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ROM his most primitive existence, man’s
acquisition of knowledge, while helping to
resolve existing problems, has created new
and, at times, seemingly more complex prob-
lems which demand solution. This has seemed
to be the effect of each increment to our knowl-
edge of virus infections. As more viruses are
discovered, the work of classifying, differenti-
ating, and establishing the clinical significance
of these agents becomes more intricate.

Until 1947, 60 viruses had been cataloged as
producing illness in man (/) but only 18 of
these were strictly human pathogens. The
others, including the arbor or arthropod-borne
viruses as well as viruses of other lower animals
(zoonotic viruses) are not obligated to man for
their parasitic existence. Thus, man served as
the sole reservoir for but a small fraction of his
virus infections. In 1947, the enterprise of
Dalldorf and Sickles (2) in utilizing suckling
mice for isolation of a pathogenic virus, other
than poliovirus, from the stools of two upstate
New York cases of suspected poliomyelitis
opened the door to the identification, in the en-
suing 10 years, of 19 types of Coxsackie A and
5 types of Coxsackie B viruses.

Although the Maitlands, several decades ago,
pioneered tissue culture for the study of patho-
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gens, the technique was complicated, if not
formidable, since an additional animal host sys-
tem was necessary to demonstrate that growth
of virus had occurred. The major impetus to
virus isolation and culture came with the dis-
covery by Enders and his co-workers (3) in
1948 that clear-cut cytopathogenic effects indi-
cating viral activity and growth could be dem-
onstrated in tissue cultures directly, without
the need for a secondary animal indicator
system.

The virus utilized was the Lansing strain of
poliovirus, and the in vitro hosts were roller-
tube cultures of human extraneural tissue cells.
Subsequently, monkey kidney tissue cultures
and a variety of other types of cells growing
in vitro, including Hela cells, have been em-
ployed with good results.

In the 12 short years since the work of Dall-
dorf, a tremendous number of hitherto un-
recognized viruses have been identified and
serologically typed. Of these, 81 new types of
human viruses have been isolated and character-
ized physically and serologically (table 1).
This number is more than all the viruses, ir-
respective of reservoir, recognized in the pre-
ceding half century. Numerous new viruses
from other animal sources (for example,
ECMO, ECBO, ECCO, and arbor) have also
been isolated: nearly every month brings new
identifications.

In table 1, the viruses for which man is the
principal or, more frequently, the sole reservoir
are presented according to the period of their
discovery and their group designation. The
arborviruses are not included in the table, since,
as far as we know, there are no exclusively
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human parasites among them, with the possible
exception of dengue. Except for the reoviruses
(4), a new group, group designations follow
the recommendations of the 1953 Conference on
Virus and Rickettsial Classification and
Nomenclature of the New York Academy of
Sciences (5) ; the classification adopted by the
Sixth International Congress of Microbiology
in Rome, in 1953 (6-8); the definition of the
enterovirus group by the Committee on En-
teroviruses, National Foundation (9); and the
definition of the adenovirus group by the
principal workers in this area (10).

Prcblems in Classification

Although the earlier prototypes of these
several virus groups are almost exclusively as-
sociated with specific clinical entities, such as
smallpox and mumps, clinical specificity is
not generally associable with each specific long-
established agent and can be linked even less
readily with the numerous agents discovered
recently. Thus, a suitable classification cannot
be predicated upon clinical entities. The virus
types are categorized in groups according to
size and other physical characteristics, patho-
genicity for certain animal tissues or tissue cul-
tures, antigenic relationships, and certain
special biochemical and other characteristics
such as the reaction of the myxoviruses with
mucoproteins on the surface of cells or a com-
plement-fixing antigen common to all the adeno-
viruses (77).

The currently accepted classification obvi-
ously is influenced somewhat by the anatomic
site in which members of a particular virus
group are most commonly found. This is true
for the adenoviruses (formerly called the adeno-
pharyngoconjunctival group) and for the en-
teroviruses, It is not true for the herpesvirus,
myxovirus, and poxvirus groups, nor for most
of the types in the psittacosis group. For these,
the group designations are morphological,
pathogenetic, or biochemical in implication.

Since viruses of the herpesvirus, myxovirus,
and poxvirus groups, with the one exception of
molluscum contagiosum, have a respiratory
localization, some investigators (72) have sug-
gested a regrouping into enterovirus and respir-
atory tract virus categories, with the adeno-
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viruses, myxoviruses, and certain other viruses
as subgroups. This classification would also be
far from ideal, for not only can enteroviruses
be isolated from the oropharynx early in an
infection and adenoviruses be found in the in-
testinal tract, but the enteroviruses produce a
substantial amount of acute respiratory illness
which may even represent the bulk of the clini-
cally apparent infections with these agents.

Even pathogenicity for infant mice, used in
separating the Coxsackie from the ECHO
viruses in the enterovirus group, has generated
new problems of differentiation and classifica-
tion. Strains of ECHO types 9 and 10 have
begun to behave like Coxsackie viruses A and
B (9). In fact, the large size of ECHO 10, its
rather distinctive cytopathogenic effects, the
pathogenicity for mice of some of its strains,
and the respiratory disease which it apparently
produces in children have led to its removal
from the enterovirus category and the rest of
the ECHO tribe to a new group called the reo-
viruses, or respiratory-enteric group (4),
where it stands as a prototype.

Some Coxsackie viruses (A9 and B) may not
be pathogenic for infant mice, and in this way
they simulate the ECHO viruses. Coxackie AT
and A14 and also some ECHO viruses may pro-
duce lesions of the neurons in monkeys, thus
simulating polioviruses (73). There is small
wonder that before these characterizations were
made, the Russians thought they had found a
fourth type of poliovirus when they isolated a
virus from the stool of a fatal case of clinical
poliomyelitis and found it to be neurotropic in
monkeys but not typable for polioviruses 1, 2,
or 3. This virus has now been definitely char-
acterized as Coxsackie AT (74.75). These
newly elicited interrelationships, despite sero-
logic specificity of the poliovirus, Coxsackie,
and ECHO tribes, are serving to obscure the
demarcation lines originally drawn between the
tribes. There is, therefore, increasing justifica-
tion for grouping these three tribes together as
enteroviruses.

Etiological and Clinical Specificity

Though these classifications tend to bring
some order into the field of virology, they do
not, unfortunately, simplify the problem of
specific clinical differentiation and diagnosis.
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Table 1.

Distribution of human viral agents by type and period of discovery

Group Known prior to 1947

Discovered since 1947 1

Adenovirus (10)_____.__| None

Enterovirus (9)__. . Poliovirus (untyped)

Herpesvirus (5) ... __ Herpes simplex
Herpes zoster
Varicella
Myxovirus (6) Influenza A and B
Mumps

Poxvirus (8)_.__.. Molluscum contagiosum

Smallpox

Psittacosis (5) . _ ... ___ Lymphogranuloma venereum

Reovirus (4)_____._____

None

Other_____. _ _._ | “Common cold”
Homologous serum hepatitis
Infectious hepatitis
Infectious mononucleosis
Measles

Roseola infantum

Rubella

Trachoma

Types 1-18 (12).

Poliovirus types 1-3 (39).
Coxsackie A types 1-19 (40).
Coxsackie B types 1-5 (40).

ECHO types 1-9, 11-24 (9, 40, 41).

None.

Influenza A prime (42).
Influenza C (43).
Parainfluenza group (44):
Type 1: HA-2 (hemadsorption type 2)2 (45).
Influenza D (Sendai)? (46).
Type 2: CA (croup-associated) (47).
. Type 3: HA-1 (hemadsorption type 1) (45).
M-25 (48).

None.

None.

Type 1: ECHO 10 (4, 9).
Types 2 and 3 (4).

Respiratory syneytial virus (49).
Salivary gland virus (50).

JH virus (51).

2060 virus (62).

Total ___________ 18

81

! Since this paper was submitted for publication, Coxsackie A types 20, 21, 22, and 24; Coxsackie B type 6;

and ECHO types 25, 26, and 27 have been isolated.

2 Considered identical by investigators in the United States.

Norte: Italicized figures in parentheses are reference numbers.

It has become quite clear not only that an indi-
vidual member of the enterovirus, adenovirus,
myxovirus, or other group can produce a diver-
sity of clinical illnesses, but that a single clini-
cal entity or syndrome may be produced by a
number of specific virus types. Table 2 illus-
trates the virtual hopelessness of attempting
etiological differentiation.

Although certain clinical entities have been
carefully characterized, it must be remembered
that the classic picture of a disease does not
often obtain and that aberrant mild forms are
quite common. Table 2 reveals several entities
of a respiratory nature whose clinically differen-
tiating characteristics may not always be
present.

Vol. 75, No. 7, July 1960

References 39-52 do not appear in the text.

Acute undifferentiated respiratory disease
(ARD) ranges from the severe form resem-
bling primary atypical pneumonia to the mild
ambulant form which, but for epidemiological
and virus laboratory studies, would be classed
as common colds. Within the spectrum of this
entity, some illnesses may resemble influenza
and others, acute pharyngitis.

Adenovirus types 4 and 7 have been incrimi-
nated as the etiological agents in military out-
breaks of ARD (16). Although many adults
eventually develop antibodies to these types,
suggesting sporadic or even endemic infections,
civilian outbreaks have not been documented,
and these serotypes are rarely found in chil-
dren. In addition, adenoviruses have not been
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Tdble 2. Association of

enterovirus, adenovirus, myxovirus, and other

Enteroviruses
Illness
Polio Coxsackie Coxsackie |ECHO types
types A types B types
Paralysis (complete to slight muscle weakness) . . __._____ 1,2,3.___| 7,9 .-_____ 3,4,5______ 2,4,6,16__
Myocarditis or encephalomyocarditis (neonatal and early | _________|.___________ 2,3, 4 .
childhood).
Epidemic pleurodynia___________________ | | _____ 1,2,3,4,5_ | ___________
Herpangina______________________ e 2,3, 4b 5,6, |- .
1
Aseptic meningitis____________________________________ 1,2,3.___| 7, S 1,2,3,4,5._| 2, 3, 4, 5,6,
9, 14
Epidemic exanthems: T
Boston exanthem and summer rash___________._______{ _________ 16 . 4,9,16_____
Meningoencephalitis with rash_ _ __________ | ||| 9 ___
Summer diarrhea_______________________ ||| ___ 18,19______
Acute febrile respiratory disease (summer grippe) most | 1, 2, 3____| Many Many Many
common. i types types types

Acute undifferentiated respiratory disease

Acute laryngotracheobronchitis

Acute febrile pharyngitis_ . _____________________.______
Pharyngoconjunctival fever
Follicular conjunetivitis_ ______________________________
Epidemic keratoconjunctivitis
Viral pneumonia:
Infants and children

Adults

1 Adapted from several sources (9,12).

CCA—Chimpanzee coryza agent, or respiratory syncytial virus.

SGV—~Ralivary gland virus.

isolated from more than a very small percent-
age of cases of similar illnesses in civilian
families (77). Rhodes and Van Rooyen (18)
also feel it unlikely that more than a small per-
centage of colds occurring in the civilian pop-
ulation are due to adenoviruses. Even in
military outbreaks a “large proportion of cases
of typical ARD shows no evidence of infection
with adenoviruses, and its etiology remains
unknown” (19).

Furthermore, the enteroviruses, including
poliovirus, are quite frequently responsible for
undifferentiated febrile illness, often with res-
piratory symptoms (9).

In an extensive epidemiological and virologi-
cal study of poliomyelitis in Minnesota in 1955,
1,272 fecal specimens from family contacts of
poliomyelitis patients were examined for virus.
Of these, 469 specimens were from family con-
tacts of 175 patients from whom poliovirus had
been isolated. One hundred and eighty-eight
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(40 percent) of the 469 specimens were positive
for poliovirus.

In table 3, the 469 contacts are distributed
according to their symptoms elicited in the
course of surveillance. Only 109 showed any
symptoms. The “pharyngeal” group, consti-
tuting 54 percent of the contacts showing any
symptoms, included those with sore throats or
history of a “cold.” The “fever” group in-
cluded those with fever alone or fever and other
symptoms not included in the pharyngeal or
meningeal complex. It is of interest that polio-
virus was isolated from 63 percent of the con-
tacts with pharyngeal symptoms.

From these several documentations and ob-
servations it is abundantly clear that the clini-
cal illnesses of respiratory character presented
in table 2 cannot be ascribed to a solitary virus
group. Thus, clinical differentiation with
etiological overtones is not possible without
virus laboratory definition.
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virus types with human illness !’

Adenovirus types
Myzxovirus Other
types types
Common Less
common
4,7 _______ 3,14_______ Parainfluenza [JH, 2060,
1, 2, 3. CCA.
________________________ Parainfluenza
1, 2.
1,2,3,5 | .. Parainfluenza
3, 7o ___| 1,256, 14| _____________
3, Ta_____ 2%, 9 10_ | ________
8 (classic) _ | 3,§7a¥(mild) _|______________
Ta_ - ___ 1,3 ... Parainfluenza | CCA.
1, 3.
4,7 . 1,8 |- .
______________________________________ SGV.

An analogous situation prevails for illnesses
predominantly referable to the central nervous
system (CNS).

In the happy, unenlightened first quarter of
this century, poliovirus infections leading to
paralysis were much more frequently recog-
nized and reported than nonparalytic forms.
This was so despite the careful description of
abortive forms of poliomyelitis by Wickman in
1907 (20) and the reiteration by Lavinder,
Freeman, and Frost (27) in 1918 that poliomye-
litis very frequently occurs without paralysis.

However, by the fifth decade of this century,
recognition of nonparalytic poliomyelitis
based on signs of meningeal involvement during
the poliomyelitis season had become universal
in the United States. In Minnesota, for exam-
ple, in the period 1947 to 1953 the proportion of
nonparalytic to paralytic poliomyelitis reports
stabilized at approximately the 1:1 level (22).
From time to time, outbreaks of predominantly
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nonparalytic poliomyelitis were recorded. The
Illinois Department of Public Health records
for 1951 show, for instance, that of the more
than 100 cases of poliomyelitis occurring in
Champaign County only an extremely small
percentage were paralytic. Although such out-
breaks were considered most unusual, facilities
were not then available in Illinois for labora-
tory differentiation of the viruses involved.

It was only in the late forties that the work of
Dalldorf and of Enders opened up new tech-
niques for virus isolation, and still later that
workers began to isolate hitherto unknown
viruses from cases of central nervous system in-
fections and other related diseases. Causal re-
lationships began to be clarified through these
techniques, which also permitted simplified and
economical antibody titration.

As late as 1955 in Minnesota, however, the
actual cause of much nonparalytic disease in-
volving the central nervous system, which was
then being diagnosed as nonparalytic polio-
myelitis, could not be determined. Whereas
poliovirus was isolated from 75-90 percent of
the cases of paralytic poliomyelitis in 1955, only
13 percent of the so-called nonparalytic polio-
myelitis cases yielded poliovirus isolations. Al-
though antibody studies verified an additional
percentage of true cases of nonparalytic polio,
a significant number of cases remained etiologi-
cally unexplained. In retrospect, at least some
of these could have been caused by Coxsackie or
ECHO viruses.

Again in the late forties, Wallgren’s diagno-
sis of “aseptic meningitis” (23), originally de-
signed to differentiate nonspecific or allergic
meningitis from specific infections of the cen-
tral nervous system, regained favor. The non-
specific character of the diagnosis of aseptic
meningitis recently has been reaffirmed by the
large number of polio, Coxsackie, and ECHO
viruses found to be responsible for nonparalytic
central nervous system disease (table 2). Thus,
aseptic meningitis, a syndrome rather than a
specific disease entity, bears no etiological sig-
nificance without laboratory-determined agent
designation.

To add to the problems of clinical differentia-
tion engendered by a diversity of agents, the re-
cent demonstration of transient mild paralysis
accompanying Coxsackie A7 and A9 infections,
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as well as infections with ECHO types 2, 4, 6,
and 16, and the demonstration of poliolike
lesions in mice and monkeys infected with Cox-
sackie A7 and A14 viruses (73) have com-
plicated the picture of paralytic polio also.
Even in the face of paralytic phenomena, a
clinical diagnosis of poliomyelitis can be treach-
erous except under epidemiological conditions
to be noted later.

Diagnosis of the time-honored exanthemata
has also been affected by the problems unfolded
in recent virus research. In 1951 in Boston,
and again in 1954 in Pittsburgh, Neva and
others (24,25) studied outbreaks of a febrile
exanthem in which a pink maculopapular rash
appeared on the face, trunk, and limbs, along
with muscle pain and headache. The agent
isolated on human fibroblast cultures has now
been identified as ECHO 16.

In England, during the summer of 1954,
viruses with the characteristics of the ECHO
group were isolated from 5 of 6 stool specimens
of infants, 3-14 months of age, who were ex-
hibiting irritability, fever, a maculopapular
rash, superficial lymphadenopathy, vomiting,
and diarrhea. But for pleocytosis of the cere-
brospinal fluid, these illnesses could readily
have been confused with rubella (26).

Since then, a number of outbreaks have been
reported in which symptoms and signs refer-
able to aseptic meningitis were complicated by
rashes variously described as rubelliform

Table 3. Poliovirus isolations from family con-
tacts of patients from whom poliovirus was
recovered, according to symptoms of contacts,
Minnesota, 1955

Poliovirus isola-

Number tions
Symptoms of contacts of
contacts
Number | Percent
Any symptoms___.______ 109 72 66
Pharyngeal group_____ 59 37 63
Meningeal group._ ____. 13 6 46
Fever group__________ 37 29 78
No symptoms___________ 360 116 32
Total . _________ Ioo- 469 188 40

Source: Studies by the school of public health, Uni-
versity of Minnesota, and the department of bacteriol-
ogy and immunology, Minnesota Department of Health.
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~ (27-32) and scarlatiniform (33). In all these

outbreaks, ECHO 9 strains were isolated.
Since rash was a symptom in only 30-40 per-
cent of the cases identified as ECHO 9 infec-
tions, it is obvious that the majority of the
cases presented aseptic meningitis syndrome
only. Without the correlative laboratory isola-
tions of ECHO 9 virus, outbreaks of two sep-
arate diseases might have been inferred. In
fact, in the early weeks of the Minnesota 1957
outbreak of ECHO 9 aseptic meningitis, the
largest to date, with 424,000 cases extrapolated
from a random sample family survey (37), one
local health officer did derive this inference;
with considerable concern, he stated that in his
area he had two epidemics going at the same
time—one of nonparalytic polio and the other
of Boston exanthem.

Epidemiological Implications

It is obvious that the isolation of 24 types of
Coxsackie and at least 24 types of ECHO
viruses, many of which are responsible for acute
central nervous system infections frequently oc-
curring in outbreak form, has made the diag-
nosis of nonparalytic poliomyelitis almost im-
possible to establish clinically. The significance
of this difficulty in the evaluation of vaccine
efficacy and in epidemiological investigations
in general is also quite obvious. Surveillance
programs for central nervous system infections,
as a result, have had to be coupled with services
of a competent virus diagnostic laboratory.
Only the laboratory can define an entity etio-
logically when the syndrome can be produced
by a variety of agents. The same principle
applies to the entire field of new virus infec-
tions, whether they produce CNS, gastroin-
testinal, or respiratory disease.

The necessity for observing the principle with
CNS diseases impressed itself upon us in Min-
nesota in 1955, when Salk polio vaccine was
applied to a virgin population. Questions of
safety and efficacy required the establishment
of a surveillance program for CNS infections
(22).

Physicians and hospitals were highly co-
operative, not only in reporting, but in the sub-
mission of stools and paired blood samples from
their patients. Health department and county
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nurses and medical students obtained clinical
histories and stool specimens on all family con-
tacts of patients with CNS infections. Stools
were examined for virus, utilizing HeLa cell
cultures, and paired serums were examined for
antibody titer increases. Exclusion tests for
mumps, St. Louis and western encephalitis, and
for lymphocytic choriomeningitis were also ap-
plied. A search for Coxsackie and ECHO
viruses was not part of the laboratory routine in
1955, although 27 cytopathogenic agents were
isolated from patients or contacts and identified
the following year.

Six hundred and forty-nine cases of CNS
disease, the total State caseload, were processed
in 1955. Table 4 compares the originally re-
ported diagnoses for these cases of CNS dis-
ease with the final diagnoses established after
completion of either virus isolation, or antibody
titrations, or both.

The physicians who reported cases as para-
lytic poliomyelitis were correct 152 out of 163
times, or for 93 percent of the cases so reported.
However, only 269 (59 percent) of the 457
cases originally reported as suspect poliomye-
litis or nonparalytic poliomyelitis were finally
designated as nonparalytic poliomyelitis. The
remaining nonparalytic or suspected poliomye-
litis cases were ultimately distributed among
paralytic poliomyelitis (55 cases); mumps
encephalitis (24 cases); lymphocytic chorio-

meningitis (4 cases); aseptic meningitis (45
cases) ; and other illnesses, including Guillain-
Barré syndrome, bacterial meningitis, and
transverse myelitis (60 cases).

Aseptic meningitis in this study was a diag-
nosis ascribed to cases which fulfilled all the
following criteria:

1. No poliovirus isolated from submitted
stools.

2. Absence of paralysis.

3. Absence of serum antibodies to any type
of poliovirus.

4. Failure to establish a diagnosis of other
etiologically definable CN'S disease by serologic
methods.

5. Pleocytosis in cerebrospinal fluid.

6. History of meningoencephalitic symptoms.

Of 25 cases of mumps established serologi-
cally, only 1 had been initially diagnosed clini-
cally. In 14 of these cases, there was either
a history of recent parotitis or parotitis devel-
oped shortly after report. The other 11 cases
were without parotitis. Furthermore, al-
though physicians reported infectious encepha-
litis 16 times, none was confirmed for western
or St. Louis types.

This study indicates that although paralytic
disease is still preponderantly poliomyelitis
and, in the face of an outbreak of paralytic dis-
ease, the physician’s clinical impression of
poliomyelitis most frequently proves to be cor-

Table 4. Comparison of originally reported diagnoses with final diagnoses in CNS cases investigated
during poliomyelitis surveillance in Minnesota, 1955

Final diagnoses
Originally reported diagnoses | Paralytic | Nonpara- Lympho- Western
poliomye- | lytic polio-| Mumps cytic Aseptic and St. | Other | Total
litis myelitis chorio- | meningitis | Louis en-
meningitis cephalitis
Suspect poliomyelitis________. 19 85 19 1 15 0 54 193
Paralytic poliomyelitis_ ______ 152 5 0 1 0 0 5 163
Nonparalytic poliomyelitis____ 36 184 5 3 30 0 6 264
UMPS - - - oo 0 2 1 0 0 0 1 4
Lymphocytic choriomeningitis 0 1 0 0 0 0 0 1
Aseptic meningitis_. - ______ 0 7 0 0 1 0 0 8
Western and St. Louis en-
cephalitis___ ... __ 0 4 0 0 1 0 11 16
Total .- ____ 207 288 25 5 47 0 77 649

Source: Studies by the school of public health, University of Minnesota, and the department of bacteriology

and immunology, Minnesota Department of Health.
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rect, his “batting average” for nonparalytic
disease is quite disappointing.

Another important epidemiological impli-
cation of the isolation of numerous viral agents
is their temporal distribution in coramunities.
Although the newly discovered enteroviruses,
adenoviruses, and myxoviruses, by direct isola-
tions and evidence of specific antibodies in
serums, have been shown to occur in all parts
of the world, specific communities experience
rises and declines in the amount of infection
and disease caused by these agents.

Observations in Minnesota reveal a provoca-
tive reciprocal interdependence of predomi-
nating enterovirus types year by year. With
continuing poliomyelitis surveillance by the
Minnesota Department of Health, CNS disease
is thoroughly investigated and stool and other
specimens are examined for virus content.
After typing, confirmations are performed by
the virus laboratory of the University of Min-
nesota department of bacteriology and im-
munology under the direction of Dr. J. T.
Syverton.

Table 5 presents the Minnesota enterovirus
experience for the years 1955 through 1958. In
each year a specific enterovirus type predomi-
nated almost to the exclusion of others. In
1955, poliovirus predominated; in 1956, Cox-
sackie B5 was apparently responsible for the
bulk of the CNS cases; in 1957, the largest re-
corded outbreak-of ECHO 9 meningoencepha-

Table 5. Isolations of enteroviruses from CNS
and related cases in Minnesota, 1955-58
Year
Virus isolated
1955 1956 1957 1958
Polio_________. 1175 47 9 12
Coxsacl:ie:
9_ ________ 0 2 4 2
B2 ________ 11 0 2 0
B3 _.___ ... 4 6 1 2
B4_________ 0 0 1 2
B5_ ________ 0 60 18 109
ECHO
) S P 0 6 0
[ A P, 0 2 1
9 |l 0 149 5
Total..___.| 190 115 | 193 | 133

1 Excludes isolations from 188 family contacts.
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litis with rash occurred ; and in 1958, Coxsackie
B5 returned. Although data on virus isola-
tions are not complete, poliovirus was appar-
ently in ascendancy in 1959, with preliminary
reports through December 31 indicating that
of 237 cases reported, 198 (84 percent) were
paralytic. Furthermore, most of the recent
incidences and outbreaks of poliomyelitis have
been either solely, or at least predominantly,
of one type.

The significance of these data is not clear.
Is this a pure chance interdigitation of sepa-
rate and distinet secular cyclings of the several
agents? Or is an interference phenomenon,
repeatedly documented in the laboratory for
such pairs of agents as one poliovirus type
and another one of its heterotypes (34-36),
and poliovirus and Coxsackie B (37), operating
outside the laboratory? If such interference
is, in fact, occurring in nature, then the impli-
cations for vaccination, especially with mix-
tures of live viruses, may be quite important.

Viruses Still in Search of Disease

Referring again to table 2, it is immediately
apparent that not all of the isolated new viral
agents have been incriminated in human ill-
ness despite their isolation from human sources.
For example, although 18 adenovirus types
have been isolated, only 11 of them have been
established as productive of human illness. In
the Coxsackie A group, only 10 of the 19 types
have been incriminated, and of the 24 ECHO
types, approximately 10. Many of the viruses
which have not yet been causally related are
the more recent discoveries, and it is highly
probable that such relationships will ultimately
be established for a number of them. Fur-
thermore, there is every reason to believe that
new types will continue to be isolated and, as
aberrant characteristics are elicited, new groups
formed. It is likely that viruses will continue
to be in search of disease.

The establishment of causal relationship be-
tween the many new virus types and human
disease is a complex operation. We find our-
selves at present in the same position with
virology as we were with bacteriology in the
early years of this century, when any bacterium
isolated from a patient was considered the
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cause of his disease. Time proved many organ-
isms to be nonpathogenic; there may also be
anormal viral “flora.”

Merely finding an adenovirus in throat wash-
ings or an enterovirus in the stool of a sick
patient does not establish a causal relation-
ship. Their isolations may be coincidental,
and several types may be isolated from the
same patient during the same illness. Even a
rise in antibody titer for a given viral type
is not in itself proof of causation, for hetero-
type responses may occur. Most of the studies
attempting to relate agents to disease have in-
volved isolations from throat washings or
stools, and there are those investigators who
would demand viremia, rarely encountered, as
proof.

There is even some evidence that virus recov-
ered from an anatomic site of disease may not
be adequate proof that the isolated virus is the
cause. Melnick (38) cites the finding by
Israeli investigators of Coxsackie virus in the
spinal fluids of two patients with brain tumor
and suggests that even penetration of the
blood-brain barrier would thus not constitute
proof of causality.

The highly frequent finding of the agent in
cases of a disease with clinical distinctness and
its absence from cases of other illnesses is sug-
gested as a first step in establishing etiology.
That this would not often be achieved in mark-
edly similar syndromes has already been
implied in our discussion of clinical specificity.

However, the markedly higher incidence of
a given virus in patients with a given syndrome
than in healthy controls selected from a com-
parable segment of the population would con-
stitute strong incriminating evidence. The
isolation of a virus, its production of the spe-
cific disease in volunteers, and recovery of the
virus from the newly induced cases (with suit-
able controls) would be the ideal method but
for the fact that, for a number of agents, infec-
tion takes place early in childhood and results
in immunity.

No single one of these criteria, with the ex-
ception of the controlled volunteer study, would
in itself constitute proof of an etiological rela-
tionship, but, in the aggregate, a strong associ-
ation could be surmised. Sporadic cases, or
even very small groups of cases, would rarely
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provide us with an aggregate of positive cri-
teria. Since causality, in the last analysis, is a
matter of inference drawn from repeated strong
associations, epidemics of disease provide us
with the type of material necessary for the es-
tablishment of etiological relationships. In
this regard, then, not only does the epidemiolo-
gist need the virologist and the -clinician,
but for a long time to come, the virologist
and the clinician will need the services of
an epidemiologist.

At the present time, despite the tremendous
gains in understanding achieved in the past 12
years, our knowledge of the relationship of the
newer viral agents to illness in the human popu-
lation rests just above the primitive level. We
can be confident, however, that within not too
many years, certain “orphans” will have found
a home even though some of them will prove
to be commensals without behavior problems.
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Carcinoma in Blackfoot Indians

During the past 5 years, 1955-59, while carcinoma
of the cervix uteri and carcinoma of the breast has
been occurring with about equal incidence in the
United States, carcinoma of the cervix has been
found in some 12 women of the Blackfoot Indian
tribe of Montana. This compares with only two
Blackfoot women who in the comparable time period
have been found to have carcinoma of the breast.
The exact significance of this difference is not under-
stood, and may be more apparent than real since it
has only been during the past 3 years that any exten-
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sive screening has been done for carcinoma of the
cervix in this Indian group. Vital statistics for 1957
show about 3 to 4 deaths from cervix cancer to 1
death from breast cancer among all Indians.

The average Blackfoot Indian population on reser-
vations during this time period has remained con-
stant at about 4,000 enrollees, of whom approxi-
mately 1,000 were women in the age group above
20 years. The diagnoses of cervical carcinoma were
all made after the women presented symptoms. Ages
ranged from 24 to 89 years. One of the breast
carcinomas was discovered during a routine physi-
cal examination. Both of the patients with breast
carcinoma were more than 60 years old.

The members of the tribe are becoming increas-
ingly aware of the need for periodic screening for
carcinomatous conditions.

In addition to the above mentioned lesions, car-
cinoma of the lung, kidney, gall bladder, stomach,
and tongue has been seen in members of the Black-
foot Indian tribe during the same 5-year period.—
Epwarp L. Kine, M.D., health officer, Browning,
Mont.
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