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Coxsackie group B viruses have been known to produce a variety of
clinically apparent illnesses. Among these are pleurodynia, aseptic men-
ingitis and pericarditis, which are usually self-limited and without se-
quelae or mortality. In contrast, infection by Coxsackie B in newborn
infants is frequently fatal, with myocarditis and usually meningoen-
cephalitis present at necropsy. Since the reports of Javett and col-
leagues1 and of Montgomery, Gear, Prinsloo, Kahn and Kirsch2 in
South Africa first indicated that these viruses were the cause of fatal
infections in a group of infants, similar small epidemics have been re-
ported, particularly from Europe,38 and a number of individual cases
have been observed in this country.7-15

This paper presents the histories and necropsy examinations of 6 in-
fants who died in St. Louis between August 23 and October 20, I960.
In 3 instances, Coxsackie virus, group B, type 4, was isolated from
tissue obtained at necropsy. The distribution and character of the histo-
logic lesions in the organs of the other 3 infants so closely resembled
those in the 3 from which the virus was isolated that they also are re-
garded as Coxsackie B infections.

REPORT OF CASES
Case X

This 9-day-old white boy was admitted to St. Louis Children's Hospital on Sep-
tember 28, I960, and expired 6 hours later. He was full-term, born to a 2:i-year-old
mother whose pregnancy and delivery were normal. On the third post-partum day,
the mother had pyuria. The infant's first 7 days of life were uneventful, except for
mild fever on the fourth day which rapidly subsided without therapy. On the eighth
day, he refused feedings and developed severe respiratory difficulty.
On transfer from another St. Louis hospital the child had a temperature of 350 C.,

and there was respiratory distress. He was lethargic, cyanotic, and had a bulging but
soft fontanel. Spinal fluid examination revealed I 23 cells per cu. mm. with 95 per cent
neutrophils; glucose, 71.0 mg. per ioo ml.; protein, I57.2 mg. per ioo ml. Bacterio-
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logic cultures of the spinal fluid were sterile; throat culture was not remarkable;
blood culture grew Hemophilus influenzae B. Treatment consisted of antibiotic
agents, digitalis, and oxygen. The clinical impression was sepsis and meningitis.
At necropsy the heart did not appear enlarged and was of normal color and con-

sistency. There were scattered foci of atelectasis in both lungs. The heart and lungs
together weighed ii5 gm. (normal combined weight, 75 gm.). The unfixed brain
weighed 475 gm. (normal weight, 390 gm.). The vessels of the meninges were moder-
ately congested but the meninges were transparent. Coronal sections of the cerebral
hemispheres and brain stem disclosed no further abnormalities. Other organs were
normal.

Blocks of the left ventricular myocardium and of liver and a wedge of the cerebral
cortex were stored at - 200 C. for virus isolation.

Bacteriologic cultures of the blood, a swab of the lung, and a swab of spinal fluid
were sterile.

Microscopically, the significant pathologic lesions were in the heart and brain.
In the heart there was a dense but patchy interstitial inflammatory exudate composed
largely of mononuclear cells with occasional neutrophils (Fig. i). Areas of myocardial
fiber necrosis were present (Fig. 2). These changes were most marked in the left
ventricle. In sections of the right ventricle, there was only a slight interstitial infil-
tration.
Over the cerebral cortex and brain stem there was a slight meningeal exudate of

large mononuclear cells with a few lymphocytes and an occasional neutrophil. Paren-
chymal lesions were not evident in sections from the cerebral cortex or cerebellum.
Small focal collections of large mononuclear cells were seen near the aqueduct of
Sylvius in the mesencephalon. Vessels in the pons showed narrow but distinct cuffs
of large mononuclear cells and a few lymphocytes. Microscopic sections of medulla
and spinal cord were normal.
Anatomic Diagnosis. Myocarditis; meningoencephalitis, slight; germinal center

necrosis in splenic follicles; focal pulmonary atelectasis with intra-alveolar hemor-
rhage; fatty metamorphosis of liver, slight.

Case 2
A 6-day-old white girl was admitted to St. Louis Children's Hospital on October 8,

I960, and expired 26 hours later. She was the product of a 7/2 month pregnancy,
weighing 6 pounds, 9 ounces at birth. The 20-year-old mother had fever and pyuria
for i week prior to delivery. At 2 days of age, the infant developed fever of I02° F.,
with pulmonary infiltration revealed by roentgenogram. The infant was treated with
antibiotic agents, but the fever persisted until the fifth day of life when she sud-
denly became gray, cold and lethargic.
On transfer from a Troy, Missouri, hospital (5o miles from St. Louis) the child

was pale and flaccid; temperature, 36.20 C. There was marked tachycardia, tachypnea
and absent Moro and sucking reflexes. Spinal fluid contained 289 cells per cu. mm.,
predominantly mononuclear cells; glucose, I9 mg. per ioo ml.; protein, I39 mg. per
I00 ml. Bacteriologic culture of the blood grew Hemophilus influenzae B. The spinal
fluid was sterile on culture. Treatment consisted of antibiotic agents and oxygen.
The clinical impression was meningitis and sepsis.
At necropsy the heart and lungs together weighed 75 gm. (normal combined

weight, 67 gm.). Petechiae were scattered over the epicardium. The myocardium
was pale and slightly flabby. There was partial atelectasis of the posterior parts of
both lungs. The spleen was moderately enlarged, weighing I3 gm. Other organs were
grossly normal, including the brain and spinal cord.
A portion of myocardium was stored at -200 C. Bacteriologic cultures of the

blood grew Aerobacter aerogenes and a gamma streptococcus which were considered
contaminants.
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Microscopic sections of the left and right ventricles showed foci of mononuclear
cell infiltration and necrosis of myocardial fibers. These lesions were extensive in
some areas and negligible in others. In the lungs there was an increased number of
lymphocytes in some alveolar septums, and the alveolar capillaries were congested.

In the central nervous system, a striking infiltration of the meninges covered the
spinal cord and medulla. The exudate consisted predominantly of large mononuclear
cells with many lymphocytes and rare neutrophils. However, the meninges over the
cerebral cortex contained only a few large mononuclear cells. There was a perivascular
infiltrate of large mononuclear cells about a few small vessels in the cerebral cortex
but no other parenchymal lesions. In contrast, the inferior olivary nuclei contained
several dense collections of cells consisting predominantly of large mononuclear cells,
some of which were apparently microglial in origin (Fig. 3). Ganglion cells adjacent
to the inflammatory reaction were undergoing degeneration.
Anatomic Diagnosis. Myocarditis; petechiae of epicardium; meningoencephalitis;

focal pulmonary atelectasis; interstitial pneumonitis, slight; follicular hyperplasia
of spleen, slight.

Case 3
A 7-day-old white boy was admitted to St. Louis Children's Hospital on August 23,

I960, and expired 7 hours later. The child was full-term, born to a 23-year-old mother
whose pregnancy was complicated by a "viral" infection beginning several days prior
to delivery. The father and a sibling of the infant also had a "viral" infection similar
to that of the mother. On the sixth day of life the infant developed anorexia, hypo-
tonia, became pale and had a feeble cry.
On transfer from another St. Louis hospital, the infant had a temperature of

360 C., and there were tachycardia and tachypnea. Physical examination revealed
cardiomegaly and a systolic murmur, edema of the lower extremities, and hepa-
tomegaly. He was treated with antibiotic agents. The clinical impression was sepsis.
At necropsy no significant gross abnormalities were noted. Bacteriologic culture

of blood was sterile.
Microscopically, the heart showed multiple small foci of interstitial inflammation.

The inflammatory cells were mainly large mononuclear cells, but in some areas, many
neutrophils were also present. There were necrotic myocardial fibers in the areas of
inflammation. In the lungs, many alveoli were collapsed; others contained erythro-
cytes and edema fluid. There was centrilobular congestion in the liver with a few
focal collections of mononuclear cells within the lobules. The spleen was congested
and the germinal centers of the lymphoid follicles contained nuclear debris.

In one focus within the muscularis externa of the small intestine, there was necrosis
of the muscle with an infiltrate of large mononuclear cells and a few neutrophils.
The overlying mucosa was normal.
In the central nervous system, the meninges over the cerebral cortex and brain

stem contained an exudate of large mononuclear cells and a few neutrophils. No
parenchymal lesions were seen in the cerebral or cerebellar cortex. However, there
were well-circumscribed accumulations of large mononuclear cells in the inferior
olivary nuclei and the dorsal nuclei of the pons, in the basilar part of the pons and in
a few areas in the white matter of the lateral columns of the spinal cord. In the
medulla and pons there was also a perivascular infiltrate.
Anatomic Diagnosis. Myocarditis; petechiae of epicardium; meningoencephalo-

myelitis; pulmonary atelectasis with intra-alveolar hemorrhage, focal; congestion of
liver and spleen; gastric contents in trachea; necrosis and inflammation in muscularis
of small intestine, focal.

Case 4
An 8-day-old Negro girl was admitted to St. Louis Children's Hospital on Octo-

ber I0, I960, and expired 4 hours later. She was born to a 28-year-old mother whose
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pregnancy and delivery were normal. The infant had been discharged from the hos-
pital apparently well on the fifth day of life but developed diarrhea the following day.
She refused feedings and became lethargic on the seventh day, and the following day
had severe respiratory difficulty. On admission to the hospital the child had a tem-
perature of 350 C.; respirations were grunting, and there was no response to painful
stimuli. The liver was palpable 3 cm. below the costal margin. A chest roentgenogram
showed emphysema and diffuse cardiac enlargement. Blood count revealed a shift to
the left, and there were 39 cells per cu. mm. in the spinal fluid, 27 being neutrophils.
Bacteriologic cultures of blood and spinal fluid were sterile. Antibiotic therapy was
given. The clinical impression was sepsis.
At necropsy the body weighed 2,780 gm. and was 5o cm. in length. The heart did

not appear enlarged (weight unavailable). There was slight pallor of the myocardium
in the subendocardial part of the left ventricle. A small hemorrhagic area was faintly
visible in the septum. A moderate amount of yellow mucoid material was present
within the bronchi, but the lungs were otherwise normal. Other organs, including the
brain and spinal cord, were grossly normal.

Microscopically, the myocardium of the left ventricle and interventricular septum
was intensely congested. Numerous focal areas of infiltrate with mononuclear cells
and a few neutrophils were present. Within these foci there was degeneration of myo-
cardial fibers with loss of striations. Near the aortic valve there was an area of myo-
cardial fiber necrosis with extravasation of erythrocytes. One section of the right
ventricle showed no inflammation or necrosis.
The lungs contained small foci of intra-alveolar hemorrhage in the right lower

lobe. There was marked congestion and precipitated protein in some alveoli, with
moderate numbers of macrophages.
The vessels of the leptomeninges were congested and there was a slight mono-

nuclear infiltrate over the parietal cortex and the medulla. The parenchyma of the
parietal cortex, of the basal ganglia, hippocampus and cerebellum was normal. Mono-
nuclear cells surrounded several vessels in the parenchyma of the medulla and a small
accumulation of mononuclear cells was present immediately adjacent to the inferior
olivary nucleus. The spinal cord was normal.
Anatomic Diagnosis. Myocarditis; meningoencephalitis, slight; congestion of lungs.

Case 5
A 25-day-old white boy was admitted to St. Louis Children's Hospital on Octo-

ber i8, I960, and expired 3 days later. He was born after 8 months' gestation to a
20-year-old mother. Delivery was by Caesarean section because of a placenta praevia.
Weighing 2,I40 gm. at birth, he had persistent mild respiratory distress and failed
to gain weight for the first 2 weeks of life. The mother received treatment for a
post-partum "kidney infection." When 24 days of age, the infant refused feedings
and became lethargic. Spinal fluid examination revealed 200 cells per cu. mm., goper
cent being mononuclear; glucose, 54mg. per ioo ml.; chloride, I I2 mg. per I00ml.
On transfer of the infant from another St. Louis hospital, the temperature was

350 C.; tachycardia and Cheyne-Stokes respirations were manifest. The liver and
spleen were both palpable, I cm. below the costal margin. Bacteriologic cultures of
blood and spinal fluid were sterile. The infant received antibiotic therapy and digi-
talis. The clinical impression was meningitis.
At necropsy the body weighed, 2,080 gm. and was 47 cm. in length. The heart

muscle was pale but no other abnormality was noted. The lungs contained areas of
atelectasis and a small amount of clear mucus in the trachea. The heart and lungs
together weighed 55gm. (normal weight, 59 gm.). There were 5 cc. of clear fluid in
the peritoneal cavity. The brain and spinal cord were grossly normal.

Cultures of blood grew Proteus and a staphylococcus, type unspecified. A culture
made from the pleura grew a gamma streptococcus and Aerobacter aerogenes. A cul-
ture made from the surface of the brain grew an unspecified Proteus species.
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Microscopically, sections of both atriums and both ventricles of the heart dis-
closed patchy foci of necrosis with an infiltrate predominantly of large mononuclear
cells. There was a similar infiltrate in the epicardium. In the lungs the alveolar sep-
tums were slightly thickened by a uniform interstitial infiltrate of lymphocytes and
large mononuclear cells, and the septums were moderately congested. Foci of atelec-
tasis and small areas of intra-alveolar hemorrhage were present. There was marked
congestion of the pancreas.
A moderate mononuclear exudate was present in the leptomeninges. This was

patchy in distribution, most marked over the brain stem, and less severe over the
cerebral hemispheres and spinal cord. In a section of the precentral gyrus, a focal
infiltrate of large mononuclear cells with a few neutrophils was present in the inter-
mediate layers of the cortex. The motor cortex was normal. There was a perivascular
infiltrate of large mononuclear cells in the basal ganglia and pons, and to a lesser
extent in the thalamus. Focal collections of these mononuclear cells occurred within the
inferior olivary nuclei, and similar but smaller foci were found in the parenchyma of
the basilar and dorsal portions of the pons. The choroid plexus of the fourth ventricle
was congested and infiltrated with large mononuclear cells.
A few small aggregates of large mononuclear cells were present within the anterior

horns of the spinal cord, without alterations in the ganglion cells. There was an in-
filtrate about only a few small vessels.
Anatomic Diagnosis. Myocarditis; meningoencephalomyelitis and ependymitis;

pulmonary atelectasis; interstitial pneumonitis, slight; peritoneal effusion, slight;
fatty metamorphosis of liver, slight.

Case 6
A 9-day-old white girl was admitted to Cardinal Glennon Hospital on October iI,

I960, and expired several hours later. The pregnancy and delivery at term were
uncomplicated except that the mother had an upper respiratory infection for a week
prior to delivery. At 3 days of age, the infant had fever of IOI.60 F., tachycardia and
pharyngitis. Chest roentgenogram showed slight pulmonary congestion. She received
antibiotic agents. The tachycardia persisted and she was then given digitalis.

After the baby was transferred from a hospital in Collinsville, Illinois (about iS
miles east of St. Louis), the temperature was 99.4° F. There was neither tachypnea
nor tachycardia; death occurred before a diagnosis could be established.
At necropsy the pericardium contained an estimated IO cc. of fluid. The heart

weighed 27 gm. (normal 22 gm.). No other abnormalities except epicardial petechiae
were observed. The lungs were slightly firm and congested. The spleen was somewhat
enlarged, weighing i8 gm. The unfixed brain weighed 400 gm. (normal, 430 gm.). The
gyri were flattened and the white matter of the basal ganglia, brain stem and cere-
bellum was focally congested.

Bacteriologic cultures of blood and lung were sterile. Blocks of tissue from brain,
heart, lung, liver, pancreas, kidney and spleen were saved for viral cultures.

Microscopically, there was a widespread but patchy interstitial inflammation of
the myocardium like that in the 5 previous cases. The mononuclear cells extended into
the epicardium, and the vessels of the epicardium were congested.
There was severe congestion and focal atelectasis of the lungs. Foamy histiocytes

and squamous epithelium were present within many alveoli. The pancreas was ex-
tremely edematous, and there were a few small foci of hemorrhage. In these hemor-
rhagic areas, mononuclear cells and neutrophils were present in small numbers. No
abnormalities of the parenchymal cells were evident. Except for congestion of vessels,
sections of the other abdominal organs were normal.
The meninges of the cerebral hemisphere and brain stem were infiltrated with

many large mononuclear cells. In the cerebral cortex underlying a particularly severe
focus of meningitis, a loose aggregate of mononuclear cells and neutrophils was
present. Within the white matter of the temporal lobe were dense, sharply circum-

April, I963 497



FECHNER, SMITH, MIDDELKAMP

scribed accumulations of large mononuclear cells and lymphocytes, and a perivascular
infiltrate. Examination of the hindbrain was limited to a section of medulla and one
of cerebellum. No parenchymal lesions were present in these sections.
Anatomic Diagnosis. Myocarditis; meningoencephalitis, slight; pulmonary conges-

tion and focal atelectasis; congestion of abdominal viscera; edema and focal hemor-
rhage of pancreas.

VIRUS ISOLATION
Previously frozen material from the myocardium, cerebral cortex, and liver in

case I; myocardium in case 2; and myocardium, brain, kidney, spleen, lung, pancreas
and liver in case 6 were triturated and inoculated into cultures of monkey kidney
and HEp-2 cells. Coxsackie B4 virus was isolated from the myocardium of cases I
and 2 and myocardium, brain, kidney, spleen, lung and pancreas of case 6. No virus
was isolated from the cerebral cortex and liver of case i or the liver of case 6.

DISCUSSION
A fairly well characterized pathologic pattern of Coxsackie B virus

infection in infants has emerged from previous reports. This is myo-
carditis, usually some degree of meningoencephalitis and, less fre-
quently, involvement of other organs. The gross necropsy findings in
the cases presented here did not reflect the severe changes found on
microscopic examination. Certainly, there was nothing specific to indi-
cate a Coxsackie virus infection. The most constant changes were in
the myocardium. Grossly, there was pallor of the myocardium in 3 in-
stances and petechiae in 4. Cardiomegaly has been recorded in the ma-
jority of published reports. However, this was not our experience. Since
the heart and lungs were weighed as a unit, it was not possible to detect
cardiomegaly of slight degree. However, the combined weights of the
heart and lungs did not differ significantly from the normal, and in no
instance did the heart appear enlarged. Microscopically, the character-
istic lesion was necrosis and interstitial inflammation of the myocardium.
This was extensive but patchy in distribution. In two cases, the left
ventricle was considerably more involved than the right. Such a dis-
tribution has been noted by others.7'1 In case 4, the right ventricle was
so minimally affected that it would have been possible to overlook the
slight inflammation, had one not been alerted by the severe changes in
the left ventricle. This emphasizes the necessity of taking several blocks
from different chambers of the heart in infants suspected of having a
myocarditis. In one laboratory, it was not possible to find histologic
lesions in at least one block of the myocardium from each of 4 infants
with Coxsackie B3 infection. However, systematic examination of all
4 chambers ultimately disclosed lesions in each one."' Also, in young
cynomolgus monkeys experimentally infected with Coxsackie B4 virus,
the myocardial lesions were predominantly left ventricular.'7
The heart has been the organ from which virus has been isolated most
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frequently. This is in part a reflection of the more frequent attempts to
isolate virus from this organ in cases of sudden death or sepsis of un-
known cause. There is evidence, however, that in a generalized infection,
the myocardium can yield higher titers of virus than other organs. Do-
mok and Molnar4 found by titration that the myocardium yielded virus
in a concentration I,OO0 times that found in brain, liver, spleen, pancreas
and lung of the same case. Similar results have been found by others.8"-8
In addition, it had been demonstrated that Coxsackie B3 virus inocu-
lated into the brain of mice resulted in higher concentrations in the heart
than in the brain of animals killed i, 2 and 5 days after inoculation."8
The peculiar susceptibility of the infant myocardium to Coxsackie B

virus infection is entirely unexplained. Clinically, cardiac involvement
in older children and adults is usually limited to the pericardium. There
have been, however, several cases of clinically diagnosed myocarditis
with rising serum-antibody titers to various types of group B virus.
These patients have ranged in age from 5 11 to 35 years.1'21 Fatalities
have not been reported among these older patients. Indeed, with rare
exceptions, all fatal cases have been within the first 4 weeks of life.
Kagan and Bernkopf 22 alluded to isolation of Coxsackie B3 virus from
the myocardium of a io-month-old child but gave no further details.
B4 virus has been isolated at necropsy from the myocardium of a 7-week-
old infant15 and of an 85/2-week-old infant.1' All of our patients were
less than 28 days of age.
The lesions in the central nervous system are generally less severe

and more variable than in the heart. Grossly, the only change in our
cases was the congestion of the meningeal vessels in one and of the
cerebral vessels within the brain in another. An area of subarachnoid
hemorrhage In case 5 was interpreted as the result of a postmortem cis-
ternal puncture. Other observers have also found minimal gross altera-
tions. Petechiae of the meninges over the mid and hind brain were
described by Moossy and Geer 12 in an unusually severe meningoen-
cephalitis due to B3 virus. In another report,' the arachnoid was thought
to be thickened in the Sylvian fissure and over the pons without a dis-
tinct exudate. The majority of cases, however, have no gross abnormality
whatsoever.

In the cases presented here, microscopic examination disclosed several
lesions of the central nervous system. There was a meningeal exudate
composed predominantly of large mononuclear cells and lymphocytes
which was most extensive over the brain stem and spinal cord. Perivas-
cular accumulations of cells were seen in the brain stem in 5 instances
and in the cerebral cortex in 2. The parenchymal lesions were quite
variable in their severity. Only in cases 5 and 6 were focal accumula-
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tions of inflammatory cells seen within the brain at a level higher than
the mesencephalon. The most constant site was the inferior olivary
nuclei. These nuclei were involved in 4 instances. In addition to being
the single most frequently affected site, the inferior olivary nuclei were
the most severely involved area in those cases in which other parenchy-
mal lesions were present except in case 6. The apparent predilection of
the virus for the brain stem and especially the inferior olivary nuclei
has been emphasized by Moossy and Geer."2

Gangion cells in areas of inflammation showed moderate degenera-
tive changes. Such changes were also observed in an occasional ganglion
cell remote from the inflammatory foci as in the anterior horns of the
spinal cord in case 2. Destruction of neurons has been an occasional ob-
servation in other reported cases of Coxsackie infection. Degeneration
of ganglion cells in the anterior horns with neuronophagia has been
described,12 and degeneration of these cells at all levels of the spinal
cord in areas of inflammation but without neuronophagia has been ob-
served.7 Alterations in ganglion cells of the inferior olivary nuclei have
also been recorded.8'12 Involvement of many parts of the central nerv-
ous system has been reported: spinal cord,7'8'12 medulla,5'7'8'11'12
pons, '7'9'11'12"15'18 cerebellum 8,9,12,16 subcortical nuclei,5'8'9'11'12 cerebral
cortex,>'0 choroid plexus,8'11"2 and meninges.5'712"6

Since pathologic changes may occur in ganglion cells of the anterior
horns of the spinal cord and of the brain stem, the differentiation from
acute poliomyelitis is of importance. The alterations in the cells of the
anterior horns of case 2 were at levels in which perivascular inflamma-
tion of the white matter occurred but inflammatory cells in the gray
matter were not seen. Kibrick and Benirschke8 described slight vacuola-
tion of ganglion cells in the anterior horns without other changes in an
infant with Coxsackie B4 infection. When inoculated into suckling mice,
virus from this infant produced acute destruction of the ganglion cells
of the anterior horns with neuronophagia. This finding is occasionally
seen in mice with Coxsackie infections, but does not involve large num-
bers of neurons or excite a marked inflammatory response.28 Neurono-
phagia of slight degree has been reported in a B3 infection.'2 It appears
that the lesions of the anterior horns of the spinal cord in Coxsackie
infections are neither as severe nor as constant in their occurrence as
in poliomyelitis.
The distribution of lesions in the brain stem is a helpful point of

differentiation. Bodian has described the predilection of the poliomyelitis
virus for the tegmental and medial areas of the brain stem.24 In contrast,
the basilar areas tend to be more involved in Coxsackie infections. Fur-
thermore the frequent involvement of the olivary nuclei, a region spared
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in poliomyelitis, is of importance in distinguishing the two infections.
Attempts to isolate virus from the central nervous system have been

frequently unsuccessful. In many instances, virus has been isolated from
the heart but not the central nervous system.2'5'612 In those cases in
which successful isolations of virus from central nervous system tissue
have been accomplished,5' 7'810'13'15 the only site specifically mentioned
has been spinal cord.7'8"5

Involvement of many other organs has been reported. Liver,2'8'11'12"15
spleen,"5 adrenal glands,' 2'7'8'9"12 pancreas,7'8 lung,5'&0 and pituitary9
have been the sites of significant alterations. Previously, however, no
lesion within the intestinal tract has been identified. The focal necrosis
and mononuclear infiltration in the muscularis of the small intestine in
case 4 is probably on a viral basis since the character of the lesion re-
sembled so closely that observed in the cardiac muscle.

It is interesting that Hemophilus influenzae type B was isolated ante
mortem from the blood in 2 of these patients. In light of the association
of Hemophilus influenzae and influenza virus in the pandemic of I9I8,
the isolation of both Hemophilus influenzae type B and ECHO virus
type 9 from the cerebrospinal fluid of a io-month-old infant,25 and
again the association of Hemophilus influenzae type B and Coxsackie
B4 virus in cases i and 2 it is tempting to speculate on the relation of
viral infections and the Hemophilus. The lysogenic conversion of Cory-
nebacterium diphtheriae from a nontoxigenic to a toxigenic strain by a
specific bacteriophage26 is an excellent example of a virus-bacteria as-
sociation which produces a severe disease in man. The microscopic
pathologic features and viral studies were consistent with a viral in-
fection alone in all of our cases, and we have no specific explanation for
the association of Hemophilus influenzae type B and Coxsackie B4
virus.

It should be emphasized that combined infections of bacterial and
viral etiology may occur, but the rapid and easy isolation and identifica-
tion of a bacterial agent compared to a virus may prevent one from
recognizing the true underlying disease early in its clinical course.

SUMMARY
Six fatal cases of encephalomyocarditis in newborn infants which

occurred in the St. Louis area during a 3-month period are reported.
Coxsackie B4 virus was isolated from the myocardium in 2 instances
and from the myocardium, brain, kidney, spleen, lung and pancreas in
another. The pathologic findings were compared with those recorded in
other reports of Coxsackie encephalomyocarditis.
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[ Illustrations follow ]
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LEGENDS FOR FIGURES
Photomicrographs were prepared from sections stained with hematoxylin and eosin.

FIG. I. Left ventricle, case i. Myocardial necrosis and interstitial infiltration by
mononuclear cells are manifest. X 38.

FIG. 2. Left ventricle, case i. There are fragmented myocardial fibers and infiltra-
tion by mononuclear cells. X I50.

FIG. 3. Inferior olivary nucleus, case 2. A circumscribed collection of mononuclear
cells appears within the nucleus. X 72.
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