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Epidemic influenza due to type A., strains has been well studied since its first
appearance in 1957. In July, 1968, a new influenza A, variant was recognized in
Hong Kong as the causal agent for a large epidemic(l). In a fashion similar in
pattern andI timiing to the 1957 A, pandemic(2), "Hong Kong Influenza" spread
to the United States. Our purpose is to present the clinical, microbiological, ancd
patlhological (lata on nine fatal cases of Hong Kong (HK) influenza from a slharp
outibreak in Connecticut in November and December, 1968.

MATERIALS AND METHODS

Patients were included in the study group only if the following criteria were
met: (1) isolation of influenza virus A<, Hong Kong variant, either from ante-
mortem specimens or postmortem tissues; and/or (2) serologic evidence of HK
influenza; (3) postmortem examination available for review.

Viruts isolation anid identification. Throat and rectal swabs were submitted and
processed in "double-seeded" (DS) tissue culture tubes(3). After 5 to 10 days, the
cultures were examined for hemabsorbing viruses by addition of 0.5% guinea pig
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erythrocytes. Isolates were identified by lhemadsorption inhibition (HAdI) using
specific antisera(4).

For recovery from autopsy tissues, specimens were homogenized to a 10% sUs-
pension in Hanks basic salt solution, and the suspension clarified by centrifuga-
tioIn. After addition of antibiotics, fluids were inoculated in 0.5 ml amounts into
l)rimary rlhesus monkey kidney monolayer cultures, or intraamniotically in 0.2 ml
anmounts into 8 day fertile chicken eggs(4-6). Tissue culture isolates were han(dled
as notedI above. Aminiotic fluidI from inioculatedI eggs was 11arvested after tlhree
(lays and( testecl for lhemagglutitnation, using 0.5% guinea pig red cells. Hemag-
glutination inliibition (HI) tests were carried out in microtiter plates with spe-
cific antisera(7,8).

Anitibody tests. Sera were treated with receptor destroying enzyme(5,6) and
titers dletermineid in microtiter Plates using the HI metlhods noted above. A 4-fold
rise in titer against HK influeniza virus was considered significant. Wlhen tested
against previous A, agents, these sera demonstrated minimal titer increases in-
terpreted1 as ty)ical of crossover type reactions with these prexiotus agents.

RESULTS

The results of virologic studies are summarized in Table 1. Isolations of HK
influenza virus were made from postmortem lung tissue from six of the eiglit
cases tested. Virus was also recovered from a premortem tlhroat swal) from one

patient (M\1.N.), who acquired his infection while hospitalized for otlher problems.
AIn etiologic diagnosis was established in the other two cases by serologic means

alone. Case P.S. lhad an HI titer rise against the epidemic strain from less tllan
1:10 to 1:160 (luring the course of hiis illness. From case MI.C., only a single sertum
was submitted; the HI titer in this specimen was 1:160, while titers against otlher
influenza strains (A2/Tok/3/67 and B/Mfass/3/66) were less than 1:10. The pa-
tient, whlo had not traveled out of the area, fell ill (luring the 3rd week of the
epidemic. She hias been included in the study group since it seems probable tllat
lher antibody against the epidemic strain was associated with her fatal illness.

CLINICAL FINDINGS

The nine patients in this series were a heterogenous group. M\uch of the per-
tinent clinical information is tabulated in Table 2. The patients ranged in age
from a 3-year-old boy, wlho died at home, to a 66-year-old woman. Tllere were
6 men ai:d 3 women, all caucasian.
Two of the patients were immunologically lhandicapped. L.D., a 45-year-ol(d

man an(l the recipient of a kidney transplant, was being maintained on steroids
and Immuran* before and during his illness. M.V., a 65-year-old woman witlh a
hiistory of multiple myeloma, was receiving Alkuran*. Two other patients hlad
significant antecedent disease. MI.N. was an alcoholic with chronic obstructive
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pulmonary disease, and 1\I.B. had severe arteriosclerotic cardiovascular disease
and mild diabetes mellitus. Five of the nine patients, however, were in good
health before their fatal illness. The illness of P.S. is included as typical of this
latter group.

Case of P.S.: This was the first hospital admission for this 48-year-old man.
Several weeks before the onset of his illness, his children had had upper respira-
tory infectionis. Six (lays before a(dmission the patient felt ill with chills, fever,
myalgia, anorexia, and a cough. Four days later, wlhen seen by his physician, he
lia(l a cough l)ro(luctive of red-yellow sputum and bilateral pulmonary rales. He
was treated with Declomycin*, but became worse and was admitted to the hos-
pital the following clay.
The patient's past medical hiistory was interestiing in that he had pneumonia

in 1960 that was "slow to respoind to antibiotics." His father had died of pneu-
monia at age 53. On admission the patient's temperature was 103°F rectally,

pulse 140 an( regular, 0lood pressure 130/70, and respirations shallow at 60/min.
He wvas in severe respiratory distress with rlhonclhi andl rales bilaterally extending
over the lower halves of the lung fields. Bronchlial breath sounds were lheard in
the right axilla and anteriorally over the right chest. A grade I/VI systolic ejec-
tion murmur was audible along the left sternal border. There were no friction
rubs.

Clinical laboratory results on admission were as follows: the hematocrit was
49%, WBC 3200, witlh 50% segmented polymorplhontuclear leukocytes and 38/
band forms; serum electrolytes included a bicarbonate of 14.2 mequiv/liter and
a potassium of 5.6 mequiv/liter; arterial blood gas determinations showed a pH
of 7.48, pCO., of 29 mm Hg., pO., of 35 mm Hg. and an oxygen saturation of 72%/o
while breatlhing room air. X-rays of the clhest showed pneumonic infiltrates in the
right lower, middle and upper lobes and in the left upper lobe. The sputum was
profuse, watery, foamy, and bright red. Only normal bacterial flora grew on cul-
ture. Blood cultures were sterile.

Initial treatment consisted of intravenous fluids, intermittent positive pressure
breathing (IPPB), endotracheal suction and oxygen by mask. Intravenous fluids,
Ampicillin and Oxicillin were begun. On the morning of the second lhospital
day, while breathing 100,/OO oxygen by mask, the patient's arterial pO2 was 42 mm
Hg. He was desperately ill and cyanotic while breathing oxygen. A tracheostomy
was performed and assisted respiratory ventilation was begun with a volume con-
trol respirator. Sedation with morphine sulfate and intravenous Valium* was

given. He continued to produce copious quantities of frothy pink sputum.
During the third hospital day, the patient remained hypoxemic (pO2-51 mm

Hg) while on assisted respiration with 72%, oxygen, although his serum bicar-
bonate had fallen as low as 10 mequiv/liter. A chest film at this time showed an

increase in the extent of pulmonary involvement. A repeat sputum culture re-

vealed no bacterial growth. The systolic blood pressure fell intermittently below
90 mm Hg and the BUN gradually rose to 87 mg% despite an adequate urine
output. Urine culture was sterile.
The patient continued to put forth large quantities of thin, bloody, bacterio-
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logically sterile sputum. On the afternoon of the 5th hospital day, his hypoxemia
worsened, the pO2 being 32 mm Hg. while ventilated with 96% oxygen. At this
time the central venous pressure began to rise and he was given digitalis. Urine
remained adequate, the BUN was 97 mg%O, and the serum lactic acid dehy-
drogenase was 5200 units.

Early in the evening of the 5th hospital day, the first of several grand mal
seizures occurred. Despite continued heroic efforts and 100%0 oxygen with as-
sisted respirations, the PO2 fell to 20 mg Hg. There were repeated episodes of
seizures, cardiac arrhythmias and cardiac arrest. The patient died on the follow-
ing day.
The illnesses of the other eight patients were similar in onset and course. All

began with myalgia, headache and had chills, fever, cough and/or signs of upper
respiratory tract infection. In five, the cough was described as productive. On the
average, pneumonia followed onset by 4 or more days, with a range of 2 to 7 days.
Of the two patients who were cyanotic on admission to the hospital, one sur-

vived less than 6 hr. Marked cyanosis developed in six other patients, four of
whom expired within 6 hr of recognition of this sign; two others survived several
days on artificial ventilation following tracheostomies.

Survival following the recognition of the onset of pneumonia ranged from 1 to
14 days. Three died on the first hospital day. Of the four patients who had frothy
sputum, hemoptysis or "pulmonary edema," two died within 24 hr of the onset
of this sign.

Six of the nine patients had total white blood cell counts of less than 5000/mm3
and none were over 8500. Patients with the lowest counts (L.D.-1400/mm3 and
M.V.-2900/mm3) were on leukosupressive drugs. Serum lactic acid dehydrogen-
ase (LDH) was markedly elevated in the four patients in whom it was determined
(Cases M.C., P.S., A.P., and J.W.).

Radiologic findings were generally more striking than those of physical exami-
nation in all cases. Three patients had two or more lobes involved on initial
x-ray examination, and bilateral involvement was noted in six of eight before
death.

All patients required oxygen during their hospitalization. Four had tracheos-
tomies followed by mechanically assisted respiration with oxygen in concentra-
tions over 80%. Three others received oxygen by mask in high concentrations.
Two individuals died within hours of having tracheostomy, but two others sur-
vived four days on oxygen concentrations of up to 100% without successful con-
trol of their severe hypoxemia.

Arterial blood gas determinations on six patients are shown in Table 2. Oxygen
partial pressures were markedly decreased in all, ranging from 35 to 60 mm Hg.
The initial arterial pH was mildly elevated in three, but carbon dioxide reten-
tion was never noted on first testing. In every patient, hypoxemia deepened
despite all measures. Respiratory acidosis and CO2 retention occurred only
terminally.

Five cases succumbed to influenzal pneumonia complicated by bacterial super-
infection documented by sputum and lung cultures. The organisms were en-
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terococci, Escherechia coli, Pseudomonas aeruginosa, and Klebsiella pneumoniae.
Staphylococcus auretts was isolated antemortem from one patient, but post-
mortem cultures grew only enterococci.

Fatal primary influenzal pneumonia without bacterial superinfection was docu-
mented in three individuals who on repeated antemortem sputum cultures failed
to show significant bacterial growth; postmortem bacteriological cultures were also
negative and bacteria were not seen in suitably stained histologic sections. Post-
mortem bacteriologic studies on a fourth patient (M.B.) were also negative,
though premortem sputum cultures grew Klebsiella species. All patients had re-
ceived antibiotics. Results of ante- and postmortem bacteriologic cultures are in-
cluded in Table 2.

PATHOLOGY

Necropsy findings on the nine patients with documented influenza pneumonia
are summarized in Table 3.

In all cases the lungs were voluminous with combined weights in excess of
1500 g in the adult cases. Externally, the lungs were violaceous in color. On sec-
tion, they were diffusely hemorrhagic and abundant bloody fluid escaped. Puru-
lent material exuded from bronchi only in the cases with superimposed bacterial
infection. The mucosa of the tracheobronchial tree was markedly congested,
hemorrhagic and focally necrotic in most cases. No thrombi were found on gross
examination.
The microscopic picture of the lungs was kaleidoscopic. There was a striking

variation from case to case and between regions in a single lung. There was a
notable difference in microscopic changes in patients dying at different stages in
their illnesses.

Hyaline membranes were focally present in seven of the nine cases (Fig. 1).
They were seen as early as the second day of the illnesses and as late as the 21st,
and were more prominent in patients receiving high concentrations of oxygen
by respirator. There was no relationship between duration of illness and the ap-
pearance of the membrane formation. Hyaline membranes were most numerous
in alveoli, but intrabronchiolar deposition of hyaline plugs was also seen (Fig. 2).
Thromboses in either small or large vessels were present in only one case (M.C.)

in which there was a superimposed pseudomonas pneumonia. Intraalveolar
hemorrhage was pronounced in all cases. Pulmonary edema was less prominent,
but relatively constant. Capillaries were severely congested and dilated.
There was histologic focal pneumonia in seven cases. In three (M.R., M.G.,

and P.S.), alveoli were almost devoid of polymorphonuclear cells. Focal abscesses
were found in the lungs of four, especially in M.C. who had superimposed pseu-
domonas pneumonia.
An acute necrotizing tracheobronchitis and bronchiolitis were present in eight

cases. These changes were seen as early as the second day of illness and as late as
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Case
Duration of illness
Pulmonary findings

Gross: t Right
Weight (g.) I Left
Appearance

Histopathology:
Alveolar Hemorrhage
Hyalinie Membranes
Acute Focal Pneumonia
Epithelial Exfoliation
Atypical regenerative
changes:
Trachea
Bronchi
Broinchioles
Alveoli

Acute inecrotizing:
Tracheitis
Bronichitis
Bronchiolitis

Thrombi:
Capillary
Arterioles/Arteries

Extrapulmonary:

FELDMAN, COHAN, and HIERHOLZER, JR.

TABLE S
SUMMARY OF AuToPsY FINDINGS

M.C. P.S. A.P. L.D. M.B. M.V. M.R. J.W. M.N.
13d lid 7d 12d 7d lid 2d? 5d 14d

875 1000 1000 1400 1150 1400 90 1250 800
950 1150 950 1100 1150 1400 75 1000 770

Diffusely Same Same Same Same Same Same Focal Focal
consoli- consoli- sevete
dated, dation hemor-
hemor- red, gray rhage
rhagic

+ +
+ +
+ 0
+ +

+ +
+ +
+ +
+ +

+ + + + + +
O + + + 0 +
+ + + + 0 +
O + + + + +

o + + + 0 0
o + + + + 0
o + + + 0 0
O + + + 0 +

+ + + + + + 0 +
+ + + + + + 0 +
+ + + + + + 0 +

o o
+ 0

Heart:
Myocarditis 0 0
Other 0 0

CNS abnormalities: Thrombo- 0
emboli
recent

Other abnormalities:
infarcts
0

o o 0 0 0 0
o 0 0 0 0 0

o o 0 0 0 0
O 0 ASCVD 0 0 0
O 0 ND ND Congested ND

edema

0 0 Renal Diabetes Multiple 0 0
trans- mellitus myeloma
plant,
glomer.
ulone-
phritis

+
+
+

+

0
+
0
0

++
+

0
0

0

0

* ND-Not examined;'+Finding Present; 0-Finding Absent; d-day.
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i F.1. Hlyalinei membrlanes aie secii lining alveolar walls wsith focal inti-aalxeolar lhemiiorrliage
(X 150, H aniI E).

the thiirteenitlh day. Focal epitlhelial clianges in the tracheobroncllial aborization
constitutedl one of the most striking histopathologic findings in this series. De-
generative clhanges in the respiratory epithelium was one of the initial histolooic
alterations. There was necrosis of the golblet and ciliated cells, and desquamation
of these cells into the respiratory passages was prominent during the first few
days. The basal layer of the respiratory epithelium tended to persist. In three
cases of less than a week's duration, regenerative changes were absent. Focal re-
generation of the respiratory epithelium was present in five cases; tlle cluration
of illness in these patients varied from 7 to 13 days. The epithelial alterations
consisted of stratification of respiratory epitlhelium including the epithelial cells
lining alveoli (Figs. 2 and 3). These regenerative changes were indistinguishable
from squamous metaplasia in many regions.

Pathologic examination of other organs included observations on tlle heart,
with no gross or microscopic evidence of myocarditis being detected in any of the
cases. Examination of the central nervous system revealed abnormalities in only
two cases. In 1\I.C., recent and organizing tlhromboemboli were present in the
small cerebral arteries; in addition, multiple small recent hemorrhagic infarcts
were identified in the right cerebral and cerebellar hemispheres. In MI.R., the
brain was congested and edematous. Additional extrapulmonary changes were

limited to reactive hyperplasia in lymph nodes, most striking in the hilar areas.
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FIG. 2. Extensive epithelial regenierative chaniges in a bronichiole anid alveoli resemblinig neo-
plastic chanige. XVithiii the lumeni of the bronichiole there is depositioni of material wvith staiiing
properties itlenitical wvith hyalinie membranies founld in the alveoli (X 150, H anid E).

DISCUSSION

This necropsy series represents a limited sample of deaths associated with epi-
demic influenza of the Hong Kong variant. A comparison of the clinical and
pathologic data in our studly with ob)servations from earlier influenza pandemics
indicates a numlber of similarities whiclh will be discussed briefly.

DtUrinMg a 3-m1onthl periodl beginning in September, 1918, there were 280 fatal
cases attributedl to influenza in the Grace-New Haven Hospital. Eighty-two of
these were autopsied. Althouglh Dr. Winternitz wrote a comprehensive monograph
on the pathology of influenza based upon this necropsy material(9), virologic
studies were lacking, since influenza virus was not isolated until 1933(10). How-
ever, Winternitz's findlings lhave been largely confirmed in subsequent influenza
pandemics, and most of the pathologic changes in our cases had been described
by hiim. Some of the original material from which Winternitz made his observa-
tionls was reviewed. There was a remarkable similarity in both the gross and mi-
croscopic findings in both series. The most notable difference was the absence of
abacterial influenza pneumonia in Winternitz's cases.

Petersdorf ct al.(l1), reported their experience with the complications of in-
fluenza, with particular emphasis on 11 fatal cases in the Yale-New Haven Hos-
pital during the 1957-58 pandemic. A review of this necropsy material revealed
pulmonar-y clhanges similar to those seen in the present series.
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FIG. 3. Wall of small bronchus showing Cpitheielal cell regacnerationi to form a metaplastic
stratified epithelium. \Vithiin the epitheliun there are several mitoses (X350, H and E).

Hyaline memnbranes, found in seven of our nine cases, were most prominent
in the tlhree patients receiving higlh concentrations of oxygen over prolonged
periods of time by artificial ventilation. Clinical(12-14) and experimental(15)
studies lhave demonstratedl that such oxygen tlherapy andl artificial ventilation will
result in significant pulmonary damage. It is, therefore, impossible to assess the
relative roles played by infection and oxygen toxicity if they occur simultane-
ously, as they did in several of our cases.

Winternitz found the extrapulmonary lesions of influenza to be neither con-
stant nor characteristic, and our results are similar. We observed a notable dis-
crepancy between cerebral signs and autopsy findlings in that although six patients
show preterminal central nervous system signs, only two had cerebral pathologic
changes. Oseasohn(16) found cerebral edema to be an almost universal autopsy
finding in 33 cases, but numerous other authors have not observed such changes.
The frequency of myocarditis also varies markedly in (lifferent reports(17-20).

Myocarditis was not demonstrated in our series, nor was it observed in either the
series of Winternitz(9), or of Petersdorf et al.(l1).
An etiologic diagnosis was made in seven of the nine cases on the basis of re-

covery of HK influenza virus either from the throat swab antemortem (1 case) or
from the lungs, postmortem (6 cases). In two patients, all virus isolation attempts
from throat swabs and organs were negative, but one lhad a specific HK influenza
antibody rise. The other patient had a high titer against the epidemic strain in
a single serum specimen; since the agent was so recently(re)introduced and the
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clinical course was typical, the serologic result was interpreted as presum)tive
evidence of infection with HK influenza virus.
The secondar-y bacterial agents(s) in influenza pinetimonia have changed

markedlly since the 1918-19 pandemic. Not only is there variation from pandemic
to pandemic, i)ut from place to place in the same pandemic. In 1918-1919
WVinternitz(9) and( Chickering and Park(21) foundl a higlh incidence of secondary
staphylococcal pneuimonia; Wolbach(22) reportedI influenza bacillus to be the
principal invasive organism; and MfacCallum(23) found pneumococcus Type IV
at one army camp and almuost 100c',> influenza bacillus at another.

Duriing the ensuing years the proportion of secondary bacterial pneumonia (lue
to staplhylococcus aureus in fatal cases of influenza rose sharply from approxi-
mately one-third of the total to two-tlhirds(16,17,19,24,25). However, only one

questionable case of staphylococcus aureus superinfection was found in our series.
The secon(dary bacterial agents in five of our cases vere gram-negative organisms
(see Table 2). This preponlderance of gram negative organisms was not found in
the general experience in the United States(27) Ibut may well have been influenced
by several factors slhown to be of importance in superinfection by gram negative
bacteria(28) including "the (lestructive nature of the involvement of the tracheo-
bronchiial tree" by the primary infection, tracheostomy and the use of multiple
antibiotics.
Of the ninie patients in our series, five were in good healtlh before tlle onset of

their terminal illnesses. This parallels the experience of Petersdorf et al.(13) in
the Yale-New Haven Hospital during the 1957-1958 influenza epidemic: seven
of the eleven fatal cases they reported were previously in goodi healtlh. That in-
fluenzia may induce a fatal illness in the absence of antecedent disease has been
noted by otlhers(18-21,23). Nevertlheless, the importance of chronic illness in tlle
pathogenesis of influenza lhas frequently been emphasized, especially the im-
portance of cardiovascular clisease. Rlhetumatic heart disease was tlle most common
cardliovascular problem noted in fatal cases of influienza in a number of previous
reports(19-21,26). None of the patients in ouir series ha(l rheumatic or hyper-
tensive heart (lisease, but one was dlial)etic witlh arteriosclerotic heart (lisease.
Two of our patients were on immtunosuppressive therapy for antecedent ill-

nesses. It is well-known that suclh incdividcuals fall prey to severe and disseminated
viral illnesses. It is reasonable to assume that such immunosuppression was an
important factor in the failure to control a usually self-limited illness and tllat
its comlination with severe underlying disease was responsible for their deathl.
Only one patient in the present series had antecedent pulmonary disease. In

our patients, the extent of infiltration on initial chest x-ray seemed less significant
than the progression of pulmonary involvement.
As in a previous report(13), the importance of low white blood cell counts as

an indlication of poor prognosis warrants emphasis. Two other clinical features
that heraldedl a worsening course were grossly bloody sputum and the appearance
of cyanosis. The latter sign indicated early death unless heroic measures were
begun immediately, and even then, the effectiveness of therapy was vague.
The NCDC estimated that approximately 30 million cases due to Hong Kong
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influenza occurred in the United States during the last quarter of 1968(29).
Despite this hiigh attack rate, clinical evidence of influenzal pneumonia was in-
frequent. Nevertheless, respiratory complications constituted the gravest hazard.
This was well demonstrated in the fatal cases of influenza presented here. Un-
fortunately, otir experience during the 1968-1969 pandemic poignantly depicts
the deficiencies in present day supportive therapy. Progressive respiratory failure
througlh increasing hypoxemia characterized each of our cases as was documented
by arterial gas studies. Acidlosis and carbon dioxide retention appeared only
when the patienits were moribund. Despite the careful use of the best equipment
and methocls available, we were unable to maintain our patients until the re-

parative meclhanisms, evident at postmortem, had progressed to the point of al-
lowing normal respiratory exclhange.

Hopefully, improved forms of artificial respiration will become available which
will recluce the toxic properties of oxygen while maintaining its therapeutic ef-
fects. Some optimism appears warranted since recent results with negative pres-
sure artificial respiration in the treatment of respiratory failure of the newborn
suggests a possible solution to this problem(30,31). Stern et al.(29) were able to
achieve better oxygenation with a negative-pressure unit than with a positive-
pressure respirator. MIoreover, there was Ino clinical or pathologic evidence of
oxygen toxicity in their patients, dlespite the use of 100(/to O. concentration for
periods of up to two weeks. Anotlher major advantage of this form of artificial
respiration is the avoidance of an intratracheal tube with its concomitant hihli
incidence of secondary pulmonary infections. Obviously, influenza pneumonia
an(l idiopathic respiratory (listress syndrome (RDS) are markedly dissimilar enti-
ties. However, they both share in common hyaline membranes whiclh are one of
the key obstacles to successful supportive therapy. The above reasoning requires
confir-mation by animal experimentation.

SUMMARY

This report summarizes the clinical, microbiological and pathological data in
niine fatal cases associated with influenza virus Type A9, Hong Kong variant, in
Connecticut in the 1968-1969 epidlemic. There was no antecedent chronic illness
in five of the nine cases. Antecedent cardiovascular and pulmonary disease were
eaclh present in only one case. Two patients were receiving immunosuppressive
therapy at the time of onset of their fatal illness. Fatal abacterial influenza virus
pneumonia was present in three of the nine cases. In contrast with the 1957-1958
influenza pandlemic, the secondary or concomitant bacterial agent in four of the
cases, was a gram negative organism. Low white blood cell counts, grossly bloody
sputum and cyanosis were associated with a rapidly fatal course. Irreversible pro-
gressive lhypoxemia led to death in most cases. This was not responsive to electro-
lyte, oxygen and respirator therapy, and the latter two therapies may have con-

tributed to the progression of disease. Pathologic changes in the lungs were similar
to those described in previous influenza pandemics. Regenerative activity was

striking in those cases surviving more than one week.

I1
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