
Coxsackie Viruis Antibody and Incidence of

Minor Illness During the Summer

By MARY WALTON, M.D., Dr.P.H., and JOSEPH L. MELNICK, Ph.D.

THE ROLE of Coxsackie viruses in human
illness is not fully understood. The ex-

istence of 16 antigenic types of these agents
with varying pathogenic potential for the
nouse has suggested to some that we may
actually be dealing with an assembly of agents
loosely grouped together rather than with
inembers of a single family (1-5). These
agents have been isolated from patients with a
variety of illnesses, and evidence has been pre-
sented for identifying certain members, for
example, types A2 (Fleetwood) and A4
(Texas-1), as the etiological agents of herpan-
gina (6) and others, for example, Bi (Conn.-5)
and B3 (Nancy) as those of pleurodynia (epi-
demic myalgia, Bornholm disease) (7, 8). Al-
though many of these agents have been isolated
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from patients simultaneously infected witlh
poliomyelitis virus, or from flies also carrying
poliomyelitis virus, the role of the Coxsackie
viruses in the etiology of the disease entity
known as poliomyelitis remains obscure (1, 2,
3, 9,10). The present study was undertaken to
gain further information on this group of
viruses and their possible relationship to minor
illnesses of poorly defined nature which are
commonly seen during the summer months.
The observations presented were made as a

part of the study of poliomyelitis which is be-
ing conducted in Charleston, W. Va.
Laboratory studies of the development of

poliomyelitis antibodies and measurement of
the incidence of acute unclassified infectious
illness have been undertaken in an attempt to
define more accurately the epidemiology of
poliomyelitis, the pattern of which is confused
by the high ratio of mild or inapparent to ap-
parent infections. The prevalence of the Cox-
sackie viruses and the confusion resulting from
their epidemiological similarity to the polio-
myelitis viruses led us to attempt to describe
the incidence of infections with these agents
and to investigate the association with the inci-
dence of summer illness in children. The events
which occurred during the summer of 1951 in
Charleston are described.

The Study Areas

Relatively homogeneous population groups
selected on the basis of certain characteristics
of environment and socioeconomic status have
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been under continuous observation since the
spring of 1950. District I in Charleston is com-
posed of approximately 900 persons in 200
households in the north central part of the city
(fig. 1). In general, the environmental sanita-
tion is poor. The area is not provided with
sanitary sewers. The common method of dis-
posal of human excrement is the insanitary
privy. A small stream runs through the area
receiving surface waste from overloaded cess-
pools and septic tanks and wash from the
privies. The fly-breeding potential is high.
Economic status is generally low. Families'are
rather large, averaging 4.5 persons. Housing
is substandard and crowded. There appears to
be ready opportunity for spread of infectious
agents by either ano-oral or respiratory routes.
District IV is composed of about 1,300 persons
in 420 families of middle to upper-middle socio-
economic status living in the southeastern part
of the city. Environmental hygiene is stand-
ard. The fly-breeding potential is low. Aver-
age family size is 3.2 persons. Housing is ade-
quate and not crowded. Personal hygiene prac-
tices are generally good.

Methods
Incidence of acute minor illness has been

measured since the spring of 1950. Morbidity
data are obtained from an adult informant in
each household by trained lay interviewers at
4-week intervals. Informants are questioned
as to the presence or absence in each member of
the household of specific symptoms beginning
in the 4 weeks preceding interview. Symptoms,
duration, family diagnosis, and a measure of
severity are recorded. Severity is measured by
the amount of interference with usual activity
and is classified as "no reduced activity," "re-
duced activity," and "in bed." A variable but
always substantial portion of illnesses reported
falls into the first category. Minor illnesses in
the first two groups rarely come to the atten-
tion of physicians or health agencies, and thus
would not be recorded by any of the usual
reporting mechanisms. Incidence rates are,
therefore, not comparable with rates obtained
through ordinary channels. The schedule of
enumeration is arranged so that comparable
samples of each population are interviewed each
week. The enumerators are regularlv rotated

CHARLESTON AND SOUTH CHARLESTON

Figure 1. Location of the study areas.

to avoid bias which may result from differences
between interviewers.
Laboratory data consist of measurements of

complement-fixing (C-F) antibodies to each of
four antigenically distinct Coxsackie viruses in
paired serums collected in May and November
of 1951 from the population under observation
in the two districts. The method used for dem-
onstrating antibody has been described (12).
A "positive" serum is one reacting at a dilution
of 1: 4 or greater. A "negative" serum is one
which fails to react at a dilution of 1: 4. Anti-
bodies to the following virus types were
studied: Bi (Connecticut-5), B3 (Nancy), A4
(Texas-1), and A2 (Fleetwood). The classifi-
cation of Coxsackie viruses has been discussed
recently with a comparison of nomenclature
used by Dalldorf (3), Huebner (4), and by one
of us (5). A rise in C-F antibody is regarded
as evidence of relatively recent infection with
a Coxsackie virus (12, 13, 16). Even though
there are at least 16 immunologically distinct
Coxsackie viruses (5), there is evidence of
crossing between them in the complement fixa-
tion reaction, so that in individual cases anti-
body rises to types other than the one isolated
have been demonstrated (12, 13). The average
time of persistence of detectable levels of C-F
antibody after infection is not certain but it is
known to be variable. It may persist for a
year or more; on the other hand it is possible
that sometimes it may be of such short duration
that a rise could have occurred in some of these
individuals and could have disappeared be-
tween the spring and fall bleedings (12,13,16).
Grab samples of sewage were collected to pro-

vide an index of Coxsackie virus infection in
the community. Samples were obtained regu-
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Table 1. Prevalence of C-F antibody to four types of Coxsackie virus. Paired serums from age
samples of two study districts in Charleston, W. Va., 1951

District I

Conn.-5 (type B1) Type A2 Texas-i (typeA(tpe B3)

Age 0A Number Percent Number Percent Number Percent Number Percent
o positive positive positive positive positive positive positive positive

,04 as.
Pk 2 rz W mi)~ PI4 Wi Pk W4(i i

1-4 -22 6 19 27 86 3 16 14 73 5 8 23 36 4 6 18 27
5-9 -32 19 30 59 94 7 16 22 50 17 17 53 53 13 11 41 34
10-14 --9 8 8 89 89 1 3 11 33 6 3 67 33 3 2 33 22

Total 1-14 - 63 33 57 53 91 11 35 17 56 '8 28 44 44 20 19 32 30

15±- 20 12 13 60 65 2 4 10 19 3 4 14 19 10 6 50 30

District IV

1-4 - 28 3 10 11 36 7 9 25 32 3 10 11 36 2 2 7 7
5-9 -1------------------- 56 24 30 43 54 17 23 30 41 33 32 60 58 11 5 20 9
10-14 -____--_ ----_ 20 6 6 30 30 3 7 15 35 14 9 70 45 6 2 30 10

Total 1-14 - 1104 33 46 32 44 27 39 26 37 50 51 49 49 19 9 18 9

15± - 42 30 23 71 55 4 9 10 22 16 13 38 31 24 11 57 26

One Texas pair incomplete.

larly every 2 weeks during the winter months,
and weekly, beginning in May, from lines serv-
ing the population of district IV and other resi-
dential areas in Charleston and two adjacent
towns in the metropolitan area. Weekly privy
samples were collected in district I beginning
in May. The sewage specimens from each area
were run in two pools per month. Privy speci-
mens were run in two pools per month from
each of four sections of district I. A descrip-
tion of the methods of collection and of testing
these samples will be presented elsewhere.

Results

Table 1 and figure 2 show the prevalence of
C-F antibody to the four types of Coxsackie
virus in the spring and fall of 1951 in the popu-
lations in the two study districts. Only paired

specimens are included. Curves are a result of
both conversion and reversion between spring
and fall. Many individuals developed anti-
body to more than one type (table 2). It will
be noted that in both districts the prevalence of
C-F antibody to three types of virus rose during
the summer while antibody to the fourth type,
Nancy, was less prevalent in the fall than in
the spring. No person developed antibody to
Nancy alone. The age pattern for each type
was different, both in spring prevalence and in
change in prevalence between spring and fall.
Table 3 shows rates of conversion from nega-

tive to positive during the summer for each
type. In both districts, the rate was highest
for the Connecticut-S type. The rate of devel-
opment of antibody to both Connecticut-5 and
type A2 was substantially higher in district I
than in district IV. If conversion rate is an
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CHARLESTON - 1951

1-4 5-9 10-14 15I- 1- 4 5-9 10-14

* SPRING AGE IN YEARS *-- FALL

Figure 2. Age distribution of C-F antibodies to
four Coxsackie viruses.

indication of extent of spread, then during the
summer of 1951 Coxsackie virus spread much
more extensively in district I than in district
IV. Similar observations have been reported
on development of C-F antibodies to the
Texas-1 type virus in an urban population dur-
ing the summer months and its relationship to
socioeconomic status and environment (14).
The association between the development of

C-F antibody, or conversion, and reported mor-
bidity in individuals and households was in-
vestigated. In district I the conversion rate
was so high that it is not possible to observe
any association between morbidity and indica-
tion of the presence of infection with one or
more types of Coxsackie virus during the sum-
mer period. There were only three households
in which no pair of serums became positive to
one of the Coxsackie viruses. Households with
no conversion in Coxsackie virus antibody had
no member with a negative complement fixa-
tion to Connecticut-5 in the spring. Only 1
child under 10 years of age had no C-F antibody
in the spring or fall to any of the 4 types.
In district IV, the presence of households in

which no individual tested developed antibody

Table 2. Number of positive C-F antibodies per person in spring and number of conversions per
person during summer, 1951

District I

Num-
Age ber Total number Number of new C-F anti- Total with

tested Number of positive C-F tests per with 1 or more
person in spring morC-F tests suimmer and fall conversions

0 1 2 3 4 Num- Per- 1 2 3 4 Num- Per-ber cent ber cent1

1-4-- 22 10 8 3 0 1 12 55 4 7 6 0 17 81
5-9 - 32 7 9 6 5 5 25 78 5 5 4 1 15 56
10-14 9 1 2 3 2 1 8 89 1 1 0 0 2 25
15+ -- 20 6 5 5 4 0 14 70 2 3 0 0 5 25

District IV

1-4- 29 21 4 2 1 1 8 28 10 3 1 0 14 50
5-9-56 8 24 12 11 1 48 86 12 3 1 0 16 29
10-14-- 20 2 10 5 3 0 18 90 5 1 0 0 6 30
15+- 44 8 9 15 9 3 36 82 8 0 0 1 9 22

1 Percent of persons with one or more negative C-F tests in spring.
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Table 3. Rate of development of C-F antibodies to four Coxsackie viruses in paired serums from
a sample of the population in two study districts in Charleston, W. Va., 1951

District I

Connecticut-5 Type A2 Texas-i Nancy

Age |Num- Num- Con- Num- Num- Con- Num- Num- Con- Num- Num- Con-
her her ver- her her ver ber ber ver- ber ber vr

nega- psi-sion ng-sion ngsion nea poi soinega- | tive, | rate pnoesga-i rate aneg- posi- rate nega- |)051- rate
sping, tive, (e- tiv~e, tive1, (per- tive, tive, (per- tive, tive,(prspring |fall |(per- spring |fall|(pent sprin g |fall | cen pig|fall| (pe,nt

cent) spigcent) spn al cent) spring fal cent)

1-4 -16 14 87 19 13 68 17 4 24 18 5 28
5-9 -13 11 85 25 11 44 15 4 27 19 5 26
10-14 -_----1 1 100 8 2 25 3 0 0 6 0 0

Total -14 - 30 26 87 52 26 50 35 8 23 43 10 23

15+- , 8 3 37 19 2 10 18 2 11 10 1 10

District IV

1-4 - 25 8 32 21 3 14 25 7 28 26 1 4
5-9 -32 10 31 39 7 18 22 3 14 45 1 2
10-14 - 14 3 21 17 4 24 6 0 0 14 0 0

Total -14 - 71 21 30 77 14 18 53 10 19 85 2 2

15+------------------- 12 2 17 37 6 16 26 3 12 18 1 6

Rate of loss of C-F antibodies

District I

Connecticut-5 Type A2 Texas-] Nancy

Age } Num- Num- Rever- Num- Num- Rever- Num- Num- Rever- Num- Num- Rever-

ber ber sion ber ber sion ber ber sion ber ber sion
posi- nega- rate posi- nega- rate posi- nega- rate posi- nega- rate
tive, tive, (per- tive, tive, (per- tive, tive, (per- tive, tive, (per-

spring faU cent) spring fall cent) spring fall cent) spring fall cent)

1-14 33 2 6 11 2 18 28 7 25 20 11 55
15+ - 12 2 17 2 0 0 3 1 33 10 4 40

District IV

1-14 -- 33 7 21 27 2 7 50 9 18 19 12 63
15+ -30 9 30 4 1 25 16 6 37 24 14 58
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Table 4. Reported incidence of total unclassi-
fied acute minor illness in children under 10
years of age

Households with Households with-
conversions 1 out conversions 2

Month
Nu ~~Rate Nu- RateNbu- Cases (per-

Num- Cases (per-ber cent)
br

cent)

May ---- 42 8 19 39 14 36
June-41 5 12 36 3 8
July-36 9 25 30 7 23
August- 38 19 50 32 12 38
September- 43 14 33 39 12 31
October-43 27 63 38 10 26

1 Children in 21 households in which 1 or more
persons under 10 developed C-F antibody between May
and November 1951.

2 Children in 25 households in which no person
showed rise in C-F antibody.

NOTE: All populations are average number of chil-
dren present per week during the month.

permits a comparison of minor morbidity be-
tween individuals and groups who did and did
not show a rise in C-F antibody to one or more
of the types of Coxsackie virus tested during
that season. Households in which paired se-
rums showed rises to type 2 poliomyelitis virus

have been excluded. Since infection with a

Coxsackie virus spreads in households (1, £, 6,
10, 11, 15), the association between evidence
of infection in households and incidence of ill-
ness was investigated. Table 4 shows the total
incidence by month of onset of acute minor ill-
ness in children under 10 years of age in house-
holds in which one or more persons, including
at least one child under 10, developed antibody
to one or more of three types of Coxsackie virus
compared with the morbidity reported in chil-
dren in households in which serum pairs were

tested for children under 10 and no develop-
ment of antibody was demonstrated. Only
unclassified acute minor illness has been in-
cluded. The common acute communicable dis-
eases of childhood, chickenpox, measles, and
mumps, and such conditions as summer sores,

impetigo, poison ivy, pinkeye, reactions to im-
munizations, accidents, and injuries have been
excluded. The peak of summer morbidity was

in August. Rates in July and September were

slightly higher than those in May and June.
Incidence of total minor morbidity was also
high in October in children in converter house-
holds. August incidence appeared to be slight-
ly higher in converter households but differ-
ences between the two groups were not notable.
Table 5 shows the symptoms reported in the

children with an unclassified acute minor ill-

Table 5. Individual symptoms reported in August 1951 by children under 10

Type of household
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Table 6. Illnesses with fever or sore throat reported July-October 1951 in individual children with
a rise in antibody to a Coxsackie virus

1-5 years 6-14 years

Conn.-5 Conn.-5
Conn.-5 +Texas- Texas- Total Conn.-5 + Texas- Type Total
only 1 or 1 only only 1 or A2 only

type A2 type 2

Number of children -6 3 5 14 5 3 6 14
Number with fever or sore throat- 6 2 5 13 2 0 0 2
Fever -5 2 5 12 1 0 0 1
Sore throat-3 1 2 6 1--- 1
Usual activity- 1 --- 1 2--- 2
Reduced activity -1 1 2 4-
In bed -4 1 3 8 -_
Month of onset:

July -2 2-
August --- 4 1 2 7 2--- 2
September -2 1- 3 -

October -|--------- 1 1 --------1----------------------

I Children who showed rises in C-F antibody to type 2 poliomyelitis virus have been excluded from both
groups.

ness during the peak month of August. The
symptoms listed are those regarding which
specific questions were asked. Other symptoms
included earache, upset stomach, and additional
respiratory symptoms. There was no report
of chest or pleuritic pain. A significant excess
of fever was reported by children in households
with conversions. Sore throat and vomiting
were also present in some excess in this group.
In one block in district IV, not included in the
spring serum collection, type A2 Coxsackie
virus was isolated in July from each of six
children tested during a study of a localized
excess of acute minor illness. Five of the six
tested plus one household contact reported sore
throat and fever. This experience is described
in the accompanying report.
A summary of acute minor illnesses reported

in individual children who developed antibody
is shown in table 6. The children have been
separated into two age groups, and illnesses are
listed by type of Coxsackie virus to which C-F
antibody developed. Five children, 1 to 3 years
of age, developed antibody to Texas-1 only.
All reported febrile illness during the interval
between bleedings, 2 in July, 2 in August, and
1 in October. All were too sick for normal ac-

tivity and 3 were in bed. Two reported sore
throat, 1 vomiting, and 1, the 3-year-old, com-
plained of headache. Six children, 5 to 12 years
of age, developed antibody to type A2 only.
In this group no fever or sore throat was re-
ported. Three had attacks of vomiting in Oc-
tober. Among the individual children 1
tlhrough 5 years of age showing a rise in C-F
antibody to the Connecticut-5 virus, 7 out of 9
had a febrile illness in August or September, 4
had sore throat, 4 reported vomiting, and 3
headache. Classified by severity, one of the ill-
nesses caused no reduction in the child's activ-
ity, two produced reduced activity, and 5 of the
children were in bed. Of 8 children 6 to 14
years of age showing a rise in antibody to the
Connecticut-5 virus, 1 reported sore throat and
another reported fever. It is interesting to
note that 13 of the 14 children of ages 1 through
5 had fever, sore throat, or both; only 1 of the
14 in the older group reported fever and .1 com-
plained of sore throat.
Table 7 shows the number of illnesses in the

children in each group of households in which
fever or sore throat was reported as symptoms.
There were 22 such illnesses in the children in
households with conversions (average popula-

Vol. 68, No. 12, December 1953 1173



Table 7. Incidence in 1951 of unclassified acute
minor illness with fever or sore throat in chil-
dren under 10

Households Households
with without

conversions conversions
onth-

Nu ~~Rate Nu- Rte
Num- Cases (per- Nuem- Cases (per-

r cent) cent)

May
June
July-
August--
September
October

42
41
36
38
43
43

2
2
4
14
8
7

5
5

11
37
19
16

39
36
30
32
39
38

5
0
2
2
1
2

13
0
7
6
3
5

incidence of total unidentified illness and of
those illnesses in which fever or sore throat
was reported are shown in tables 8 and 9, com-
pared with reported nmorbidity in the children
in "conversion" and "no conversion" house-
holds. Rates for July are similar for the three
groups. In August the children in households
in which one or more developed C-F antibody
reported a higher incidence of unclassified
acute minor morbidity than did the whole popu-
lation, especially of illnesses with fever or sore
throat. These children, about 10 percent of the
total population, accounted for nearly 25 per-
cent of the total fever and sore throat incidence.

Discussion

tionl, 41) in August and September while among
those in households with no conversions (aver-
age weekly population, 35) only 3 were noted.
The rates for May, June, and July are similar
in the two groups. In October, the difference
is within chance range. The weekly incidence
of illness with sore throat or fever in each
group of children is shown in figure 3. Such
illnesses in the children in households with
antibody rise appear to be concentrated in the
latter part of August (calendar weeks 33-35).
There is also a little concentration in weeks
28-31, the period during which the block out-
break described in the accompanying paper
occurred. As also shown in figure 3, Cox-
sackie virus was isolated from the sewage
from District IV in the latter part of July and
again in the first half of September. Pools of
August collections were negative. Sewage from
other areas in the community was positive in-
termittently from the first half of July until
mid-October.
The average population under 10 years of

age in district IV was about 380 during July
and August. The total incidence of acute
minor illness reported during this midsummer
period, excluding accidents and injuries, was 28
per 100 in July and 37 per 100 in Au-
gust. About 6 cases per 100 in each month
were identified as mumps, impetigo, pinkeye,
or other miscellaneous entities. The remainder
fell into an unclassified group. The monthly

The development of the C-F test for detec-
tion of antibody to the Coxsackie viruses has
made available a tool which can be used to meas-
ure infection with these viruses in population
groups. The test has the advantage of being
relatively inexpensive, so that large scale ob-
servations are feasible. It lacks type specific-
ity, however, to the point that in individual
cases the type of the infecting virus cannot be
determined. In spite of this limitation, the use
of this technique may be of value in indicating
broad epidemiological patterns of infection
with this group of viruses. Combined with lim-
ited use of more specific but costlier methods of
virus isolation and typing and studies of neu-
tralizing antibody, it may permit adequate
studies of the epidemiological and clinical char-
acteristics of infection. The data presented
here indicate both the usefulness and the limi-
tations of the method.

Indew of Icidence of Infection
The prevalence of Coxsackie C-F antibody

in population groups should be an index of the
incidence of infection during the period of av-
erage persistence of the antibody (14). The
observations show that Coxsackie infection was
common in Charleston prior to the first serum
collection. In each district over 70 percent of
persons tested had C-F antibody in the spring
to one or more of the four types studied (table
2). The prevalence of antibody was not sig-
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CHILDREN IN HOUSEHOLDS WITH NO RIS,E IN ANTIBODY TO A COXSACKIE VIRUS

1o01oI0 ,n
is 20 22 24 26 28 30 32 34 36 38 40 42 44

CHILDREN IN HOUSEHOLDS WITH RISE IN C-F ANTIBODY TO A COXSACKIE VIRUS
ILLNESS IN CHILD

5 WITH RISE IN ANTIBODY
6 " 4 _ 1F ILLNESS IN CHILD WITH NO TEST

°61 [j1 1 O/ ILLNESS IN CHILD
a - 3 -1 I- /WITH NO RISE IN ANTIBODY

FolT F]ni --i el I:* l0.. o m IFO
le 20 22 24 26 28 30 32 34 36 38 40 42 44

WEEK OF ONSET

MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER

Di - - + + + - - -

DISTRICT + + + + +

X - - - - + + - + + -_............

C. VIRUS ISOLATIONS FROM WEEKLY GRAB SAMPLES OF SEWAGE FROM 3 AREAS
IN CHARLESTON (3, B, C,) AND ADJACENT TOWN (X) AND WEEKLY PRIVY SAMPLES
FROM DISTRICT T, CHARLESTON.

Figure 3. Weekly incidence of illness with sore throat and/orfever in households, and seasonal dis-
tribution of Coxsackie viruses in the area.

nificantly different in age groups over 4 years
in either district or between the two population
groups. Children 4 years of age or under in
district I, the insanitary area, had C-F anti-
body to one or more of the viruses in somewhat
higher prevalence (55 percent) than those in
district IV (28 percent), an area with standard
environmental hygiene. Prevalence of anti-
body tended to increase with age to about 14
years, after which the level remained essen-
tially the same. It appears that infection was
still taking place in the adult population.
Since the average time of persistence of C-F
antibody after infection is not known, and the
picture is complicated by heterotypic responses,
yearly incidence rates cannot be estimated.
Even if detectable antibody persists longer than
a year, incidence of infections with this group
of agents must have been high at all ages
Incidence of infection with a Coxsackie virus

during the summer of 1951 was estimated by

study of C-F antibody to four types of virus in
paired serums collected in May and November.
Conversion from negative to positive is consid-
ered to be evidence of infection occurring in the
interval between serum collections. Sixty-
seven percent of children under 10 years of age
in district I and 36 percent of children of the
same age in district IV developed C-F antibody
to one or more of the types studied. Conversion
rates in persons age 10 and older was 25 per-
cent in both district I and district IV. In chil-
dren under 10 in district IV, 22 (73 percent)
of 30 conversions were to a single type; 6 chil-
dren developed antibody to 2 types and 2 chil-
dren to 3 types. In district I only 9 (28
percent) of 32 conversions were to 1 type.
Twelve children (38 percent) developed anti-
bodies to 2 types, 10 to 3 types, and 1 to all 4
types. It is known that in response to infection
with a 1 type of Coxsackie virus, rises in C-F
antibody may occur not only to the infecting
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type but also to heterologous types (12, 13,16).
The mechanism responsible for rise in heterolo-
gous antibody is not known, but it has been
suggested that it may be an indication of pre
vious infection with the type involved. This
explanation could account for the greater de-
gree of multiple rise in district I where spread
of infection appeared to be more extensive.
In spite of the frequency of development of

more than one antibody, the patterns of change
in prevalence between spring and fall were dif-
ferent for each type studied. One type, Nancy,
decreased in prevalence, with no rise to this type
alone and reversion of over half of the spring
positives to negative. It is reasonable to con-
clude that this type was not prevalent in
Charleston during the summer of 1951. In-
crease in C-F antibody prevalence to a second
type, Texas-1, was limited to the population
under 5 years of age. Single rises occurred only
in children of ages 1 to 3 in district IV and 1
adult in district I. No child under 4 in district
IV and only 1 in district I had C-F antibody to
Texas-1 in the spring. The conversion rate was
highest in antibody to Connecticut-5 virus and
occurred almost entirely in children under 15
years of age. Type A2 antibody prevalence was
lowest in the spring and increased in all ages
during the summer.
Whether or not one or more of the three vi-

ruses which showed increased antibody preva-
lence was causing infection during the summer
cannot be determined from the C-F evidence.
Coxsackie viruses were isolated from the sewage
from both districts and from other areas in and
around Charleston, but these strains have not
been typed. Type A2 virus was isolated from
stool specimens of 6 children with fever and
sore throat and 2 household contacts in a block

in district IV which was not included in the
serum collections. However, in the two study
districts, children with paired serums tested
showed a higher rate of development of C-F
antibody to Connecticut-5 than to type A2, and
single rises to both Connecticut-5 and Texas-I
occurred with no evidence of development of
antibody to type A2. It is likely that at least
1 type in addition to type A2 contributed to the
Charleston incidence, but whether or not either
Connecticut-S or Texas-1 were present is not
known.

Morbidity and Coxsackie Viruses

The children in district IV who developed
C-F antibody to one or more of the Coxsackie
viruses studied and their household contacts re-
ported more febrile illness and sore throat than
were observed in households in which paired
serums showed no rise in antibody. This ex-
cess in morbidity was most notable in August
and September. The clinical syndrome in
about half of the cases was similar to herpan-
gina (6). The others were less specific. No
chest pain or pleurodynia was reported. Seven
of the 14 cases in individuals with conversion
were associated with rise in antibody to the
Connecticut-5 type only, and 4 with rise in
Connecticut-5 plus either Texas-I or type A2.
Similarly, 4 of the 9 household contact cases
were associated with rise to Connecticut-5 only
and 3 with rises to Connecticut-S plus Texas-1
or type A2. Since virus was not isolated from
any of these individuals at the time of illness,
it is not possible to say positively that any type
of Coxsackie virus was responsible for the ill-
nesses or the development of C-F antibody. It
is interesting, however, and perhaps worthy of
further investigation, that while the greatest

Table 8. Incidence of unclassified acute minor illness in children under 10 years of age,
District IV, 1951
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Table 9. Incidence of unclassified acute minor illness with symptoms of fever or sore throat,
District IV, 19,51

Households with Households withoutAll children conversions conversions
Month-_ _ _ _ _ -- _ _ _

Number Cases (pracent) Number Cases ( Ra teNumber Cases (per

16cet (percent)
pret

July -373 39 10 36 4 11 30 2 7
August -388 61 16 38 14 37 32 3 9

number of antibody conversions were to the
Connecticut-5 virus, and the association of con-
version to Connecticut-5 with minor morbidity
was most marked, the minor illnesses reported
were herpangina-like. The Connecticut-5 virus
has been suggested as one of the etiological
agents of pleurodynia (7, 8). No symptoms
suggestive of this syndrome were reported.

Summary and Conclusions

1. Spring and fall prevalence of complement-
fixing antibodies to four antigenically distinct
Coxsackie viruses in paired serums collected in
the spring and fall of 1951 from two selected
population groups in Charleston, W. Va., is
presented with conversion rates for each age
group. Each population is relatively homo-
geneous, but the two differ in socioeconomic
status and environmental sanitation. Anti-
bodies to the following Coxsackie virus types
were studied: Connecticut-5 (Bi), Nancy (B3),
Texas-1 (A4), and type A2.

2. In spite of the fact that many persons
showed development of antibody to more than
one type of virus, each type shows a distinct and
different pattern of change in prevalence be-
tween spring and fall.

3. The conversion rate for the two types
which showed increase in prevalence at all ages
was definitely greater in the district character-
ized by substandard socioeconomic status and
environment.

4. In the district selected for good sanitary
environment and better than average socioeco-
nomic status, there appeared to be an associa-
tion between the development of antibody to one
or more of the Coxsackie viruses and the re-

ported incidence of unclassified acute minor
morbidity, particularly those illnesses with
symptoms of fever or sore throat in individuals
and family contacts under 10 years of age.

5. The incidence of unclassified acute minor
illnesses in the total population under 10 years
of age in this district during August was about
31 cases per hundred. Ten percent of the child-
ren, identified by laboratory study as indivi-
duals or household contacts of individuals who
developed complement-fixing antibody to one
of the Coxsackie viruses, reported incidence
rates higher than the rates for the total popula-
tion and accounted for about 25 percent of the
morbidity with symptoms of fever or sore
throat.
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Isolation of a Coxsackie Virus
During a Summer Outbreak
Of Acute Minor Illness

By JOSEPH L. MELNICK, Ph.D.,
MARY WALTON, M.D., Dr.P.H.,
and IRA L. MYERS, M.D.

C OXSACKIE VIRUSES have been isolated
from patients with a variety of illnesses

(1, R, 3). However, the characterization of
these viruses as the etiological agents of spe-
cific disease is not a simple matter. Extensive
and detailed investigations were required before
Huebner and his associates (4) were able to
demonstrate that certain members of the Cox-
sackie group could induce the clinical entity
known as herpangina. The fact that at least
16 antigenic types are included in the Coxsackie
group (5) confuses the problem. Additional
investigations combining epidemiological ob-
servations and laboratory study of specimens
collected in the field are necessary to elucidate
the role of these viruses in human illnesses.
One such investigation is recorded here.
The observations described were made as a

part of a study of the epidemiology of polio-
myelitis which is being conducted in Charles-
ton, W. Va. (See the preceding paper.) In
the last week of July 1951 an unusual inci-
dence of unclassified acute minor illness was
noted in a block in one of the study areas in
which households are regularly visited by in-

Dr. Myers, a commissioned officer of the Public
Health Service, was assigned to the Communicable
Disease Center poliomyelitis project, at Charleston,
W. Va., when a part of this study was in progress.
He is now with the Communicable Disease Center,
Atlanta, Ga. Biographical data for Dr. Melnick
and Dr. Walton will be found with the article by
them on p. 1167 of this issue.
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