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those from HeLa cells. Soluble antigen ob-
tained from EE cells reacted strongly with
anti-HeLa rabbit serum in the indirect he-
magglutination test. These investigations
were conducted to see whether indirect he-
magglutination offered advantages in sensi-
tivity over direct hemagglutination which
might be useful for future approaches to the
problem of immunologic identification within
species of cells in continuous culture.

Summary. Material obtained from soni-
cally disrupted HeLa cells by extraction of
trichloracetic-acid precipitate with buffered
saline was used to sensitize tanned sheep
erythrocytes. Sensitized erythrocytes were
agglutinated to high titer by anti-HeLa rab-
bit serum, but minimally by normal rabbit
serum. Reactivity of the sensitizing extract
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was considerably reduced by treatment of
HeLa cells with tannic acid prior to disrup-
tion and extraction.
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Hemagglutination (HA) procedures have
been widely utilized since the technic was
first described by Keogh et al.(1). Modifi-
cations of this technic using lipopolysac-
charide antigens have been found to be su-
perior to agglutination reactions for detecting
antibody titer rises in cases of shigellosis and
colienteritis(2,3). Landy and Trapani(4),
however, reported that trace amounts of un-
bound antigen greatly inhibit the hemagglu-
tination test. - In-some diseases, such as se-
vere pneumococcal pneumonia(5) and ty-
phoid fever(6) circulating antigen has been
demonstrated in- the blood by means of a
precipitin test. The extremely small amounts
of antigen required to inhibit the hemagglu-
tination reaction suggested that this phe-
nomenon might provide a basis for an even
more sensitive procedure. Indeed Noyes et
al.(7) were able to detect bacterial endo-
toxins in the plasma of dogs with experi-
mental peritonitis utilizing a technic based

on this suggestion. The present report de-
scribes a hemagglutination-inhibition (HI)
test developed along similar lines. With this
technic it was shown that sera from infants
with diarrhea often contain inhibitors that
are antigenically related to bacterial strains
isolated from their fecal flora.

Method * Preparation of normal human
erythrocytes (NHE). Human O Rh nega-
tive blood is diluted with an equal volume of
Alsever’s solution(8) and allowed to equili-
brate for several days before use. The red
blood cells can be used until evidence of
spontaneous hemolysis is observed, usually a
period of 4 to 5 weeks. Just before use the
NHE are washed 3 times with 3 volumes of
triethanolamine buffered saline (TBS)(9)
and packed by centrifuging for 3 minutes at

* This method was developed from information
presented by Landy, M., Trapani, R. J., Clark, W.R,,
Walter Reed Army Inst. of Research Rep., 1955,
(WRAIR-56-55). i
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TABLE I. Standardization of Shigella flexneri 2a HA Antigen Lot #30.

Antigen Final dilution of hyperimmune rabbit serum ———m—

dilution 80 160 320 640 1280 2560 5120 10240 20480 NHE Titer
1:5 + + + + =+ + + + + - 204804
1:10% + + + + + + + + =+ 10240
1:20 + + + + + + + * = 5120
1:40 + + + + + + + + — 2560
1:80 + + + + + + e 1280

* The antigen dilution of choice is 1:10.

-+, positive reaction; —, negative reaction;

positive reaction,

1800 rpm. A 109% suspension prepared in
TBS is used for antigen sensitization.

Production of sensitizing antigen. Smooth
colonies, selected on the basis of colony ap-
pearance, uniform suspension on growth in
broth and lack of autoagglutination on heat-
ing in physiological saline at 100°C for 1
hour, are inoculated heavily onto freshly pre-
pared plates of trypticase soy agar contain-
ing 5% glycerine. The plates are incubated
under 3% CO- at 37°C for 18 to 24 hours.
The growth is washed off in small amounts
of physiological saline and an equal quan-
tity of 0.IN NaOH is added to the harvest.
The mixture is heated in a water bath for 60
minutes at 100°C, adjusted to pH 7.0 with
HCI and dialyzed in the cold against distilled
water for 24 hours using several water
changes of approximately 100 volumes each.
The dialysant is centrifuged at 1800 rpm for
1 hour and the supernate Seitz filtered. The
resulting water clear lipopolysaccharide an-
tigen may be standardized without further
treatment or lyophilized and standardized on
a dry weight basis.

Standardization of lipopolysaccharide an-
tigen. The highest dilution of lipopolysac-
charide giving an HA titer of 2560 to 10240
with hyper-immune rabbit sera prepared ac-
cording to the method recommended by Ed-
wards & Ewing(10) is determined next.
Two-fold dilutions (1:5-1:80) of the liquid
lipopolysaccharide antigen are prepared in
TBS and each combined with an equal vol-
ume of 10% NHE. FEach tube is then
shaken thoroughly and incubated in a water
bath for 2 hours at 37°C with occasional
shaking. The resulting antigen-sensitized
human erythrocytes (ASHE) are washed 3
times in TBS and resuspended to make a

=+, incomplete agglutination, not considered

19 suspension. Serial 2-fold dilutions (1:
140-1:10240) of hyperimmune rabbit serum
inactivated at 56°C for 30 minutes are pre-
pared in TBS in sufficient quantity for test-
ing each dilution of lipopolysaccharide anti-
gen. For the titration, transfer 0.2 ml of
each of the antiserum dilutions to Wasserman
tubes to prepare a set of serum dilutions for
each of the 5 ASHE preparations. Add 0.2
ml of each ASHE preparation to a row of
serially diluted antiserum, mix and incubate
in a 37°C water bath for 2 hours. Controls
consist of (a) 1% NHE and serum, (b) 1%
NHE and TBS, (c) ASHE and TBS. The
HA titer is read as the reciprocal of the high-
est dilution giving complete agglutination of
the red blood cells. A sample protocol show-
ing standardization of Skigella flexneri 2a an-
tigen is presented in Table I. In this in-
stance the highest HA titer between 2560 and
10240 was given by antigen dilution 1:10 and
this dilution would be the one used for all
further tests with this particular lot of HA
antigen.

Performance of the hemagglutination test.
A preliminary HA test is carried out on all
sera to be examined for presence of inhibi-
tors, as antibodies would combine with any
such material rendering detection of a cir-
culating antigen by this method impossible.
One volume of the optimum dilution of sen-
sitizing antigen (see standardization of anti-
gen) is mixed with an equal volume of 10%
NHE and incubated in the water bath at
37°C for 2 hours with occasional shaking.
The sensitized cells are washed 3 times with
TBS and a 1% suspension prepared in TBS.
Two-fold dilutions of the patient’s inacti-
vated serum (1:4-1:1024) are prepared in
0.2 ml amounts. A hyperimmune rabbit se-
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TABLE II. HA Tests with Hyperimmune Rabbit Sera and 19% ASHE (Critieal Dilutions To
Be Used for HI Test).

E. coli Final dilutions of hyperimmune rabbit serum
serotypes 80 160 320 640 1280 2560 5120 10240 20180
01 + + 0+ o CF G+ Cf  Cx -
02 + 4 N S A ' I R
015 + + C+ C+ C+ C+ C+ C— -
-+, positive reaction; —, negative reaction; =, incomplete agglutination, not considered

positive reaction. C = Critical dilutions to be used in HI test.
Note: Lower dilutions may also be used if patient sera is sufficient.

rum control is also diluted as described in the
section under antigen standardization. Two-
tenths ml of ASHE is then added to each.
Other controls are prepared as previously
described. Tests are incubated for 2 hours
at 37°C in a water bath and read.

Performance of HI test. Sera showing no
hemagglutinins in the preliminary HA test
may be tested for presence of inhibitors
which are antigenically related to bacterial
strains isolated from a patient’s intestinal
tract. Two-fold dilutions of hyperimmune
rabbit sera are prepared of such strength that
addition of an equal volume of patient’s se-
rum will yield critical dilutions. In this case,
critical dilutions should include the end
point, one 2-fold dilution beyond the end
point, and 4 (or more) 2-fold dilutions pre-
ceding the end point as shown in Table II.
These dilutions of hyperimmune sera are in-
cubated together with a constant amount of
patient’s serum, undiluted or diluted 1:2 or
more if amount of serum available is insuf-
ficient for the HI test. Similar dilutions of
hyperimmune rabbit sera are incubated to-
gether with constant amounts of TBS. They
are then placed for 1 hour in a 37°C water
bath. ASHE are added and the tubes rein-
cubated for 2 hours at 37°C and read. The
hyperimmune rabbit sera are titrated each
" time the HI test is performed to determine
exact titer levels. Controls are carried out
as for the HA test. All patient sera yielding
inhibition are retested to establish reproduci-
bility of the results.

Discussion. There are several possibilities
as to nature of the substance producing the
inhibition. “Incomplete” antibodies against
somatic (Q) antigens of enteric pathogens
have been shown by Neter et al.(11) to be
present in human gamma globulin. The pos-

sible interference of such antibodies in the
HA and HI tests was investigated as follows:
(a) A modified Coombs test (antiglobulin
hemagglutination) was performed with pa-
tient’s sera in which presence of inhibitors
had been established. Results did not in-
dicate the presence of incomplete antibodies.
(b) In the HI test, antihuman globulin was
added to patients’ sera prior to incubation
with hyperimmune rabbit sera. No change
in inhibitory activity could be demonstrated.
In further efforts to study the inhibitor an
attempt was made to sensitize NHE with the
inhibitory substance present in the patients’
sera. NHE and inhibitory sera were incu-
bated together, the cells washed and hyper-
immune rabbit sera against the bacteria iso-
lated from the patients’ fecal sample added.
The negative result obtained might be in-
terpreted as due to lack of sensitizing prop-
erties. On the other hand, the amount of
inhibiting substance might have been insuf-
ficient to sensitize cells for the HA test even
though it had such properties. In another
experiment human antiglobulin was added to
patient sera prior to an attempt to sensitize
NHE with inhibitory substance. Otherwise
the test was carried out as the previous one.
Again negative results were obtained.

The possibility exists that blood group
substances could be the interfering agents in
our HA tests. “A” group substances are
known to be widespread in nature. Springer
et al.(12) have shown that enteropathogenic
Escherichia coli 086 has a polysaccharide
substance related to blood group B antigens.
By use of human O Rh negative blood cells,
however, it is hoped that cross reactions with
these substances are eliminated.

As a further indication of the specificity of
the reaction it should be pointed out that
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HI tests for 2 or more bacterial strains iso-
lated from an infant with diarrhea usually
vield findings at considerable variance from
one another. These would be difficult to
explain except on the assumption that the
HI test is specific. For example, the acute
phase serum from a 5-months-old infant had
no demonstrable antibodies or inhibitors for
enteropathogenic E. coli 0127 isolated from
his feces, but had a 3 tube inhibition against
E. coli 015 which he also carried in his in-
testine. Similarly, the acute phase serum
obtained from a 7-months-old child had a
hemagglutinin titer of 128 for E. coli 018 and
a 3 tube inhibition for E. coli 015 though
both serotypes were isolated from his feces
at the same time.

The HI test presented here has been suc-
cessfully used to provide evidence for the
presence in sera of patients with diarrhea of
substances which are apparently related anti-
genically to bacteria present in their intes-
tine. Results of such tests are presented else-
where(13). The nature of the circulating in-
hibitor is unknown. It might be a complex
substance or a simple sugar(14). Studies
are continuing to further its characterization.

Summary. A simple hemagglutination-in-
hibition (HI) technic is presented which en-
ables detection of inhibitors in patients’ sera
during diarrhea. These inhibitors thus far
appear to be antigenically related to bacteria
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isolated from the patients’ intestine at the
same time and may well be substances de-
rived from them.

The authors express their gratitude to Major D. H.
Hunter for his help in the initial stages of this work.

1. Keogh, E. V., North, E. A.,, Warburton, M. F,,
Nature, 1947, v160, 63.

2. Neter, E., Dunphy, D., Pediat., 1957, v20, 78.

3. Young, V. M., Sochard, M. R., Hemphill, J. J,,
Fed. Proc., 1958, v17, (2109).

4. Landy, M., Trapani, R. J., Am. J. Hyg., 1954,
V30, 150.

5. Bukantz, S. C., DeGara, P. F., Bullowa, J. G. M.,
Areh. Int. Med., 1942, v69, 191.

6. Dennis, E. W., Saigh, A. S., Science, 1945, v102,
280.

7. Noyes, E. H,, Pulaski, E. J., Balch, H. H., Ann.
Surg., 1956, v144, 51.

8. Bukantz, S. C., Rein, C. R., Kent, J. F., J. Lab.
and Clin. Med., 1946, v31, 394.

9. Kent, J. F,, Otero, A. G., Harrigan, R. E., 4m.
J. Clin. Path., 1957, v27, 330.

10. Edwards, P. R., Ewing, W. H., Identification
of Enterobacteriaceae, Burgess Pub. Co., Minneapolis,
Minn.

11. Neter, E., Drislane, A. M., Harris, A. H., Gor-
zynski, E. A., Am. J. Pub. Health, 1959, v49, 1050.

12. Springer, G. F., Horton, R. E. Forbes, M,,
Fed. Proc., 1958, v17, 535.

13. Young, \'. M., Sochard, M. R., Gillem, H. C,,
Proc. Soc. Exp. Bror. axp Meb., 1960, v105, 638.

14. Davies, D. A. L., Staub, A. M., Fromme, I,
Luderitz, 0., Westphal, O., Nature, 1958, v181, 822.

Received August 30, 1960. P.S.E.B.M., 1960, v105.

Infectious Agents in Infant Diarrhea: II. Serological Reactions with

Escherichia coli 01 through 025.

(26202)

VioLa MAE Youne, MINNIE R. Socuarp, HArrIETTE C. GILLEM AND SIDNEY Ross
Department of Bacteriology, Division of Communicable Disease, Walter Reed Army Institute of
Research, and Children’s Hospital, Washington, D. C.

A number of Escherichia coli serotypes
have been established as being associated
with diarrhea in infants and young children,
ie., E. coli 0111:By, 086:B;, 026:B;, 0.55:
B;, etc.(1). Some of the E. coli serotypes 01
through 025 have also been described as pos-
sessing pathogenic properties(2,3). Gron-
roos(4), in an attempt to relate E. coli sero-

tvpes 01 through 025 to infant diarrhea,
studied the feces of healthy and diarrheal in-
fants and was unable to demonstrate signifi-
cant differences in the two groups. @rskov
(5) carried out a similar study with 130 E.
coli 0 immune sera and found that strains
representing specific serotypes were found in
about the same frequency in both groups of



