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INTRODUCTION

&

Changes in natural resistance to disease
have not heen investigated as late radia-
tion sequelae. Many of the subjective
complaints of irradiated humans, such as
lassitude, weakness, and increase in small
illnesses, might relate to some change in
the complex mechanisms

resistance to disease,

involved in body

The relatively
primitive stage of knowledge concerning
the many facets of natural
preclude a systematiec study in irradiated
subjects, but blood bactericidal action has
been investigated sporadically over the
past 70 years since the phenomenon was
deseribed by Nuttall.l
of many workers,

resis tance

Despite the efforts
the basic nature of blood
bactericidal activity remains relatively
The action has been aseribed to a
heat-stable antibody of possibly natural
origin, combined with cnmp]ement.1‘2

ohscure.

More
recently properdin has heen suggested as
the active heat-labile component,” but
other studies indicate that this heat-
labile protein plays 1ittle role in total
serum bactericidal activity.?

Study of blood bactericidal activity was
initiated in Hiroshima in 1959 among the
subjects undergoing physical examinations
at the Atomie Bomb Casuvalty Commission
(ABCC). The s tudy
and nonexposed subjects of generally

ineluded exposed

comparable ages, allowing comparison
of blood bactericidal

exposed and nonexposed groups.

activity between
Because
of the potentially large number who might
he screened for blood bhactericidal activity
(20-40 subjects per day), an attempt was
made to develop simple methods requiring
minimum equipment, and technieal

effort,

media,

Problems posed by development of

a simple bactericidal test, applicable

bl
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to epidemiologic studies, made it mandatory
that a variety of observations be taken
on the phenomenon of blood bactericidal
activity.

OBSERVATIONS ON THE METHODS [N RELATIONSHIP
TO BLOOD BACTERICIDAL ACTIVITY

A survey of young school children under-
golng examinations was considered as a
possible application of the bactericidin
technique. Because the children were being
subjected only to finger prick to obtain
blood, further restrictions on methodology
were imposed in relationship to the
quantity of blood available and the
rapidity with which the test had to be
ini tiated before clotting occurred.

Because of these special considerations,
it was decided to develop a method bhased
on the use of a white blood cell pipette
as the incubator for blood and bacteria.
The white cell

relatively

pipette would permit a
accurate ratio of blood to
bacteria; although the absolute volume of
the pipettes is not constant, those from a
single supplier tend to have a relatively
cons tant volume of approximately 0.25 ml.
It was further decided that fresh blood
without anticoagulants would bhe taken in
the cliniec as the patients
and that the
test would he initiated in the eclinic using
an appropriate bacterial suspension as the

"diluent" for the blood in the pipette.

underwen t
their routine blood tests,

Once these limitations of method were
accepted, experiments were necessary in
order to develop a final method to be

applied in the population survey.

Selection of the Organism and the Medium
for Dilution

Most studies of bactericidal activity

of blood or serum have used relatively

5-12 Physio-

it may be argued that a fTew

high concentrations of serum.
logically,
bacteria entering the circulation is the
usual situation in which blood hactericidal

]
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activity is protective, and therefore
s tudies using high concentrations of serum
are most applicable. Conversely, it may
be that leakage of serum bactericidal
proteins into tissue areas of inflammation
cons titutes the major physiologic use of
If the latter
mechanism were most important, incubation
of relatively low concentrations of serum
with bacteria might be more appropriate
as a tool for physiologic investigation.
Regardless of these theoretical considera-
tions, a 1:10 dilution of blood (less than
1:20 dilution of the active serum) is the
maximum that can be achieved using blood
pipe ttes,

these powerful substances.

A bhacterial suspension of appropriate
concentration needed to be determined for
the blood diluted in the pipette. Further,
the viable organisms in dilution from the
broth cul ture had to be fairly
reproducible from day to day

"mo ther"
in order to
cons tant number 'of‘
bacteria for the eclinical studies. Finally
the cul ture dilution used during a day of

supply a relatively

testing required a constant number of
organisms for several hours daily during
whieh the patients entered the eclinic for
their examinations.

Inasmuch as both B. subtilis®*® and E.

coli® 78, 11,12 e peen used extensively
in studies of bactericidal activity,
both organisms were investigated. The
B. subtilis strain produced erratic
quantiﬁative growth in eighteen-hour broth
but the
E. coli produced a relatively constant
growth of 100-1000 organisms per white cell
pipette in the 1:1,000,000 dilution.
Therefore, E.

cul tures inoculated from a slant,

coli was selected as the
test organism,

Stability of viable organisms in dilute
suspensions proved a troublesome require-
Several strains of E. coli, obtained
from patients with urinary tract infections
were tested for their viability in 0.85

per cent saline.

men t.

Standing for several
hours at 4°C, produced a marked decrease
(50-90 per cent) in viable organisms as

de termined by colony count. It seemed
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best to use a simple, non-nutrient media
for dilution, since nutrient broth might
provide non-specific and possibly variable
neutralization of serum bactericidal
subs tances, Properdin, in particular,
tends to combine and be neutralized by a
variety of proteins. The phospha te
buffered saline medium used by Davis and
Mingioﬁl4 (without added glucose) proved
to be an effective stahilizing agent for
one of three strains of E. coli tested,
and that strain was used in all subsequent
studies. The organism was transferred
weekly to a fresh nutrient agar slant
(Difco), and the tests of the week were
done from that slant kept at 4°C.
inoculum from the slant was placed in
10 ml of nutrient broth (Difeco) each
37°Cc., and the
eighteen-hour culture was used to prepare
the dilutions for use in the tests.

A small

afternoon, incubated at

Colony Counting Methods

For initial experiments, the entire
contents of the white cell pipette were
expelled into a tube of molten agar, and
counts were performed after twenty-four
hours' incubation at 37°C., using a Quebec
colony counter. Later, it was found that
satisfactory counts could be obtained by
expelling the contents onto the surface of
a nutrient agar plate (Difco) and rotating
the plate to obtain smooth distribution of
the fluid., Plates several days old and
slightly dry were preferable.

Selection of Incubation Temperature,
Bacterial Dilution, and Incubation Time

Experiments were conducted to determine
the effect of incubation temperature of
the hlood-bacteria mixture in the pipette
on bactericidal activity. No difference in
bactericidal activity was noted between
incubation temperatures of 23-25°C. (room
temperature) and 37°C.: incubation at
4°C., however, markedly inhibited blood
hactericidal activity. Because of greater
convenience, room temperature incubation

was used in all subsequent experiments.
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Because the amount of blood was limited
to that used
counting procedure,
have the final
number of colonies (approximately 100-1000)

in a single white cell
it was desirable to

test yield a countable

from the total contents of the pipette,
the 1:1,000,000 E. coli
dilution in buffer contained such a minimal

Inasmuch as

number of organisms,
to determine the bactericidal activity
on that dilution and the subsequent
more concentrated mixtures,

tests were set up

In these
experiments a 1:10 dilution of blood and
bacterial suspension in buffered saline
was incubated at room temperature for 30
minutes to two hours. In experiments using
the higher concentrations of organisms,
total organisms per white cell pipette were
determined from duplicate counts of the
1:1,000,000 dilution in buffered saline.
The results of
shown in Table 1.

seemed apparent that there was no direct

three experiments are

From these studies it

LIl od H il ERECF G 2 & B e Sk 1
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SRFMISEM TR L. MO LD @ViRE & |
VEEETIE, SHMERHEY Xy FHADOME
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correlation between the number of hacteria OMFEFHERTEVMETCHD LS 2R 2 /.
and the blood bhactericidal effect. Indeed,
the bactericidal action appeared greater
with the more concentrated bhacterial
suspension.
TABLE 1 PRELIMINARY EXPERIMENTS ON EFFECTS OF TIME AND BACTERIAL QUANTITY
ON BLOOD BACTERICIDAL ACTIVITY
Rl I AERSHI R ORHA B A MRS ER C R T BT A T e
EK:EH::“ uE|‘L UBTUILUIN "R;HT;MS WTC'U"‘B: T' INON DRVE":"B'LSE”S ORKGIALNLlESDMSERFEEMRﬂ. holhe
PER PIPETTE| MINUTES |REMAINING| HIMCED [REWAININ
ERED | A |© ; H,HJ_;LL; ) Dl senn (5 - 2 4 8 1;;[5 2];[;_ f;jc; h .3[;4
1:1,000,000 482 30’ 47 435 10
20 11,000,000 431 BO" 47 _::3_8_:1-_:‘__:;:1_-[‘_—:1?:
1:1,000,000 421 L 45 376 10
131,000,000 419 1200 | 28 383 5
- 1:100, 000 1300 30’ 217 1100 | 17
- 1:100,000 1300+ | 50 " 202 | 1100 | 18
1:100,000 1300+ 90 133 1170 10
1:100,000 1350 120" 103 1250 T
. 1:10,000 31,600 30" 1,142 30,000 | 4
-~ 1:10,000 al,s00% | g0 | 975 30,000 3
110,000 31,600+ K 780 30,000 3
1:10,000 | 31,400 120 1, 584 30,000 5

*30-minute count used as hasis of
R oM S L T304 ATR v s R,

calculation.



The effect of bacterial concentration was
subsequently studied independently, using

The results
{Table 2) confirmed the fact that the
bactericidal capacity of blood was greater
with more concentrated bacteria.

a one-hour incubation time.

The time of inecubation between 30 minutes
and two hours seemed of slight importance
in determining serum bactericidal effect,
although in several experiments twenty-
four hour incubation resulted in marked
The time factor
was further elucidated, using fresh serum
and a variety of incubation times with a
1: 100,000 organism suspension (Table 3).
The bactericidal action of serum was
immediately detectable by this method, and
was optimal within a few minutes.

bacterial overgrowth.

It seemed possible that the blood
bactericidal effect was continued after
the material had been expelled onto the&
agar plates; i.e.,, the serum on the
plates continued to exert a bactericidal
effect., To investigate this possibility, a
pipette of 1:10 blood dilution in buffer
was expelled onto the surface of the
followed by a pipette of E. coli
The plate impregnated with
the fresh blood dilution did not exhibit
any bactericidal prdperties. Therefore,
it was evident that bactericidal activities

plate,
in suspension.

recorded in the experiments were due only
to blood-bacterial interaction within the
pipettes.

In these experiments, it was ascertained
also that frequent shaking of the pipette
during the incubation period did not
influence the bacterial killing effect.

Effects of Heat Inactivation of Serum

Effect of heat inactivation of serum on
the bactericidal activity was investigated.
By heating sera at 56°C. for varying
neriods it was possible to demonstrate
progressive loss of bactericidal activity
(Table 4).
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TABLE 2 BACTERICIDAL EFFECT OF SERUM ON DIFFERENT CONCENTRATIONS OF BACTERIA
(ONE HOUR INCUBATION TIME)

#2 fAeofEBECHTAMBHREODN (1 EEER)

E. cOLI ESTIMATED TOTAL | VIABLE ORGANISMS|ORGANISMS|PER CENT ORGANISMS
OILUTION |ORGANISMS PER PIPETTE REMAININE KILLED | REMAINING VIABLE
L T Fal . RN g . .} A g ]
1:10,000,000 18 7 9 29
1:1,000,000 180 21 159 12
1:100,000 1,800 131 1,870 7
1:10,000 18,000 750 11,250 s
151,000 180,000 2,830 177,170 105

TABLE 3 BACTERICIDAL EFFECTS OF SERUM AFTER DIFFERENT INCUBATION TIMES
ON A STANDARD QUANTITY OF ORGANISMS (6,000 PER PIPETTE)

£ 3 HANEREHERE (EoXy P4V 6,000) 2k AFE L OREEIFEEEE O MG HE N
INCUBATION TIME COLONY COUNT PER CENT YIABLE ORGANISMS
HE FERE 1 e B W %

0* _~ 708 12

1 MINUTE 1% 308 15

5 MINUTES 547 106 12

10 MINUTES 105 e R N L
30 MINUTES 3095 350 B

2 HOURS 2 BT 347 ]

6 HOURS 6 1B 517 g

24 HOURS 2415 [l 8720 151

*Saline controls incubated for each of the time intervals showed insignificant
changes in colony counts, except at 24 hours when there was a marked increase to
approximately 25,000 organisms.

FAEAEER LA SEMISEE L AR, HEEEEE I EE 2R Lo B LAUSMTEME
13 4925,00012% L < B0 L 7.

TABLE 4 EFFECT OF HEAT lNABTWATIDN (56° C) ON SERUM BACTERICIDAL ACTIVITY
(1:1,000,000 E. COLI DILUTION)

o4 MmSEEEMER CRIBE 1 1,000,000 FARE) 2k A HER (56°C ) M AL o

INCUBATION SUBSTANCE B“PDETRE“PT‘FLE TCTUE””T U%RGVA'N“lgsLMES
GRS Ny PO OMES | %k B %
FRESH SERUM i EE 4 i is 8.5
SERUM, 56° C FOR 15 MINUTES i, 56°C 1547 [ 249 67
SERUM, 589 ¢ FOR 30 MINUTES JiLi#, 56°C 3047 i 268 73
SERUM, 580 C FOR 45 MINUTES (i, FJE&"(.“:.__-’IJJH“'_ el 345 T
SERUM,F'SE" C FOR B0 MINUTES %, 56°C h{'l’,} # L 322 88
BUFFERED SALINE CONTROL SR kA 369 100




Comparison of Whole Blood and Serum,
and Quantitative Studies of the Serum
Concentrations

It seemed possible that the erythrocytes
present in whole blood, through the
—-adherence" of
bacteria to red blood cells in the presence
14,15 might enhance or inhibit
the bactericidal effects of serum. In
several experiments comparing fresh whole
blood and fresh serum in 1:10 dilution from
the same donor, whole blood showed only
s]jghﬁly less bacteriecidal activity. The
influence of serum concentration on the
bactericidal activity was studied and
seemed to indicate an insignificant dif-
ference over the range of serum dilutions
that
a five-Told difference in the serum

phenomenon of "immune

of complement

used, From Table 5 it can he seen
concentration had only a slight effect

on the bactericidal activity, i.e., a

1:10 dilution killed 98 per cent of the_

organisms while a 1:50 dilution killed
92 per cent of the organisms in the same
time period.

TABLE 5 BACTERICIDAL ACTIVITY OF SERUM DILUTIONS ON A 1
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STUDIES OF BLOOD BACTERICIDAL ACTIVITY
IN RADIATION-EXPOSED AND NONEXPOSED
POPULATIONS

The experiments in methodology confirmed

the feasibility of establishing a simple
method suitable for epidemiologie surveys
At the

of hlood bactericidal activity.

same time the preliminary studies indicated
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that variations in the concentration of
bacteria and the relatively small changes
in bactericidal activity related to
large changes in serum concentration would
make this an insensitive assay. Indeed, it
seemed likely that only virtual absence of
blood bhactericidal substances would he
detec ted by this method.

Nevertheless, it was decided to use the
method in the study of an adult population
of atomic bomb survivors and control
subjects being examined routinely in
the Hiroshima Clinic of ABCC as part
of the Adult Health Study.
consisted of four groups,

The population
equally matched
as to sex and age, and heing seen in
random manner in the c¢linie. Two groups of
exposed subjects (groups 1 and 2) and two
groups who serve as intrinsic and extrinsic
controls comprised the population of the
Adult Health Study.
the individuals receiving the highest
radiation dose who were exposed within 2000

Group 1 consisted of

meters of the hypocenter (ground zero) and
experienced major acute radiation symptoms
in 1945.
exposed within 2000 meters of the hypo-

Group 2 subjects were also

center, but did not have acute radiation
symptoms and received smaller radiation
doses, The intrinsie controls, group 3,
were exposed beyond the area of irradiation
but experienced much of the physical damage
and economic disruption consequent to the
bombing. Group 4 were nonexposed migrants
who entered the destroyed eity to establish
residence after the bombing.

Me thod of study consisted of preparing
a 1:10 dilution of blood obtained from
venipunc ture at the time of routine exami-
nation. A drop of blood from the syringe
was placed on a sterile glass slide, and
sterile
white cell pipettes with a well-mixed
1:100,000 dilution in buffered saline of an
eighteen-hour E. coli broth culture kept in
the elinic in an ice-water bath. Pipettes
were incubated at room temperature for one
the contents expelled onto the
surface of nutrient agar plates, and colony

immediate dilution was performed in

hour,

counts performed after twenty-four hour

incubation at 37° C. Approximately ten
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randomly selected eliniec patients were
The total viable
by the

studied each morning.
bacteria was determined daily
count of the 1:100,000 dilution in a white
cell pipette, the stability of the
suspensions checked by obtaining such
counts at the beginning and at the end of
the daily work.

and

The two control counts did
not vary greatly, and the mean was used for
daily computation of the number of hacteria

present.

RESULTS

Bactericidal blood activity was assayed
on a total of 152 subjects examined
groups of five to thirteen daily during a
seventeen-day period. Examination of the
daily results revealed a marked fluctuation
in the range of bacteriecidal
observed on different days.

in

activity
However,
relatively small differences were noted
within groups of subjects examined on thé
3 to
cent of the bacteria remained

same day. On some days only 5 per
viable,
while on other days ten times as many were
viable. The explanation of these daily
fluctuations was not definitely established
but to the

quantity of bacteria present (Table 2).

in general seemed related

da ta
was selected from 88 subjects studied
on nine separate days. On those days
the guantity of bacteria in the 1:100,000
dilution was relatively high (5,000-15,000)
and

For age-sex-exposure analysis,

the percentage of viable organisms
(less than 10 per
cent) after bactericidal blood activity
of
the heterogeniety

was relatively low
exposure. Even
data for
of the data obtained on individual days
was statistically significant. However,
because the selection of patients for age,

with this selection
analysis,

sex, and radiation exposure group was

purely random, it seemed appropriate to
the 88 subjects.
The composition of the sample is shown
in Table 6. This sample group was approxi-
mately equal in number
25;
19.

examine these variables in

as to exposure

status: 16: group 3,

28:

group 1,
and group 4,

group 2,
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TABLE 6

SAMPLE USED FOR ANALYSIS OF BLOOD BACTERICIDAL ACTIVITY BY AGE AND SEX
26 MERHEFEHOBITICHU SRS Y 70 OEE R

UM 1) 486 e

S AGE !N YEABS ity 1F @h TOTAL
14 51 10-19/20-2930-39 40-48 m—w!amuvm I &t
MALE  Bi% EN N i g 28
FEMALE i N [ 19 | 13 13 4 50
TOTAL & ¢ 1o [ 25 [ is [ 20 | 13 a8

No statistical difference was noted in
bactericidal power of blood in relationship
to age in the entire sample. Sex variation
was similarly negative, with mean values of
5.7 and 5.6 per cent viable organisms
remaining for males and females,
In

no differences were noted in mean

respect-
ively. relationship to radiation
exposure,
bactericidal values for each of the four
exposure categories. The 41 exposed sub-
jects in groups 1 and 2 were examined more
closely for possible correlation of blood
bactericidal activity with exposure dis-
tance. The data are depicted individually
and the correlation was not
statistiecally significant (P - .60-.30).
In all of these tests, however, the

consistencies in the methods and the small

in Figure 1,
in-

number of observations hardly will permit

completely valid negative conelusions.
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D1SCUSSION

In this study an attempt was made
to evaluate the phenomenon of blood
bactericidal activity for E. coli by
simple methods applicable to population
epidemiologic surveys.

A variety of studies to evaluate the
method revealed that results varied
markedly depending on the method employed.
Particularly, it was shown that the
concentration of bacteria was of greater
importance than the guantity of blood;
as was previously discussed (Table 2)
very small numbers of bacteria in dilute
suspension were relatively impervious
to blood bactericidal action.

It seems reasonable to assume, because
agglutination could not take place 1in
the
organisms are in same way protected from

very dilute bacterial suspensions,

destruction that would have occurred with
the same quantity of blood exposed to the
heavier bacterial concentrations.
Preliminary investigations of the
methods suggested that the technical
test of
bactericidal activity that would detect
small differences

aspects alone would preclude a
he tween individual
subjects. Application of the technique to
a group of irradiated subjects confirmed
the faet that technical

day to day were more variable than was

changes from
the bhacterieidal content of individual

blood samples. No differences in blood

bactericidal activity were detected in

relationship to age, sex, and radiation

exposure. Significantly, no subject
was detected in whom strong bactericidal

activity was not present.

In
survey method,

establishing an epidemiologic
the limitations
by quantity of blood available and number

imposed

of determinations on each subject required
exposure of relatively small numbers of
bacteria to dilute blood. This method
magnifies the importance of the bacterial
concentration, and for determination of

small changes in blood or serum bacteri-
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cidal levels it would seem more desirable

of bacteria in
al though
Donaldson et a using similar methods,
were able to demonstrate differences in
B. subtilis bactericidal activity of
rabbit serum following acute treatment

with irradiation and nitrogen mustard.

to use large numbers

concentrated blood or serum,
1516,1?

The different technigues used by each
investigator of bactericidal aectivity make
it difficult to draw absolute conclusions
as to the nature of this phenomenon.
most studies support the impor-
tance of a heat-stable protein, probably an
antibody. the study of
Dancis and Kunz® on newborn and premature
infants supports the importance of this

However,

Particularly,
8

stable antibody, first by passive transfer

from the mother and later by active
production by the infant. In these studies
heat-labile complement seemed adequate in
the infants. As regards the heat-labile
of Osawa

and Muschel? supports the econcept that

component, the reecent study

complement, not properdin, is the important

17

heat-labile factor. Donaldson and Marcus
also were able to correlate fall in
complement level with loss of serum

bactericidal activity in irradiated

rabbi ts.

The marked bactericidal effects observed
this
activity in sera from normal subjeects in

in vitro, and the constancy of

this study as well as in the observations
of* Roantree and Rantz,l2 certainly suggest
that blood bactericidal activity has some
important in vivo protective action
The latter
authors suggest that the blood bactericidal

activity is important in prevention of

against bacterial invasion.

invasion of the bloodstream by enteric
and that this mechanism
rarely breaks down. Further study of
the correlations between stable anti-

micro-organisms,

bacterial antibody, complement level,

blood bactericidal activity, and enteric
i1l
patients may help to elarify the elinical

tem that acts

bacteremia in seriously and chronieally
importance of a sys S0

dramatically in vitro.
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SUMMARY o

A simple screening method for blood

hacterieidal activity was developed for MHERE B B 3 A W 2 B s i ik 47,
s tudy of irradiated atomic homb survivors BT B2 BRI EER CIEBIRE O %

and nonirradiated subjects in Hiroshima.

2

i
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Blood bactericidal activity was found to be

in activity were detected in relationship
to radiation exposure in 1945.

Dl-HIZBEESNL, BEFshA22FE 0w T,

a relatively constant biological phenomenon M FE R (R e eny —E L 2R T &
in all subjects studied. No differences A2 AR LA, 1945E o B g ae iR L o (%

oW TN, ERHIZIEERIIMEEE S
pa LI ol
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