries in the
right middle and lower lobes were necrotic and these
areas were infiltrated with polymorphonuclear leukocytes.
Cultures of lung tissue revealed a few colonies of coagu-
lase positive staphylococci, Candida albicans, and E. coli.
Influenza virus could not be obtained by inoculation of
lung suspensions into embryonated eggs.

Comment. This patient with severe rheumatic
heart disease developed influenza which was fol-
lowed by bacterial pneumonia and congestive heart
failure. Although there was an initial improve-
ment, the subsequent course was one of fever, in-
creasing congestive failure and anemia.

Autopsy was performed 53 days after the onset
of her illness. A necrotizing myocarditis and pul-
monary arteritis and arteriolitis were superim-
posed on chronic rheumatic deformities of the
mitral valve. Influenza virus could not be re-
covered from the lung tissues.

This picture was strikingly different from that
noted in other patients in this series. The pro-
longed course characterized by cardiac failure and
anemia and the failure to demonstrate the influenza
virus or the usual pulmonary changes associated
with influenza suggest that the arteriolitis and myo-
carditis were perhaps of non-influenzal etiology.

4. B. P., NYH73753. A 61 year old woman was ad-
mitted on Jan. 26, 1958, because of hemoptysis and
dyspnea. The patient had been in good health until three
days prior to admission when she noted the onset of fe-
ver, sore throat and shaking chills, followed in the next
24 hours by headache, nonproductive cough and general-
ized myalgia and arthralgia. She improved transiently
but on the day of admission developed wheezing and re-
spiratory distress, and her cough became productive of
bloody sputum.

Physical examination revealed an acutely ill, cyanotic
woman in, marked respiratory distress. The admission
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temperature was 40.40 C., the heart rate 122 beats per
minute, respirations 60 per minute, and blood pressure
100/60 mm. Hg. There was no venous distention. Ex-
amination of the chest revealed dullness to percussion
over the left lower thorax posteriorly. Tubular breath
sounds were heard in the area of dullness. Throughout
the rest of the lung fields breath sounds were harsh, and
grating expiratory rales and rhonchi were present. Ex-
amination of the heart revealed a sinus tachycardia and
an accentuated pulmonic second sound. Physical examina-
tion was otherwise within normal limits.

Marked leukopenia was revealed by laboratory stud-
ies. The total leukocyte count was 1,400 cells per cu.
mm. with 86 per cent lymphocytes and 14 per cent poly-
morphonuclear cells. Hemoglobin and hematocrit de-
terminations and a platelet count were normal. Granu-
locytic maturation arrest and a moderate increase in
eosinophiles were evident in a bone marrow aspirate. A
venous pressure determination and electrocardiogram
were normal. The venous carbon dioxide combining
power was 16 mMper L.

Myriads of gram-positive cocci, red blood cells and
leukocytes were seen in Gram stained smears of the
sputum. Cultures yielded a pure growth of hemolytic
Staphylococcus aureus (bacteriophage type I) which was
sensitive to all antimicrobials tested. Blood cultures were
sterile. A chest roentgenogram obtained on admission
showed a dense left lower lobe infiltrate and a bilateral
diffuse increase in hilar markings (Figure 29). In-
fluenza virus (Asian strain) was recovered from the
admission throat washing.

Antimicrobial therapy was initiated with chlorampheni-
col, 2 Gm. per day; streptomycin, 1 Gm. per day; and
procaine penicillin, 2.4 million units per day. Oxygen

FIG. 29. ADMISSION CHEST ROENTGENOGRAMON PA-
TIENT B. P., A 61 YEAROLDWOMANWITH CONCOMITANT
INFLUENZA VIRUS AND STAPHYLOCOCCALPNEUMONIA

was administered via the IPPB mask. Shortly after ad-
mission, blood pressure fell to 70/40 mm. Hg and intra-
venous norepinephrine was started. Hydrocortisone, 100
mg., was given intravenously. Despite this therapy, ill-
ness progressed. Twelve hours after admission arterial
blood gas studies without administration of supplemental
oxygen disclosed an oxyhemoglobin saturation of 70.5 per
cent and carbon dioxide tension of 27 mm. Hg. The se-
rum bicarbonate concentration was 9.63 mMper L., and
the arterial blood pH was 7.18 units.

Penicillin dosage was increased to 40 million units in-
travenously per 24 hours given as a continuous slow
infusion, but respiratory distress progressed relentlessly,
and the patient died 20 hours after admission.

Findings at autopsy (Autopsy No. 17449). The mu-
cosal surfaces of the larynx, trachea and major bronchi
were hyperemic and granular and the lumina contained
much bloody fluid. The lungs were heavy and hemor-
rhagic and together weighed 1,920 Gm. The basilar por-
tions of the upper lobes, the entire right middle lobe and
both lower lobes were noncrepitant, firm and dark red.

In the upper lobes, the alveolar capillaries were mark-
edly hyperemic. Many of the alveolar lumina were filled
with a pink, granular precipitate, and in some areas al-
veolar hemorrhage was prominent. The ciliated epi-
thelium of many of the small bronchi appeared normal,
but their lumina contained cellular debris, neutrophilic
leukocytes, red blood cells, edema fluid and many gram-
positive cocci. In one area the inflammatory process was
associated with necrosis of alveolar walls. All of these
changes were much more marked in the lower lobes, and
hemorrhage, edema and abscess formation were wide-
spread. Huge numbers of gram-positive 'cocci were
readily identified within the lung parenchyma. Careful
search failed to reveal hyaline membranes in any lobes of
the lungs. The remainder of the organs, including the
brain, were grossly and microscopically unremarkable.

A pure growth of hemolytic Staphylococcus aureus was
cultured in high titer from all lobes. Staphylococci in
concentrations of 4 X 104 microorganisms per Gm. were
grown from the left upper lobe. The right lower lobe
and left lower lobe contained 4 X 10' viable staphylocci
per Gm. The staphylococci isolated were of the same
phage type and antimicrobial sensitivity as the strain orig-
inally isolated from the sputum. The Asian strain of in-
fluenza A virus was recovered from the lungs in con-
centrations of 1027 EID.O per Gm.

Comment. This patient had a typical influenzal
illness followed in three days by a fulminating
pneumonia which resulted in death. Both influ-
enza virus and hemolytic Staphylococcus aureus
were isolated from lung tissue post mortem. Leu-
kopenia and granulocytopenia accompanied the
illness. Despite the susceptibility of the staphylo-
coccus to the antimicrobials administered, the pa-
tient died shortly after admission to the hospital.
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RECAPITULATION

The present paper reports observations on 33
patients with proven influenza A infection who
developed pulmonary complications during their
illness. On the basis of detailed clinical and lab-
oratory study, four clinical syndromes were rec-

ognized:

1. Influenza with physical signs of lung involve-
ment but without roentgenographically detectable
pulmonary infiltrates.

2. Focal bacterial pneumonia following influ-
enza.

3. Influenza associated with a diffuse pulmo-

nary process produced by influenza virus infection
alone.

4. Influenza associated with both focal and dif-
fuse pulmonary signs resulting from concomitant
bacterial and influenza virus infection.

Influenza with physical signs of lung involvement
without roentgenographic pulmonary infiltrates

Three patients developed scattered rales and
wheezes over the lower lung fields without evi-
dence of bacterial infection or roentgenographic
infiltrates. Each of these patients had underlying
disease producing pulmonary hypertension. These
patients recovered without antimicrobial therapy
in a manner generally similar to that seen in un-

complicated influenza.
Transient lower respiratory tract signs without

changes in chest X-ray films have .been reported
to occur in occasional patients with influenza and
have been considered to represent bronchial and
bronchiolar involvement (17, 18). It seems prob-
able that the relative infrequency of this pulmonary
syndrome in our series was the result of an admis-
sion policy in force during the epidemic which sug-

gested the hospitalization of influenza patients only
when pulmonary signs were accompanied by
roentgenographic pulmonary infiltrates.

Focal bacterial pneumonia following influenza con-

trasted wtith the syndrome of diffuse primary
influenza virus pneumonia

Fifteen of the 33 patients had definite evidence
of bacterial pneumonia arising sometime after the
onset of influenza. Six patients manifested a se-

vere, diffuse pulmonary syndrome without ap-

parent bacterial infection which appeared to re-
sult from influenza virus infection per se. These
two syndromes differed sharply from one an-
other and could be separated clinically with in-
creasing certainty as the epidemic proceeded.
These differences deserve enumeration.

1. The host setting in which disease arose was
different in the two syndromes. Focal bacterial
pneumonia often arose in previously healthy indi-
viduals. In this group the numbers of male and
female patients were approximately equal.

In contrast, all six of the patients with the dif-
fuse abacterial pulmonary syndrome had underly-
ing heart disease. Rheumatic heart disease with
mitral valve involvement was present in four.
Five of the six patients were males.

2. The progression of the illnesses differed.
Patients who presented with what was subse-
quently proved to be bacterial pneumonia usually
experienced a longer interval between the onset
of influenza symptoms and hospitalization which
averaged 3.8 days. Ten of the 15 patients with
bacterial pneumonia had noted a period of rela-
tive freedom from symptoms following influenza
before symptoms suggesting bacterial infection
became apparent. Chills, fever, cough productive
of purulent or bloody sputum and pleural pain were
the principal complaints upon admission.

In contrast, all patients presenting with diffuse
influenza virus pneumonia had had illness of short
duration. In these patients typical influenza symp-
toms were followed in less than 24 hours by pro-
gressive dyspnea. Profound respiratory distress
was. the universal complaint upon admission.
Pleural pain was not present.

3. Findings on physical- examination were dif-
ferent in the two groups. The majority of pa-
tients with focal bacterial pneumonia had high
fever, grunting respirations and typical signs of
focal consolidation over one or more lobes. Cy-
anosis or severe respiratory distress was rare.

In contrast, patients with diffuse, abacterial
pneumonia had no signs of local consolidation.
Chest findings were bilateral and diffuse, and were
characterized by difficulties in air exchange, rales,
inspiratory and expiratory wheezes and rhonchi.
Cyanosis was uniformly present and respiratory
distress was extreme.-

4. Certain laboratory studies aided in differen-
tiating these two syndromes. a) Many polymor-
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phonuclear leukocytes and masses of bacteria were

observed in smears of sputum obtained from pa-

tients with bacterial pneumonia. Pathogens known
to produce pneumonia were readily cultured from
the sputum. In contrast, sputum smears obtained
from patients with influenza virus pneumonia re-

vealed only sparse bacteria, and sputum cultures
consistently failed to yield significant pathogenic
microorganisms.

b) Differences were apparent in the incidence
of recoveries of influenza virus from throat wash-
ings. No influenza virus was obtained from 13
patients with bacterial pneumonia in whom virus
isolation was attempted. In contrast, influenza
virus was recovered from three of four patients
with primary influenza virus pneumonia from
whom throat washings were obtained.

c) Roentgenographic findings differed in pa-

tients with secondary bacterial and primary in-
fluenza virus pneumonia. Chest X-rays on pa-

tients with bacterial pneumonia commonly showed
typical focal infiltrates confined to one or more

lobes. In patients with influenza virus pneumonia,
a diffuse, fanning, bilateral, perihilar infiltrate,
indistinguishable from the roentgenographic pic-
ture observed in cardiac pulmonary edema was a

characteristic finding.
5. The course of illness was different in pa-

tients with secondary bacterial and primary influ-
enza virus pneumonia. Patients with focal bac-
terial pneumonias responded promptly to anti-
microbial therapy in a manner similar to that ordi-
narily seen in primary bacterial pneumonias. The
mortality was low in this group. One of 15 pa-

tients died with what appeared to be a complica-
tion unassociated with her influenza.

In contrast, patients with diffuse abacterial
pneumonia failed to respond to the administration
of large doses of antimicrobial drugs. Hypoxia,
respiratory distress and respiratory and metabolic
acidosis progressed relentlessly despite therapy.
Five of the six patients with this syndrome died.

Combined influenza virus and bacterial pneumonia

Nine patients with pulmonary infiltrates had an

illness which was characterized by certain features
of both focal bacterial pneumonia and diffuse in-
fluenza virus pneumonia. In these patients the
duration of illness prior to hospitalization was

variable. Respiratory distress was a universal
complaint on admission. Both focal and diffuse
findings were usually present on physical and
roentgenologic examination. Large numbers of
pneumococci, staphylococci or Hemophilus influ-
enzae were isolated from the sputum, and influ-
enza virus was simultaneously present in seven
of nine throat washings obtained. This syndrome,
in common with primary influenza virus pneu-
monia, was associated with a significant mortality.
Four of the nine patients died during the course
of their illness. Findings during the acute illness
in the two patients examined post mortem were
similar to those noted in primary influenza virus
pneumonia, but in addition, histologic and cul-
tural evidence of an extensive necrotizing staphylo-
coccal pneumonia was present.

Other laboratory features of pneumonia associated
with influenza

Certain laboratory studies did not aid in dif-
ferentiating the pulmonary syndromes observed.
In all syndromes patients demonstrated a leukocy-
tosis with an increase in absolute numbers of gran-
ulocyte forms. Erythrocyte sedimentation rates
were usually normal in patients with diffuse influ-
enza virus pneumonia and high in patients with
associated bacterial infection, but too few patients
were studied to assess the constancy of this ob-
servation.

No evidence of renal or hemopoietic damage or
defects in blood clotting mechanisms accompanied
influenza. Tests of hepatic function were generally
within normal limits during the acute illness except
for serum glutamic oxaloacetic transaminase de-
terminations. Transaminase levels were elevated
in the majority of patients studied, and the degree
of elevation of serum transaminase levels appeared
to parallel the severity of the illness. In the ab-
sence of other changes suggestive of hepatic or
myocardial damage, the significance of this finding
remains unclear. Viremia was not demonstrated
during the course of influenza.

Consideration of primary influenza virus pneu-
monia as a specific disease entity
As the belief evolved that pure influenza virus

pneumonia represented a definite entity, two ques-
tions arose in considering the clinical syndrome
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manifested by the six patients described in the
present report.

1. Could bacterial infection have been missed
in these patients who received large amounts of
antimicrobials? This has seemed unlikely. First,
bacteria were easily cultured from sputum samples
obtained from patients simultaneously admitted
with other pulmonary syndromes, while repeated
cultures did not yield significant bacterial patho-
gens from the sputum of these six patients. Sec-
ondly, three of five patients with the diffuse pul-
monary syndrome died within 48 hours after insti-
tution of therapy without bacteriologic or histo-
logic evidence of infection. Experimental evidence
indicates that antimicrobial therapy rarely eradi-
cates microorganisms residing in tissues within
this time period. Furthermore, microorganisms
were cultured in high concentrations and were
readily seen on histologic sections from the lungs
of influenza patients with bacterial pneumonias
who died after comparable time periods on similar
therapy. Thus it seems unlikely that antibiotics
induced bacterial sterility in lungs during such
short periods of drug administration.

It is conceivable that antimicrobial treatment
could eradicate pneumococci because of their tend-
ency to autolyse rapidly when killed. Neverthe-
less, the diffuse pulmonary syndrome observed,
the lack of response to antimicrobials, the pres-
ence of distinctive and unusual anatomic findings,
and the absence of the pulmonary histologic
changes usually seen in pneumococcal pneumonia
suggest that this was a most unlikely possibility.
Lastly, high concentrations of influenza virus were
demonstrated in the lungs of these patients. In
three of the four patients, virus concentrations
were 20 to 2,000 times those found in patients
with influenza who died with obvious bacterial
infections.

2. Was it possible that this diffuse syndrome
represented acute left heart failure? All of the
patients with diffuse abacterial pneumonia had
antecedent heart disease, and chest X-ray films
were compatible with acute pulmonary edema.
There was, however, considerable evidence to
indicate that the process observed was not con-
gestive heart failure.

First, four of the six patients had significant pul-
monary hypertension secondary to mitral valvular
lesions. It might be expected that any additional

stress placed on the heart would result in rapid
right heart failure. Nevertheless, signs of right
heart failure were generally absent, and blood vol-
umes and venous pressures were commonly nor-
mal. Secondly, there were no physical or electro-
cardiographic signs to suggest the presence of
myocarditis. Third, the institution of vigorous
therapeutic measures for acute congestive heart
failure produced no significant change in the pul-
monary picture. Lastly, the findings at autopsy
were not those of heart failure and indicated that
a diffuse pulmonary infection was present.

Weare thus led to the conclusion that influenza
virus infection in the absence of bacterial com-
plications produced a characteristic, severe and
usually fatal pneumonic syndrome in certain pa-
tients with underlying heart disease.

DISCUSSION

At the outset of the recent pandemic there was
little evidence that influenza virus per se could
cause fatal pneumonia when unattended by bac-
terial pathogens. The first documented abacterial
influenza virus pneumonia, described in 1945 by
Finland, Barnes and Samper (19), was associated
with an interpandemic infection. The following
year a second case report appeared from the same
group of investigators (15). In both cases the
minimal acceptable criteria for primary influenza
virus pneumonia were met; virus was recovered
from lung tissue and bacterial pathogens could
not be demonstrated (see Table XV). Except for
an undocumented reference to another case of ap-
parent abacterial influenza virus pneumonia in
1948 (20), other instances of fatal primary in-
fluenza virus pneumonia were not described before
the recent pandemic.

The present investigation has documented six
cases of influenza virus pneumonia in which bac-
terial pathogens could not be incriminated. Five
of these patients died. Other investigations of the
1957-58 pandemic also present evidence that fatal
abacterial influenza may occur. Four of eight
fatal pneumonias reported by Giles and Shuttle-
worth were bacteriologically sterile (21). De-
tails of these cases were not published. In a large
prospective study of fatal influenza in the Nether-
lands, 22 instances of bacterially sterile lungs were
reported in 103 patients in whom pulmonary in-
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fluenza virus was demonstrated post mortem (22).
Three additional cases have been reported re-
cently in which influenza virus was recovered from
bacteriologically sterile lungs (23, 24). Thus at
the present writing, 31 such cases (excluding the
present six) have been reported (Table XV).
Although detailed presentations of the clinical
manifestations of illness have been few, our ex-
perience, supported by the reports cited above, in-
dicate that influenza virus infection per se can be
a cause of pneumonia and death in man.

Although the view has been widely held that in-
fluenza virus infection per se does not produce fatal
disease, it has long been recognized that influenza
epidemics are closely associated with an increased
incidence of bacterial pneumonia (25, 26). In the
present study, 24 of 33 patients had evidence of
superimposed or subsequent bacterial pulmonary
infection. In the 1918-19 pandemic, pathogenic
bacteria were almost invariably isolated from the
lungs of fatal cases of influenza (27-29). Since the
initial recognition of influenza virus in 1933 (3)
the isolation of both influenza virus and bacteria
from the lungs of fatal cases has been repeatedly
documented (17, 18, 30). In the majority of such
fatal pneumonias, the associated bacterial patho-
gen has been Staphylococcus aureus (17, 18, 30
and 31). The frequent isolation of staphylococci
and influenza virus from the lungs in fatal influ-
enza (Table XV) has focused attention on the
bacterial problem, especially as antibiotic-resistant
staphylococci have become increasingly prevalent.

In the absence of firm evidence in the past that
influenza virus alone might induce fatal pneu-
monia, the pathogenic contribution of the virus in
combined viral-bacterial infections has often been
considered minor. The fact that effective anti-
bacterial drugs were available in the recent pan-
demic has allowed clearer differentiation of the
relative importance of the virus in such combined
infections. The present investigation, in which
bacteria generally sensitive to antimicrobials were
encountered in patients with concomitant viral
and bacterial pneumonia, has allowed some clari-
fication of the role of the influenza virus in such
combined infections.

Three facts suggest that the severity of the in-
fluenza virus infection per se may be important in
determining the outcome of combined influenza
and bacterial pneumonia:

First, it was apparent from the present investi-
gation that patients died from influenza virus in-
fection alone.

Secondly, the diffuse nature of the pulmonary
disease observed and the severe respiratory diffi-
culties associated with combined viral-bacterial
pneumonia in certain patients were not charac-
teristic of bacterial pneumonia .but more closely
resembled the signs and symptoms observed in
patients with pure influenza virus pneumonia.

Third, certain patients with combined infection
produced by influenza virus and antibiotic-sensitive
bacteria failed to exhibit an appropriate response
to antimicrobial agents. Deaths in some of these
patients were clearly not related to a failure of
antibacterial therapy but seemed to result from
the unmitigated effects of the viral component of
the combined infection. In those in this group
who survived, the recovery phase was protracted,
regardless of the bacterial pathogen involved. This
slow response stood in sharp contrast to the
response of patients who developed secondary
pneumonia following the earlier onset of influenza.

On the basis of this experience the present au-
thors are led to believe that the virus infection
does more than merely reduce host resistance to
bacterial invasion. It seems probable that the in-
fluenza virus per se plays an important role in
deaths observed in such combined viral-bacterial
pneumonias.

The deaths observed in two patients with com-
bined influenza virus and staphylococcal infections
were reminiscent of the fatalities attributed to
staphylococcal pneumonia in 1918-19 by Chicker-
ing and Park (32). The syndrome described by
these authors has always been puzzling to stu-
dents of staphylococcal infection because of the
diffuse pulmonary involvement 'and the lack of
pleural pain or empyema so common in most
staphylococcal pulmonary infections (33). Our
recent experience suggests that the clinical mani-
festations observed by Chickering and Park may
have been determined by influenza virus infection
acting in concert with necrotizing bacterial dis-
ease rather than staphylococcal infection alone.

The picture of the staphylococcus as an in-
creasingly important co-invader in influenza must
be viewed with caution. In the present investiga-
tion of living patients, the high incidence of pneu-
mococcal pneumonia contrasts with the low inci-
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dence of pneumococci reported in autopsy ma-

terial from fatal cases of influenza (22). It should
be remembered that the antimicrobial treatment of
pneumococcal or streptococcal infections is vastly
more effective than the treatment of staphylococcal
disease. Antimicrobial therapy may thus, in part,
select the bacterial agent (staphylococcus) which
will result in an influenza fatality, and a spurious
etiologic relationship may be inferred by study
of postmortem materials alone.

The present study emphasizes the importance of
underlying disease in the pathogenesis of pulmo-
nary complications of influenza. Twenty-one of
the 30 patients with serious pulmonary complica-
tions, including nine of the 11 who died, had un-

derlying illness or were pregnant. This correla-

tion was even more striking in patients with dif-
fuse virus pneumonia with or without pre-exist-
ing disease. In this group, 13 of the 15 pa-

tients had pre-existing disease. This experience
is in general accord with the observations of others
reported during the last two decades. Table XV
summarizes published reports of fatal cases of in-
fluenza in which virus with or without associated
bacterial pathogens was demonstrated in the lung.
In 14 of these cases adequate data were available
to determine whether or not underlying disease
was present before the onset of influenza. Six of
these 14 patients clearly had preceding disease. In
two other reported cases the data provided sug-
gest the possibility of antecedent disease. Of the
remaining six patients without manifest antecedent

TABLE XV

Fatal cases of influenza in which virus was demonstrated in the lung

Isolation of
Bacterial culturet influenza virus

Under-
lying Throat

Reference Date Patient Age Sex disease* Sputum Lung wash. Lung Comment

1. Scadding 1937 K. 0. 16 F ? RHDat NR Staph. NR A
(17) 12

2. Stuart-Harris, 1938 A. L. E. ? ? No details NR Staph. ND At
Andrewes and 0. A. K. ? ? No details NR Staph. ND At
Smith (18) W. A. N. ? ? No details NR Staph. ND At

3. Stokes and 1940 20 F Furuncu- NR Staph. NR A
Wolman (39) losis

4. Himmeiweit 1943 55 M None NR Staph. NR B
(30)

5. Finland, 1945 A-1 18 F None f strep. staph. 6 strep. staph. NR A
Barnes and
Samper (19) A-2 39 M CAD 0 Alpha strep. NR A This organism is an

unlikely pathogen
A-3 61 M ASCVD Pneumo. I Pneumo. I NR A

6. Parker, 1946 1 18 F None NR Staph. ND A
Jolliffe,
Barnes and 2 34 F Antecedent N. catarrhalis 0 ND A Abacterial
Finland (15) cough, staph.

fatigue, (few)
coincident
myocarditis

7. Burnet, 1946 3 47 F No details ND Staph. ND B (Reisolated)
Stone and bronchial washings
Anderson (40)

8. Maxwell, 1949 P47A1 14 M Varicella NR ND NR A
Ward and mo.
Van Metre P47A2 7 M Meningitis NR ND NR A
(20) mo.

P46A1 No details NR Pneumo. II NR A

P47B1 No details Pneumo. IX 0 NR B Possibly abacterial

9. Stuart-Harris 1949 4 cases No details NR Staph.-4 NR A
and co-workers
(26)

10. Mulder and 1949 K 27 M None Staph. (lung Staph. ND At Tracheal isolation
Verdonk (41) puncture)

* RHD, Rheumatic heart disease; MS, Mitral stenosis; CAD, Coronary artery disease; ASCVD, Arteriosclerotic heart disease.
t NR, Not reported; ND, Not done; Staph., hemolytic Staphylococcus aureus; Strep., Group A hemolytic streptococcus; pneumo., pneumo-

coccus.
t Identification of virus only presumptive on basis of data published.
Note-Isolations of virus from 195 fatal cases (43) are not summarized here because the data in this report do not allow conclusions regarding

individual cases nor is it stated how many isolations are from pulmonary tissue.
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TABLE Xv-Continued

Isolation of
Bacterial culturet influenza virus

Under-
lying Throat

Reference Date Patient Age Sex disease* Sputum Lung wash. Lung Comment

11. Evans and 1956 1 53 F No details Staph. NR ND A No data on viral
Evans (42) isolation

12. Giles and 1957 8 cases No details NR Staph.-4 NR A Four abacterialj
Shuttleworth 0-4 (Asian) U
(21)

13. Hers, 1957 103 cases See comment Staph.-69 A 22 abactrl.
Goslings, strep.-1 (Asian) Of 10 patients with
Masurel and Pneumo.-3 RHDand MS, nine
Mulder (22) H. influ.-1 were abacterial

E. coli-7
0-22

14. Perrier, 1957 L. T. 19 M None NR 0 NR A Two abacterial
Hausser and (Asian)
Paccaud (23) H. B. 57 F None NR 0 NR A

(obesity) (Asian)

15. Rock, 1958 38 F RHD, MS Strep. viridans, 0 ND A Virus reisolated,
Braude and N. catarrhalis (Asian) abacterial
Moran (24)

16. Present 1958 G. H. 49 M RHD Rare pneumo., 0 ND A First four cases
report normal flora (Asian) abacterial

(10'j)

C. P. 47 M RHD Normal flora. 0 ND A Virus reisolated
rare pneumo., (Asian) from lungs in five of
pseudomonas, (10.-7) seven cases
proteus

A. B. 45 M RHD Normalflora, 0 A A
few H. influ (Asian) (Asian)
ensae, pneumo. (104)

A. C. 66 M ASCVD Normal flora 0 A A
(Asian) (Asian)

(<10')

F. R. 53 M Myeloma Pneumo. 0 A A
(Asian) (Asian)

(<10')
A. Z. 21 F None Staph. Staph. A A

5 X 108/ml. (Asian) (10')
(Asian)

B. P. 61 F None Staph. Staph. A A
4 X 108/ml. (Asian) (Asian)

(10'.7)

disease, four had both staphylococcal and influ-
enza virus lung involvement. Thus only two of
the 14 patients reported in adequate detail could
be considered to be normal individuals who died
solely of uncomplicated influenza virus infection.

The specific association of underlying cardio-
vascular disease with serious pulmonary compli-
cations of influenza was particularly striking in
the present study (Table XVI). Fourteen or
two-thirds of the 21 patients with an antecedent ill-
ness had cardiovascular disease; 10 of the 14 had
rheumatic heart disease. If the patients with
diffuse lung involvement (with or without bacterial
infection) are considered as a separate group, the
incidence of underlying cardiovascular disease is
even more impressive. Eleven of 15 such patients
had known underlying cardiac disease. In seven
of these 11, rheumatic heart disease was present.

The impression that individuals with rheumatic
heart disease manifest increased susceptibility to
pneumonic involvement with influenza virus in-
fection is supported by other observations reported
from the pandemic of 1957-58. Rock, Braude and
Moran have reported a patient with mitral stenosis
who developed fatal abacterial influenza virus
pneumonia (24). In the Netherlands study, nine
of 10 cases with mitral stenosis had abacterial in-
fluenza virus pneumonia (22). Thirty-five of 46
fatal cases with clinical diagnoses of influenza re-
ported by Giles and Shuttleworth had pre-existing
disease. In seven of the 35, rheumatic heart dis-
ease was present (21).

The prognostic import of underlying rheumatic
heart disease was grim with any of the pneumonic
syndromes associated with influenza observed in
the present study (see Table XVI). The only
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death among patients with late bacterial pneu-

monia following influenza occurred in a rheu-
matic patient. Of three patients with rheumatic
heart disease and concomitant bacterial and viral
pneumonia, one died; of four with rheumatic heart
disease and primary influenza virus pneumonia,
three died. Thus five of 10 rheumatics who de-
veloped pneumonia in association with influenza
failed to survive.

Thus, the present study suggests not only the
importance of antecedent disease but specifically
the importance of cardiovascular disease in the
pathogenesis of influenza virus pneumonia. The
fact that mitral stenosis was the most common

cardiovascular defect suggests the probable im-
portance of hemodynamic rather than general
debilitating factors in the genesis of the syndrome.
It seems probable that the pulmonary hypertension
associated with mitral stenosis may play an im-
portant role in the pathogenesis of the hemor-
rhagic, edematous pneumonia induced by influenza
virus.

Certain comparisons of the pandemics of
1918-19 and 1957-58 can be made on the basis of
the present experience. The clinical picture of in-
fluenza in uncomplicated cases in 1957-58 (5, 6)
was remarkably similar to that described in
1918-19 (34). The clinical syndrome of fulmi-
nating pneumonia as observed in the present se-

ries also closely resembles certain clinical descrip-
tions of fulminant pneumonia in 1918-19 (35, 36).

There were, however, two important differences
in the two pandemics: First, the fatality rate was

high in 1918-19 and low in 1957-58 (37). Sec-

ond, fatalities were disproportionately common in
young adults in 1918-19. Deaths occurred prin-
cipally in older age groups in 1957-58 (38).

At first glance, these facts suggest marked dif-
ferences in the virulence of the viruses of the two
pandemics. It appears more probable, however,
that factors other than virus virulence, especially
the use of. antimicrobial drugs, reduced the fre-
quency of severe disease in the recent pandemic.
Virtually all well-studied influenza fatalities in
1918-19 were associated with bacterial infections
of the lung. Although bacterial pneumonias pro-
duced significant mortality in 1957-58, five of 11
or almost 50 per cent of patients in the present
study who died had a diffuse hemorrhagic pneu-

monia apparently produced solely by influenza
virus infection. The previously cited studies of
other investigators also indicate that influenza
virus pneumonia without bacteria was an impor-
tant cause of death in 1957-58. It is likely that
control of many superimposed bacterial pneumo-
nias with drug therapy operated to select such
abacterial cases.

The premise that mortality is unrelated to in-
trinsic virus virulence receives further support
from the observation that 80 per cent of the deaths
observed in the present series occurred in patients
with serious underlying disease. This high coin-
cidence of influenza fatality and underlying disease
was not observed in the large number of young
adults who died in 1918-19. However, it is prob-
able that the selective crowding of young people
under war time conditions together with the lack
of effective therapy for the bacterial complications

TABLE XVI

The association of underlying disease with pulmonary complications of influenza:
The importance of antecedent cardiac disease

Incidence of underlying disease* Deaths

Total No. with No. Total No. with No. with
No. of no. CV with no. underlying RHD

Disease syndrome patients patients disease RHD who died disease who died

Influenza complicated by
bacterial pneumonia 15 8t 3 3 1 1 1 of 3

Concomitant influenza virus
and bacterial pneumonia 9 7t 5 3 5 3 1 of 3

Primary influenza virus
pneumonia 6 6 6 4 5 5 3 of 4

Totals 30 21 14 10 11 9 S of 10

* CV, cardiovascular disease; RHD, rheumatic heart disease.
t In one of this number the "disease" was pregnancy.
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Total Group Studied

FIG. 30. THE PULMONARYCOMPLICATIONS OF INFLUENZA, THE NEWYORK HOSPITAL,
1957-58

Asterisk indicates two late deaths unassociated with acute illness.

of influenza might well account for the high mor-
tality of influenza in young adults at that time.
These factors rather than hypothetical changes in
the virulence of influenza virus may explain the
more terrifying face of pandemic influenza in
1918-19.

It thus emerges that severe and fatal influenza in
1957-58 was usually a disease of previously dam-
aged hosts, as it appears to have been in the inter-
pandemic decades (Table XV). As the problem
of bacterial infection, so troublesome in 1918-19,
has been modified by antimicrobial drugs, the
problem of influenza virus pneumonia in patients
with underlying disease has become proportion-
ately more important.

It is to be anticipated that in future influenza
epidemics the majority of deaths may well occur
in patients with underlying disease who develop
influenza virus pneumonia with or without con-
comitant bacterial infection. In such epidemics the
relatively high risk of severe illness and death
in the chronically ill may be reduced by prior
specific immunization with influenza virus vac-
cines.

SUMMARY

1. During a prospective study of the 1957-58
influenza epidemic, 33 patients with pulmonary
complications of influenza were admitted to The
New York Hospital-Cornell Medical Center (see
Figure 30). As these patients were studied it

became apparent that their disease could be cate-
gorized on the basis of clinical and laboratory in-
vestigations into four distinct syndromes:

a) In three patients transient pulmonary signs
were detected in the absence of roentgenographic
evidence of pneumonia. These patients did not
have bacterial infection, and recovery ensued on
symptomatic treatment alone. This syndrome was
believed to represent bronchiolitis related to influ-
enza virus infection.

b) In 15 patients secondary bacterial pneumonia
arose relatively late in the course of influenza.
The etiology of this focal pneumonia was pneumo-
coccal in eight, staphylococcal in three, mixed in
three and related to the influenza bacillus in one.
The course of infection and the response to therapy
of these patients did not differ materially from
that of uncomplicated bacterial pneumonia. In-
fluenza infection was proved serologically, but
virus could not be recovered from any of these
patients.

c) In nine patients laboratory and clinical study
indicated that concomitant infection with influ-
enza virus and bacteria was responsible for the
pneumonia observed. Of these patients, three had
pneumococcal, three staphylococcal and three
mixed bacterial infections. Despite adequate anti-
bacterial therapy, three patients died during their
acute illness, one with pneumococcal and two with
staphylococcal infections. The Asian type of influ-
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enza A virus was isolated from the lungs of these
three patients.

d) Six patients developed a fulminating dif-
fuse hemorrhagic pneumonia which led to death in
five. No pathogen other than influenza virus
could be related to this abacterial syndrome.
These patients pursued a relentless course charac-
terized by extreme dyspnea, hypoxia and failure to
respond to antibacterial drugs. Influenza virus
was isolated from five of these six patients, and
directly from the lungs of four who died within
10 days of onset. Study of postmortem cultures
and tissue sections of lungs failed to reveal bac-
teria.

2. Twenty-four of the 33 patients with pulno-
nary complications of influenza had chronic, un-
derlying disease or were pregnant. Twenty-one of
the 30 patients with roentgenographically con-
firmed pneumonia had pre-existing illness or preg-
nancy. Fourteen of these 21 had underlying
cardiac disease which was of rheumatic origin in
10. Eleven patients died. Nine of the deaths oc-
curred in patients with underlying disease, and
five of these patients had rheumatic heart disease.

3. Myocarditis clearly related to influenza was
not observed in this series of severely ill patients.

4. Signs suggestive of encephalitis were ob-
served in three patients, but influenza virus was
not recovered from the spinal fluid. Pathologic
evidence of encephalitis was not found in four
brains examined at autopsy.

5. A review of recent and earlier literature on
pulmonary complications of influenza supports con-
clusions derived from the present study that:

a) Influenza virus infection per se may induce
pneumonia in the absence of other microbial
pathogens.

b) Underlying disease, and more particularly
rheumatic heart disease, may be of importance in
the genesis of influenza virus pneumonia.
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