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ABORATORY EVALUATION of the
efficacy of typhoid vaccine has generally
produced results which show little correlation
with those obtained in field-trial evaluation.
Hence, extensive field trials have been deemed
necessary to evaluate the various typhoid vac-
cines (I/-3). Recent advances in immuno-
logical methodology have demonstrated distinct
classes of immunoglobulins with differing bio-
logical activities (4).

The application of these techniques has
resulted in the detection of patients with im-
munoglobulin deficiencies who can produce
normal levels of gamma M antibody but who
cannot synthesize gamma G antibody (5).
These patients are extremely susceptible to
various bacterial infections, a sensitivity sug-
gesting that while gamma M antibody is able
to agglutinate with antigen in the laboratory,
it is unable to protect against infection.
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Furthermore, inmunogenic agents of unequiv-
ocal effectiveness, such as tetanus toxoid, diph-
theria toxoid, and poliomyelitis vaccine, result
in the formation of gamma G (7S) antibody
(6-8). These observations suggested that char-
acterization of the class of antibody response
might make it possible to predict in the labora-
tory how effective a vaccine will be.
LoSpalluto and associates demonstrated that
the O antibody formed in response to heat-killed
phenolized typhoid-paratyphoid vaccine was
entirely of the gamma M immunoglobulin type
(9). Since acetone-killed typhoid vaccine was
shown to be more effective than heat-killed
phenolized vaccine in field trials in British
Guinea and Yugoslavia (1, 2), a study of the
quality of antibody produced in response to
acetone-killed typhoid vaccine was undertaken
to determine whether the vaccine resulted in
the formation of gamma G (7S) anti-O anti-
body. Such data might account not only for
this vaccine’s greater effectiveness, but also sup-
port the hypothesis that immunoglobulin char-
acterization correlates better with protection
than do other laboratory procedures for evalua-
tion of the vaccine’s clinical effectiveness. '

Materials and Methods

Normal, healthy volunteers received two sub-
cutaneous injections of 0.5 ml. of freshly sus-
pended acetone-killed typhoid vaccine (lot No.
P-5, manufactured at the Walter Reed Army
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Institute of Research), 4 weeks apart. Blood
was drawn before and at the 1st, 2d, 4th, 6th,
and 8th weeks after the first injection of vac-
cine; the serum was then separated and stored
at —5° C. Antibody titrations were performed
by making twofold serial dilutions of the
serums, to which equal volumes of antigen were
added. Two sets of dilutions were made with
each serum. To one set, saline-suspended anti-
gen was added ; to the other, antigen suspended
in 2-mercaptoethanol (0.05 M) in saline. The
mixtures were incubated for 2 hours at 37° C.,
kept overnight at 5° C., and read the next day.
Titers were expressed as reciprocals of the high-
est dilutions showing gross agglutination. Su-
crose density gradient ultracentrifugation of
serums was done by the method of Kunkel and
associates (10). Antibody activity in the frac-
tions was assessed as just described. Immuno-

electrophoresis was done by the microtechnique
of Scheidegger, using specific goat antihuman
gamma A, gamma G, and gamma M globulins
from the Hyland Laboratories, Los Angeles,
Calif. (11).

Results

All of the volunteers had undergone previous
immunization and had some antibody at the out-
set of the study (see table). In all volunteers
except one, the control anti-H titers were re-
duced only one or two dilutions by treatment
with 2-mercaptoethanol (2-ME). The small
reduction suggests that the control antibody was
predominantly composed of gamma G (7S)
globulin. After antigenic stimulation, anti-H
titers increased in all the volunteers. In 7 of the
12, a fourfold or greater increase in 2-ME re-
sistant titer (7S) occurred at 1 week. Thus,

Agglutination titers at various periods after volunteers received acetone-killed typhoid vaccine

0 week 1 week 4 wecks 8 weeks
Volunteer
Saline 2-ME Saline 2-ME Saline 2-ME Saline 2-ME
Anti-H titers
) 2, 560 1, 280 10, 240 1, 280 10, 240 1, 280 5,120 640
2 .. 1, 280 640 5, 120 640 10, 240 640 5, 120 640
S 640 320 10, 240 5, 120 5, 120 640 10, 240 1, 280
4. .. 640 320 5,120 1, 280 2, 560 1, 280 5, 120 640
L S 160 40 2, 560 640 2, 560 640 1, 280 320
S 80 40 2, 560 320 5,120 1, 280 10, 240 2, 560
S, 2, 560 640 5,120 1, 280 10, 240 1, 280 2, 560 640
< J 640 320 1, 280 640 5, 120 160 2, 560 320
9 ... 640 160 20, 480 1, 280 5, 120 1, 280 5, 120 640
100 ... 320 160 2, 560 640 20, 480 2, 560 5, 120 1, 280
1. 1, 280 160 10, 240 2, 560 40, 960 2, 560 20, 480 1, 280
120 ... 640 320 1, 280 320 10, 240 640 1, 280 320
Anti-O titers

40 0 80 0 80 0 80 +
40 0 160 40+ 80 40 80 40
40 0 80 0 40 0 80 0
80 0 320 0 160 0 320 0
40 0 160 0 80 0 160 0
80 0 320 0 160 0 320 0
40 0 160 0 80 0 80 0
320 0 640 0 320 0 640 0
40 0 80 0 80 0 160 0
160 0 320 0 160 0 160 0
160 0 640 0 640 0 640 0
160 0 80 0 160 0 160 0

Note: Titers recorded are the reciprocal of the highest dilution showing gross agglutination among two sets of
dilutions—one to which saline and another to which 0.05 M 2-mercaptocthanol had been added. The first tube
in each titration was a 1 to 20 dilution; hence, 0 represents < 1 to 20.
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secondary challenge with typhoid H antigen re-
sulted in increases in both the 2-ME sensitive
(19S) antibody and the 2-ME resistant (7S)
antibody. The anti-O antibody levels with one
exception were all 2-ME sensitive (19S). The
rises in anti-O titer were less than the increases
in anti-H titers.

The volunteer who had some 7S anti-O anti-
body in his blood received a third injection (0.5
ml.) of vaccine, and further attempts were
undertaken to characterise the 2-ME resistant
antibody. While the antibody was not sensitive
to 0.05 M 2-ME, it was sensitive to 0.1 M 2-ME.
Ultracentrifugation studies revealed that al-
though most of the antibody appeared to be in
the gamma M fractions, a small amount was
present in those fractions shown by immuno-
electrophoresis to contain gamma G antibody.

Discussion

Although anti-typhoid immunization has
long been practiced, its effectiveness has re-
mained controversial. The newer acetone-
killed typhoid vaccine has been shown to pro-
duce better protection than either the alcohol-
killed or the heat-killed phenolized vaccine (7-3,
12). While serum anti-O and anti-H antibody
levels in response to heat-killed phenolized vac-
cine do not differ from those in response to the
acetone-killed vaccine (2, 73), we thought the
difference in their protective capacity might
relate to differences in the class of antibody
formed. Pike and Schulze have shown that
rabbits hyperimmunized with acetone-killed
vaccine do produce gamma G (7S) anti-O anti-
body (74). Thus, we believed that the acetone-
killed vaccine might yield 7S antibody to
typhoid O antigen in human subjects. If it did,
this antibody might account for the greater
efficacy of the acetone-killed vaccine over the
other types. With the exception of one subject,
however, the vaccine did not yield 7S antibody,
and the antibody responses were both quantita-
tively and qualitatively similar to the responses
after immunization with heat-killed phenolized
vaccine reported by LoSpalluto and associates
9).

Although clinical and experimental observa-
tions suggested that gamma G antibodies might
be more protective than gamma M antibodies,
it is apparent from the present studies that the
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greater protection afforded by the acetone-
killed typhoid vaccine as compared with the
heat-killed phenolized typhoid vaccine cannot
be ascribed to a capacity to stimulate the for-
mation of gamma G (7S) antibody.

Summary

Clinical and experimental observations sug-
gested that gamma G antibodies might provide
more protection against infective organisms
than gamma M antibodies. Acetone-killed
typhoid vaccine has been shown to produce bet-
ter protection than the heat-killed phenolized
type. In an attempt to relate these two observa-
tions, 12 volunteers were immunized with
acetone-killed typhoid vaccine to determine if
gamma G anti-O antibodies would be formed
rather than the gamma M anti-O antibodies
that develop in response to heat-killed pheno-
lized vaccine. Differences in the antibodies
formed might account, it was believed, for dif-
ferences in the protective capacity of the two
types of vaccine. The antibody responses to in-
jection of acetone-killed wvaccine, however,
proved to be quantitatively and qualitatively
similar to those observed after immunization
with heat-killed phenolized vaccine.
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Legal Note . . . Air Pollution Control

Regulation imposing limitations upon smoke emissions but exempting incinerators in
private dwellings held reasonable classification and valid exercise of police power. Lees
v. Bay Area Air Pollution Control District, 48 Calif. Reporter 295 (1965), (rehearing de-

nied February 16, 1966).

The Bay Area Air Pollution Control District estab-
lished a regulation imposing limitations upon the
emission of dense smoke from certain sources includ-
ing apartment house incinerators, but specifically
exempted incinerators in one- and two-family dwell-
ings. The plaintiffs, owners of apartment houses
‘with more than two families, sued to challenge the
constitutionality of the regulation on the grounds
that it would require costly and extensive modifica-
tions of their incinerators and would therefore con-
fiscate their property without just compensation, and
it created an unreasonable and arbitrary classifica-
tion by exempting one- and two-family dwelling
incinerators. In the alternative the plaintiffs asked
that the court direct the district to grant them a
variance from the regulation.

The action was an appeal from the decision of a
lower court which had rejected the plaintiffs’ argu-
ments and had denied their request for a variance.
The District Court of Appeals of California (1st
District Division 3) affirmed, holding that the con-
trol district’s adoption and enforcement of the regu-
lation was a lawful and proper exercise of the State’s
police power.

The court, rejecting the plaintiffs’ contention that
the regulation was unconstitutional because it con-
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fiscated their property without just compensation,

noted that where the police power is legitimately
exercised a property owner has no right to compen-
sation if, in the exercise of that power, the owner’s
property is either damaged, taken, or destroyed. In
upholding the reasonableness of the regulation, the
court declared:

Generally, an exercise of the police power will be upheld
if the act, ordinance, or regulation is not arbitrary, un-
reasonable, or discriminatory. It is common knowledge
today that the atmosphere of almost every metropolitan
area, including the area embraced within the limits of
the . . . District, is subject to pollution from noxious gases
discharged by vehicles, industrial establishments and in-
cinerators. The evident purpose of the District’s regulation
is to protect the purity of the air that it may be free from
harmful contamination. The District exists for that very
purpose. Its regulation is not only reasonable, but indeed
is essential, and represents a lawful and proper exercise of
the police power. . . .

Finally, the court concluded that it was neither
arbitrary nor unreasonable for the district to select
the larger problem of incineration at multifamily
apartment houses for immediate attention and to
look to the lesser problem of incinerator operation
at one- and two-family dwellings at a later day.—
Howarp WALDERMAN, attorney, Public Health Divi-
sion, Office of the General Counsel, Department of
Health, Education, and Welfare.
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