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A diphtheria epidemic in a small central
Texas community centered in the elemen-
tary school. Epidemiological investigation at
the school included throat cultures and im-
munization histories of 306 of the 310 stu-
dents and staff. Of these, 104 (34%) had cul-
ture-proven diphtheria infections; 15 were

symptomatic cases and 89 were carriers.
There was no statistical difference in the risk
of diphtheria infection among those with
full, lapsed, inadequate, or no previous diph-
theria immunizations. However, the risk of
symptomatic diphtheria was 30 times as

great for those with none, and 11.5 times as

great for those with inadequate immuniza-
tions as for those fully immunized. Diph-
theria toxoid helps prevent symptomatic dis-
ease but does not prevent the carrier state
nor stop the spread of infection. Identifying,
isolating, and treating carriers are very im-
portant aspects in the control of diphtheria
outbreaks.

w ith the increase in the number
of cases of diphtheria in the
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Table 1.—Definitions of Immunization Status*

Status Definition
Full Primary series (three or more injections), or

a primary series plus a booster, completed within
ten years.

Lapsed Primary series, or a primary series plus booster,
completed more than ten years ago.

Inadequate Uncompleted primary series (less than three injections)
at anytime.

None No diphtheria toxoid ever received.
* Adapted from the Center for Disease Control.4

United States during the past few
years, the effect of immunization on

the control of outbreaks has become
an important question. In the Austin,
Tex, diphtheria epidemic of 1967-
19691 cases continued to occur despite
the administration of 155,200 doses of
diphtheria toxoid and the con¬
comitant rise in immunization levels
of school age children from 68% to
89%. Data from the Austin outbreak
suggested that a large reservoir of
carriers was important in the contin¬
ued transmission of Corynebacterium
diphtheriae. Other diphtheria out¬
breaks have shown that epidemics oc¬
cur in populations with high immuni¬
zation levels.2-4 A diphtheria outbreak
in an elementary school in Elgin, Tex,
in the spring of 1970 provided an op-

portunity to study the effects of im¬
munization on carriers and on the
control of an epidemic situation.

Materials and Methods
When it became obvious in the Elgin

diphtheria epidemic (Older JJ et al, unpub¬
lished data) that cases were clustered in
the elementary school, a special throat cul¬
ture and immunization survey was begun
there. Throat cultures were obtained from
and immunization status was determined
for 306 of 310 students and staff. Throat
swabs were taken on three separate occa¬

sions from each person: April 7, April 17,
and May 4. These were streaked on Loeff-
ler blood serum or Pai medium and in¬
cubated overnight. Cystine tellurite blood
agar and Tinsdale medium were used for
isolation, Elek-King agar diffusion plates
were used for toxigenicity determination.

Immunization status information was
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obtained by personal interview and review
of available school and medical records.
The status of each person classified as

"adequate," "lapsed," "inadequate," and
"none," according to the definitions of the
Center for Disease Control5 (Table 1).

Any person with a sore throat or other
symptoms compatible with diphtheria and
a positive culture for C diphtheriae orga¬
nisms was classified as a "case." A person
without symptoms but who had a positive
throat culture for C diphtheriae organisms
was classified as a "carrier." The term "in¬
fection" applied to anyone with a positive
culture regardless of his clinical state and,
therefore, included both cases and carriers.

Results

When diphtheria was first diag¬
nosed in the elementary school, 67%
of the children and staff were already
fully immunized, and 97% had had at
least one dose of diphtheria toxoid.
The first case in the elementary
school population was diagnosed in
late February 1970, and by April 8,15
cases had occurred (Figure).

Throat cultures were done on 306
children and staff; toxigenic C diph¬
theriae, gravis type, was isolated
from 104 (34%). Fifteen of these (14%)
were cases, and 89 (86%) were car¬
riers. There was no statistical differ¬
ence in the risk of diphtheria infec¬
tion among those with full, lapsed,
inadequate, or no previous diphtheria
immunization (Table 2). However, the
risk of becoming a case was 30 times
as great for those with no immuniza¬
tion and 11.5 times as great for those
with inadequate immunizations as for
those with full diphtheria immuniza¬
tion (Table 3). Among the 104 in¬
fected with C diphtheriae, the risk of
being symptomatic was 13.3 times as

great for those inadequately immu¬
nized and 37.0 times as great for
those with no previous immunizations
as for those who were fully immu¬
nized (Table 4).

Comment

The importance of carriers in the
spread of diphtheria was well docu¬
mented by Doull and Larae in the

Wee! 3 10 17 24 31  7 14 21
Ending January February

Week of Diagnosis
Diphtheria cases in Elgin, Tex, elementary school, spring 1970.

Table 2.—Immunization and Culture Status of Students and Staff,
Elgin, Tex, Elementary School, Spring 1970

Culture Status Diphtheria Infection
,-»-, Attack Rate

Immunization Status Positive Negative Total (per 100)
Full 73 132 205 35.6
Lapsed 0 4 4 0
Inadequate 28 59 87 32.4
None 3 7 10

~
30.0

Total ÏÔ4 202 306 34X)

Table 3.—Immunization Status of Diphtheria Cases,
Elgin, Tex, Elementary School, Spring 1970

Diphtheria Case
No. Attack Rate

Immunization Status Cases at Risk (per 100)
Full 2 205  )
Lapsed
Inadequate 10 87 11.5
None 3 10 30.0
Total 15 306 4.9

Table 4.—Risk of Symptoms and Immunization Status of Students and Staff
With Positive Diphtheria Cultures, Elgin, Tex, Elementary School, Spring 1970

Symptom Attack
Symptomatic Asymptomatic Total Rate (per 100 Relative

Immunization Cases Carriers, Infected Positive Cultures) Risk
Full 2 71 73 2.7
Inadequate 10 18 28 35.8 _13.3
None 3~ 0 3 100.0 37.Ö
Total Î5 89 104 14.4

Downloaded From: http://archpedi.jamanetwork.com/ by a University of Iowa User  on 06/02/2015



early 1920s. In very thorough investi¬
gations, only about 20% of diagnosed
diphtheria cases could be traced to
another suspected case, and the re¬

maining 80% of the cases were attrib¬
uted to asymptomatic carriers in the
population. Recent epidemics in Aus¬
tin1 and Elgin,5 Tex, provided ample
evidence that carriers continue to
play a very important role in the
transmission of diphtheria.

When diphtheria toxoid became
available, it was generally believed
that it induced immunity that pro¬
tected individuals from symptomatic
illness but not from asymptomatic in¬
fection. This was based on the obser¬
vation that immunity is related to the
neutralization of toxin elaborated by
C diphtheriae and not interference
with diphtheria infection.

In 1936, Frost et al7 alluded to a

paucity of observations on record con¬

cerning antitoxic immunity and the
carrier state. Nonetheless, he stated
that the limited data suggested that
there is little, if any, difference be¬
tween those individuals with and
those without antitoxic immunity in
their risk of becoming infected.

More recently, Tasman and Lans-
bergK put forth the hypothesis that
toxoid use reduces the number of car¬
riers. This is based on surveys that

showed a steady decline in the preva¬
lence of carriers. Since toxoid immu¬
nization does prevent cases and since
cases are more contagious than car¬

riers," the decline in carriers could be
due to the decrease in contagious
cases rather than to the direct effects
of immunization.

The findings in Elgin corroborate
the assumptions of Frost et al7 and
show that there is no difference in the
risk of diphtheria acquisition among
those with full, lapsed, inadequate,
and no immunizations. However, ,they
also demonstrate the value of immu¬
nization in reducing the risk of dis¬
ease and show that the protection
against symptomatic illness afforded
those infected with C diphtheriae is
directly related to their immunization
status.

Some authors9 have estimated that
if 70% or 80% of the population were

adequately immunized against diph¬
theria, spread of diphtheria would be
prevented. However, diphtheria out¬
breaks have been described in popu¬
lations with as much as 94% of the
people being previously immunized.24
These outbreaks, the known impor¬
tance of carriers in the spread of
diphtheria, and the demonstrated
failure of toxoid to prevent the car¬
rier state lead us to conclude that the

concept of herd immunity is not ap¬
plicable in the prevention of diph¬
theria. A high level of community
immunization will not stop the trans¬
mission of diphtheria, but it will limit
the number of contagious cases. At
the first appearance of a diphtheria
case, control activities should be di¬
rected toward identifying, isolating,
and treating carriers, as well as
toward immunizing persons with less
than full immunization status. This
dual approach will reduce or eliminate
the spread of infection by reducing
the number of carriers, and it will re¬
duce the number of cases by improv¬
ing the immunization status of ex¬

posed individuals.

Roy Morris, MD, Elgin city health officer,
treated the majority of cases and arranged for
treatment of carriers; Milton Saxon, Elgin school
superintendent, and Eva C. Danklefs, Elgin
school nurse helped arrange culture surveys; M.S.
Dickerson, MD, coordinated federal, state, and
local assistance and support; Will Callihan as¬
sisted in culture surveys, interviews, and immu¬
nization of patients; Jesse V. Irons, ScD, and
Carl D. Heather, DVM, coordinated state labora¬
tory assistance; H.D. Bredthauer and Lucie M.
Hickman, Texas State Department of Health,
processed bacteriological specimens; and Wallis
Jones, PhD, Susan Bickham, Géraldine Wiggins,
and Jane McLaughlin, Laboratory Division, Cen¬
ter for Disease Control, Atlanta, processed speci¬
mens and performed all typing of C diphtheriae
organisms. All isolates from the initial throat
cultures were typed by the Bacteria Immunology
Unit, Center for Disease Control.
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