FILTERABLE VIRUS AND RICKETTSIA DISEASES
IN THE TROPICS. IV.*

By Eart B, McKiNLEY, M. D.
(From the School of Tropical Medicine of the University of Porto Rico under
the auspices of Columbia University.)

The present paper is the fourth of a series of eight articles
dealing with the filterable virus and Rickettsia diseases. The three
preceding papers have dealt with the general aspeets of the problems
in this field and specifically with some of the diseases whieh belong
to the group of filterable virus diseases. As we have pointed out
in our last article, most of these diseases oceur in tropical coun-
tries as well as in colder elimates and for this reason thev should
be considered as part of tropical medieine. So far we have touched
only upon the so-called filterable virus diseases, The Rickettsia dis-
eases will he discussed in our next article along with several other
dizeases, all of which are thought at present to be insect horne. In
this paper we will consider soime of the virus diseases which involve
the central nervous system and the two very important conditions

known as the ““common cold” and ‘‘epidemie influenza.’’

HERPES SIMPLEX
Fever DBlisters; Herpes (French); Blaschenflechte (German)

DEFINITION

Herpes simplex is an acute eruptive disease of the skin and
mucous membranes and usually oceurs upon the face and genitalia.
It is characterized by a vesienlar eruption, the vesicles appearing in
groups upon a mild inflammatory base, accompanied by sensations of
heat and burning. The disease is caused hy a filterable virus, the
manifestations of which are influenced by a number of factors such
as local irritation, exposure to the sun’s ravs, drafts of cold air,
traumatism, various constitutional and infectious diseases, efe.
Herpes is designated, according to location and conditions under
whieh it occurs, as herpes febrilis, herves labialis, cold sores, herpes
genitalis, herpes preputialis, and generalized herpes.

_ * Thie is the fourth of a series of eight articles on Filterable Virus and Rickettaia
Digeases. Other articles will appear in subsequent issuce of the Review. This artiele and:
subsequent papers of this series are taken from a monograph on this subject now in presa
{Philippine Journal of Seience).
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QCCURRENCE OF HERPES

This disease has been known sinee ancient times. It oceurs in
connection with a number of infections diseases. Aceording to
various dermatologists the disease is said to be present in ahout
40 per cent of cases suffering with cerebrospinal meningitis, lobar
pneumonia, and malaria; in about 6 per cent of scarlet fever patients;
6 per cent of influenza cases; 5 per cent of typhus cases; and in a
eomparatively small number of patients having diphtheria, typhoid
fever, relapsing fever, and smallpox. The affection is common in
prostitufes and according to Unna it oceurs, in Hamburg, in about
25 per cent of these women. The disease frequently manifests it-
self in women about the time of the menstrual period. It oceurs
in connection with the acute coryzas and varions gastric and in-
testinal conditions. Foeal infeetions in the mouth may also be ac-
companied hy herpetic lesions. In other cases herpes has ap-
parently been related to the ingestion of certain foods. In many
individuals the affection tends to be recurrent and the lesions may
appear in the same area over a long period of time. These recurrent
lesions are particularly noted upon the face, abont the buttocks, and
upon the genitalia.

SYMPTOMS

Herpes may involve any part of the cutaneous surface but is
more commonly found on the face and about the genitalia. The af-
fection Is self-limited and usually terminates within a week or ten
days. Moere often the lesions are few and localized but oceasional
generalized distribution oceurs. Mild constitutional symptoms may
be present and the part affected is subject fo sensations of heat
and burning. There may be present some slight elevation in tem-
perature and chilliness and on this account the disease is frequently
referred to as *‘fever blisters’”. In a few cases the lesions appear
upon the mucous membranes of the tongue, cheek, pharynx, and
larynx, Ocecasionally the vesicular patehes are quite large, and may
coalesce, becoming cloudy and purulent. After a few days the
vesieles dry and yellowish erusts are formed which drop off within
a short time leaving a brownish red stain whieh soon disappears.

Epidemies of herpes have been reported by Savage (') and hy
Seatan (?). Both epldemics eccurred in schools for boys and were
characterized by sudden onset, elevation of temperature, chills,
keadache, nausea and vomiting, and herpetic eruption chiefly on the
lips and other parts of the face. The oceurrence of the disease in
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epidemic form is strong indication that the disease is caused by an
infectious agent.

THE VIRUS

. In 1913 Grueter (*) demonstrated that the inoculation of the
rabbit cornea with serapings from lesions of dendritic keratitis pro-
duces in rabbits an inflammatory process which is transmissible from
animal to animal. This observation was confirmed later by both
Loewenstein (') and by Luger and Lauda (*) and these authors
further demonstrated that precisely the same proeess can be in-
dueed in rabbits hy inoculating the rabbit’'s cornea with the fluid
from herpes vesicles. Lowenstein helieved that the infectious agent
existing in the fluid of the herpes vesicles is filterable and this belief
was fully established in the later work Luger and Lauda, Blane and
Caminopetros ("), and Levaditi, Harvier, and Nicolau (7).

Lipschutz (%) in 1921 was the first to demonstrate cell inclusions
in the lesions of herpes simplex, herpes genitalis, and herpes zoster.
These inclusions are without doubt specific as indicated by the faet
that they are also found in the epithelial cells of the inoculated
rabbit’s cornea. These bodies are found only in the actual seat of
the lesion in herpes simplex (febrilis) and herpes genitalis. They
have been found to appear in serial incculations. Unlike most of
the intracellular inclusions described in connection with other filter-
able virus diseases, the inclusions in herpes are found almost ex-
clusively within the nucleus and not in the cytoplasm of the cell
as in most of the other filterable virus conditions.

More will be sald of the inclusion bodies later (last article of
this series). For the present we may state that the exact nature
of these bodies is unknown, However, it is well known that such
bodies are frequently met with in connection with several of the
diseases whieh are caused hy agents of the filterable virus group
and their presence is now considered as evidence of the activity of
a filterable virus, Indeed in the ease of the virus of herpes simplex
and of herpes genitalis, the filtrability of the virus has been demon-
strated.

As indicated before there are many other factors which apparently
contribute to the development of herpes lesions. It is well known
that in certain individuals herpes has never occurred during am
entire life time. It is evident from the beginning, then, that there
exist varying degrees of susceptibility and resistance toward this
disease. Irritation, trauma, diet, emotional disturbances, and in-
fections diseases (meningitis, pneumonia, malaria, ete.) may alk
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contribute to the development of the disease. In certain men the
simple act of coitus is sufficient to bring on an attack of the af-
fection. Its oceurrence in prostitutes and in women about the time
of the menstrual period has already been mentioned. We have suggest-
that all of these influences are only contributing in nature and
none of them are related to the real cause of the disease. Herpes
is an infectious disease, caused by a filterable virus. The virus
of herpes is apparently very wide-spread in its distribution. Similar
viruses have been isolated from the saliva and from the nasal
geeretions. Presumably there are untold numbers of healthy car-
riers of the virus. The extraneous factors mentioned above may
contribute to the development of lesions by the herpes virns al-
ready present, latent in the individual by lowering the general re-
gistance of the individual to the virns, We have suggested this
concept in another publication (%),

Goodpasture and Teague (*“) have shown that the virus of herpes
passes up the axis eylinder of the nerve from its peint of entrance
to the spinal ganglia and the central nervous system in rabbits. It
has, of course, been known for vears through the work of Howard
() and Mallory and Wright (**) that degenerative and inflam-
matory changes are present in the ganglionic centers supplying areas
upon the face affected by herpes in cases oeeurring with preumonia
and ecerebrospinal meningitis.

It appears then that the virus of herpes reaches the surface by
way of the nerves. If the virus passes up the nerve trunk there
is no reason to suppose that it cannot pass down the nerve to the
cutaneous area supplied by that nerve. Does the virus remain Jatent
then in the tissues of man, and more parficularly in the nerve
tissues such as the spinal ganglia? The faet that recurrent herpes
is frequently brought on as a result of great emotional or nervous
stress somewhat favors this idea.

The changes found in the ganglionie centers have been thought
by some authorities to he of toxic origin, While no toxin has as yet
been demonstrated for the herpes virms it is logieal to suppose, from
our concept of the meechanism of infection, that sueh degenerative
and inflammatory changes are caused by a toxin elaborated by the
virus. 1t must be left to future investigations to determine this
guestion.

Within recent years the herpes virus has received a great deal
of attention since several filterable viruses have been demonstrated
in the brain substance and spinal fluids from cases of epidemic ence-
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phalitis which are apparently identical, or at least closely related,
to the herpes virus. Doerr and Vochting (**) have shown that the
herpes virus is capable of inducing an encephalitis in rabbits when
injected intraceularly. Since the work of Doerr and Vochting nu-
merous investigators have shown that encephalitis in rabbits regularly
follows the subdural injection of the herpes virus. Strains from
herpes simplex (febrilis) and herpes genitalis are practically all
found to be potent in this respeet. So far no one has suceeeded,
in unquestioned experiments, in producing encephalitis in rabhits
following the subdural ineceviation of fluid from the vesicles of herpes
zoster. ('ole and Kuttner (') failed in this respeet with material
taken from nine cases and McKinley and Holden (') failed in
three instances. Tlowever, there is strong evidence to suppose that
herpes zoster is also a virus disease, but so far the hypothetical virus
has remained undemounstrated.

To summarize we may eonclude that herpes simplex and herpes
genitalis are caused hy a filterable virus. Cultivation experiments
with this virus have so far resulted in only discouraging results.
By several methods Le Févre and Mellnley (') failed entirely in
the eultivation of this virus. Parker and Nye (') have reported
more encouraging results, but their work cannot be aceepted at present
as having demonstrated bevond doubt the artifieial cultivation of
this agent. Herpes is a common atfection and as such it is indicated
that the virus is wide-spread. We propose the theory that the herpes
virus is present, latent in the tissues and seeretions of man who
serves as its reservoir. Under favorable conditions -aceompanied by
a lowering of the individual resistance, brought about by a variety
of influences, the affection takes root and manifests itself in cutane-
ous lesions,

The relation of this virus to epidemie encephalitis will be dis-
eussed in the following section.

EPIDEMIC ENCEPHALITIS
(Bncephalitis Lethargica)

DEFINITION
Epidemic encephalitis is an infections disease of protean mani-
festations. Eneephalitis means brain inflammation. Epidemic enee-
phalitis is an inflammation chiefly of the ecentral nervous system
and is characterized in most cases by lethargy, paralysis of the
cranial nerves, and in some cases there are spinal and peripheral
nerve involvement. Not all cases of epidemie encephalitis manifest
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lethargy, for in many patients, depending uapon the location and
severity of the involvement, marked excitement may be a predominat-
ing symptom. This disease is also sometimes referred to as epidemie
stupor, infective encephalitis, epidemic polio-encephalitis, and sleep-
ing sickness (European).

HISTORY AND DISTRIBUTION

Little is known regarding the early history of epidemic ence-
phalitis. Early after 1700 a disease broke out in parts of Germany
which epidemiologists believe may have been related to epidemic
encephalitis. Again in 1890 in parts of southern Europe there ap-
peared a peculiar disease, which was designated ‘“‘Nona’' at the
time, and which may have been related to encephalitis lethargica.
From the records it is impossible to state definitely whether either
of these diseases was related to epidemic eneephalitis.

In 1917 Economo (**) described, under the name of encephalitis
lethargica, a disease which he observed in eleven cases at Vienna.
These cases had oceurred during the Winter of 1916-17. During the
Spring of 1918 the disease began to appear in various parts of Eng-
land, and towards the end of 1918 the first indiecations of the dis-
ease were noted in the United States. The early cases of encephalitis
lethargica were apparently rerarded as brain inflammations due to
botulism. The disease was characterized by drowsiness passing into
lethargy, a progressive muscular weakness, and ophthalmoplegia.
Often the first symptoms noted were a slight indisposition, mild
indefinite mmseular pain, and a feeling of drowsiness. Both males
and females arve affected and in about equal proportions. Most of
the cases have appeared in individuals over twenty vears of age.
This is quite the opposite of poliomyelitis which oceurs chiefly in
children. While most cases of epidemie encephalitis oceur in indi-
viduals in their twenties or thirties, the disease also occurs in later
vears after the age of fifty.

Since 1917 epidemie encephalitis has spread to all parts of the
world. In England alone thousands of cases are now being reported
each vear. During 1924 England reported over 5,000 cases ol this
disease according to the Epidemiological Report of the Health See-
tion of the League of Nations. This report states that in most eoun-
tries epidemic encephalitis is decreasing at the present time. Eng-
land, for example, has only reported 2,267 cases for the year 1926
with 1,325 deaths from this disease. In England the disease is more
prevalent in urban than in rural distriets. Tn New York City cases
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of epidemic encephalitis are not at all uncommon, the same being
true of other large cities in the United States. The disease is not
limited to urban communities however and is frequently met with
in the rural ecommunities, The disease has a high mortality and
shows a predilection for the winter months.

The only epidemics of a similar disease, which have been men-
tioned ahove, oceurred in connection with, or following epidemics of
influenza. TIn 1918 when epidemic encephalitis began its march over
the world it was thought that the disease was related to influenza
and perhaps resulted as a sequela, in certain cases, as a result of
the same infection. KExeept for epidemiological data there is no
evidence that epidemic encephalitis is related to epidemic influenza
except as a concurrent infection. It is true that in England the
incidence of epidemie encephalitis is highest in the north of England,
decreasing through the south, and lowest in Wales. Also influenza
is more prevalent in the north of England but the mortality of ence-
phalitis is highest in urban communities while influenza has a greater
mortality in rural distriets. The disease is net limited to- cold
climates. The writer has seen cases of epidemic encephalitis in trop-
ical countries sueh as the Philippine Islands and more recently two
cases have ecome under my ohbservation in Porto Rico, one of which
has been proven at autopsy.

SYMPTOMS

The usual picture of epidemie encephalitis is lethargy, associated
with third-nerve and facial paralysis, and weakness in the lower
extremities. There are many elinical forms of the disease which
depend upon the location and degree of involvement of the central
nervolls system. Some of the different types of the disease have been
deseribed as follows: (1) (ases exhibitine general manifestations
of the disease but no localizing signs; (2) cases with facial paralysis;
(3) cases with third-nerve paralysis;
manifestations; (5) ecases with polyneuritic symptoms; (G) cases
showing periods of great excitement; (7) mild cases of the abortive

{4) ecases with spinal-cord

type having only transient manifestations. All degrees, variations,
and combinations of the above types have been met with.

Prodromal symptoms may be present or absent, If present they
may be noted from a few hours to a few weeks and are characterized
chiefly by headache, diffuse pains, lethargy or drowsiness, stiffness
of the back or of one or more limbs, conjunetivitis, and vertigo,

Lethargy; a prominent symptom of the disease. occurs in about
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80 per cent of cases. It comes on as a rule very gradually but may
occur suddenly. It may develop gradually from a slight drowsiness
to a stupor from which the patient ean be aroused and then pass on
into a deeper stupor or coma. Oecular palsies, with double ptosis
and diplopia oceur early. The temperature ranges from 100° F, to
104° F. It usually lasts but a few days, may then disappear only
to reoccur, in some cases, within a few days.

The disease ig slowly progressive. The patient takes on an
apathetic look, the pupils may be dilated, and unequal with complete
third-nerve paralysis. The face becomes smooth and expressionless,
the muscles being moved with great difficulty. Catalepsy is not
uncommon. The patient may become delirions and develop a violent
mania. The memory is lost gradually and the patient cannot re-
member one moment what he has been told a few moments before.
Aroused he may answer simple questions intelligently. Tremors,
and choreiform movements may oceur in some cases and persist for
some time,

Sensory disturbances such as hyperaesthesia, may oecur but are
rare. Paralysis of the arms and legs may occur. The reflexes
may or may not be normal. Some cases exhibit paraplegia. Other
eases may show bulbar features and signs of polyneuritis. Signs of
meningeal involvement are rare. The cerebrospinal fluid is clear,
may show 10 to 20 cells per e. mm. and in some eases a large in-
erease. Both mononuclears and polynuclears are found. The dura-
tion of the disease is variable. Tt may last weeks, months, or vears.
As a rule its duration ranges from two to twelve weeks. Second
attacks do oceur and apparently, in many cases, are more severe
than the first illness. These are probably not reinfections but a
flaring up of the old process when conditions are favorahle.

There are other forms of encephalitis from which epidemic ence-
phalitis must be differentiated along with several other eonditions
which are similar in some respects. Aeute eneephalitis may result
from a number of causes such as trauma, intoxications, (aleohol. food
poisoning, and gas poisoning), following acute infections, and as a
form of polio-myelo-eneephalitis. The general symptoms are head-
ache, somnolenee, coma, delirium, nausea and vomiting, ete. Cases
may occur following certain fevers, sueh as influenza and typhoid.
A recent case observed by the writer in San Juan was of the very
acute type. It oceurred in a little girl of eight yvears. The first
symptoms noticed by the parents was the inability of the child to
swallow water or other fluids such as orange juice. The child had
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eomplained of drowsiness some three days previous though she had
attended school the following two days in apparent good health.
The child died four days after the first symptoms were noticed. The
post-morten examination of the brain presented typical lesions of
epidemic encephalitis. It is interesting to note that this case stands
alone in the above-mentioned community. No others have been re-
ported though there exists at the time of writing a chronic ecase
of this disease in one of the lecal hospitals, of over one year
duration, in a child of about two years of age.

TIIE VIRUS OF EPIDEMIC ENCEPITALITIS

The virus of epidemie encephalitis is unknown. That the disease
is infections and communicable is agreed by most authoritics. What
the infectious agent is or how it is communicated from individual to
individual is unknown at present. In 1919 Loewe and Strauss (%)
described an organism as the cause of epidemic encephalitis which
they obtained from the brain substance and nasopharyngeal washings
from cases of this disease and claimed to have reproduced the disease
in rahbits and monkeys with this material. Later they enltivated
their organism and reproduced the disease with the cultivated miero-
organism. These experiments have been open to grave doubt and
have not been confirmed.

In 1922 Levaditi and ¥arvier (%) desceribed a filterable virus
which they Dbelieve to be the cause of epidemic encephalitis. In
reality there were two strains of this virus obtained firom cases of
this disease. The first and most virulent virus was obtained from
the brain-substance of a case of eneephalitis, while the second, and
weaker virus, was obtained from nasal seeretions. Flexner (*°) has
pointed out that ‘‘examination of Levaditi’s reports indicates that
from among inoeulations made with thirty separate sets of specimens
from cases of epidemic encephalitis, hie sueeeeded in establishing in
rabbits only one active virus’’ and that his conclusions are ‘‘based
really on a single unequivocal experimental vesult’”’. Further it is
pow well known that the case of encephalitis from which Levaditi
obtained his first virus possessed a herpes infection over the entire
right side of the face and subsequent experiments with the Levaditi
virus indieates that this virus is identical with known herpes strains,
or closely allied to thenm.

Other filterable viruses have beecn obtained from the brain sub-
glanee and cerebrospinal fluid from cases of epidemie encephalitis.
There are the so-called “‘Basel’” viruses. The first of these was
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obtained from the cerebrospinal fluid of a patient having encephalitis
lethargica by Doerr and Schnabel (*'). The second strain was ob-
tained by Doerr and Berger (**) from the brain substance of a typ-
ical case of epidemic encephalitis. The third strain was derived
from another case of epidemic encephalitis from the brain substance
by Doerr and Berger. Zdansky (**) found that the brain lesions
produced with the Basel strains II and III were identical with those
produced in rabbits with the Levaditi so-called encephalitis virus
and also with the herpes virus.

The ‘““Berlin’’ virus was deseribed by Schnabel (**) and was
obtained from the cerebrospinal fluid of an acute case of epidemie
encephalitis. Cross immunity experiments with this virus and a
known herpes virus were found to be positive.

The so-called ““ Wien’’ virus was isolated by Luger and Lauda (%)
and was obtained from the cerebrospinal fluid and brain substance
from a case of epidemic eneephalitis. This strain first exhibited
an incubation period of 18 days which gradually hecame shorter with
animal passage. Symptomatically in rabbits the disease produced by
this virus is typical of that indueced in rabbits following inoculation
with herpes wvirus. These aathors also studied a virus which has
been deseribed by Koritschoner (**) which was derived from the brain
substance of a patient who had heen hitten by a suppesedly rabid
dog. The patient died and a post-mortem examination revealed a
myelo-encephalitis. Inoculation of brain material from this case into
two rabbits and two dogs resulted within a few days in paralysis
and lethargy. Luger and Lauda believe that the Koritschoner virus
ig endowed with herpetiform properties but Doerr and Zdansky (%)
identify it with the virus of pseudo-lyssa or infectious bulbar paralysis.
These authors base their conclusions upon its transmisibility to dogs
and the absence of Neegri bodies in the brains of such infected
animals.

Bessemans and Van Boeckel (*%) experimented with material from
five brains, twenty cerebrospinal fluids, and five nasopharyngeal
washings from several ecases of epidemie encephalitis. Sixty-one
rabbits and thirty guinea pigs were inoculated with these materials.

Of these only seven rabbits showed symptoms and lesions and only two
guinea pigs showed lesions hut no symptoms. Symptomatically these
snimals exhibited typieal pictures of those due to herpetic infeetion.
The lesions consisted of diffuse infiltration of the brain snbstance
with mononuclear cells and in one case perivascular filtration.
This virus possessed only a moderate virulenee and was soon lost
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entirely. In regard to this virus Da Fano (*7) states ‘‘these experi-
ments seem to indicate the possible oceurrence of weak encephalitis
strains endowed with properties similar to those of likewise weak
or somewhat anomalous herpetic viruses. This supposition is sup-
ported by the report of Netter, Cesari and Durand, who claimed to
have recovered an apparently weak strain from the brain of a case of
lethargic encephalitis 15 months after onset. This virus was reg-
ularly active when prepared with the brain substance of successfully
inoculated animals, while the salivary seeretion of the infeeted
animals was uniformly virulent. Algoe Sicard, Paraf, and Laplane
claim to have isolated an apparently weak encephalitis strain from
a case of post-encephalitic Parkinsonism’’.

In addition to the above viruses which have been obtained
Perdrau (*®) in England has apparently had unusual success im
isolating viruses from the brain substances from ecases of epidemie
encephalitis which he believes possess herpetiform properties.

As will be noted, the varions virnses deseribed above have all
(with the exception of the virus of Loewe and Strauss, which is no
longer taken seriously) been obtained from cases of epidemic enece-
phalitis in Europe. Flexner and Amoss (**) and others in the
United States have been uniformly unsuccessful in isolating a single
virus from ecases of this disease. Flexner (*°) in 1923 reported
transmitting a disease to rabbits with the cerebrospinal fluid from a
patient with neuro-syphilis and from these rabbits he obtained a
strain of herpes now known as the “‘Beckley’ strain. In this case
there was no question of encephalitis but it serves to illustrate that
the herpes virus may oceur in the spinal fluid of patients affected
with some other disease process.

General opinion is that the various viruses deseribed by European
investigators as obtained from eases of epidemiec encephalitis are
identical with the herpes virns or they are very eclosely related.
Doerr and Schnabel and later Levaditi, ITarvier and Nicolau all
found that cross immunity experiments with Levaditi’s encephalitis
virus and the herpes virus are positive. The latter also demon-
strated that the TLevaditi encephalitis virus produces an herpetiform
eruption when inoculated on the skin of a rabbit. Levaditi and his
associates then consider that the virus of encephalitis and herpes
are identical varying only in degree of virulence. Doerr (*°) also
leans towards this concept and believes that the herpes virus is
related etiologically to epidemic encephalitis.

In 1924 in discussing this question Parker (*') stated ‘‘There is
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one fact that would seem to establish definitely the lack of identity
between the virus of herpes and that of encephalitis lethargica;
namely, the occurrence of the intranuclear hodies characteristic of
herpes in the former and the absence of such bodies in the latter.
Lipschutz described certain intranuclear, acidophilic bodies that oe-
eur, especially in the epithelial eells, in herpes in human beings and
in experimental herpes of the rabbit’s cornea. These bodies are
perfectly definite and their. demonstration renders the diagnosis of
herpes positive in animals and also in human beings, provided that
in the latter varicella can be exeluded. Whether they represent the
virus or a reaction or degenerative produet of the cell is undeter-
mined, but this does not detract from their diagnostic importance.
Sinee the work of Lipsehutz they have been deseribed by Goodpasture
and Teague in the brains of rabbits dying of herpetic infection’’.
Parker goes on to state that ‘‘now if the virus of herpes and that of
encephalitis lethargica are identical, these hodies should occur in the
brains of human beings, dying of encephalitis lethargica. However,
to date, no such bodies have been described’’.

The entire question of the relation of the herpes virus to epidemie
encephalitis has become a very important one. Indeed the guestion
has become one of controversy. Investigators are, for the most
part, agreed that the cause of encephalitis lethargica is probably a
filterable virus. Iflexner and his associates have econsistently held
that the hypothetical virug of epidemic encephalitis remains to date
undisecovered. European investigators have attached more and more
etiological significance to the herpes virus as a eaunse of the disease.
Zinsser and Tang (*2) have brought further evidence against the
herpes virus in its possible relation to epidemie encephalitis. These
authors have shown that the serum from eneephalitis patients pos-
sesses no virueidal effect for the herpes virus in vitro though this
property is present in the serum of rabbits immunized with herpes
virus.

In a recent publication MeKinley and Holden () suggest that in
the absence of a definite etiologic agent for encephalitis lethargiea,
and since herpes straing are occasionally met with in the nerve tissue
of cases of this disease, it is advisable to retain an open mind on
the entire question and attempt in every way possible to prove or
disprove any relation which may exist between the herpes virus
and encephalitis. The idea of encephalitis being due to a toxin,
as previously ‘suggested by Parker, was again emphasized. The oe-
casional presence of the herpes virus in the central nervous system of
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patients might be explained on the basis of the central nervous system
barriers becoming permeable to the virus as a result of some other
constitutional disorder or infections process which lowers the resist-
ance of the patient, and consequently alters those barriers which
normally do not permit the herpes virus, or any other virus, to gain
entrance into the central nervous system. Such an hypothesis might
explain the occurrence of encephalitis lethargiea following in the wale
of influenza for example. 1If such were true it might explain the
oceurrence of these cases in which the herpes virus has been found in
the brain substance. Also, as Perdrau has pointed out, the virus
may be more easily obtained during the first few days of illness when
the symptoms are aeute. Parker suggests that the aetual virus of
encephalitis may be growing in some other region, such as the gastro-
intestinal tract or nasopharynx, without ecausing loecal symptoms,
but producing a poison which has a marked affinity for the central
nervous system. Analogies of this are of course found in tetanus
and botulism. Such a virus might also be present, latent in the
spinal ganglia and produce its toxin from this foeus.

In one of his most recent papers Flexner (**) states in comment-
ing upon the ease with which herpes viruses may be implanted
in rabbits: ““On the other hand, it has proven extremely difficult to
implant such a virus In rabbits with material taken from eases of
epidemic encephalitis in man. The several hundred or more trans-
fers of these materials from man to rabbit have yielded, as Flexner
pointed out and Doerr concedes, six suecessful inoculations at most.
The percentage of suceesses is almost minimal., The matter at issue
is the explanation of the disparity, the burden of proof of course
being placed upon those investigators who would identify the herpes
virus with the supposedly mierobic ineitant of epidemie eneephalitis™.
This may be taken as this author’s attitude in the matter, as far
as the herpes virus is econeerned.

Up to this point we have omitted entirely from consideration the
possibility of the streptocoecus as the microhie incitant in ence-
phalitis lethargica, In 1924 Rosenow (*') rveported the isolation of
a streptococcus from the tonsils, teeth and nasopharynx of ecases of
encephalitis and from the brain substance of such cases after death.
Evans and Freeman (**) have also described a streptococcus isolated
by them from nasal washings, heart blood, and mesencephalon of a
patient with epidemic encephalitis. The streptococcus obtained by
these authors is similar aceording to comparative test, with the strep-
tocoeel deseribed by Von Wiesner and by Rosenow. "This organism,
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so it is claimed, shows a tendency to elective localization in the brain
and is sald to produee nervous symptoms in rabbits and monkeys
which, in some instances, simulate the disease in man. In another
publication Kvans () reports the isolation of six strains of strepto-
cocei from vesicles in cases of herpes, one from the cerebrospinal
fluid from a case of syphilis, and one from the brain substance from
a ease of epidemic encephalitis. Freeman (*7) has deseribed the use
of an antiserum prepared in horses with the streptococecus which was
deseribed earlier by Evans and himself. Administration of specifie
anti-streptocoeeus serun to eases of encephalitis was controlled by
the administration of normal horse serum, antipneumocoecus serum,
and streptococeus bacterin.  Freeman states ' The injeetion of normal
horse serum during one relapse, of antipneumocoecns serum during
another, and of streptococcus bacterin during a third thus had the
same beneficial effeet that the encephalitis serum had in the first
place’”. Raussell (*) has also described a number of recoveries of
cases of encephalitis following administration of antidiphtheritie
serum. As pointed out by Freeman such results indicate the need
for proper controls in attempting to evaluate the efficacy of specifie
serum therapy. Certainly these results as reported by him lend
little evidence in favor of the streptococcus etiology of this disease.
They indicate, however, that non-specifie protein therapy may have
some beneficial effects.

In a recent review of ihe filterable virus diseases Mae Callum (37)
in speaking of epidemic encephalitis and the experimental work with
the various viruses whieh we have described above states: i
differences between the eurves showing the effect of inoculation of
encephalitis material on the one hand and of herpes material on
the other, into rabbitz (Ford and Amoss), make one suspect very
gtronely that all of the so-called viruses of encephalitis are really
accidentally recovered berpes viruses, This seems a far safer con-
clusion than that ventured hy some that the viruses of encephalitis
and herpes are ldentical, and it is preferable to concede that as
vet we know nothing of the cause of enecephalitis. All of this has
been ¢learly brought out by Flexner®’

This is further indieated by the fact that DBastai and Busacea
have found the herpes virus in the blood and cevebrospinal fluid of
persons subjeet to herpes but at the time possessing no lesions. In
such people slight indispesition frequently brings on an attack of
herpes.

This summary may be taken as representing the thought of the
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American school on the subject of the etiology of epidemie encepha-
litis. With regard to the streptococeus as a possible eticlogic in-
citant, there arve few who consider this organism seriously,

PATHOLOGY

The chief changes found in epidemie encephalitis are located in
the upper part of the pons and in the basal nueclei and eonsist of a
perivascular infiltration (large and small mononuelear lymphoeytes),
in some cases the areas of extravaseular infiltration forming foei
which may bhe seen with the naked eye. The destruction of the
ganglion cells as found in poliomyelitis is not ecommon. The spinal
cord lesions are very mild. Changes in the Purkinje cells are noted
but cortical lesions and extensive lesions of the gray matter are not
cOominon,

According to MeCrae (*!') hemorrhages in the meninges and in
the region of the basal ganglia may be found. Tesions also occur in
the cerebellum. ILesions are hoth nodular and diffuse. The nerve
cells show degeneration, either localized or general. Thrombosis and
necrosis have been noted but are rarve. The gray matter at the base
of the brain is particularly involved. Altogether, according to this
author ‘‘the anatomical lesions are like those found in rabies and
sleeping sickness’’. He states further ‘‘the lethargy may be toxic
but is possibly mechanical due to inferruption of stimuli in the
thalamus, which is frequently involved. The latter changes involve
(1) the vessels with hyaline and ecalcareous degeneration of the media
and adventitia especially and particularly in certain areas, such as
the basal ganglia, (2) hydroeephalus, chronic or intermittent, from
imperfect drainage of the ventricles, and (3) meningeal thickening’’.

PREVENTION

Very little can be said regarding the prevention and control of
epidemic encephalitis. That the disease is communicable is agreed by
most authorities. However, it is only mildly so. Its relation to
other infections diseases is little understood. While the disease is
apparently decreasing in certain parts of the world (England)
it still remains in other countries as a serious and increasing menace,
Until its cause is definitely known it is impossible to formulate rules
for its prevention. At present it is only possible to employ ordinary
hygiene measures which are indicated for any infectious and com-
municable disease. No vaceine or serum is as yet available for its
prevention or treatment.
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ACUTE ENCEPHALITIS
(Australian X Diseage)

In 1926 Kneehone and Cleland (**) reported an acute encepha-
litis condition whieh appeared again in Australia during January
and February of the vear 1925. In previous reports Cleland and
Campbell (**) had reported an epidemic of acute encephalo-myelitis
in Australia which appeared in 1917-19. Aeccording to these au-
thors the Australian disease (X disease) does not eorrespond with
that of encephalitis lethargica reported in other parts of the world.
Australian X disease is characterized by its high mortality, very
kigh temperature, coma, convulsions, relative absence of eyve symp-
toms, rapid approach to death in fatal cases, its general resemblance
to cerchrospinal fever, and leucoeytosis. Furthermore these investi-
gators have offered evidence that the virus of X disease may be
transmitted to sheep.

During 1917-18 the virus X disease was transmitted sunccess-
fully to monkeys and at the same time was apparently transmitted
fo a series of sheep. Suecessful ‘‘takes’’ were obtained into the third
series of sheep, by sheep to sheep inoculation, but failed in-the fourth.
In 1926 Kneebone and Cleland again attempted to transmit the
virus to these animals. Five sheep were inoculated. The first
animal inoculated directly into the brain substance with 114 ce.
of nerve tissue emulsion from a fatal human case of the disease, died
eight days later with general convulsions. The second animal died
with similar symptoms nine days following inoculation, The third
sheep died with general convulsions seven days following inoeulation.
Sheep 4 was inoculated with brain emulsion from sheep 3 and died
with general convulsions nine days after inoculation. The fifth sheep
was inoculated with brain substance from sheep 4 and suffered no ill
effects following the inoeulation. Brains from sheep 1, 2, 3 and
4 all showed intense pial congestion but no evidence of suppuration.
Baeteriologic cultures were uniformly negative.

The case deseribed from which brain substanee was obtained for
the sheep inoculations is perhaps typieal of the fatal cases of this
disease. The authors deseribed it as follows: ‘“Case 3. (From
this case the sheep inoculations were made). Luey 8., aged two years
and ten months was admitted on March 1, 1925. She had whooping
eough ten months before, but sinee then had been quite well up to
two days ago. For the last two days she has had ‘‘turns’’ each day,
lasting up to six minutes at a time, and three convulsions, followed
by general twitchings during the day before admission. The bowels
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had been opened once daily. She had refused food sinee she became
ill. Examination showed that she was in a semi-comatose condition
with generalized twitchings. Ilead retraction and Kernig’s sign were
present. Nothing abnormal was detected in the chest or abdomen.
The urine showed no abnormality. The temperature was 101.6° F,,
the pulse, 140, and respiration 48. Next day her condition was worse,
although the twitchings were not so severe. There was left abducent
paralysis. Lumbar puncture yielded 60 ce. of clear fluid under
slightly inereased pressure, This fluid contained no inerease of
globulin, no pus eells, and no organisms either in smears or on eul-
ture. The temperature, on admission rose in 12 hours to 105° F.
and maintained a high level, rising to 106° F. a [ew hours before death,
which occurred 36 hours after admission. At the post-morten ex-
amination, 12 hours after death, the brain was removed with striet
aseptic precautions. Very marked congestion of the vessels of the
pia mater was present, both at the vertex and at the base. There
was no evidence of tnbereulosis or suppurative meningitis, and the
other organs were healthy. Microscopic examination of sections from
the brain and spinal-cord failed to reveal the presence of perivenous
sheaths of eells or of cellular islands. These sections included the
basal nueiei. There was marked capillary congestion in the frontal
and oceipital areas.’’

From the deseription of this case there can be no doubt that
it is in many ways dissimilar to epidemic encephalitis both in its
symptomatology and in its morhid anatomy. While the transmis-
sion of the virus to sheep is not conclusive, these experiments may
be considered as strong evidence that such transmission is possible.
I¥ this point is accepted, this is also important evidence that the
disease is at variance with encephalitis lethargica for no virus has
ever been transmitted to sheep from cases of epidemic encephalitis
or from ecases of poliomyelitis. Indeed in our experience it has bheen
impossible to infect sheep with herpes virns or for that matter to
satisfactorily demonstrate antibodies in the blood stream of sheep
which have veceived more than a dozen injeetions of herpes virns
emulsion in an attempt to Immunize them.

What the exact nature of Australian X disease ix and its mierobie
ineitant must be left for future experimental work to deecide. For
the present we must regard it ad still another form of encephalitis
and most prohahly it is unrelated to encephalitis lethargiea.
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JAPANESE ENCEPHALITIS
(Takaki virus)

In 1924 there was an epidemie of encephalitis in Japan. This
epidemic oceurred in the summer and involved about 6,000 cases.
Various investigators attempted to transmit the disease to animals.
Takaki (**) has reported that he suceeeded in six transmissions of
the virus of the disease to rabbits with materiai from six fatal cases.
According to this investigator the virus in inoculable by both cornea
and brain as well as other organs. Tt ecould not be eultivated arvti-
ficially. Takaki states that the symptoms produced in rabbits by this
virus are not similar to those induced in rabbits with the herpes virus.
Furthermore cross immunity tests with the Takaki virus and herpes
virus show that there is no relation hetween the two viruses.

Commienting upon the Japanese disease in a reeent paper Flexner
(*%) states: ‘‘In view of this discordant fiinding, the question arises
whether the Japanese and the Buropean epidemie diseases are patho-
logically the same. Fortunately this question can he answered, and
apparently in the affirmative. The clinical and pathological deserip-
tions which have heen published show close similarity. Through the
kindness of Professor Kimura, of the Imperial University in Sendai.
I have heen enahled to examine specimens taken from the brain of
fatal cases. These speeimens show pathological changes closely re-
sembling those found in the brain of Iuropeans and Americans who
have suecumbed to epidemie encephalitis. The changes or lesions are
of two sorts: mononuclear (lymphoid) infiltrations of the blood vas-
eular sheaths and brain tissue, and degeneration of ganglion and glia
cells. The distribution of the lesions is also typical. Wspecial at-
tention may he drawn to the lesions in the substantia nigra which
are prominently present in the Japanese, as well as in the European
cases of the disease.”’

This anthor calls attention to the virns reported hy Kling and
Liljenquist (*°) in Sweden in 1921 which these investigators obtained
from a case of epidemic encephalitis. The experimental disease pro-
duced by this virus shows a chronic pathological proeess rather
than an acute process and in this respect differs from all the other
viruses which have been reported. Some investigators take the stand
that Kling and Liljenquist were dealing with the virus of spontaneous
encephalitis in rabbits but Flexner states ‘‘ There is no doubt that the
Swedish cases of epidemic encephalitis are identical with the other
European and the Ameriean ecases. . . . . . there is strong reason to
believe that the Japanese epidemie disease is of the nature of the
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European and Ameriean disease. The essential differences relate to-
the microbic incitant described by Kling and by Takaki. As tested
by these diserepancies, the epidemies would have to be regarded as
distinet. The fundamental question raised by the diserepancies is
therefore, whether the experimental findings are not open to the sus-
picion of not revealing the real incitant of the epidemic disease.”’

For the present the Japanese epidemic of encephalitis must be
regarded as related to epidemic encephalitis as it occurs in other
parts of the world. Its virus is one of the few which has been
isolated from the brain tissue of human cases of the disease and is
unique in its unlikeness to the herpes virus.

VACCINATION ENCEPHALITIS

- Within the last two or three years there have appeared cases
of encephalitis which have apparently been related to vaccination.
Turnhull and Melntosh (*7)., Heymann (**), Aldershoff (*°) and
others have written reports upon this subjeet. Heymann quotes
Jenner’s observation on the inhibition of the development of the
smallpox vaecine pustule in patients with herpes. . Turnbull and
MeIntosh have reviewed seven cases of encephalomyelitis which were
definitely connected with vaceination. The only virus demonstrated
experimentally in the brain and cord was a vaccinal virus. The post-
vaccinal encephalitis develops from nine to fifteen days after the
vaccination.

Levaditi, Nieolau and Bayarri (**) regard this form of encepha-
litis as the flaring up of a latent virus of epidemic encephalitis
already present in the central nervous system. This theory is alse
concenrred with by Netter (5'). Bastiaanse, Bijl and Terburgh (5%)
support a similar idea. Fielder (°*) states that 52 instances of dis-
ease of the central nervous system, after vaccination are recorded
and he believes that vaeccination activates viruses already present
in the system.

Luckseh (**) on the other hand maintains that encephalitis fol-
lowing vaccination is caused by the vaceine virus. Wilson and
Ford (**) point out that a diffuse nonsuppurative encephalomyelitis
may oceur as a rare but speeifie complieation of variola, vaceinia and
varicella. These authors further state that the vaccine virus has been
demonstrated in the cases ef encephalitis following vaceinia but not
in eonnection with variola and varieella. These authors believe that
the condition is in reality uncommon and that many such cases have
been mistaken for tetanus.
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Luckseh has suggested the use of the Paul test with spinal fluid
from these cases. He believes that corneal lesions may be obtained
n rabbits with spinal fluid from these cases which may be regarded
as characteristic of smallpox virus,

This guestion is of speecial interest from the medico-legal point
of view particularly if the possibility of tetanus infection is involved.

SPONTANEOUS ENCEPHALITIS IN RABBITS

The study of experimental encephalitis in rabbits has been com-
plicated by the presence in these animals of spontaneous encepha-
litis. Spontaneous encephalitis in rabbits was first noted by Bull (¢)
in 1917. Bull was studying the brains of rabbits inoeulated with
streptococei and found focal areas of neerosis surrounded by lympho-
eytic cells. These areas were near the blood vessels showing a peri-
vaseular inflltration extending from the meninges. Subsequently
Bull examined several hundred rabbits having snuffles and found one
which had acute meningitis with perivascular infiltrations within
the cerebrum. Reasoner (*7) in 1916 had noted similar changes in
animals which had received intravenous injections of syphilitic ma-
terial. These observations indieated that the stock animals might
be originally affected by this process and that it bore no relation
to the experimental procedures heing studied.

In 1922 Oliver (**) first spoke of a spontaneous c¢hronic meningo-
encephalitis of the rabbit. This author found about 20 per cent
of stock animals and animals bought on the market showing the
changes noted above. The animals were in apparent healthy con-
dition. During the same year Twort (**) deseribed spontaneous ence-
phalitis in a bateh of vabbits which was characterized by definite
symptoms. The onset was insidious, the temperature subnormal, the
hair fell out, the animals lost weight and there was a discharge from
the eyes. Later museular weakness progressed, the animal developed
convulsions and died in coma. Twort and Archer later transmitted
the malady to four young rabbits and attempted to link up this virus
with nephritis in animals,

MeCartney (°°) found that about half of 372 rabbits examined
had such lesions and that in certain groups of animals as high as 76
per cent were affected. The lesions consisted of perivaseular, men-
ingeal, parenchymatous, and subependymal infiltrations with mono-
nuclear cells. Here and there were focal areas consisting of ag-
gregations of ecells. These areas were distributed throughout the
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brain. Necrotie foei were found in 15-per cent of the brains ex-
amined.

Liater several investizgators made a study of this condition in
rabbits and among them Levaditi, Nicolau and Schoen (). These
authors noted a miero-organism in the lesions whieh they designated
‘‘ Encephalitozoon cuniculi’”’. The parasites were Found next to the
subcortical nodules of epitheliold and lymphoeytoid cells and oe-
casionally in the brain substance. They appeared to be in cvsts and
usually 20 to 40 mieroorganisms were found in each eyst. Similar
organisms had already been described by Wright and Craighead in
1922 and by Doerr and Zdansky. Later in 1924 similar organisms
were deseribed by Cowdry and Nicholson (") who termed them
protozoan-like parasites.

That spontaneous encephalitis exists in apparently healthy rab-
bits is now an established fact. This knowledge should be care-
fully considered in connection with experimental studies with ence-
phalitis material.

POLIOMYELITIS
(Infantile Paralysis; Acute Anferior Poliomyelitis)

DEFINITION

Infantile paralysis is an aeute, systemie, infectious disease, oe-
curring hoth epmdemicaliy and sporadically, and is caused by a
specific filterable virus. The virus of poliomyelitis attacks the
nervous system and may affect every part of the cord although it is
prone to localize ehiefly in the anterior horns of the gray matter.
The posterior horns, however, may be seriously involved. In some
instances the brain itself may be affected, the changes as a rule being
more pronounced in the hase of the brain. Symptoms of spastie para-
fvsis indicates that tlhie meninges are also involved in certain cases.

HISTORY

Poliomyelitis has undoubtedly existed sinee ancient times. To
Underwood is generally given the eredit for the fivst deseription of
this disease. We have been unable to read a hook hy this author
entitled “* A Treatise on the Diseases of Children’” published in 1784
but we are told by Vaughan who has studied his work that this
anthor undoubtedly deseribed infantile parvalysis at that time under

1

the title ‘‘Debility of the Lower. Extremities’”. Tntil recent years

poliomyelitis was not recognized as an infectious disease. The litera-
ture of the last ecentury spoke of this disease as the Heine-Medin dis-
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ease because Heine (**) in 1840 definitely established the disease as a
clinical entity and Medin (*) in 1890 was the first to carefully study
an epidemic of the disease and deseribe its various elinical mani-
festations.

The first outbreak of infantile paralysis in the United States
in 1894 was described by Caverly (°°). This epidemie oceurred in
the state of Vermont. The first reported epidemie of this disease had
oceurred in Sweden in 1881, the disease appearing the next year in
Italy and in 1886 small outbhreaks were noted in Germany, Franece
and Norway. During the decade 1890 to 1900 there were minor
outbreaks of the disease in [taly, Franece, Australia, England, and
in the United States. The epidemic at Rutland, Vermont, in 1894,
consisted of 132 cases. Between 1900 and 1910 epidemies of the dis-
ease increased in proportion and severity. The disease was. prae-
tically pandemic in Norway and Sweden from 1903 to 1907. From
1907 to 1910 large epidemies oceurred in several of the Eastern and
Midwestern states including New York, Massachusetts, lowa and
Minnesota. At the same time the disease was endemic in various
parts of Burope. Up to 1910 the United States had contributed over
five thousand of about eight thousand eases which had been reported
in various parts of the world (**). Rosenau states that irom 1910
to 1914 there were over 18,000 cases of this disease reported in the
United States and during 1915-16 there were 31,500 more. In 1916
alone this author states there were 29,000 cases, and 6,000 deaths
resulted from this disease. New York City reported in this epidemic
nearly 9,000 cases with over 2,400 deaths.

DISTRIBUTION

Poliomyelitis is essentially a warm-weather disease yet cases are
exceedingly rare in tropiecal countries. It does oceur in the tropies,
however, but never in large epidemie proportions. The disease alse oe-
curs in cold countries as evidenced by the epidemic¢ in Iceland in 1924,
The greatest number of cases are reported during the summer months,
As a rule the disease is manifested only by sporadic cases during the
winter months although cold-weather epidemics have been reported.
(Sweden 1911.)

Epidemiologists state that infantile paralysis is usually more
prevalent in sparsely settled communities than in the large cities,
Its incidence was extremely high in New York Clity during 1916 but
as a rule it is hi;'_:lmst in rural communities. From available statisties
males are slightly more susceptible than females and 95 per eent of
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cases are found in children under ten years of age. In the New
York City epidemic in 1916 the case mortality rate was 26.96 per
cent.

THE VIRUS OF POLIOMYELITIS

In 1905 Geirsvold (") isolated certain bacteria and especially
cocei from spinal fluids and tissue specimens from cases of infantile
paralysis. In 1909 Landsteiner and Popper (**) attempted to infect
two monkeys with emulsified spinal cord obtained from a child who
died on the fourth day of an attack of infantile paralysis. Both
monkeys were injected intraperitoneally and one monkey died on the
eighth day following the inoculation. The second monkey developed
paralysis on the seventeenth day and was sacrificed for study on the
nineteenth day. Two monkeys were inoculated with cord emulsion
from the second monkey but neither were apparently affected by the
injections,

While Landsteiner and Popper were unable to transmit the dis-
ease from monkey to monkey they were able to study carefully the
anatomical changes produced in the first two monkeys. The examina-
tion of the cords of these two animals showed the pia to be infiltrated
with small, round, deeply-staining cells chiefly along the anterior
median fissure. The substance of the cord exhibited areas of inflam-
mation chiefly in the ecervieal area. These areas consisted of perivas-
cular infiltration and diffuse infiltration into the substance of the
cord. Hemorrhages were also noted in the gray matter. These
lesions were also found in the medulla, pons and brain stem though
they were not so intense. The ganglion cells of the anterior horns
also showed evidences of invasion and degeneration. The lesions in
the second monkey were similar but more pronouneed in the hunbar
regions. IHemorrhages were absent and there were fewer infiltrat-
ing polymorphonuelear lencoeytes in the cord substance.

About the same time Knoepfelmacher (%) reported the suceess-
ful transmission of this disease to a monkey in Vienna. This animal
was also injeeted intraperitoneally and developed symptoms of para-
lysis on the twelfth day. A second monkey injected with material
from the first monkey remained unaffected although the histologieal
findings in the first animal agreed with the deseription given by
Landsteiner and Popper. During the same year Landsteiner and
Levaditi (), Leiner and Wiesner (™), and Romer (™) sneceeded
in transmitting the virns of poliomyelitis by the intracerebral route
to monkeys. Landsteiner and Levaditi also demonstrated that the
virus is filterable, a faet which, unknown to them at the time, had
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been learned by Flexner and Lewis in the United States. Lainer and
Weisner also found that paralysis resulted following the injection of
the virus into the intestine or stomach.

In 1909-10 Flexner and Lewis (™) demonstrated independently
that the infections agent in poliomyelitis is a filterable virus. These
authors were able to infect monkeys at will with bacteria free fil-
trates by both subeutaneous and intracerebral inoculations. They
were also able to pass this virus from monkey to monkey by means
of filtrates and in this way study the incubation period of the disease
in this animal, the clinical forms of disease, and the anatomical
changes produced by the virus. Under the dark field microscope
Flexner and Lewis observed innumerable bright, dancing points and
when stained with Loeffler’s flagella stain they found minute roun-
dish or oval particles which were absent in filtrates prepared with
normal rabbit spinal cord emulsions.

Flexner and Lewis used for material the spinal cords from two
cases of infantile paralysis in human beings, One patient had died
on the fifth or sixth day of the disease while the second sueeumbed
on the fourth day. The spinal cord obtained from the latter case
contained wide-spread lesions affecting both the gray matter and
white. Sixteen hours after death the cord was emulsified and in-
jected intraeerebrally into monkeys. Symptoms of the disease began
to appear in from six to forty-eight hours before paralysis developed.
Symptoms of paralysis were found to develop in from four to thirty-
three days with an average period of about nine days. Altogether
these authors infected 83 wmonkeys in their first study. In regard
to the virus, Flexner and Lewis found that in eommon with many
other filterable viruses, the virus of poliomyelitis resists the action
of glyeerine for at least seven days and also resists drying over caustie
potash for the same period. They also demonstrated that the virus
of poliomyelitis retains its virulenee when kept constanily [rozen
at 2° to 4° (. for at least forty days. The virus ‘s destroved in
the filtrate when heated for one half hour at 45° to 50° C.

Out of 83 monkeys (of several speecies) infected with the virus
of poliomyelitis by Flexner and Lewis only 6 failed to develop para-
lysis. These authors believe that they have detected some evidence
of immunity in monkeys which had been previously infected and at
least partially recoverad, and were then reinoculated. They state
“in no instance did the second inoculation produce a frank renewal
of the disease or appear to vetard the progress toward recovery’’.
In other experiments a heated vaccine prepared of infeeted spinal
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cord was tried for preventive purpeses but in each case failed to
protect the animal when given simultaneously with the test dose of
virus,

The cultivation of the virus of infantile paralysis yet remained.
Flexner and Lewis noted the clouding of serum bouillon when a
Berkefeld filtrate of the central nervous system tissues of poliomyel-
itic monkeys was added to it, an observation which was also confirmed
by Levaditi (™) but which proved to be due to protein precipitate
and not to virus. In 1913 Proescher (™) found in stained smears
from the nerve tissue of poliomyelitis-infected monkeys certain covcus-
like bodies. Such bodies have also been deseribed in rabies and their
precise nature is unknown. They have not heen found in peliomyel-
itis material taken from human cases.

In 1913 Flexner and Noguchi (™) described the enltivation of
the virus of poliomyelitis. The medium consisted of hunman ascitie
fluid to which was added a fragment of sterile fresh tissue. In the
initial cultures the exelusion of oxygen is necessary but it is sufficient
to cover the liquid with paraffin oil for this purpose. Also cultures
were obtained without fresh rabbit tissue by using fragments of
poliomyelitis brain in asecitic fluid. Brain tissue extract and sheep
serum water served nearly as well as aseitic fluid, especially when
fresh rabbit tissue was added to the medium.

The suppeosed virus of poliomyelitis stains by beoth (Giemsa and
Gram methods and appears in stained smears as variable nnmbers of
minute globoid bodies, arranged in pairs, or short chains, or in small
aggregated masses. In the fluid culture the pairs and chains pre-
dominate. Onee growth has been obtained in fluid medium sub-
cultures can be made on solid medinm eonsisting of agar, ascitie fluid,
and a fragment of sterile tissue. On solid medium the organisms
develop as pairs and as aggregated groups. Cultures of the sup-
posed poliomyelitis virus were obtained by these authors from fresh
poliomyelitic brains (monkeys), from filtrates prepared from in-
feeted brains, and from glycerinated poliomyelitic brains.

The individual organisms are said to average about 0.2 mieron
in diameter, the limits of visible bodies being 0.15 to 0.3 of a
micron. The minute globoid bodies usually appear in ecultures by
the sixth or seventh day. Growth begins slowly but inereases rapidly
later on and is usually eomplete by the eighth to the twelfth day.
The cultures remain unchanged for several days in the incubator and
are preserved for several weeks in the ice box.

The virns of poliomyelitis is sensitive to ordinary disinfectants




FILTERABLE VIRUS AND RICKETTEIA DISEARES IN THE TROPICS 469

being destroyed by a 1:500 solution of potassium permanganate; 1
per cent menthol in oil; 0.5 per eent salol; 5 per eent boric acid; and
one per cent hydrogen peroxide. The virus rémains virulent in milk
and water for about thirty days according to Levaditi and Pasti (7).
The virus cultivated by Flexner and Noguchi is open to grave doubt
as being the cause of this disease and must await further confirma-
tion.
INCUBATION PERIOD

The incubation period is usually short, from one to three days,
up to fourteen days, with many instances of seven days. Aycock and
Eaton (%) have studied the disease in families and judging from
secondary cases which become infected they estimate the incubation
period to be ten days to eighteen days with the average at fourteen
days. The experimental disease in monkeys demonstrated, in the
hands of Flexner and Lewis, an average incubation period of 9.82
days. This was calculated from the time of inoculation until the
first symptoms of paralysis occurred. Tt is not thought that the
ineubation period in human beings varies much from that in mon-
keys.

SYMPTOMS

Tn monkeys there is no immediate effect following inoculation.
Nothing unsual is noticed until six to forty-eight hours preceding
the onset of paralysis. The animals then may show certain prodromal
manifestations. These consist of nervousness and excitability, tremor
of the head, face or limbs, shifting gaze, hairs somewhat erect,
and the animals prefer to remain quiet. The paralysis develops
suddenly. Flexner and Lewis state ‘‘In general it may be stated
that any of the larger groups of voluntary muscles may be first
involved.”” Tn 81 animals inoculated by these authors, 40 monkeys
developed paralysis in the left leg, 21 in the left arm, 10 in all four
limbs, and 8 monkeys had bulbar and cerebral symptoms. With the
development of paralysis in a large group of museles other musecles
may he found weak or paralyzed. The paralysis is associated with
marked incoordination resulting in violent pseudo-convulsions; epil-
eptiform convulsions with tonie and eclonic musele-spasms; and fi-
nally, according to Flexner and Lewis, sudden death with the apoplee-
tiform tvpe. These authors state that death has oceurred within
thirty minutes of the firgt appearance of cerebral symptoms.

In the rmillr?lll_v oceurring disease -in human beings the discase
comes on suddenly and is eharacterized by fever, irritability, and

B o
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in many cases with nausea and vomiting. Paralysis usually appears:
within a few days (three or four). In some cases the paralysis is
the first symptom noted. Abortive attacks without paralysis may
oceur in epidemics. During the acute stages of the disease the spinak
fluid contains an inereased number of cells (usually 200 or more)
and an increase in globulin. - Paralysis usually remains stationary
for a few weeks, improvement is gradual but in some cases recov-
ery takes place within a few months. Residual paralysis is usually
permapnent but improvement may follow proper treatment.

ANIMALS SUSCEPTIBLE T(Q THE VIRUS

Man is apparently the natural host for infantile paralysis. Mon-
keys of many different kinds are susceptible to the virus. Flexner
and Lewis were unable to infect guinea-pigs, rahbits, horses, calves,
goats, pigs, sheep, rats, mice, dogs or cats with this virus. Mam
and monkeys alone remain susceptible.

IMMUNITY

One attack of infantile paralvsis confers a high degree of im-
munity. Second attacks have been reported but are rare. As men-
tioned above Flexner and Lewis found that monkeys which had re-
covered from an attack of the disease were found to have developed
immunity. The serum of immune monkevs possesses virucidal prop-
erties for the virus in vitro. There is no raecial immunity to polio-
myelitis although the majority of cases have oceurred in whites.
Various preparations of infected nerve tissue have been -tried for
vaceination, such as dessicated cord, heated cord emulsions, chem-
ically treated emulsions, ete., but none of these methods have been
sufficiently established to warrant their mse in human beings. A
sertim in horses is said to have been prepared but its preventive and
treatment qualities have not been studied sufficiently to make any
statement regarding it. More reeently convalescent human serum
has been emploved with what appears to be very eneouraging re-
sults,

TRANSMISSION

There are many theories regarding the transmission of this dis-
case. There is evidence that the disease is spread from person to
person and that healthy carriers of the virus may exist. Flexner
and Amoss (™) have shown that the virus,is present in the naso-
pharynx of bhoth monkeyvs and human cases of infantile paralysis
early in the course of the disease. Other investigators have also found
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the nasopharynx of monkeys infected following experimental inocula-
tion (Osgood and Luecas). Rosenou, Sheppard and Amos (*°)
were unable to demonstrate the virus in the nasal or oral cavities in
convalescent cases. Amoss and Taylor (*') were able to produce
infection by plaeing the virus upon this membrane.

Other theories of transmission have been considered such as the
insect-borne theory, milk-borne infeetion, air-borne theory, the animal-
reservoir theory, transmission through wounds, ete.

Rosenau and Brues (**) have demonstrated that the virus may be
transmitted from monkey to monkey through the bite of the stable
fiy. This work was eonfirmed by Anderson and Frost (**). Epide-
mics have been deseribed as being due to infected milk supply (1916
and 1925). It is possible to induce infeetion by way of the gastro-
intestinal tract, but it is not thought that intection usually takes place
in this way. Neustaedter and Thro (*) have been able to induce
infection in monkeys with dust collected from sick rooms and sug-
gest this mode of transmission in certain cases. In regard to a pos-
sible animal reservoir for the virus of poliomyelitis there is at pres-
ent no evidenee of it and the theory of infection through wounds
possesses nothing in its favor.

For the present it seems best to regard poliomyelitis as a contact
disease though many features of the disease cannot be explained
upon this basis. TFuture epidemies may give us more definite infor-
mation upon this point.

PATHOLOGY

The anatomical changes found in monkeys have already been
briefly described. Tn human beings the lesions are not only in
the nervous tissues but also in the parenchymatous organs and lym-
phoid struetures. In the nervous system the virus attacks the men-
inges particularly of the cord and medulla. There is a cellular in-
flammation of the pia most marked around the hlood vessels, The
walls of the vessels are also infiltrated and their lumen narrowed.
The vessels entering the nerve tissue are also affected. Anemia,
edema and hemorrhages result. The secondary degenerative changes
in the nerve cells of the pons, medulla, cerebrum and cord, are sec-
ondary to the lesions in the vessels. Transient paralysis may be due
to edema or temporary vaseular obstruction from pressure. Perma-
nent paralysis is due to degeneration and aetual destruction of the
ganglion cells. Any part of the central nervous system may be in-
volved. The symptoms depend upon the extent of this involvement.
The changes are chiefly in the gray matter of the anterior horns and




472  PORTO RICO REVIEW OF PUBLIC [HEALTH AND TROPICAL MEDICINE

consist of acute degeneration. The nerve cells may disappear en-
tirely being replaced by leucocytes. Round-cell infiltration may be
noted in the posterior. horns, the eolumns of Clarke, and the white
matter of the cord. Similar changes are also noted in the spinal
ganglia. Also in some cases similar lesions may be found in the
pons, medulla, cerebellum, and cerebrum. Lesions may be found
in other organs such as broncho-pneumonia, acute parenchymatous
degeneration of the liver and kidneys. The thymus, Peyer’s patches,
and mesenteric Iymph glands may be swollen. Gross changes at
autopsy are found in the spinal cord, ganglia and muscles. The
affected part of eord may be smaller than normal, the anterior nerve
roots are degenerated, the affected muscles atrophied. The affected
limb may be shorter and the bones may even be smaller than those
upon the normal side.
PREVENTION

Isolation of cases of this disease is indicated. All discharges
should be properly disinfected. All articles with which the patient
has eome in contaet should be sterilized. Visitors should not be
permitted. . Prophylatic pasteurization of milk is indicated. In gen-
eral common-sense methods of prevention apply. No definite program
has as yet been formulated by epidemiologists for the prevention of
this disease and probably will not be until more definite knowledge
of its mode of spread and transmission is available.

RABIES—LYSSA
(Canine Madness, Hydrophobia); Wutkrankheit, Tollwut (German); La Rage
(French); Rabbia (Italian)

DEFINITION

Rabies is an acute, rapidly fatal infection of the central nervous
system. Ilighly speeific it is a disease primarily of animals and is
transmitted direet from one animal to another through a wound
usually produced by biting. It is most prevalent among carnivora
but it is infectious for nearly all mammalia. Rabies is communicated
to man from lower animals by means of infectious saliva introduced
into the tissues through a biting wound or through small abrasions
in the skin of the host. The disease in man is most commonly trans-
mitted by dogs.

HISTORY

Although the aectual virus of Rabies has not been demonstrated
in the saliva of infeeted dogs up to the present time, it was demon-
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strated by Zinke as early as 1804 that the saliva of rabid dogs is
infectious. Seventy-five years elapsed after this discovery before
Galtier (**) was able to show that the disease could be transmitted
to rabbits through artificial inoeulation (1879). In 1881, Pasteur (*%)
with Chamberland and Roux found that the virus has a special
affinity for the central nervous system. The work which followed this
discovery by Pasteur and his collaborators from 1881 to 1888 will
remain forever as a classical achievement in the seience of modern
medicine. During these years the method of immunization, now in
general use through the world, was perfeeted by Pasteur, Roux, Cham-
berland and Thuillier. The story of this magnificient eontribution
to medical science is beautifuily portrayed in mosaic in the tomb of
Pasteur at the Institute Pasteur which stands as a monument to his
brilliant work. It was not until 1903 that Remlinger (*") demon-
strated the filterability of the rabies virus, This was confirmed in
1904 by Berterelli and Volpino (**) and later in 1913 in the United
States by Poor and Steinhardt (). Negri ("), an [talian of Parvia,
Italy, in 1903 described hodies found in the cells of the central nervous
system, especially in the large ganglion cells of the hippoeampus
major and in the Purkinje cells, which now bear his name. Negri’s
work has been amply confirmed by Volpino ("), Da Mato ("),
Berterelli (*), Bose ("), Poor (") and other investigators. In 1913
Noguchi reported the cultivation of Negri bodies but his work has
not been confirmed up to the present time.

DISTRIBUTION OF THE DISEARE

=

Rabies exists practically all over the world. [t is most common i
France, Belgium, Russia, certain parts of the United States and in
the Philippine Islands. Tt is said never to have been present in
Australia and for more than fifty years has not been known in
Denmark, Sweden and Norway. Rabies was eradicated from Eng-
land up until the World War and then again reappeared. Tt is gaid
to have been again introduced by dogs carried in aeroplanes. One ol
the largest rabies elinie known to the author is in the Philippine
Tslands where there is a daily clinie at the Bureau of Secience of
about sixty patients reporting for immunization.

INCUBATION PERIOD

There is no disease in which the insubation period varies more
markedly. The usual period of incubation is from two to eight weeks
although eases in which symptoms did not develop until two years
had elapsed are on record. Various explanations have been advanced
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to explain the lateney of the virus in the tissues. The most plausable
theory perhaps is the time required for the virus to travel up the
axis eylinder of the nerve trunk to the eentral nervous system. Fa-
vorable conditions may not exist for the multiplication of the virus
at the time of infection and the virus remains dormant though alive,
awaiting optium environment., Though purely theoretical this concept
has its adherents. The ineubation period also varies in animals, with
the amount and virulence of the virus, with the extent and type of
wound and particularly with the location of the wound with relation
to its nerve supply. The average incubation period for wvarious
animals is usually given as follows: Man, 13 to 60 days; dogs, ten
to forty days; cows, twenty-eicht to fifty-six days; goats and sheep,
twenty to twenty-eight days, pigs, ten to twenty-one days. For
birds the inecubation period ranges from fourteen to forty days.

SYMPTOMS OF THE DISEARE

Generally speaking, in dogs the first symptoms of the disease ap-
pear two to eight weeks after the wound. During the first stage
of the disease (stadium prodromorum or melancholicum) there may
be so little manifestation of symptoms that the condition is entirely
unsuspected. The infeeted animal may be somewhat irritable and
depressed, capricious or may avoid all noise and aetivity and hide
away in some dark place. On the other hand the animal may appear
mildly excited, moving from one place to another, seratech with the
fore feet and without eause bark and bite at the air. Strange persons
provoke growling and snapping and slight stimuli often cause the
animal to become startled or jump up frightened. One may observe
during these paroxysms dilatation of the pupils and slight respiratory
disturbances. About this time the animal loses his appetite and later
refuses all food. Difficulty in swallowing is quite characteristic and
although the animal seeks water he is able to swallow very little of it.
By this time salivation beecomes manifest and increases. Sexual desire
is increased and licking of the genitals 1s quite common., Within
one to three days after onset symptoms the animal passes into the
excitable stage, (stadinm excitationis or aemes). The animal wants
freedom, to be away from his usual surroundings. He will lick the
ground, chew any object and develop a violent rage. Onee loose the
animal runs aimlessly often covering long distances and attacking

people and animals along the way. The eyes are blood shot and in
fichting with other animals the infected dog remains quiet though
the normal animal howls and barks. Infected dogs when caged re-
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main quiet but develop a violent rage when teased. Frequently their
teeth are broken in grabbing the bars of the cage and attacking objects
with which they are teased. Such animals have been known to bite
red hot iron or burning coal. Stages of exhaustion follow such at-
tacks and the animal falls down in unconsciousness for indefinite
periods. About this time the early symptoms of paralysis appear.
The larynx may first become paralyzed and is evidenced by the
peculiar hoarse bark. Swallowing becomes very difficult as the inflam-
mation increases and later there is degeneration of the 11th and 12th
pairs of nerves. The animal refuses all food and drink and the sight
of water may provoke an attack; hence the term hydrophobia. Cireus
movements have heen noted in this stage. The paralysis gradually
progresses and involves other parts of the body. The jaw muscles
become paralyzed and the tongue hangs out, the saliva flowing out
of the mouth in copious quantities. The eyes are full and the pupils
dilated and the face has a peenliar canning and troubled expression.
Gradually as the paralysis spreads the animal becomes emaciated, the
exhaustion inereases and the patient dies in convulsions. During the
excitable stage the temperature rises one to three degrees, but later
during the paralytic stage the temperature is usually below normal.
The pulse is rapid according to Blaine (*). Courmont and Lesieur
{*") found that the polymorphonuclear leucocytes are gradually in-
ereased in the blood to the end of the disease. Nocard (°%) states
that the urine usually contains sugar.

While this deseription of the course of the disease in dogs may
often be somewhat modified, the same course, with slight modifica-
tions, is seen in other infected animals such as the cat, horse, cattle,
gheep, goats and swine. The disease has a course of from four to
seven days but may last from eleven to thirteen days or in excep-
tional cases even longer. Artificially infected dogs have been known
to recover from the disease but generally speaking, with few exeep-
tions, the disease is fatal (Pasteur). Cases where dogs were still
alive while persons bitten by them had already died from rabies,
have been reported by Talke and Johne (**). Of the untreated
persons bitten by rabid dogs, about 16 to 20 per cent die of rabies.
Aceording to Babes (***) 60 to 90 per cent die after bites of wolves.
In human heings the symptoms of rabies are characterized first by
depression, itching in and around the wound and fever. Soon the
patient becames uneasy, respiratory irregularities develop, swallow-
ing becomes difficult and for all liguids there is a- distinet aver-
gion. Salivation becomes inecreased, and, with the inereased reflex
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excitability which develops, attacks of delirium appear. Flinailly
paralysis begins to appear first of the museles of the face, eyes
and tongue, and gradually involving the trunk and limbs.

ANIMALE SUSCEPTIBLE TO RABIES

All mammals are susceptible. Birds have been known to contraet
the disease. Rabies is eommon in dogs, wolves, jackals, foxes and
hyenas. According to Rosenau (") the disease is comparatively rare
in cats and skunks. The author, however, has observed one epidemic
of rabies in cats in Texas which was rather extensive. The disease
is considered to be much less frequent in ecattle, horses, swine, goats
and sheep, but it does oceur with symptoms quite similar to those
found in dogs. Rabies can be transmitted to guinea pigs and rats.
Infected hirds not infrequently recover, but in those in which the dis-
ease is fatal only two or three days elapse between the first symptoms
and the development of paralysis and death.

THE VIRUS OF RABIER

That the filterahility of the virus of rabies is beyond question
has heen amply demonstrated by Remblinger and confirmed by Ber-
terelli and Volpina, by Poor and Steinhardt and others, The virus
may appear in the saliva five days before the animal shows symptoms
and has been demonstrated in the saliva of recovered dogs twenty
days later. The virus is found in the tear glands, the adrenals,
pancreas, the spermatic fluid, vitreous humeor, urine, lymph, milk,
spinal fluid, ventricular fluids and occasionally in the blood. It is
distributed throughout the ecentral nervous system and in the peri-
pheral nerves supplying affected parts of the body.

The virus of rabies is supposed to have been' enltivated by Noguchi
(**) in 1913. Noguchi placed small pieces of brain tissue from
rabid animals with pieces of kidney of healthy rabbits into aseitie
fluid. After incubation at 37 degress C. and after several genera-
tions, he found minute pleomorphic hodies which stained red with
(Hiemsa’s method. Inoculation of this material into susceptible rab-
bits produced typical rabies. These experiments have not been con-
firmed by other investicators. Velpius (***) as well as Kraus (***)
have observed similar hodies in sterile aseitic flnid and conclude
that they are identical with lipoid droplets. The experiments of
Pfreiler and Klump (***) who deseribed the eultivation of rabies in
peptone’ containing Martin’s broth have not been confirmed,
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RESISTANCE OF THE VIRUS

The virus in nerve tissue, when protected from light and dried
at 20 to 22 degrees C. dies in from five to eight days. It is destroyed
Ty sunlight in ahout forty hours when exposed on glass slides in
thin layers. It is quite resistant to putrefaection. Glycerin pre-
serves the virus. The virug is resistant to freezing but is destroyed
when exposed to 60 degrees (. for one-half hour. Five per cent
phenol destroys the virus in about seven days though it resists 0.5
per cent phenol. Cumming (***) has shown that the virns is de-
stroyed in about three hours by various aldehyde compounds. The
virus is destroyed by 0.08 per cent formaldehyde within two hours,
and by a 1:1000 solution of bichlorid of mereury or iodin within one
hour.

PATHOLOGY {CELL INCLUSIONS—NEGRI W(NJIICS:'I

At autopsy, in earnivorous animals, the stomach may be found con-
tracted and empty or filled with foreign substances snch as straw,
hay, sand, pieces of wood, stones, bones, hair, icather, feathers ete.
The mucons membrane of the stomach is injected and the rugae show
hemorrhages and erosions. Foreign bodies may also be found in
the oesophagus or intestines, There may also be present a catarrhal
inflammation of the respiratory organs, hyperemia of the salivary
glands, the liver, spleen and kidneys and an edematons inflammation
of the meninges and of the gray matter of the brain. Schaffer (*°7)
recently studied the changes in the central nervous system in six
cases of hydrophobia in man, He found cellular infiltration with
either capillary or large hemorrhages in the segment of the spinal-
cord where the nerves coming from the place of infection enter, in
the perivascular iyvmph spaces, in the walls of the vessels of the
gray matter of the anterior horn, in the vieinity of the central
canal and also alone the connective tissue trabeculae of the white
substance. In the nerve cells he found fibrillation, hyaline and
vaseular degencration, granular disintegration and pigmentation atro-
phy of the cellular bodies. In the medulla, below the floor of the
fourth ventricle and around the origin of the 12th, 10th and Tth pairs
cf nerves, there were found hyperemia, perivascular cellular infiltra-
tion and small hemorrhages. The nerve cells showed signs of de-
generation. Slight hyperemia and eellular infiliration were found in
the brain. Csokor and Dexter (') attach great importance to small
foci of inflammation in the brain and to the perivascular cellular infil-
tration but Trolldenier found that these lesions are absent in about
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Yet Galtier (*) observed intermittent rabies in two dogs and Lig-
nieres (") in one dog. After the first attack a marked improve-
ment followed, in 36, 27 and 28 days, respectively; however, an ag-
gravation with fatal termination rvesulted. Recovery of dogs [rom
rabies has already been noted. There also seems to exist some degree
of immunity in man against the virus of rabies as evidenced by the
faet that of all persons having been bitten by rabid dogs, such
eases not receiving any protective treatment, only sixteen to twenty
per cent develop the disease.

In general, however, considering the susceptible forms of life it
may be said that comparatively little .mmunity exists and the neces.
sity of giving protective immunization in inoculated cases, whether
man or animals, is highly important.

According to Horowitz-Wlassowa (**") the serum of rabies in-
fected or lmmunized rabbits eives fixations with the rahies virus
(fixed virus as well as street virus). Fixation was not ohtained with
the serum of persons subjected to preventive treatment against rabies.
Kraus and Michalka (**) suggest the use of botled antizens in
diagnostic tests in eases suspeeted of being rahies, The same au-
thors (***) find that the complement fixation reaction, using hoth
Koktoantigen and glyeerol extraet of the brain of rabbits infected
with rabies, together with immune serums, is as specific as it has
been with other filterable viruses reported hy Krans., Takaki ef al,
According to Nedrigailoff and Sawtschenko (**?) the serum of men
and animals that have died of rabies gives a specific reaction with
an antigen prepared from the salivary glands of a rabid animal.

Artificial immunization may be ecarried out according to several
methods.  Details of these methods may be found in standard texts
on hygiene and haeterioloev. The various methods whieh have heen
used are as follows:

1. Protective vaccination with dried substance or spinal cord.
Pasteur’s method,

2. Protective vaceination with diluted virus. Hogves” method.

3. Protective vaccination with desiceated-at-low-temperature
virus. Harris method,

4. Protective vaceination with dialyzed virus. Cumming method,

d. Protective vaceination by intravenous injection of cerebral
substance (for animals). Galtier’s method. (Considered
unsatisfactory.)

6. Serum immunization and vaeeination. Babes and Lepp's
method.

7. Protective vaccination with phenol-glycerinized virus.

Umeno and Doi method.
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Of all the methods of protective vacecination mentioned above the
Pasteur method is still in most general use throughout the world.
There are many modifications of this but tlie fundamentals rest upon
the original Pasteur methods. It is impossible to compare results
with the various methods cited although each has its adherents.

Artificial immunity appears in about two weeks after treatment
and lasts for a varving period of time. In general it is thought that
immunity conferred in this way lasts about a year although it is
known that in some cases protection fails entirely and a small per-
centage of treated cases die of rabies. The immunity produced is
not of the nature of an antitoxin. The serum of an immunized
animal is virueidal for the virus of rabies in vitro, the immune bodies
appearing in the blood about twenty days following the last injection
of vaccine. Reecently the writer ('**) has ealled attention to the
work of Kelser (') in which this author was able to produce im-
munity in rahbits against the rabies virus by the use of a ehloroform-
treated tissue vaccine. Tt is possible that by this method Kelser has
been able to produce a mitigated virus of low virulence whicl is
capable of induecing immunity. These experiments have not as yet
been confirmed.

CONTROL: OF RABIES

Various control measures are advocated to keep this disease within
bounds or to totally eradicate it. These measures arve discussed
w detail in standard texts on preventive medicine. In general they
consist of (1) Laws regulating importation of dogs: (2) Muzzling;
(3) Quarantine; (4) licencing; (5) education and responsibility, und
(6) immunization. While protective vaceination of dogs (the most
important reservoir of the virus of rabies) is just now becoming
general throughout the world, this measure bids fair to alter most
favorably the picture of this disease as a public-health problem.

COMMON COLDS—THE AQUTE CORYZAS

Under the heading of common eolds we include a group of acute
infections (exudative and catarrhal) of the nose, throat, larynx,
trachea, and larger bronchi. In some cases the sinuses are involved.
Epidemics of “‘eolds’’ are common and the infeetion appears to
spread with great ease. The infection may localize in one membrane
such as the nose (rhinitis) or in the pharynx (pharyngitis) or two
or more membranes may be involved. In some ecases the sinuses,
nasopharynx, throat, trachea, and larger brounechi may all be affected.
“Common colds’ are to be regarded as an acute infectious disease
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and not merely as congestion of the respiratory membranes produced
by drafts of cold air, ehanges in temperature, etc. Under normal
circumstances the ciliated epithelium of the respiratory traet pre-
vents, to a large degree, the entrance of bacteria from without.
However, this mechanism is not perfect and untold numbers of mi-
crobes enter the respiratory tract. Also it is now known that the
lacrymal and nasal secretions exert a mild germicidal action and this
is likewise true for the saliva. There is some evidence that the secre-
tions from other mucous membranes of the respiratory tract possess
baecteriocidal properties. The mechanical and chemical nature of the
mueous membranes of the respiratory tract then tends to prevent
infection nnder normal conditions, Why then are colds so prev-
alent? It is estimated that about ten per cent of human beings are
at all times affected by ‘‘common colds’’ of a greater or lesser degree,
Undoubtedly there are many predisposing causes to the development
of ‘“‘common colds’” but the chief reason common colds are so preva-
lent is the faet that they are due to acute infections caused by one
or more specific infectious agents.

The “‘common cold™ has attracted more attention in recent years
than ever before. The medieal profession and the public at large
have begun to realize the importance of this disease especially in
its relation to epidemie influenza and pnenmonia and its economie
importance to the nation in the enormous loss of working hours which
results from these infections.

Baeteriologists have long been concerned with the problem of the
common cold and many attempts have bheen made to isolate the
eans=ative organism. At varions times such mierobes as pneumococei,
influenza bacillus, streptocoeci (hoth hemolytic and viridans), sta-
phylococei, micrococens eatarrhalis, and diphtheroids have heen cnl-
tured from the respiratory tract of cases of “‘common colds.”” Of
the relation of any of these bacterial forms to colds little is known.
So far there is no direct evidence that any of these baeteria should
be ineriminated as the single etiological faetor of these infections.

IMuter (*°) in 1873 first described a mierococcus as the eanse of
common colds.  In 1888 Hajek ('*7) reported the presence of a large
diplococeus (BDiplococeus coryzae) found in the early stages of acute
in 1890 examined a number of cases of com-
mon colds and found various cocci and baeilli in the nose and
throats of these patients. Cautley (**) a few years later discovered
the presence of a diphtheroid bacillug in seven out of eight ecases
of colds of various types. Ile believed this organism to be the canse

colds. Paulsen (1%%)
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of acute colds and designated it B. coryzae segmentosus. Benham
(***) quotes Gordon as having found Cautley’s baeillus in seven
cases of colds. With this organism Gordon was able to produce
illness in guinea pigs from which they recovered after a few days.
Benham also quotes White as having found Cautley’s bacillus in
seventeen out of twenty-one cases although inoeulation experiments
on guinea pigs, rabbits, and monkeys were negative.

In 1906 Benham found a diphtheroid organism, which he believed
to be identical with Cautley’s organism, in twenty out of twenty-one
cases of colds. He named this organism Bacillus septus: . Mierocoe-
cus catarrhalis was also present in several of Benham’s cases. In
1902 Gohn and Pfeiffer (**') found the micrococeus catarrhalis in
81 out of 140 cases of infection of the respiratory tract. These au-
thors regarded the presence of this organism in respiratory infections
as a saprophyte which, under favorable conditions, gives rise to an
acute infection. Bezancon and de Jong (1**) during an epidemic of
influenza in Paris in 1905 found various organisms present in the
respiratory tract. Among these were micrococeus catarrhalis, Mi-
erococclis paratetragenus, the pneumococeus, Friedlander’s bacillus,
staphylocoecus, streptococeus, and diphtheroids. During the same
year Dunn and Gordon (***) pointed out the etiological importance
of the M. catarrhalis in an epidemie in Hertfordshire, England while
Allen (***)} during the following vear isolated M. catarrhalis from
several cases of ‘‘common colds’’ in the same country. Neumann
(**") in 1902, as a result of his extensive studies on the etiology of
common colds, coneluded that diphtheroids and pneumocoeei, and per-
kaps other organisms, eould produce colds. This investigator found the
miecroeoceus pyogenes albus present in 86 to 90 per cent, diphtheroids
in 98 per cent. He states that 78 strains of diphtheroids isolated
by him were found to be non-pathogenic when inoenlated into guinea
pigs although pathogenie strains of this organism were found in in-
fected cases. Both Lingelsheim (**Y) and Barnes (") have shown
that streptococei may cause infeetions of the nose, pharynx and
tonsils. The streptococcus has, of course, long been established as an
etiological agent in epidemic sore throat. Mathers (**¥) in 1917
and Floyd (***) in 1920 described streptococei and staphylococei in
relation to epidemics of aeute respiratory infeetions occurring in
Chicago and Boston.

In 1920 in the Boylston prize essay, Mudd, Grant and Goldman
(1%) have reviewed the entire literature on the aente respiratory in-
fections and after a careful analysis of the various baeteriologice find-
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ings state: ‘‘Since the early days of bacteriology, attempt has been
made by the several proponents and opponents of the infectious theory
to refer the “‘common cold’’ on the one hand to the action of a specifie
miieroorganism, and on the other hand to various environmental and
constitutional causes, such as exposure to changes of temperature, the
““lithemic diathesis’’ and what not. Although perhaps landable as
vhilosophic ideals, such efforts to explain the many phenomena in-
volved by a single cause are less deserving seientifically, and have
met with just failure. The common cold is, as a matter of faet,
in most instances the result of a local infection, hut there are many
types of eold and many infectious agents responsible for them; and
the effect of wvarious constitutional and environmental factors in
determining infection is often of great importance. Furthermore
there are many acute inflammations of the upper respiratory ftraet
not primarily due to the local action of mieroorganisms, but rather
to local expression of chemieal or mechanical irritation, of thermal
trauma, of nervous reflexes, of drug intoxieations, of constitutional
disease, or anaphylaxis’’.

In 1913 Tunnieliff (") investigated 82 cases of common colds
in Chicago and from 92 per cent she isolated a baeillus to which
she gave the name I3, rhinitis. Also this investigator found the same
organism in 90 per cent of 20 cases of chronic colds (rbinitis). In
normal throats she was able to produee a glight inflammation with
the B. rhinitis and the organism was recovered in most cases from
the artificially infected throats 18 fo 20 hours after inoculation
and in a few cases two or three days later. Tumnieliff vaccinated
two volunteers with this organism and from variations in the opsonie
index she believed that there was evidence that this organism is the
callse of common colds,

Kruse (*2) in 1914 filtered the nasal seeretion from a case
having acute coryza and then placed a few drops of the filtrate
upon the nasal mueous membranes of 12 volunteers. In four of these
cases acute colds developed. The period of ineubation in the posi-
tive ““takes’’ ranged between one and fonr days. In this experiment
the infected nasal secretions were diluted 15 times with salt solu-
tion. In another experiment Kimse diluted the infected nasal secre-
tions from an acute coryza patient with twenty times its volume
before filtration. In the test experiment with this filtrate 36 stu-
dents were inoculated and 42 per cent developed aeute symptoms
of coryza within one to four days.

The experiments of Kruse were repeated by Foster (***) in 1915.
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This investigator confirmed the presence of a filterable virus in the
masal secretions of cases of acute colds. Material taken from a ease
of acute coryza, diluted and passed through Berkefeld N filters,
when inoculated into nasal eavities of ten soldiers produced symp-
toms within eight to thirty hours in nine instances. In seven of
Foster’s cases the symptoms of acute coryza were definite and clear
eut; two reacted questionably, while one case exhibited no symp-
toms. Foster states: ‘“The initial symptoms, as a rule, were dry-
mess of the nose and throat and attacks of sneezing, dull fronmtal
headache and a sensation of pain and fulness over the frontal sinu-
ses. Several of the men complained of alternate sensations of chil-
Bness and flushing. There was copious rhinorrhea, usually on the
geeond day, in a majority of the cases. Six of the subjeets exhibited
a slight rise in temperature—99.2—100 F. and in these ecases the
pulse was accelerated. Tinnitus aurium or slight impairment of
hearing was recorded in four instances; sore throat in 5; cough in
B; and aching pains in the back or extremities in 4. Omne of the
men complained of parotid tenderness and pain on moving the jaw;
in another cage a marked crop of herpes labialis was noted. The
duration of the symptoms varied 3 to 6 days—usually 5.7’

Yoster was unable to obtain growth of any organisms from early
ealtures of his filtrates but under the darkfield mieroscope he noted
myriads of extremely active, minute bodies occurring singly, in
pairs, and in masses varying in size. In older eunltures (14 days)
«of his material Foster found minute coecoid hodies which varied in
size from those which were barely visible to bodies larger than staphy-
lococel. The larger bodies often showed smaller bodies adhering to
them. This microbe stained with Giemsa but not well with ordinary
laboratory stains. The predominating type noted by Foster was a
small globoid body measuring 0.2 to 0.3 of a micron in diameter.
In conclusion Foster states: It becomes evident at once that this
mieroorganism differs markedly from any known organism with the
possible exception of the ““globoid bodies’” deseribed by Flexner and
Noguchi, and helieved hy them to be the causative factor in polio-
myelitis. An extremely pleomorphie streptococeus, the minute forms
of which bear some resemblance to this micro-organism has recently
been deseribed in connection with poliomyelitis, also, by Mathers ('**),
Rosenow, Towne and Wheeler (%), and Nuzum and Ierzog (1),
Later Foster compared his microbe isolated from cases of common
eolds with the organism described by Flexner and Noguchi for polio-
myelitis and also with the streptococeus deseribed hy Rosenow, Towne
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and Wheeler, Tlis examination showed that the organism isolated
from common ecolds differs from the poliomyelitis virus in that the
tormer is subject to many variations in size and the larger forms
show evidence of budding, neither of which is true for the Flexner-
Noguchi virus of poliomyelitis. With regard to the streptococeus
Foster found that his organism showed little tendency to ehain forma-
tion, and the pleomorphie forms, common to the streptococcus, were
absent.

Foster was also able to demonstrate that his cultures were filter-
zble through Berkfeld N filters and that filtrates of the cultivated
organisms in the second generation are infective when tested upon
volunteers. ;

The question naturally arises as to whether this mierobe might
not exist in symbiosis with a true ultra virus of common colds.
No instance of such a phenomenon however is known (with the ex-
ception of Hog cholera). Again the organism deseribed by Foster
might be a stage in the life eycle of an ultravirus and modern in-
vestigation upon the filterable forms of bacteria (tubercle bacillus,
streptococei, ete.) lend support to this concept. In this eonneection
Foster recalls the work of Hurt, Lakin, and Benians in which these
authors suggest that epidemic meningitis may be due to an ultravirus
while the meningococeus found in the spinal fluid of these cases re-
presents ‘‘a late phase in the life history of an unidentified miero-
organism that is the true infective organism’’. These authors demon-
strated that it was possible to obtain a pathogeniec virus from the
spinal flnid of acute cases of epidemiec meningitis after the spinal
fluid is passed through a Chamberland F filter,

In support of this theory Foster points out that the mierobe
igolated by him from eases of common eolds shows a considerable varia-
tion in size and further that from 7 to 14 days are needed in order
to obtain growth of the virus. The virus is eultivated under anaerobie
conditions. In conclusion Foster says ‘‘ Although conelusive proof of
its nature has not been adduced, the experiments suggest that the
miero-organism described hears a definite relation to the true in-
fective agent of common colds’. It should be pointed out however
that Foster’s controls are not entirely-acceptable.

Mudd, Grant, and Goldman in the Bovlston prize essay after a
careful survey of all the important investigations which have heen
made on the etiology of the ‘“‘common cold’’ further state: ‘A filter-
able virus seems without question to he the causative agent in the
coryza of one fairly well defined type. . . ... (1) A common and
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fairly well defined clinical entity, an acute eoryza, exists, probably
with the filterable virus of Kruse and Foster as its causative agent.
This affection is readily eommunicable and probably does not depend
to any great extent upon the action of exeiting factors in depressing
the resistance of the subject. (2) A heterogenous group of pure and
mixed infections of the nose, pharynx and tonsils exists with various
clinical pictures . . . . . some closely approaching that of Foster,
others mere circumseribed inflammations . . . . . and with any one
of a considerable number of bacteria capable, under appropriate
eircumstances, of acting as eausative agents.’’

Of all the bacterial forms which have been deseribed by the various
investigators it appears that the pneumococcus, streptococcus, B.
diphtheriae, B. rhinitis, Pfeiffer’s bacillus and Friedlander’s bacillus
have 1he best claims to etiological ‘mport in relation to the acufe
respiratory infections.

While it is well recognized then that the ‘‘eommon cold’’ is to be
regarded as an infectious disease, authorities are also agreed that
there are a number of predisposing factors in the development of
such an infeetion. Furthermore there may be symptoms of eoryza
which are not related to infection but which may be caused by one
or more of these factors. It has long been thought by the layman
and by physicians that drafts of cold air may cause colds. Chilling
of the body surface, particularly one portion of the body surface,
is now thought to be a predisposing cause in the development of eolds.
In faet, the general statement may be made that anything which
lowers the resistance of the host. may predispose to infection. Prae-
tically all texts are agreed on this thesis. Tt follows then that ex-
posure to cold drafts contributes to the development of colds. Mudd,
Grant, and Goldman have shown that the chilling of the body surface
causes reflex vasoconstriction and ischemia of the mucous membranes
of the nasal eavity, nasepharynx, palate, oropharynx, and palatine
tonsils. These authors believe that ischemia may be the means of
‘owering the local resistanee to infeetion.  Rosenan ('47) states * Chill-
g causes vasomotor contraction of the capillaries of the skin, which
is doubtless designed to conserve hody temperature; coincidently
there is turgidity of the erectile tissue of the mueous membrane of
the turbinates, which is probably a defensive action. This congestion
partly closes the nose and eanses snuffling and inereased seeretion,
which® is ordinarily ealled a cold. A great variety of mechanical,
c¢hemical and even psyechie stimuli will produce congestion of the
cavernous tissue over the turbinate; in fact. the mucous membrane




488 PORTO RICO REVIEW OF PUBLIC HEALTII AND TROPICAL MEDICINE

of the nose may become very sensitive, even hypersusceptible. Ana-
phylactic reactions to pollen and proteins are common manifestations
of the nasal mucosa.”’

Vaughan (%%} states in this connection ‘‘In our opinion, the
acute coryzas are most rationally explained on the ground that they
are due to protein sensitization. They may be caused by any protein,
living or dead, organized or unorganized, particulate or in solution.
Omitting from consideration Foster’s theoretical globoid bodies, sus-
pected in his subeultures, hiz experiments and those of Kruse are
most easily explained on the ground of protein sensitization. These
experiments are practically duplications of the ophthalmic tubereulin
test. A minuie trace of tuberculin dropped into the eve of a patient
in the early stages of tuberculosis causes an exudative inflammatory
action. In all probabhility, Foster’s soldiers had been previously
sensitized to the same protein which existed in his nasal secretions
and in those of his laboratory assistant. If this be true, it could
not be otherwise than that an inflammatory reaction would result
within a few hours after the application of this protein to the nasal
mucous membrane of these soldiers.’

When writing the above, Vaughan was not aware of the later work
of Foster in enltivating the micro-organism with which he was able to
produce colds in volunteers. Perhaps the main thesis of his theory
of the origin of eolds he would have stated notwithstanding. How-
ever in view of Foster’s work, confirming and extending as it does
the experiments of Kruse, and further in view of the recent studies
of Olitsky and Gates (") on a filterable agent which they helieve
1o be the cause of influcoza, science i1s not ready to aceept Vaughan's
theory of sensitization as the only explanation for common ecolds.
Neither, for that matter, are we willing, without more conclusive
data, ready to accept the filterable virns origin of eolds and in-
fluenza. We must, however. in the broad interests of science, give
these theories and experiments serions consideration.

Under present eonditions, in view of all we have heen able to
learn by exper'mental work and though eobservation, we are inelined
io agree with Mudd, Grand and Goldman that a clinical entity
ex’sts in the form of the infeetious cold. Similarly it is well known
that eoryza is common in some people who hecome sensitized to va rious
proteins,  Consequently a classifieation of “‘eolds’ might be suggested

as follows:

(1) Common colds which are due to infectious agents.
(@) Varlous palhogenic bacteria
(b) Filterable viruses.
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(2) Colds which are due to local sentitization te various
proteins.

To these groups should be added these predisposing causes which,
in and of themselves, are not the cause of cold but contribute to
the development of colds by creating favorable conditions for infec-
tion by miero-organisms or sensitization to various proteins other
than infectious agents. Under this heading we should include (1)
drafts of cold air which produce a chilling of the bedy surface; (2)
chemieal or mechanieal irritation; (3) thermal trauma; (4) nervous
reflexes; (5) drug intoxieations; (6) constitutional diseases; and
(7) psyehie influences, ete. In general any factor which may lower
the resistance of the host to infection or lead to specific sensiti-
zation may be regarded as a predisposing cause in the development
of ecommon colds.

While the subject of the common cold is now recognized to he
one of the most important problems from the standpoint of the health
of the human race, there still remaing much work to be done in care-
ful investigative work of its cause or causes. We are inclined to
feel that the work of Foster and Kruse has given us fairly convine.
ing evidence that at least one type of ‘‘cold’ may be due to a filter-
able virus and that future investigative work should be done along
these lines to enable us to better understand the nature of these
agents and the mechanism by which sueh infection takes place.

INFLUENZA
(Epldemic Influenza; La Grippe; Grip)

DEFINITION

influenza is an aeute, highly communicable, febrile disease, char-
acterized by ecatarrh of the respiratory iract and in some cases of
the alimentary tract, by pains in the head and museulature, by
its tendency to bronehial and pneumonic complications, and hy its
oceurrence in epidemic and pandemic form. The disease is also
notable for its sudden omset and extreme prostration. The cause of
influenza has not been definitely determined but it has been thought
to be due to a minute filterable virus, bacterium pneunmosintes, de-

"1""“\’.

seribed by Olitsky and Gates
HISTORY

Vaughan (***) states that ‘* What appears to be the first recorded
instanee of an influenza epidemic is referred to in Livy in 412
B.C.”" While according to this author these carly reports are not
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authentie, they appear to be influenza because of their sudden onset
and wide distribution. Vaughan quotes Hirsech as looking upon the
year 1173 as witnessing the first epidemie of which authentie reports
are available. Influenza during that year spread over Italy, Germany
and England, This author states that the first great pandemic of
the disease occurred in 1510. At this time influenza spread from
Malta to Sieily, thenee into Spain, Italy ITungary, Germany, France
and England. The symptoms of the disease consisted of fever, cough,
hoarseness, headache, anorexia, insomnia, pains in the stomach,
kidneys and legs. Symptomatically then this pandemic may have
been due to influenza. From that time on history records numerous
pandemics of the disease. Great pandemies are known to have oc-
curred in 1590, 1732, 1781, 1830, 1833, 1836, 1847, 1850-51, 1855,
1857-08, 1874-75 and 1889. In North America epidemics have oe-
curred sinee 1557. Vaughan records the various epidemics as fol- °
lows: 1557, 1580, 1647, 1732, 1737, 1760, 1780, 1789, 1805, 1824,
1830, 1836, 1843, 1850, 1860, 1863, 1873, 1874, 1879, 1889, 1891,
1916, 1918. The last great pandemic oceurred in 1918-19 and again
in the winter of 1919-20. The disease entered America in Sep-
tember of 1918. Thousands of men were mobilized in the army
camps and the disease swept through these hordes of men like a
tidal wave leaving great numbers of dead In its wake. In this
epidemic the disease had its highest mortality in the age group
of 20 to 35 years (though the disease was by no means confined
to this group) and for that reason greater mortality resulted in
the army than in civilian life. During this year the disease spread
all over the world to pandemic proportions and is considered the
most Severe outbreak of influenza in the history of all time. Ac-
cording to Vaughan (Warren) the 1918 pandemic had its origin
in the United States and the virulence of the organism was enhanced
by passage to and from Europe. The common complication of the
disease in this epidemic was pneumonia. The pneumonia rate was
somewhat higher among colored troops than among white troops as
was also the death rate. Out of 1,439,000 men under arms in the
United States, Vaughan states that 338,343 had influenza, or 22.6
per cent. The death rate among these troops during epidemie was
1.56 per cent. In the American expeditionary Forces abroad there
were 1,745,000 men under arms and of this number 77,828 had in-
fluenza. The death vate in this group was only .48 per cent. This
has been explained by the fact that the soldiers in Europe were
seasoned men . . . . having come from camps where influenza had
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been present and so had acquired some hmmunity to the disease.
While the mortality in civilian life during this epidemic was lower
than in the army, it was greater in the cities than in rural com-
munities. Undoubtedly the crowding of human beings contributes
to the great spread of the disease. It is thought that the disease is
spread from person to person through coughing, sneezing, and by
droplet infection from the mouth, nose, and throat of infected per-
sons. Carriers of the virus of influenza may transmit the disease to
healthy persons though they themselves may be unaffected by it.
Dust may transmit the disease from infected persons to healthy per-
sons, but for the most part the disease is probably disseminated from
person to person. A comprehensive analysis of the last great pan-
demic of influenza is given by Vaughan and for a detailed analysis
the reader is referred to his work,

DISTRIBUTION

Influenza may oceur in pandemic form and exist practically all
over the world wherever man, its natural host, exists. Small epidemies
are undoubtedly in existence in some parts of the world at all times,
Periodically the disease reaches pandemic proportions and must be
explained either by a diminution of the normal resistance or im-
munity of the host, or by an increase in the virulence of the virus,
or perhaps a combination of both.

THE VIRUS OF INFLUENZA

In 1892 Pfeiffer (1**) discovered the influenza bacillus in 31 cases
of clinical influenza. The bacillus was present in smears from the
pharynx and sputum. This organism is a small, Gram-megative,
non-motile, hemoglobinophilie, bacillus which grows aerobically at
27° C. on hlood agar. Various investigators have found this or-
ganism, almost constantly in the throats of influenza ecases. It is
present in about thirty per cent of normal throats and also ocecurs in
eases of measles, whooping cough and in other infectious diseases.
Pfeiffer claims to have produced influenza in a few instances in
monkeys, and a typical form of the disease in rabbits. It is interest-
ing to note that during the 1918 epidemic a variety of organisms
were reported from the different army camps in the United States
as being the predominating organism in the cases of influenza in those
partieular localities. In some instances staphylococei predominated,
in other cases it was a streptococcus or a pneumococens, while in other's
the Pfeiffer bacillus was the most common organism found. All of
these observations have led to the opinion that the inHluenza bacillus
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of Pfeiffer may he only a secondary invader and while not ti.: astual
canse of influenza, it may hecome exeeedingly virnlent, av = a
secondary invader contribute to the most severe complicafi:: ;| wem-
monia) of the disease. Even now opinion remains divided as to the
role the influenza bacillus plays in epidemie influenza. Sene am-
thorities still believe in its etiologic sienificance and the cuestion
remains nnsettled. After the discovery hy Pfeiffer of the influenza
baeillus this investigator found in three cases of Inwoncho-pneumonia
following diphtheria in children & =imilar baecillus, although some-
what larger, which he designated pseu:lo influenza bacillus. Whether
this organism, represents still cnother st.ain of the influenza baecillus
and possesses any relation t epidemic influenza is not known.

In 1918 Park and Wili ams (") made a survey of the presence
of the Pfeiffer hacillus at the beginning of the influenza epidemie im
New York City. Their results are tabulated below.

TABLE
Influenza Bacillus
Group Present Absent T teak
sent
Influenza cases or associates
Hospital. cages oo e o0 160 40 80
Maginas sl i e e e PR D 30 0 100
Home for children - oo e 47 1 98
Autopsy of Influenza cases
2 Bk B et ke e I, Pl i e A ) 24 6 80
rd i e e ] 26 1 96
i Al Y [ 7 (e S e AT S T 3 27 10
Conirols
Nurges-eontaets oo ccommccaacanci e 4 6 40
Nurses-noneontactso o cee oo oeomeeo 1 o 9
Measles - -ceeme o 4 2 67
Ndmiesiom wWard oo oaosna s S 4 b 41
Home for girls (isolated)._ . 2 32 6
Preventorium (not isolated) —-_____ 14 25 33

These resnlts show that a greater percentage of influenza cases
harbor the influenza bacillus than do presumably healthy persons, yet
they indicate the presence of this organism in normal persons. The
etiologic significance of the influenza bacillus is exceedingly diffieult
{0 determine in that one set of experiments may indicate its relation
to the disease while another set of examinations may tend to indicate
its unimportance. The very nature of influenza presents difficulties
which make the etiologic significance of this organism difficult to
determine. For example, we do not know the relation of influenza to
the ‘‘common cold’’, to ‘‘grip’’, ‘‘catarrhal fever’’, so-called “‘in-
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testinal influenza”’, ete., although with regard to the latter it is thought
that true influenza may manifest itself predominately, in some cases,
as an intestinal form. While a vast amount of experimental work
purporting to establish the influenza baecillus as the actnal cause of
influenza, such as the experimental production by Blake and Ceeil
(1%%) of a respiratory disease in monkeys with this organism, which
they state is typical of influenza in man, we must conclude that the
question still remains unsettled.

Other investigators in searching for the etiologic agent of influenza
have considered the possibility of a filterable virus as the cause of
this disease. This is suggested by the extreme infectiousness of the
disease, by the lack of uniform bacteriologie findings particularly in
the mild early cases, but also in the older cases, and by the similarity
of mild influenza to the common cold which has been thought by
Eruse (%), Foster (%), and others to be caused by a filter-passing
Virus,

Nicolle and ILebailly (**) in 1918 reported their work on mice
and guinea pigs in which they inoculated blood and secretions from
cases of influenza, or uncomplicated grippe. Their results were
negative. These investigators then inoculated secretions from the
nose and mouth of a typieal case into the conjunctiva and nasal
cavities of several monkeys. Both filtered and unfiltered Secretions
were inoculated. At the same time two healthy human beings were
moculated. The monkeys hecame sick with a temperature of 40° C.,
depression, and diarrhoea within six days and the human subjects
exhibited similar symptoms about the same time. The human subjects
were inoculated subeutaneously. The writer has noted that normal
monkeys may have a temperature of 40 degrees (. especially when
rightened and exeited. During the same year Dujarric de la Riviers
(%) injeeted himself intravenously with 4 c. e. of blood taken from
four cases of influenza, diluted and filtered, and three dayvs Jlater
developed a temperature of 38° (. accompanied by intense headache,
chills, pains in the limbs, and weakness. After about five days he
rapidly improved but remained subsequently immune of filtered
sputum taken from influenza cases whieh was spraved into his nose
and throat. About the same time Selter (1%%) sprayed his own throat
and that of another human subject with filtered secretions taken
from a patient having early influenza. Both Selter and his subject
developed mild attacks of influenza. At this time Binder and Prell
(#37) deseribed-certain minute coecoid hodies in the tissues of influenza
patients s'm'lar to those deseribed by Noguehi in poliomyelitis.
These bodies were stained with iron hematoxylin and Giemsa but were
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Gram-negative. They presented evidence that these bodies could be
eultivated but were inclined to treat their etiologie significance with
conservatism. Similar bodies were later described by Angerer (%)
which he claimed to have eultivated direet from the serum of human
cases of influenza.

i In 1918 Bradford, Bashford, and Wilson (***) produced symp-
toms in guinea pigs and monkeys with filtered material taken from
cases of Trench fever and influenza. In anaerobie cultures they
found small Gram-positive bodies whiech they believed to be the
causative agents. In the following year Arkwright (*%) reported
that in his hands the cultures of Wilson proved negative when in-
oculated into three volunteers, During the same yvear Yamanouchi,
Sakakami, and Iwashima (%) injeeted emulsions, and filtrates of
emulsion made of the sputa from 43 cases of influenza, into the nose
and throat of 24 volunteers. These authors state that six of the
volunteers, who had previously bhad influenza, were Immune and
showed no symptoms following the inoculation but all of the remain-
ing 18 developed the disease within two or three days. Furthermore
filtered blood taken from influenza patients produced the disease in
healthy volunteers. These investigators were unable to produce
symptoms by injecting Pfeiffer’s bacillus, or this organism mixed
with pneumococel, streptocoeei, and staphylococei into the nose and
throat of 14 healthy volunteers who had never had the disease,

In 1919 Lister and Taylor ('**) produced only negative results
in monkeys and human heings following the injection of filtered
material taken from the lungs and throats of influenza cases. Wabhl,
White, and Lyall (***) during the same year obtained negative results
following a similar procedure. Leschke ('%*) on the other hand, per-
mitted a number of people to inhale the vapor from lung filtrates
taken from typical cases of influenza and ineubated for several days,
and all of his subjects developed typical influenza.

An attempt to induce the disease with filtered nasal secretions
into healthy human subjects met with failure in the hands of Rosenau
(1¢5) and McCoy (%) in experiments undertaken by the United
Siates Public Health Service and the U. 8. Navy in 1919,

From 1920 to 1923 Olitsky and Gates published a series of papers
dealing with a filterable virus obtained from influenza eases. These
duthors wused filtered and unfiltered influenza secretions. Intra-
tracheal inoculations were made direetly into the lung tissue of rab-
bits with unfiltered nasnpharyngeﬁl washings, the filtered washings,
lung tissue suspensions (filtered and unfiltered) from previously in-
eculated rabbits, and lung tissue which had been preserved in 50 per

e e i i
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cent glycerine. The injections were made into rabbits with an intra-
tracheal catheter and about 3 ce. of material were administered at
cach injection. Within 24 to 48 hours following the inoculations the
rabbits began to show symptoms. The first symptomy consisted of
fever and general indisposition. A conjunectivitis and leukopenia
then developed. Ixeept in complicated cases the rabbits alwayvs re-
rovered after about three days. Clinical and pathologieal effects were
produced in series through fifteen rabbits inoculated with ground lung
tissue from a rabbit previously infected. Glycerinated material from
one rabbit was passed through a series of ten rabbits producing
typical symptoms of the disease in all. The infectious agent de-
seribed hy Olitsky and Gates is filterable through both Berkefeld <“ V7’
and ““N”’ candles,

When infeeted animals were killed during the period of illness
these authors found that the lungs were enlarged and edematous, and
in some cases hemorrhagic. Tlemorrhagie foei and alveolar exudats
were found on mieroscopical examination.

It should be pointed out however that hemorrhagic lesions in the
lungs of rabhits may oeeur in normal animals which have not been
infected experimentally. Branham (") has shown that hemorrhagic
lesions in the lungs are almost constantly found when the animals
are killed by a blow on the back of the neck. This author believes
that the mode of death has something to do with the ocenrrence of
these hemorrhages. Maitland, Cowan, and Detweiller (1*%) had pre-
viously suggested this possibility.

Later Olitsky and Gates were able to cultivate from the filtered
waghings taken from influenza patients a minute hacilloid body which
they have designated bacterium pneumosintes. 'This organism they
have also isolated from the lungs of infected rabbits. This organism
is a minute Gram-negative, anaerobie bacillus-like hody which is easily
cultivated but which loses its virulence rapidly under artificial enlti-
vation. The microbe appears larger after prolonged eultivation but
cultures are still obtained from filtrates.

In summing up a discussion on the etiology of influenza in a
paper on the etiology and epidemiology of influenza (1922) Zinsser
(*%*) states: ‘“This leaves the entire subject in a very unsatisfactory
condition. The temptation to draw definite conclusions from ma-
terial of this kind is always a strong one. But to profess certainty
when available evidence does not justify conelusions is as serious an
error as to put forth inconeclusive experimental work, and would
serve merely to mask the truth. . . . The problem of influenza eti-
ology will not, in our opinion, he solved at times when influenza
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This is true especially during great epidemics. In the household or
small hospital, isolation may be practiced and may prevent further
spread of the infeetion. Quarantine was practiced in several army
units during the epidemic of 1918 as well as in civil communities
and while the spread of the disease was delayed, the disease even-
tually spread over such barriers, Masks to be worn over the lower
part of the face to prevent the spread of secretions from the respi-
ratory tract have heen emploved without demonstrable effect. Com-
plications seem to be increased in hospitalized cases and in general
this measure does not lessen the morbidity or mortality of the disease.
Closing of school has not led to a reduction in the number of cases
of the disease nor has the nse of nose and throat sprays and gargles.
Perhaps the only measure which has any effect in preventing the
spread of influenza ix to avoid erowded places such as the theatre,
eiarches, ete., during an epidemie. TUndoubtedly large gatherings of
peop'e contribute not a little to the spread of this disease. General
hygienie measures are, of course, indicated as in the case of any
other communicable disease.
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