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SUMMARY

The virulence of intracranially-inoculated mutant forms of an Ot8uc:K1:H7
ColV* strain of Escherichia coli (designated MW) that lacked different com-
binations of its O and K antigens and ColV, and of an E. coli K12 strain to
which these charaeters had been transmitted was studied in mice, chickens, ducks
and guinen-pigs,

The QO18* 1K1 ColV* form of MW was highly virulent for chickens and mice hut
the corresponding form of K12 was only highly virulent. for chickens; the
O18=K1=ColV= forms of hoth strains were of low virulence for chickens and mice.
Kt was mors important than 018 or ColV in determining virnlence for both animal
species, Ducks and guinea-pigs resembled chickens, not mice, in their response to
infeetion with the Q18K 1*ColV* form of K12,

Pathogenesis studien revealed that the viralence of the forms of MW and K12
was aswoeinted with their ability to proliferate in the central nervous system; only
low numbers of organistms were found in the blood and spleen of inoculated

tubmaly,
The O18°K 14 ColV* form of K12 multiplied in mouse brain and in mouse blood

in vitro; ite multiplication in chicken blood was partially inhibited. Agglutining to
thik und other forms of K12 were found in ehicken serum but- not in mouse serum,
l.nrgt- dores of motse sertm given to chickens and large doses of ehicken serum
Kiven to mice did not alter the manner in which theso animals responded to
K12 0184 K1*ColV* infection. Vaccination protected chickens xm't! mice ngainst
Methal intracraninl infection with the O18*K13ColV* forms of K12 or MW it
Produced o much stronger immunity in mice against int raperitoneal ehallenge than

Aainst inteaeranial challenge.

INTRODUCTION

o oa previous study (Smith & Huggins, 1950) the virulence
Ol8e: K1: 17 ColV'* Escherichia coli strain (designated MW) w .
.i“‘"’t!lnting them intramusenlarly or intraperitoneally into .chwlu-.ns uud. mice.

one that laeked the 018 or K1 antigens or the ColV plasmid were less virulent

of mutants of an
ng assessed by
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to E. coli K12. The resulting mutants were slightly more virulent than the K12
parent strain but the virulence of all of them, including one possessing the three
characters, did not approach that of MW. Pathogenesis studies indicated that the
MW and K12 mutants were of low virulence because they were less competent than
MW in overcoming the defence mechanisms of the host. It was decided, therefore,
to study the behaviour of the K12 mutants in a host site where the defences were
weak. This was achieved by inoculating them intracranially because then they
would be in a confined region away from the defence mechanisms of the
reticulo-endothelial system and, presumably, exposed only to those of the fluid and
cellular components of the blood. Chickens and mice were again used but, because
different results were obtained with them, ducks and guinea-pigs were included
in some of the experiments. The results are reported in this paper.

METHODS
Bacterial strains, their cultivation and enumeration

The properties of the O18ac:K1:H7 ColV* strain MW and the methods
employed to isolate the mutants lacking different combinations of its 018 and K1
antigensand the ColV plasmid and to transfer these three characters by conjugation
to an K. coli K12 strain resistant to nalidixic acid have been deseribed previously;
as have the methods of cultivating the mutants and estimating their numbers in
broth cultures and in tissues of inoculated animals (Smith & Huggins, 1980). In
experiments requiring estimation of the numbers of MW and K12 organisms in
mixtures, MW was used as a spontancous mutant resistant to spectinomycin and
the counts were performed on two sets of plates of MacConkey’s medium, one
containing sodium nalidixate and one containing spectinomyein, both at concen-
trations of 20 ug ml™.

Experimenltal animals

Unless stated, the chickens were from this institute’s specified-pathogen-free
(SPF) Light Sussex flock and the mice were from its Tuck no.1 colony. Some
experiments were also performed in the institute’s guinea-pigs and SPF White
Leghorn chickens and in mice of the ICI no.! strain and ducklings obtained from
commercial breeders. Unless stated, the chickens were aged 25 days, the mice aged
42 days and the ducks and guinea-pigs aged 7 days.

Virulence tests

Tenfold dilutions of broth cultures in normal saline were inoculated intracranially
in 0-02 ml amounts into groups of 10 chickens, mice or ducks or 20 guinea-pigs;
all were lightly anaesthetized with halothane. The inoculation site was in the
mid-line immediately in front of the junction of the parictal and frontal bones, the
needle being inserted sufficiently deep to enter the outer region of the cerebrum.
After inoculation the animals were observed at least twice daily until it was
apparent that no more would die. When the inoculation doses gave responses such
that median lethal doses (LD,,) were estimable, the method of Spearmann-Karber
(Finney, 1971) was adopted. When the data did not allow an estimate of the LDy,
a range of values for the log,, (of the number of organisms) that embraced the
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observed 50 % mortality point was quoted. For experiments in which the observed
mortalities did not embrace 50 %, the LD,, value was quoted as being cither greater
than or less than a specified number ( > when no animals died in the group given
the highest dose and > when less than 50% of the animals in this group died or
< when all the animals died in the group given the lowest dose and < when more
than 50 %, of the animals in this group died). All decisions on choice of statistical
method and their performance was kindly dealt with by Mr D. E. Walters of the
Agricultural Rescarch Council’s Statistics Group, Department of Applied Biology,
Cambridge.

Survival of bacterial mutants in brain and blood in vitro

A total of 15 g of brain collected aseptically from 65 mice was ground in a pestle
and mortar and 7 ml of normal saline added. The resulting suspension in 0-5 g
amounts was placed in 5 ml screw-capped bottles, inoculated with 10? viable
organisms of a broth culture of the mutant under test and incubated in a shaking
water bath at 37 °C. At intervals, bottles were removed from the bath and the
number of organisms in their contents was estimated.

Twelve ml of blood from 15 mice or 6 chickens was collected in 0:5 ml of heparin
solution and distributed equally into four 5 ml serew-capped bottles. Each bottle
was inoculated with 10* viable organisms of a broth culture of the strain under
test and incubated in a stationary water bath at 37 °C for mouse blood and 41 °C
for chicken blood, the body temperatures of the animals from which the specimens
were obtained. At intervals, 0'1 ml was removed from each bottle and its bacterial
content determined.

Vaccination procedure

Broth cultures were killed by the addition of 025 9%, formaldehyde and emulsified
in an equal volume of Freund’s incomplete adjuvant. Animals were given three
intramuscular inoculations of this material at weekly intervals; the dose for
chickens was 1:0 ml and for mice was 0:2 ml. Control animals were treated similarly
except that the broth cultures in the inocula were replaced by plain broth. Chickens
were 7 days old when they received their first inoculation and mice were 35 days
old; their immunity was challenged at 15 days after the final inoculation.

RESULTS
Virulence of different forms of MW and K12 administered intracranially
(a) For chickens

The results of intracranial inoculation experiments designed to assess the
virulence for chickens of MW and K12 and of mutant forms of MW deficient in
different combinations of the 018 and K1 antigens and its ColV plasmid and of
formgof K12 that had acquired these charactersduring conjugation aresummarized
in Table 1. All the forms of MW and K12 that possessed K1 were lethal in low
dosage; the LDy, for the form of K12 that possessed ColV or ColV and 018 in
addition to K1 was similar to that of MW itself, i.c. its O18t*K1*ColV* form. The
forms of MW and K12 that lacked K1, especially those that in addition lacked
018, ColV or both characters, were less virulent. The survival times of groups of
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Table 1. Lethality by the inlfacranial route of different forms of MW and K12 for
chickens

log,, (LDg, of viable organisms)

MW form K12 form
018*K1*ColV* <06 (3-6) <06 (> 85)
018*K1*ColV- <06 (64) 19 (> 85)
018*K1-ColV* 1-9 (> 85) 29 (> 8%5)
018-K1*ColV+ 0-6-1-6 (7°9) <06 (> 85)
018*K1-ColV~ 37 (> 85) 46-56 (> 845)
018"K1*ColV-~ 06-1:6 (8:0-8-5) 1-8 (> 85)
018~K1-ColV+ 56 (> 85) 66 (> 85)
018 K1=ColV~ 61 (> 85) 6:6-76 (> 85)

The figures in parenthesis are the results obtained by Smith & Huggins (1080) for
intramuscular inoculation.

», No animals died in the group given the highest dose; >, the number of animals that died
in this group was too low to determine the L1, <, all the animals died in the group given
the llol\;cst dose; <, the number of animals that died in this group was too high to determine
the LDy,

Table 2. The survival times of groups of chickens inoculated intracranially with
018+K1*ColV* and 018~ K1~ColV~ forms of MW and K12

No. of 16 chickens that had died by
the following days nfter inoculation

r Y

Dose of viable
organisms Form i { 12 3 4 b
160 MW O18*KI1+*ColV* 13 13 13 13 13 13 13
K12 018*K1*ColV* 6 11 14 14 14 U5 15

16 MW 018*K1*ColV* 9 13 4 4 1 14 14
K12 018*K1+ColV* 0 1 9 12 12 13

1-6 MW O18*K1+ColV* H 6 6 ] 6 g 6
K12 018*K1*ColV* 0 1 b 8 8 10 10
10 MW 018-K1-ColV~ 4 4 7 8 8 9 0
K12 018-K1-ColV~ 6 9 10 10 10 11 11
10¢ K12 018"K1-ColV~ 0 1 1 1 1 2 2
K12 018=K1-ColV- 1 2 4 4 4 4 4

15 chickens inoculated with different doses of the O18*Ki1+ColV* and
018-K1-ColV- forms of K12 and MW are given in Table 2. Although the chickens
inoculated with the 018*K1*ColV+* form of K12 tended to survive longer than
those inoculated with the corresponding form of MW there was little difference
in the total mortality caused by the two forms; it is probable that in some cases
both forms were lethal in doses of only one viable organism. There was no difference
in survival time or mortality between the groups of chickens inoculated with the
018~K1~ColV~ form of K12 or MW.

The experiments with the different forms of MW and K12 were repeated in
chickens aged one day and in chickens of the White Leghorn breed. Also, those
with the 018*K1*ColV* forms of K12 and MW were repeated in chickens aged
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Table 3. Lethality by the intracranial route of different forms of MW and

K12 for mice
log,e (LDj, of viable organisms)
Form ’ MW form K12 form
018*K1*ColV+ 12 (4-4) 57 (> 80)
018*K1*+Col V- 21 (57) 58 (> 80)
018*K1-ColV+ 53 (> 80) 6:6-76 ( > 80)
018"K1*ColV* 12 (> 173) 60 (> 80)
018*K1-ColV- 58 (—) 6:6-706 (—)
018-K1*ColV- 27 (—) 56-66 (—)
018~K1=ColV* 67 ( > 8-0) 6:6-7-0 ( > 80)
018~K1-ColV- 6-6-7-6 (> 80) 76-80 (> 80)
Thefiguresin parenthesisare the results obtained by Smith & Huggins (1980) forintraperitoneal

inoculation.
—, No observation; for other abbreviations see Table 1.

Table 4. Numbers of organisms in the lissues of chickens killed at different times
after they had been inoculated intracranially with 10 or 10® viable organisms of the
O18*K1*ColV* form of MW and K12

log, [no. of viable organisms (g tissue)™]

Al

Pime after MW form in K12 form in

No. of organisms  inoculation s A 3 ! A \
inoculated (h) Brain  Blood Spleen Brain  Blood Spleen
10 8 2 <20 30 33 <20 20

16 80 40 653 56 23 45

24 5 57 60 " <20 46

32 —_ — —_ 03 30 38

40 — — — - — —

1? Hmin 20 <20 <240 20 <20 <20

8 76 27 46 60 <20 33

16 95 47 60 03 7 b

24 - — - S <20 33

Three chickens given each form were killed at cach of the stated times and the numbers of
organisms in their tissues were estimated; the medians of each set of three counts for each

particular tissue are shown.
—, Insuflicient numbers of the chickens given this form were surviving at this time to permit

observations to he made.

42 and 66 days. The results of all these experiments were essentially the same as
those illustrated in Table 1.

(b) For mice

The results of giving the different forms of MW and K12 to mice are summarized
in Table 3. Their responses to infection with the different forms of MW, in general,
resembled those of the chickens except that slightly higher doses were required to
kill them and they survived slightly longer; the survival times of the mice
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inoculated with the MW 018*K1*ColV* form resembled those quoted in Table 9
for control mice. Unlike the chickens, the mice were highly resistant to lethal
infection with all the forms of K12, even the 018tK1+ColV* form.

The experiments with the 018+K1*ColV+ forms of MW and K12 were repeated
in mice aged 25 days and in mice of the ICI no.1 strain. The results were essentially
the same as those quoted in Table 3. The LD;s of these forms of MW and K12
for the mice aged 25 days were, log,,, 21 and 5:6-6:6 organisms respectively; the
corresponding figures for the ICI no.1 strain were 1-6-2:6 and 5:6-6:0 respectively.

(c) For ducks

The results of inoculating ducks with the 018*K1+ColV+ and 018-K1-ColV-
forms of MW and K12 resembled those obtained in chickens. The LDggs of the
018*K1*ColV* forms of MW and K12 for these animals were, log,,, 0-06 and 0-2
viable organisms; the correspondiong figures for the 018-K1~ColV~ forms of MW
and K12 were 5:6-6:6 and > 6:6 viable organisms respectively.

(d) For guinea pigs

The experiments with the 018*K1+ColV* forms of MW and K12 and with the
018"K1~ColV~ form of K12 were also repeated in guinea-pigs. The results
resembled those that had been obtained in chickens. The LDgs of the
018*K1*ColV* forms of MW and K12 were, log,,, < 06 and 0-3-1-3 respectively;
the LD, for the 018"K1~ColV~ form of K12 was > 6-3.

Fate of different forms of MW and K12 inoculaled intracranially into chickens

. and mice
Chickens

Estimating the numbers of organisms in the tissues of chickens killed at different
times after they had been inoculated intracranially with 10 or 10? viable organisms
of the O18*K1*ColV* form of MW or K12, revealed that both forms proliferated
in the brain, the MW form being present in larger numbers than the K12 form at
8 hin the chickens inoculated with 103 viable organisms and at 16 h in the chickens
inoculated with 10 viable organisms (‘Table 4). In the chickens examined after these
times, all of which were severely ill, the numbers of the MW and K12 forms in the
brain were about the same. The numbers, especially of the K12 form, were much
lower in the spleen and blood than in the brain,

The above experiment at the 10® dose level was repeated using the
018" K1~ColV~ forms of MW and K12, 3 chickens given each form being examined
at 5 min and 8, 16, 24, 32, 40 and 48 h after inoculation. None of the 42 chickens
became unwell. Approximately, log,q, 2:0 viable organisms g™! were isolated from
the brains of the 6 chickens killed at 5 min after inoculation. The K12 form, log,,,
2:5 viable organisms g=!, was found in the brain of one of the chickens examined
at 32 h and the MW form, log,,, 33 viable organisms g™, was found in the brain
of one examined at 40 h. No organisms were isolated from the braing of the
remaining 34 chickens; neither were they isolated from the blood or spleen of any
of the 42 employed in the experiment.
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Table 5. Numbers of organisms in the tissues of mice killed at different times after
they had been inoculated intracranially with 103 viable organisms of the
O18*K1*ColV* forms of MW and K12

logye [no. of viable organisms (g tissue)™] of

MW form in . K12 form in
Time after ’ A S ‘ A \

inoculation (h) Brain Blood  Spleen Brain Blood  Spleen
5min 2:3 . <20 <20 2:5 <20 <20

8 66 23 <20 23 <20 <20

10 72 2 20 33 <20 <20

24 82 20 <20 2 <20 <20

32 80 20 2:8 40 <20 <20
40 00 27 23 2.7 <20 <20
48 76 <20 <20 20 <20 <20
72 86 29 33 43 26 <20

Three mice weroe killed at each of the stated times; for other details see Table 4.

Table 6. Numbers of organisms in the brain of mice killed at different times after
they had been inoculated intracranially with a mixture of 10® viable organisms of

the 018*K1*ColV* forms of MW and K12

log,e [no. of viable organisms (g brain)™] of

Time after inoculation

(h) MW form K12 form
Hmin 2-¢ 2:¢
8 52 33

16 83 42

24 090 517

32 8h 47

40 88 i35

48 87 47

72 87 33

Three mice given the mixture were killed at each of the stated times and the numbers of the
two kinds of organisms in the brain were estimated by performing the counts on MacConkey’s
agar containing spectinomyein (for M) and sodium nalidixate (for K12); the median K12 count
of ench set of three counts is shown together with its corresponding MW count.

Mice

High numbers of organisms were found in the brains of mice at 8 h or more after
they had been inoculated with 10® viable organisms of the 018*K1*ColV* form
of MW ; the number of organisms found in the brains of mice inoculated with the
corresponding form of K12 were always low (Table 5). Only very low numbers of
organisms were found in the blood and spleen of the mice inoculated with the MW
form; the K12 form was only found in one of the 24 mice examined. Some of the
mice that had been set aside for this experiment died 48 h after inoculation with
MW; none survived longer than 72 h. All the mice inoculated with the K12 form
remained well.

The numbers of K12 organisms were usually higher in the brains of mice
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Table 7. Numbers of organisms in a 68% suspension of pooled mouse brain at
different times after adding the 018*K1+ColV* form of MW and K12 and incubating

al 37 °C
log,, [no. of viable organisms (g brain)™'] of
Time after inoculation = A \
(h) MW form K12 form
0 30 30
{ 39 38
3 53 52
5 78 hH
8 02 86
12 03 02

Table 8. Numbers of organisms in pooled heparinized mouse or chicken blood at
different times after adding the 018*K1*Col V* and 018~ K1~Col V= forms of MW and

K12
log,, [no. of viable qrgnnisms (g tissue™]
’ 018*K1*ColV* form of 018-K1~ColV~ form of
MW in Ki2in ST awm . Kizm

A Y

r r r r Al
Time after Chicken Mouse Chicken Mouse Chicken Mouse Chicken Mouse
inoculation (h)  blood  blood  blood  blood  blood  blood  blood  blood

~

0 35 3 32 32 34 34 32 32
H 3D 30 30 32 33 B2 32 33
1 3-8 34 24 33 24 34 23 32
1} 32 340 25 34 17 35 <140 33
3 47 o4 34 30 26 42 < 10 37
H 53 (13}] h2 43 10 47 <10 30

The mouse blood was incubated at 37 °C and the chicken blood at 41 °C.

inoculated with a mixture of the 018*KI1*ColV* forms of MW and Ki2 than in
the brains of mice inoculated with the K12 form only but they were still much
lower than the numbers of the MW form (Table 6).

The effect of incubating forms of MW and K12 in mouse brain and in mouse and
chicken blood in vitro
The O18+K1*ColV* forms of MW and K12 multiplicd at the same rapid rate
in a freshly-prepared suspension of pooled mouse brain in normal saline (Table 7).
The numbers of organisms of the O18*K1*ColV* form of K12 and of the
018-K1-ColV- forms of K12 and MW had decreased 1 h after incubation in fresh
pooled heparinized chicken blood, those of the Q18*K1*ColV* form of Ki2
increasing later; the numbers of organisms of the 018+*K1*ColV* form of MW had
not decreased (Table 8). No decrease was observed in the count of all four forms
incubated in mouse blood ; all, except the 018"K1-ColV~ form of K12, multiplicd.
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Table 9. Immunity produced in chickens against inlracranial challenge with the
O18*K1*ColV* form of the MW strain by vaccination with this form

No. of 20 chickens that had died by
the following days after challenge

Challenge dose Vaccinal status ’ “\

(log,, viable organisms) of chickens | 2 3 7
53 + 17 20 20 20

- 20 20 20 20

43 + 12 19 20 20

- 18 20 20 20

33 + 6 12 18 10

- 12 20 20 20

23 + 0 0 14 15

- ] 20 20 20

13 + 0 : 8 8

- b 20 20 20

03 + 0 0 0 0

- 3 11 11 11

+, Vaccinated; —, unvaccinated.

Three doses of vaccine consisting of formaldehyde-killed organisms in Freund’s incomplete
adjuvant were given intramuscularly to groups of 7-day-old chickens at 7 day intervals; control
animals were only given the adjuvant. Their immunity was challenged 15 days after the last
dose.

Agglutination tests with pooled mouse and chicken serum and different forms of
K12

In slide tests, pooled chicken serum strongly agglutinated the O18*K1*ColV*,
the O18t*K1~ColV* and the O18~K1~ColV~ forms, but not the O18-K1+ColV*
form, of K12; pooled mouse serum did not agglutinate any of the four forms. These
and the subsequent experiments were performed to obtain additional evidence on
whether or not serum might be involved in the differing susceptibility of chickens
and mice to infection with the MW and K12 forms.

The effect of chicken or mouse serum on the lethality of the O18*K1*ColV* form of
K12 for mice or chickens

Ten mice given 3 ml of pooled chicken serum subecutancously were inoculated
intracranially 24 h later with, log,,, 4:6 viable organisms of the O18*K1+ColV+
form of K12, a dose ealeulated as being just insufficient to kill normal mice; only
one died. The experiment was repeated in chickens aged 5 days giving them pooled
mouse serum instead of chicken serum and a dose of, log,,, 1:0 viable organisms,
an amount just sufficient to kill normal chickens; only one survived.

Immunity produced in chickens and mice against intracranial and intraperiloneal
challenge with the O18*K1*ColV* form of MW or K12
A sglight but definite immunity against intracranial challenge with the
018+*K1*ColV+* form of K12 was detected in groups of chickens that had been given
a dead vaccine prepared from this form; immunity was expressed as decreased

13 uva 05
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Table 10. Immunity produced in mice against intracranial challenge with the
018+*K1*ColV* form of the K12 strain by vaccination with this form

Challenge dose
(log,, viable organisms)

40

2:0

Vaccinal status
of mice

+

I+ I+ I+

I+

following days after challenge

No. of 20 mice that had died by the

CO C=~ O~ OO0 mtd =

OO o= Ot = =I& N

3

-
—_ .

10
0
8

4

7
11

4
10

3
7

4
10

0
10

5

11
13

4
10

3
10

5
16
9

12

6
15
16

6

12
3
12

b
17

2

12

7

17
18

0
14
3
13

5
17

4
12

12

For details see Table 9; the mice were 35 days old when vaccination was commenced.

Table 11. Immunily produced in mice against intraperitoneal challenge with the
O18*K1*+ColV* form of the MW strain by vaccination with this form:

No. of 20 mice that had died by
the following days after challenge

Challenge dose

(log,, viable organisms)

65

60

Vaccinal status
of mice

+

1+ 1+

1 +

{

So -

SO o o

FFor details sce Tables 9 and 10.

- [
SO CoC W

—-—c ne

b

14
0
20
0
18

0
15

0
{

Al

mortality in the groups challenged with low doses of the 018*K1*ColV* form and
by increased survival times in the groups challenged with higher doses (Table 9).
Similar results were obtained when the experiment was repeated in mice vaceinated
and challenged with the 018*K1*ColV* form of MW (Table 10). A much stronger
immunity was observed in vaccinated mice challenged intraperitoneally instead

of intracranially (Table 11).

DISCUSSION

As anticipated, most of the forms of MW and K12 were much more virulent for
chickens and mice when they were given intracranially than when they had been
given intramuscularly or intraperitoneally (Smith & Huggins, 1980). The fact that
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many of them differed greatly in virulence when given intracranially, however,
indicated that the defences of the central nervous system were not inconsequential.
As was the case following intramuscular and intraperitoneal inoculation, the K1
antigen conferred a high degree of virulence on intracranially-inoculated MW
forms. On the assumption that the main defences of the central nervous system
are the components of the blood, this increase in virulence was expected because
Smith & Huggins (1980) had found that the K1 derivatives exhibited an increased
resistance to the bactericidal activity of serum. K1 serum resistance has since been
noted and studied more fully by other workers (Gemski, Cross & Sadoff, 1980;
Agucero & Cabello, 1984 ; Pluschke et al. 1983; Pluschke & Achtman, 1984), the
clagsical complement pathway being shown to be important in the particular
susceptibility of newborns to K1+ infections (Pluschke & Achtman, 1984). The K1
antigen, too, has also been found to endow organisms with increased resistance to
phagocytic killing (Cross et al. 1984). Unlike the position of intramuscularly and
intraperitoneally-inoculated MW forms (Smith & Huggins, 1980), the virulence
genes of the ColV plasmid, be they those that encode iron transport systems
(Williams, 1979; Williams & Warner, 1980; Stuart, Greenwood & Luke, 1980) or
complement resistance (Binns, Davis & Hardy, 1979; Binns, Mayden & Levine,
1982; Nilius & Savage, 1984), only slightly increased the virulence of these forms
when given intracranially. The O18 genes, though, had a greater effect, an effect
that was expected because O18 increased serum resistance (Smith & Huggins,
1080); this increased resistance was also observed by Pluschke et al. (1983) and
Pluschke & Achtman (1984) in their studies on the impact of different O antigens
in K1*strains on virulence. The increased virulence, though, was only slight in the
case of the mice, The differences between the responses of chickens and mice to
intracranial inoculation was much more marked when the results from the different
forms of K12 were compared. All were of low virulence for mice but some, especially
those possessing the K1 antigen, were highly virulent for chickens, and also for
ducks and guinea pigs, to the extent that probably one organism was sufficient
to produce a lethal infection, an observation that emphasized the vulnerability of
some species of animals to intracranial invasion of certain kinds of E. coli, such
a8 those possessing the K1 antigen.

No explanation could be found for the difference between mice and chickens,
ducks and guinea-pigs in the manner in which they responded to intracranial
inoculation with the K12 forms. Low doses of the O18*K1*ColV* form of K12
failed to proliferate in the central nervous system of mice when inoculated alone
or when inoculated with the corresponding form of MW which could proliferate
there. No inhibitors for this K12 form could be demonstrated in mouse brain and,
although it was possible to protect mice against lethal infection with the
corresponding form of MW and chickens against lethal infection with the K12 form
by vaccination, the ability of the K12 form to survive apparently unharmed in
normal mouse blood but not in normal chicken blood and the failure to demonstrate
agglutinins for it in mouse serum but not in chicken serum, did not suggest that
antibody was involved. Furthermore, the fact that the administration of large
doses of normal mouse serum to chickens and large doses of normal chicken serum
to mice did not alter the manner in which they reacted to infection with the K12
form suggests that the property responsible for mice being highly resistant to
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infection with this form and for chickens being highly susceptible to it does not
reside in their sera. Whatever the reason for this difference between mice and
chickens, ducks and guinea-pigs, it provides one more example of the danger in
extrapolating between species.

We are grateful to Mrs Theresa Berrill for her capable technical help. Our thanks
are also due to Professor P. M. Biggs, Mrs Shirley Pilcher, Miss Betty Royston and
Mr Peter Townsend for assistance in a variety of ways.
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