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IN 1960, Baltimore City experienced an epi¬
demic of paralytic poliomyelitis due pre¬

dominantly to type 3 poliovirus. With 97
cases and a paralytic attack rate of 10.3 per
100,000 population, this was one of the major
urban outbreaks in the United States in recent
years and the largest shown to be type 3 in
origin. Because of persistent interest in differ¬
ences between poliomyelitis epidemics which
might be related to virus type, as well as to the
varying virulence of strains within each type,
the epidemic characteristics of the 1960 Balti¬
more outbreak are presented.

It has been postulated that type 3 poliovirus
may behave in a distinctive manner. Specula-
tion that it may tend to cause more severe dis¬
ease than other types was originally advanced
by Bodian (1) in 1951 in observations on the
1944 Baltimore epidemic. The relative severity
of this particular outbreak was also noted by
Lenhard (2). In 1956, Eklund and Larson (3)
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reported a type 3 epidemic in a completely sus¬

ceptible population on an Alaskan island. Only
the bulbar form of paralytic involvement was

seen, and illness occurred predominantly among
children. They postulated that these charac¬
teristics were due to the virus type. A 1954
report by Malherbe (4>) of a "silent epidemic"
in South Africa described a single, fatal, bulbar
case in a group of children infected with type 3
poliovirus.
With these questions in mind, Siedler and co-

workers (5) studied their data on the 1957 type
3 outbreak in Washington, D.C, but they were

unable to demonstrate either increased severity
or an unusually high degree of bulbar involve¬
ment. They did find the highest risk to be in
preschool children, but this has also been true
of the major type 1 urban epidemics which have
occurred since mass immunization began (6-
11). The 1952 data of Shelokov and co-workers
(12), gathered throughout the United States,
showed essentially the same distribution by age
and type of paralytic involvement for cases due
to each of the three poliovirus types. In New
Jersey in 1958, Dougherty and Faro (13) found
no apparent difference in the degree of residual
involvement in cases due to type 1 and type 3
poliovirus. Thus, no consistent pattern of epi¬
demic type 3 paralytic poliomyelitis has yet
been documented.
Another matter of recent concern in relation

to type 3 poliomyelitis is the known low potency
of the type 3 component of the Salk vaccine
from 1955 to 1958 (14). Berkovich and asso¬

ciates (15) reported that 47 percent of Massa¬
chusetts' 137 paralytic cases in 1959 had been
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triply vaccinated and that 53 of the 55 cases
with successful virus isolations were type 3.
They felt that these findings suggested possible
low effectiveness of the type 3 component of
the vaccine. In contrast, the 1959 cases nation¬
wide (6) and the outbreaks in Des Moines (9)
and in Seattle (10), in all of which type 1 was

predominant, showed a consistently high effec¬
tiveness for Salk vaccine in triply inoculated
persons. Accordingly, the 1960 Baltimore data
are also presented as a study of vaccine effec¬
tiveness against type 3 poliovirus, as seen in
this particular community outbreak.

Methods

The data presented in this paper represent the
final roster of reported paralytic poliomyelitis
cases in Baltimore City in 1960, thoroughly re¬

viewed and revised in an intensive surveillance
program. Only paralytic cases are included.
Information was obtained from hospital charts,
home visits by local health department person¬
nel, correspondence, followup evaluations by
physicians and physiotherapists, and laboratory
reports. It was collected and compiled in the
division of epidemiology of the Maryland
State Department of Health.

Initially unreported cases discovered through
surveillance of general hospitals, virology lab¬
oratories, rehabilitation centers, and sources of
financial assistance were investigated and the
cases accepted if the attending physician had
made the clinical diagnosis of paralytic polio¬
myelitis. All cases in which the diagnosis was

subsequently changed, or laboratory or clinical
evidence was incompatible, were dropped.
Since 75 of the 97 cases were eventually seen by
the infectious disease service of the Baltimore
City Hospitals, a high degree of uniformity of
clinical interpretation was possible.
Virus isolations from stool, nasopharyngeal,

and cerebrospinal fluid specimens and serologic
testing were performed in the laboratories of
the Maryland State Department of Health,
Baltimore City Hospitals, the University of
Maryland School of Medicine, and the Sinai
Hospital of Baltimore. In the first of these,
where the majority of determinations were

done, monolayer tissue cultures of monkey kid¬
ney epithelial cells and HeLa cells were used in

Table 1. Paralytic poliomyelitis attack rates,
Baltimore City, Md., and other areas, 1960

Area

Baltimore City_
Suburban counties:

Baltimore County
Anne Arundel
County_

Howard County_
Maryland_
United States_

Population

939, 024

492, 428

206, 634
36, 152

3, 100, 689
179, 323, 175

Num¬
ber of
cases

97

17

6
1

147
2,218

Attack
rate per
100,000

10.3

3.5

2.9
2. 8
4.7

2 1.2

1 1960 census.
2 Reference 25.

virus isolation. Specimens which failed to re¬
veal the presence of cytopathic agents in tissue
culture were subpassed at least once before they
were considered negative for enteroviruses.
Virus isolates were identified by the neutraliza¬
tion test with hyperimmune monkey serum for
the prototypic strains of poliovirus types 1, 2,
and 3. A positive virus control was incubated
with each typing. Acute and convalescent
phase serums were titrated for neutralizing
antibody, virus controls being included in each
test series. The neutralizing antibody titer was
determined as the reciprocal of the highest dilu¬
tion of patient's serum at which a 2+ cytopath-
ogenic effect was observed.

Description of the Epidemic
The Baltimore City cases constituted a local¬

ized urban outbreak, as shown by the sharp
contrast between the paralytic attack rates for
the city and those for the major surrounding
counties, the State of Maryland, and the United
States (table 1). The epidemic was the fourth
with a gross paralytic attack rate of more than
10 per 100,000 to occur in Baltimore in the last
25 years and the first since the introduction of
mass immunization. Baltimore's other recent
major outbreaks were in 1941, 1944, and 1950.
The first case occurred in late July; the peak

was reached the last week in September, and
the epidemic then declined steadily, the last
case occurring in late November. Although
the peak was somewhat later than often seen,
the seasonal pattern was not unusual for para¬
lytic poliomyelitis in the United States.
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Paralytic attack rates for each ward in the
city, adjusted for age, reveal that the Balti¬
more outbreak was further localized to the inner

Table 2. Age-adjusted attack rates for paralytic
poliomyelitis, by wards in Baltimore City, 1960

city (table 2), which is characterized by crowd¬
ing, poor housing, and low socioeconomic status.
The rate for the inner city was 13.9 in contrast
to a rate of 2.7 for the populous middle- and
upper-class areas of the outer city. The outer-
city rate was similar to the rates for the subur¬
ban counties. This picture conforms to the now
well-documented shift to more underprivileged
groups noted in major urban poliomyelitis epi¬
demics in the United States during the past
5 years (6).
Another aspect of this change is the reversal

of the former general trend toward higher
white than nonwhite attack rates. In Balti¬
more in 1960, as in most recent major epidemics,
the nonwhite population was more heavily af¬
fected, with a rate of 14.6 as opposed to 8.0 for
the white population (table 3). This was the
first time that the nonwhite rate in Baltimore
exceeded the white rate in an epidemic year.
However, the nonwhite rate has been consist¬
ently higher than the white in Baltimore since
the introduction of the Salk vaccine, in con¬

trast to a more varied pattern previously.
Socioeconomic status was apparently a major

factor in the geographic and racial localization
of the Baltimore epidemic. Dividing the city's
population by census tracts into five equal parts
representing five socioeconomic levels (based on
median rental and home valuation figures from
the 1960 census) demonstrates an inverse rela¬
tionship between rising socioeconomic status
and paralytic poliomyelitis attack rates (table
4). The rate decreases from 20.2 to 0.5 from the
lowest to the highest fifths.

Table 3. Paralytic poliomyelitis attack rates, by age group and race, Baltimore City, 1960

1 Per 100,000 population.
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Distribution of the paralytic cases by age
group shows a marked localization to the
younger ages, especially children under 5 years,
in both races (table 3). The white and non¬

white rates for children under 5 years were 47.4
and 54.5, respectively. This age distribution
differs notably from that seen nationally before
the use of mass immunization, when school-age
children had the highest rates (16). There were

instances, however, in the prevaccination era of
higher rates in the younger age groups. The
Baltimore epidemics of 1950 and 1953, for ex¬

ample, had age distributions similar to that of
1960, but in 1941 and 1944 the predominance in
school-age children then expected was found.
The slightly higher rates in males often seen

in large poliomyelitis epidemics (17) were not
consistently found in the Baltimore epidemic.
In the highest risk age group (under 5 years),
the attack rates were 50.7 and 50.6 for males
and females, respectively.

Table 4. Paralytic poliomyelitis attack rates,
by socioeconomic group, Baltimore City, 1960

1 Based on data from the 1960 census.
2 Per 100,000 population.

In 67 of the 97 paralytic cases, virus isolation
was attempted. Poliovirus was isolated in 50
of these; 48 were type 3 and 2 were type 1. No
type 2 poliovirus or any other enteroviruses
were isolated from any paralytic poliomyelitis
case. Thirty cases had paired serums tested for
neutralizing antibodies. In 22 of these, a rise
in titer to type 3 was found, of which 7 were
fourfold or greater. The remaining eight pairs
of serums had initial significant titers for types
3 or 1 which remained unchanged. These labor¬
atory data were the basis for calling the
Baltimore outbreak a type 3 epidemic.

Clinical Syndrome
The most noteworthy clinical feature of the

paralytic poliomyelitis seen in the 1960 Balti¬
more epidemic was the high proportion of cases
with bulbar disease, defined as all cases with
involvement of one or more cranial nerves. Al¬
though considerable confusion surrounds the
term "bulbar poliomyelitis," the Baltimore
epidemic clearly showed an unsually high inci¬
dence of cases with cranial nerve involvement
(table 5). There were 13 bulbar cases and 25
bulbo-spinal cases, for a total of 39 percent with
bulbar involvement, which is well above the
range of 10 to 15 percent usually expected
(18).
Eespiratory failure also was frequent, oc¬

curring in 20.6 percent of the patients. There
were 6 deaths among the 97 patients. Both
respiratory failure and fatality were greatest
in the bulbo-spinal group as contrasted with

Table 5. Clinical syndrome, severity, and mortality in paralytic poliomyelitis cases, Baltimore City,
1960
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Table 6. Paralytic poliomyelitis attack rates, by age group, race, and vaccination status,
Baltimore City, 1960

1 Per 100,000 population.

the pure bulbar (only cranial nerve involve¬
ment, several of which were facial nerve pal-
sies) and pure spinal. The overall paralytic
fatality ratio of 6.2 percent is similar to that of
7.2 seen in the severe Baltimore epidemic of
1944, whereas the milder outbreaks in 1941 and
1950 showed ratios of only 3.0 percent and 2.8
percent, respectively (1). The paralytic fatal¬
ity ratio for the entire United States in 1960
was given as 9.5 percent by the Communicable
Disease Center (19).
In spite of the interpretive difficulties in¬

herent in such descriptive data, the Baltimore
epidemic was clearly of at least moderate sever¬

ity and showed an unusual amount of bulbar
disease.

Vaccine Effectiveness

Using data on the vaccination status of Bal¬
timore residents during 1960 obtained on a sam¬

pling basis by the Baltimore health survey
), attack rates by age group were estimated

for three or more, one or two, and no Salk vac¬

cinations (table 6). The extremely high rates,
well over 100 per 100,000, for unvaccinated pre¬
school children of both races are immediately
apparent. The rates declined with increasing
numbers of inoculations as well as with increas¬
ing age. The crude effectiveness ratio com¬

puted from the vaccinated and unvaccinated
rates in the highest risk age group (under 5
years) is 86.5 percent for three or more inocu¬
lations. The effectiveness ratio declines as age
increases: 77 percent for the group 5-9 years,
60.1 percent for the group 10-19 years, and so
on. The small number of cases in the older age
groups makes such figures less meaningful, but
there is little doubt that the vaccine was effec¬
tive in the high-risk preschool age group.

Discussion
The epidemiologic data show clearly that the

paralytic poliomyelitis outbreak in Baltimore
in 1960 was localized to the preschool, unvac-
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cinated, nonwhite, inner city, and lower socio-
economic groups. The pattern agrees with the
urban epidemic picture noted consistently in the
United States since 1955 (5-11), all but one of
the other epidemics being type 1. For Balti-
more City, it represented a change to greater
involvement of nonwhites in comparison with
the epidemics of 1941, 1944, 1950, and 1953.
On the question of whether type 3 poliovirus

produces more severe disease and higher inci-
dence of bulbar involvement than other polio-
virus types, the Baltimore epidemic offered
these findings: The paralytic fatality ratio was
similar to that of its acknowledgedly severe
predecessor in 1944, and the percentages of both
cranial nerve involvement and respiratory fail-
ure were higher than usually seen (18). Most
of the cases of resp?ratory failure were treated
at Baltimore City Hospitals with advanced
methods of tracheotomy and respirator manage-
ment, which may well have reduced the death
rate (21). It is difficult, however, to demon-
strate that these characteristics were a function
of poliovirus type. Both cranial nerve involve-
ment and respiratory failure were greater than
in Washington, D.C., in 1957, the next largest
urban type 3 outbreak recently studied in this
country (5). On the other hand, a high inci-
dence of cranial nerve involvement (37 percent)
and a high paralytic fatality ratio (7 percent)
were also seen in the Providence, R.I., epidemic
of 1960 (11), which was due predominantly to
type 1 poliovirus.

It does not seem, therefore, that at present
any clearly predictable pattern of severity or
clinical syndrome can be correlated with polio-
virus type. It is known that epidemics vary in
severity (for example, in Baltimore from 1935
to 1960), percentage of bulbar involvement-a
range of 2.5 to 100 percent in one review (22)-
and age distribution. It is also known that each
virus type varies in antigenicity and virulence
from strain to strain (23, 24). As the combined
epidemiologic and virologic study of poliomye-
litis epidemics and further correlative studies
are completed, it should be possible to assess
more clearly the degree of association between
virus type and epidemic behavior.
There was no marked indication, as was seen

in Massachusetts in 1959, that the Salk vaccine
was significantly less effective for type 3 polio-

virus. In 1960, when national vaccine effective-
ness was estimated at 91 percent for the age
group 0-4 years (against all three virus types)
for three or more doses (25), a similarly com-
puted estimate for Baltimore's predominantly
type 3 outbreak was 86.5 percent for children
under 5 years (three or more doses). For older
age groups, the effectiveness ratio estimate was
much lower, but these values are relatively
meaningless because of the small numbers of
cases. Also because of the small numbers of
cases and because of imprecise data on the years
in which vaccinations were performed, no at-
tempt was made to relate degree of protection
to the year of vaccination. It seemed evident
that the protective value of the vaccine against
type 3 paralytic disease was amply demon-
strated in the high-risk preschool age group.

Summary

In 1960, Baltimore experienced an epidemic
of paralytic poliomyelitis due predominantly
to type 3 poliovirus. It was the first large out-
break of poliomyelitis in the city since the
introduction of mass immunization and the
largest known type 3 urban epidemic reported
in this country to date.
The epidemic was localized to the younger

age groups (particularly preschool children),
nonwhites, the unvaccinated, and the socioeco-
nomically deprived areas of the inner city.
The clinical syndrome was characterized by a
high percentage of both cranial nerve involve-
ment and respiratory failure. The paralytic
case fatality ratio was 6.2 percent.
Comparison of the epidemic characteristics

with those of other outbreaks in which the pre-
dominant causative poliovirus type was known
failed to show any clearly predictable pattern
of epidemic behavior that could be correlated
with poliovirus type. There was no marked
indication that the Salk vaccine was less ef-
fective in protecting against type 3 paralytic
disease.
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Group Health Institute
The 12th annual Group Health Institute, sponsored by the Group

Health Association of America, Inc., will be held May 14-16, 1962, in
Washington, D.C. The institute is being held in conjunction with
the annual meeting of the GHAA, which recently moved its head-
quarters to Washington from Chicago.
The main theme of the institute will be "Achieving Better Health

Through Group Practice Prepayment."
Further information regarding the program and advance registra-

tion is available from: Group Health Institute, %Yo Group Health As-
sociation, Inc., Frank J. Morris, 1025 Vermont Ave. NW., Wash-
ington 5, D.C.

Vol. 77, No. 4, April 1962


