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Porcine Streptococcus suis strains as potential sources of
infections in humans: an underdiagnosed problem in North
America?
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S treptococcus suis is a gram-positive
coccus, possessing cell wall antigenic
determinants related to Lancefield

group D, although it is genetically unrelated
to other members of this group, such as
enterococci. Streptococcus suis is a capsulated
bacterium, with the composition of the
capsule defining the serotype. There are
presently 35 capsular types or serotypes.
The original classification of S suis into
Lancefield groups R, S, and T is erroneous,
obsolete, and should be avoided. Strains of
S suis originally defined as Lancefield
groups R, S, and T correspond to capsular
types 2, 1, and 15, respectively.1

Streptococcus suis infection has been consid-
ered a major and worldwide problem in the
swine industry, particularly during the past
15 years. The natural habitat of S suis is the
upper respiratory tract (particularly the
tonsils and nasal cavities) and the genital
and alimentary tracts of pigs.2 The most
important clinical manifestation associated
with S suis is meningitis. However, other
pathological conditions have also been de-
scribed, such as arthritis, endocarditis,
pneumonia, and septicemia with sudden
death.2 Although S suis is considered pri-
marily a swine pathogen, it has been in-
creasingly isolated from a wide range of
mammalian species, including human beings,
and from birds, which suggests new concepts
about some epidemiological aspects of the
infection.

Diagnosis of S suis infections
Presumptive diagnosis of S suis infections
in pigs is based on clinical signs and mac-
roscopic lesions. Confirmation of infection
must be achieved by isolation of the infec-
tious agent and recognition of microscopic

lesions in tissues.2 Isolation of S suis from
lungs must be interpreted with caution,
since this organism is almost constantly
present in the upper respiratory tract. Pigs
may harbor a variety of S suis strains or se-
rotypes in their nasal cavities and tonsils
with no relationship to a specific pathologi-
cal condition. It is also possible to isolate
multiple S suis serotypes from diseased ani-
mals within the same herd.2

Veterinary diagnostic laboratories easily
identify S suis isolates by using a minimum
of biochemical tests, especially when isolates
are recovered from diseased pigs. As proposed
by Devriese et al,3 an alphahaemolytic
Streptococcus recovered from diseased pigs
that produces amylase, but not acetoin,
may be considered S suis. Some laboratories
proposed the use of multi-tests, such as the
API Strep System test (BioMérieux,
France); however, some strains of S suis
may be misidentified using these commer-
cial kits.4 In addition, it has been proposed
that, using these kits, S suis serotypes 1 and
2 can be differentiated on the basis of some
biochemical properties, but this was shown
to be untrue.4 Serotyping is still an impor-
tant part of the routine diagnostic procedure.
Although different techniques exist, many
laboratories have adopted coagglutination
for serotyping.2 Since the majority of
typable isolates belong to capsular types 1
through 8, it is advisable for diagnostic
laboratories to use only antisera correspond-
ing to those serotypes and to send
untypable isolates to a reference laboratory.2

Isolation and identification of S suis isolates
from carrier pigs is much more compli-
cated. In fact, most pigs harbour S suis in
their tonsils.5 Multiple serotypes, as well as
untypable strains, may be present in the

same animal.5 In fact, in these cases, final
identification of untypable strains must be
carried out by using S suis species-specific
polymerase chain reaction (PCR) tests.6

Finally, no reliable serological test has been
described. Strain-specific ELISA tests may,
however, be used to follow up on either
maternal antibodies or active immunity
(after infection or vaccination), as recently
reported.7

Streptococcus suis has been increasingly iso-
lated from a wide range of mammalian spe-
cies, including human beings. There are
some risks of misidentification of S suis
isolates recovered from animal species other
than swine. In fact, streptococci recovered
from animal species other than swine may
be erroneously classified as S suis when the
identification has been carried out only on
the basis of biochemical tests, since other
streptococci may share similar characteris-
tics. In addition, some of these strains may
even present positive reactions when
serotyped with serotype-specific anti-S suis
sera, further complicating the diagnosis
(unpublished observations). In these cases,
species-specific PCR tests must be used for
final identification, as for untypable strains
recovered from carrier animals. Only PCR-
positive strains should then be serotyped.

The opposite situation occurs when S suis
isolates are recovered from human beings.
Although the disease is sporadic, it is most
probably underdiagnosed, because the
causative agent may be mistaken for other
organisms of similar appearance. Even
though S suis field isolates readily grow on
media employed for culturing bacteria that
cause meningitis, many laboratories are not
aware of S suis, and it is usually misidentified
as enterococci, Streptococcus pneumoniae,
Streptococcus bovis, viridans group strepto-
cocci, or even Listeria monocytogenes.8,9 For
example, Donsakul et al10 reported that in
five of eight cases, S suis infections had been
erroneously diagnosed as Streptococcus
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viridans. In many cases, the initial gram-
stain diagnosis of the cerebrospinal fluid
specimen is pneumococcal meningitis.
Streptococcus suis meningitis may have been
missed in the past because of such confu-
sion. Streptococcus suis infections in humans
are observed more frequently in intensive
pig farming areas, or where people live in
close contact with pigs.11 Cases have been
reported in The Netherlands, Denmark,
Italy, Germany, Belgium, United Kingdom,
France, Spain, Sweden, Ireland, Austria,
Hungary, Hong Kong, Croatia, Japan,
Singapore, Taiwan, New Zealand, and Ar-
gentina.8 Mysteriously, only a few cases
have been reported in Canada9 and none
in the United States.

Streptococcus suis infection in
humans
Since the first description in Denmark in
1968,12 nearly 200 human cases of S suis
infection have been reported. Several re-
ports indicate “Lancefield group R strepto-
cocci”; since this terminology has been
abandoned, the pathogen in these cases
must be regarded as S suis. In general, S suis
disease is considered a rare event in man.
However, it has been reported to be “one of
the major causes of meningitis in adults in
Hong Kong.”13 Most cases are caused by
serotype 2 strains, but cases due to serotype
4 (one case) and serotype 14 strains (two
cases) have also been observed.14,15 Two
recently diagnosed S suis serotype 1 cases in
humans remain to be confirmed, because
the serotype of these strains was established
only by means of biochemical criteria (API
galleries) and was not confirmed with a
serologic reaction using specific sera, as
required for serotyping.16 Unfortunately,
these isolates are no longer viable to
confirm the serotype (J. Kopic, personal
communication, 2004).

In man, S suis usually produces a purulent
or nonpurulent meningitis.2 In addition,
endocarditis, cellulitis, rhabdomyolysis,
arthritis, pneumonia, and endophthalmitis
have been reported. Arthritis was reported
affecting various joints, including hips, el-
bows, wrists, sacroiliac, spine, and thumb.17

In most cases, arthritis reflects generalized
septicemia caused by S suis. Severe cases of
sepsis with shock, multiple organ failure,
disseminated intravascular coagulation, and
associated purpura, which lead to death
within hours, have also been described.18

In general, activation of cytokines due to

bacteremia induces a systemic inflammatory
response syndrome and arises under specific
conditions, such as resistance of the host
and virulence of the microbial agent. In
this regard, it has been reported that S suis
up-regulates important pro-inflammatory
cytokines in human cells.14 Thus, this ex-
aggerated inflammatory mechanism may
play an important role in fatal cases.

One of the most striking features of S suis
infection in humans is the consequence of
deafness following meningitis. In fact, the
recorded incidence of deafness following S
suis infection is consistently higher than
that for other bacteria that cause meningi-
tis, and may reach 50% and 65% in Europe
and Asia, respectively.10 The reason for this
is unknown. The unilateral or bilateral,
mainly high-tone deafness is frequently asso-
ciated with vertigo. Early administration of
antibiotics does not appear to have any
influence on subsequent hearing loss. Deaf-
ness has not been reported in nonmeningitis
cases of human S suis infection.

Epidemiology of S suis
infection in humans
The route of entry of the organism in hu-
mans may be a small cut in the skin, al-
though in some cases, no wound was de-
tected. Colonization of the nasopharynx, as
observed in swine, or the gastrointestinal
tract, suggested by observation of diarrhea
as a prodromal sign, have also been sug-
gested. The incubation period ranges from
a few hours to 2 days.8

Although not all facets of the epidemiology
of S suis infections in humans have been
elucidated, it is apparent that nearly all
cases may be ascribed to a high degree of
exposure to unprocessed pig meat or to
close contact with pigs. Since most patients
acquire the disease when occupationally
exposed to pigs or pork products, the pre-
ponderance of adult males is readily ex-
plained.8 Manifestation of disease in pigs is
not a prerequisite for infections in people
in contact with pigs, since most animals are
colonized by S suis without clinical signs.2,5

In addition to domestic pigs, wild boars
may also be a source of S suis infection for
hunters and poachers.19 In the United
Kingdom and France, this infection has
been listed as an industrial disease in 1983
and 1995, respectively.17,20 Most infected
people are pig farmers, abattoir workers,
persons transporting pork, meat inspectors,
and butchers. From studies of contamina-
tion of hands and knives, it was concluded

that eviscerators involved in removing the
larynx and lungs from the carcasses have a
significantly higher risk of exposure to S
suis than other abattoir workers.21 Finally,
one documented case in a veterinary sur-
geon has been reported.17 In very few
cases, there was no apparent connection
with exposure to pigs or pork products.11

Information about the occurrence and fre-
quency of human colonization by S suis is
scarce, with most data coming from abat-
toir workers.11,22 In New Zealand, rela-
tively high antibody titers against S suis
serotype 2 were reported in people with
occupational contact with the pig indus-
try.23 However, these data should be re-
garded with caution, since no standardized
serological test exists to detect S suis anti-
bodies. It seems evident that high exposure
to S suis may lead to colonization of the
upper respiratory tract without any health
consequence. Only in some cases, clinical
disease may follow. Splenectomy, and to a
lesser extent, alcoholism, have been sug-
gested as important predisposing factors for
development of serious S suis disease.15,24

The fatality rate for S suis infection after
splenectomy seems to be approximately
80%. It has even been suggested that indi-
viduals who have had splenectomies should
be excluded from the meat trade or pig
farms.24

In general, S suis isolates from humans are
phenotypically and genotypically similar to
those recovered from pigs. In 2001,
Tarradas et al 25 reported two cases of men-
ingitis in a butcher and an abattoir worker
who handled pork meat that originated
from the same three closed farms. Analysis
of S suis serotype 2 strains recovered from
tonsils of healthy pigs from those farms
were genotypically similar (but not identi-
cal) to the human strains. The slight differ-
ences between isolates were probably the
consequence of adaptation to the new host
or simply lack of reproducibility of the de-
tection technique. Virulence properties of
strains isolated from pigs or humans seem
to be similar.14

Therapy and prevention of S
suis infection in humans
Streptococcus suis strains recovered from
human beings proved to be sensitive to peni-
cillin in all instances except for one penicil-
lin-tolerant strain.8 Therefore, intravenous
penicillin G has been a successful treatment
in most cases. At least two relapses have been
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reported after 2 and 4 weeks of treatment;
therefore, treatment should be applied for a
relatively long period of time (at least 6
weeks).26 Ampicillin and chloramphenicol,
sometimes combined with an
aminoglycoside, may also be used. Hearing
loss and vestibular disturbances are fre-
quently observed sequelae unrelated to the
antibiotic.8

Streptococcus suis vaccines for humans do
not exist. Interestingly, recurrent septic
shock due to S suis serotype 2, at a 15-year
interval, has been reported.18 The second
and fatal episode was considered a re-infec-
tion rather a recurrence of the previous in-
fection, confirming the absence of immu-
nity after the previous infection and the
utmost importance of constant prevention
in exposed workers.

Despite the low incidence of S suis infec-
tion in humans, some preventive measures
may be justified due to the high rate of
contamination of pigs with this microor-
ganism. People coming into close occupa-
tional contact with pigs or pork should pay
special attention. Most infected persons are
probably healthy carriers;11 however, in
situations of stress or immunodeficiency, S
suis may become an opportunistic patho-
gen. The environment may act as source of
infection, and S suis can survive in dust,
manure, and pig carcasses for days or even
weeks under optimal conditions. Moreover,
S suis can survive in water for 10 minutes
at 60ºC, making the scalding process in
abattoirs a possible source of contamina-
tion.11 Some authors recommend prompt
first-aid for injuries in meat handlers to
reduce the risk of S suis infections,11 but
others consider this recommendation ques-
tionable, because skin lesions have been
reported only in some cases, and the route
of entry of the infection remains unclear.8

Therefore, it is difficult to recommend ef-
fective prevention measures for employees
of the food product industry.

Conclusion
Streptococcus suis is an uncommon but seri-
ous disease in humans. Although the infec-
tion is widely distributed in the pig popu-
lation, relatively few human cases are
reported each year. This is probably the
consequence of a low level of colonisation
of human mucosae by this pathogen, a
relatively low susceptibility to develop the
disease of healthy persons in contact with
pigs, a serious diagnostic problem in labo-

ratories working with human medicine, or
all of these possibilities. In fact, most labo-
ratories are likely to misidentify an S suis
isolate. This is the only explanation for the
lack of reports of human cases in the
United States, where S suis is one of the
most important swine pathogens. Physi-
cians and microbiologists should be aware
of this infection, especially when strepto-
coccal meningitis is diagnosed in people
working with pigs or pork products. Veteri-
narians should also be aware that a low but
real risk may be present when manipulat-
ing S suis-diseased animals that are prob-
ably shedding high numbers of this
zoonotic etiological agent.
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