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Campylobacterjejuni from sporadic cases and outbreaks of gastroenteritis were
serotyped on the basis of heat-extracted soluble thermostable antigens identified
with the use of the passive hemagglutination technique. A total of 168 isolates
were separated into 45 different types. The largest proportion of the isolates fell
into three serotypes, each with 11 to 12.5% of the total number. Three less
frequently occurring serotypes each included approximately 5%, and the remain-
ing 50% of the isolates were distributed among 39 other serotypes. In most cases,

serotyping demonstrated that epidemiologically linked isolates were of the same

serotype, but the outbreak strains could belong either to frequently or to
infrequently isolated serotypes. The high correlation between clinical findings and
serotyping results confirmed the applicability of the serotyping scheme in
epidemiological investigations of C. jejuni infections.

In the last 10 years, it has been well docu-
mented that Campylobacterjejuni bacteria are a
common cause of enteritis in humans (4-6, 8, 13,
20, 23). Methods have been developed and wide-
ly adopted for routine isolation of these agents
(6, 8, 12, 23), but much still remains to be
learned about the epidemiology of the infec-
tions.

Previous studies have drawn attention to the
possible transmission of the infectious agents
through contaminated water, milk, or food (10,
11, 18, 19, 22, 25). Some indirect evidence
suggests that household pets or domestic ani-
mals may be the source of human infections (2,
3, 24). To confirm these suspected routes of
sources and transmissions, effective discrimina-
tion between strains of the species is required.
Progress in this area has been limited. Since the
bacteria have only a few biochemical reactions
that may be routinely demonstrable in the clini-
cal laboratory (6, 12, 16), it is not expected that
biotyping will be adequate for epidemiological
studies. Interest has therefore focused on the
use of serotyping methods for epidemiological
tracing. Several different serotyping schemes
have already been described, but all are still in
the developmental stages (1, 14, 15, 17, 21).
Adoption by public health laboratories and ref-
erence centers of one scheme or another will
depend to a large extent upon the effectiveness
of the scheme in the practical situation.

In this communication, we describe a study in
which one such scheme was used to serotype
isolates submitted to a public health laboratory

with the objectives of assessing the scheme for
its performance in epidemiological studies and
for gaining new insights into the epidemiology of
infections caused by C. jejuni.

MATERIALS AND METHODS
Isolation and identification of bacteria. Fecal speci-

mens in Cary-Blair transport medium (7) from different
areas in the province were sent to the British Columbia
Provincial Health Laboratory for isolation and identifi-
cation of diarrhea-producing pathogens. For isolation
of C. jejuni, each specimen was inoculated onto Co-
lumbia agar base medium (Oxoid) supplemented with
7% horse blood and antibiotics (SR 85; Oxoid). The
plates were incubated at 43°C for 48 h in an atmo-
sphere of 5% oxygen, 10% carbon dioxide, and 85%
nitrogen. Colonies that were gram negative with
curved or S-shaped morphology, positive in tests for
oxidase and catalase production, and susceptible to
nalidixic acid (30 ji.g/ml) were classified as C. jejuni.

Sources of strains to be serotyped. Strains fell into
three categories: (i) strains from an outbreak of gastro-
enteritis at Nakusp, British Columbia; (ii) strains from
seven families; and (iii) strains from sporadic cases.

Serotyping. Subcultures of C. jejuni were sent in
Amies transport medium (Difco Laboratories) to the
laboratory of one of us (J.L.P.) for serotyping. The
swab from the transport medium was first used to
inoculate 5 ml of thioglycolate broth (BBL Microbiolo-
gy Systems) and then a blood agar plate (Columbia
agar with 5% whole horse blood). The inoculated
media were incubated at 37°C in a CO2 incubator
(Forma Scientific, Marietta, Ohio) set to maintain an
atmosphere of 5% CO2. This atmosphere, unsuitable
for primary isolation, readily supported the growth of
strains submitted for serotyping. After 48 h, each plate
was checked for purity and then transferred to and
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TABLE 1. Community outbreak at Nakusp, British
Columbia, Canada

Date
Patient (Age) specimen Serotype Titer"

received

1 27 9/7/80 1 1:5,120
2 20 11/7/80 1 1:5,120
3 21 14/7/80 1 1:5,120
4 56 23/7/80 1 1:2,560
5 39 30/7/80 1 1:2,560
6 59 30/7/80 1 1:640
7 25 17/7/80 5 1:5,120

25 29/7/80 5 1:2,560
a Titers are for antisera against the indicated sero-

type. Reactions in antisera against all other serotypes
were '40.

spread over the surface offour blood agar plates. After
incubation for 48 h at 37°C, 1.5 ml of saline (0.85%
NaCl) was added to each plate, and bacteria were
scraped from the four plates and pooled in screw-
capped tubes. The tubes were heated for 1 h in boiling
water. After cooling and centrifugation (8,000 x g for
10 min), the supernatant fluid was removed and used
to sensitize sheep erythrocytes for passive hemaggluti-
nation.

If pure cultures were not seen on first transfer, the
swab from the transport medium (maintained at 4°C in
the interval) was used to inoculate a plate of Columbia
agar base (Oxoid) containing 7% horse blood and
antibiotics according to the formula of Skirrow (23)
and incubated for 48 h at 37°C in the CO2 incubator. If
Gram stains revealed the typical morphology of C.
jejuni, colonies were selected to inoculate blood agar
plates as above. Growth from thioglycolate broth was
used to inoculate Skirrow medium when subculturing
from transport medium failed to yield C. jejuni.

Passive hemagglutination was performed as de-
scribed previously (21). Each antigen preparation was
titrated against 55 antisera prepared against stock
serotype strains. Titrations were performed in microti-
tration plates. Antisera were serially twofold diluted in
11 wells. Another well without antiserum contained
only diluent. Suspensions of antigen-coated sheep
erythrocytes were added to and mixed with the con-
tents of each well. After 1 h of incubation at 37°C and
overnight storage at 4°C, the highest dilution in which
agglutination was observed was taken as the titer. No
agglutination of sensitized erythrocytes was observed
in the well that served as a control. Each isolate was
then assigned a serotype according to the antiserum
(or antisera) in which agglutination occurred. Antisera
were not absorbed. In instances of multiple displays of
antigens, the titers obtained were compared with those
of known cross-reactions of standard strains to identi-
fy the serotype(s) present. This procedure was under-
taken to detect as many combinations of antigens on
unknown strains as possible.

RESULTS
Retrospective serotyping of isolates from pa-

tients of a community outbreak of gastroenteritis.
Nine strains were obtained from eight patients at

Nakusp, British Columbia, where an outbreak of
gastroenteritis was reported (9). Six isolates
reacted only in antiserum against serotype 1 and
titers ranged from 1:640 to 1:5,120 (Table 1). No
significant reactions were seen with the other 54
antisera. Three isolates, two from one individual
and a third from another, reacted only in antise-
rum against serotype 5. The third isolate was
obtained 1 month after the outbreak and was
therefore considered not to have been associat-
ed with the outbreak; thus, it is not included in
Table 1.
Those strains belonging to serotype 1 were

positive in tests for hippurate hydrolysis and
were susceptible to 10 p.g of ampicillin per ml.
The two serotype 5 isolates were hippurate
negative and were not inhibited by concentra-
tions of the antibiotic less than 40 p.g/ml.
Having determined that this typing method

discriminated between isolates of the species
and identified the common strain involved in this
outbreak, we arranged a program for continuous
serotyping between the laboratories at Vancou-
ver and Toronto.

Serotypes of isolates from family outbreaks.
Isolates from seven suspected family outbreaks
are shown in Table 2. It can be seen that in all
but one outbreak, each family member or animal
contact had an isolate of the same serotype as
others involved in the particular outbreak. The
serotype of the outbreak strains were different
from one family to the next. They included some
very common serotypes (1, 2, and 4) in families
A, B, and C as well as some less frequently

TABLE 2. Serotypes of isolates in family outbreaks

Family Patient (age [yrl) SerotypeFamily and animal contact of isolate

A Adult male (65) 1
Adult female (61) 1
Chicken 1

B Male child 2
Mother 2
Father 2

C Mother (32) 4
Female child (6) 4

D Female child (6) 5
Female child (2) 5

E Male child (9) 11
Female child (6) 11

F Mother (29) 31
Male child (10) 31

G Child (2) 20
Child (0.25) 45
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TABLE 3. Serotype distribution of C. jejuni isolates

No. of isolates No. of isolates
Serotype Separate Epidemiologically Serotype Separate Epidemiologically

isolationsa linkedb isolations' linkedb

1 19(11.3) 5 + 2c 19 2 (1.2)
1/4 1 (0.6) 20 1 (0.6)
2 20 (11.9) 2 21 2 (1.2)

2/4 1 (0.6) 22 1 (0.6)
2/13 1 (0.6) 23 1 (0.6)
3 6 (3.6) 23/26 2 (1.2)
4 21 (12.5) 1 24 1 (0.6)

4/13/16 1 (0.6) 28 1 (0.6)
4/13/34 1 (0.6) 31 7 (4.2)

4/16 1 (0.6) 33 1 (0.6)
4/19 1 (0.6) 34 2 (1.2)
5 9 (5.4) 1 37 1 (0.6)

5/30 1 (0.6) 41 5 (3.0)
5/31 2 (1.2) 42 3 (1.8)
6/7 2 (1.2) 43d 4 (2.4)
8 8 (4.8) 45 6 (3.6)
10 2 (1.2) 46d 1 (0.6)
11 3 (1.8) 1 47 3 (1.8)

13/16 8 (4.8) 48 1 (0.6)
13/19 1 (0.6) 50 3 (1.8)
14 2 (1.2) 51 1 (0.6)
16 1 (0.6) 53d 1 (0.6)
18 6 (3.6)

aSeparate isolations includes sporadic isolates plus one isolate from each outbreak. Percentages are shown
within parentheses.

b Includes all but one isolate from each outbreak.
c Five isolates were from community outbreak (Table 1), and two were from family B outbreak (Table 2).
d New serotypes identified in this study.

occurring types (11 and 31) in families E and F.
Isolates from siblings in family G were found to
be different in serotype (20 and 45). Repeated
resubmissions for serotyping of these two iso-
lates (under coded designations) produced the
same results. It should be noted that the isolate
of serotype 20 was hippurate negative and the
other of serotype 45 was hippurate positive.
Thus, differentiation by serotyping was consist-
ent with differentiation by biotyping. The lack of
correlation between serobiotyping and the clini-
cally expected results for family G remains
unexplained.

Prevalence of serotypes among British Colum-
bia isolates. To show prevalence of each sero-
type more accurately, only one isolate from each
outbreak was considered as contributing to the
prevalence of that particular serotype. Hence,
only 168 of the 181 serotyped isolates were taken
into account in determining the serotype distri-
bution (Table 3). Isolates sent for repeat sero-
typing were not included. The most common
isolates were serotype 4 followed by serotypes 1
and 2. This contrasts with results from a previ-
ous study in which it was found that isolates of
serotypes 2 and 1 were most common (21). More
than one-half of the isolates (50.3%) fell into six

serotypes (1, 2, 4, 5, 8, and 13/16). Similar
concentrations of isolates within a small number
of serotypes were also noted previously in two
hospitals (21). Isolates that reacted in both anti-
sera 13 and 16 constituted 5.0% of the total and,
as in the previous study, were the most frequent-
ly occurring of the multiply agglutinating types.
Only 15 others (9.0%) reacted in two or more
antisera. The number that reacted only in one
antiserum therefore formed the largest group
(86%). No untypable isolates were recorded in
this study. Twelve isolates that were initially
classified as untypable were found to belong to
one or another of four new types (serotypes 43,
45, 46, and 53) identified in this study.

DISCUSSION
We report the suitability of a serotyping meth-

od for discriminating between strains of C. je-
juni. The passive hemagglutination technique
used was previously reported to separate strains
of C. jejuni on the basis of thermostable antigens
(15, 21). With this method, only the heat-extract-
ed, soluble antigens having affinity for the eryth-
rocyte surface are measured, thereby circum-
venting the problem of autoagglutinability found
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with Campylobacter cell suspensions (1, 17).
The large size of the erythrocyte, acting as
antigen carrier, increases the sensitivity of de-
tecting antigen-antibody reactions compared
with direct bacterial agglutination.
The serotyping results of strains from a com-

munity outbreak correlated well with clinical
data and with biochemical and antibiotic sensi-
tivity test results. This collaborative study was
therefore undertaken to further assess the reli-
ability of the serotyping scheme and to extend
knowledge of the epidemiology of the species
with serotyping results.

In the course of this study, 181 isolates were
typed and assigned to 1 or more of 45 serotypes.
In six separate instances, family outbreaks were
found to be caused by a serotype common to all
members of the particular family or to their
animal contact. In another family, serotyping
separated isolates of different biotypes. Results
of these smaller outbreaks confirmed the effec-
tiveness of serotyping for epidemiological pur-
poses.
The serotyping scheme is now capable of

identifying 55 different antigenic specificities by
means of the same number of antisera. Some
isolates were found to react in two or more
antisera against serotypes not previously known
to be related. Thus, some strains possess com-
plexes of antigens. Isolates with such multiple
specificities will be useful in defining new sero-
types in a scheme that is expected to be expand-
ed to include cross-absorbed antisera as in the
well-known Kauffman-White scheme for Salmo-
nella spp.

It is clear from this study and from others that
there are considerable geographical differences
among the serotypes in their frequency of isola-
tion (15, 21). It can be expected that the number
of serotypes will continue to increase as isolates
from more widely separated sources are exam-
ined. The detection of four new serotypes (43,
45, 46, and 53) among only 181 isolates of this
study illustrates the point. Human infections are
not restricted to particular serotypes. Sporadic
cases and outbreaks may be caused by frequent-
ly isolated types such as those of serotypes 1, 2,
and 4 or by infrequently occurring types such as
11 and 31.
More work is necessary to clarify the epidemi-

ological significance of Campylobacter infec-
tions in human and animal populations. This
study has shown the applicability of the passive
hemagglutination technique to this task. Further
evaluations of the scheme are therefore warrant-
ed and should be conducted independently by
other laboratories who will undertake the tasks
of reconstituting the scheme and testing it in
practice. Presently, the Division of Laboratories
of the Ministry of Health in British Columbia is

one of the laboratories that is participating in
this testing program.
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