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ORIGINAL RESEARCH

Cesarean section: A surgical method to derive pigs free of
Streptococcus suis
Sandra F. Amass, DVM, MS; Rexanne Struve, DVM; L. Kirk Clark, DVM, PhD; Ching Ching Wu, DVM, PhD

we concluded that the sow sheds multiple serotypes of S. suis in bodily se-
cretions and excretions. The pig can become colonized with S. suis
shortly after birth when these sources are contacted. Pigs may also be-
come infected with S. suis in utero or during birth. This hypothesis is sup-
ported by Robertson and Blackmore, who recovered S. suis from the re-
productive tracts of slaughtered sows.7 However, to develop effective
prevention measures, the exact time S. suis is transmitted from dam to pig
must be determined.

To understand this disease, an in-vivo model of streptococcosis in
swine is needed. The model must include S. suis-free pigs and a
method for inducing disease. Many researchers have developed proto-
cols to induce streptococcosis in swine.8–10 Clifton-Hadley did not de-
tect S. suis type 2 from tonsils of 6- to 17-week-old hysterectomy-
derived pigs maintained in quarantine.11 It is not known whether these
pigs carried other serotypes of S. suis or if a subclinical bacteremia
existed in these pigs. The purpose of this study was to determine
whether S. suis serotypes 1–34 colonize the oropharyngeal region or
the blood of pigs in utero.

Materials and methods

Ten dams and 50 of their Cesarean-derived crossbred pigs from seven
herds in Iowa were used. A 25% prevalence of S. suis among sows was
assumed among the population. Thus, S. suis should have been de-
tected in at least one sow with 95% confidence with the sample size of
10 sows. A sample size of five pigs per sow was used to detect S. suis
with 95% confidence assuming the transmission rate from dam to pig
was 50% (Episcope, K. Frankena and J.O. Goelema, Wageningen, the
Netherlands) The adequacy of these sample sizes was confirmed in
previous trials, in which we found S. suis colonization in seven of
seven sows and 65 of 70 2-week-old pigs.4,5

Sample collection
All samples were taken using sterile swabs (S/P® Brand culturette sys-
tem, Baxter Diagnostics Inc., Deerfield, Illinois.) The oropharyngeal
region of each sow was sampled prior to surgery at day 113 or 114 of
gestation. All pigs were derived by Cesarean section using a sterile
bubble. Sterile swabs (removed from the original packaging) and sur-
gical materials were placed in the bubble and resterilized with formal-
dehyde gas prior to each surgery. Cesarean sections were performed
according to standard procedure.12 The oropharyngeal region and
blood from the umbilicus of each of five pigs per litter were sampled.
All pig sampling occurred within the sterile bubble so that the
delivered pigs had no sow or environmental contact.
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treptococcus suis causes disease in pigs of all ages. Many sero-
types of S. suis have been associated with a septicemia resulting
in meningitis, arthritis, endocarditis, polyserositis, and pneu-

monia of pigs.1 Streptococcosis is a bacterial disease that cannot be
eliminated with the use of segregated (SEW) or medicated early wean-
ing (MEW) procedures.2–5 This resulted in greatly increased treatment
and mortality costs in herds with streptococcosis problems.

Investigators have been attempting to determine the age at which a pig be-
comes infected with S. suis for many years. Clifton-Hadley, et al.,6 con-
cluded that S. suis may infect suckling pigs, but spread of the organism
among weaned pigs in intensive production units was more frequent. The
infection of suckling pigs with S. suis is becoming increasingly economi-
cally significant as early-weaning procedures become widely implemented
in the swine industry. From the results of previous transmission studies,4
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After these pigs had been transferred to a second sterile bubble, the
oropharyngeal region of five additional pigs was sampled to control for
the effects of formaldehyde sterilization on the culture swabs. The
swabs used for sampling these pigs were sterile, but had not been
resterilized with formaldehyde gas.

Cultural examination
Samples were plated onto sheep blood agar. After 24 hours of incuba-
tion at 36°C with 5% carbon dioxide, three 1- to 2-mm flat,
α-hemolytic colonies were selected and streaked onto sheep blood
agar for subculture. These isolates were then Gram stained and bio-
chemically tested with catalase. Gram-positive, catalase-negative diplo-
bacilli were considered to be S. suis suspects. Each suspect isolate was
inoculated into a tube containing a 6.5% NaCl solution. Suspect iso-
lates were also tested for acetoin and amylase production. The isolate
was serotyped with antiserum to S. suis types 1–34 if there was:

• no growth in the 6.5% NaCl solution after 48 hours of incubation at
36°C, and

• no production of acetoin, but
• amylase was produced.

Serotyping was performed using a polyvalent coagglutination method
followed by a monovalent coagglutination method. The culture was
considered to be S. suis if it satisfied all of the above-mentioned crite-
ria and agglutinated the antiserum. No conclusions were drawn from
isolates that satisfied all requirements but did not agglutinate the antis-
era to S. suis 1–34 or that agglutinated antisera to all serotypes, even
though these isolates could potentially be S. suis of other serotypes.
We interpreted the identification of S. suis from any samples of pig ori-
gin to indicate failure of the Cesarean section method to obtain S. suis-
free pigs.

Results

Pigs
Streptococcus suis was not isolated from either oropharyngeal or um-
bilical blood samples from any pig. Five samples (two oropharyngeal
and three umbilical blood) from the pigs of one sow, and one sample
(umbilical blood) from a pig of a second sow had 1–11 colonies per

plate of a 1- to 2-mm, nonhemolytic, opaque, round, catalase-positive
isolate, most likely Staphylococcus spp. There was no other growth on
any plates.

Cultural examination of samples taken from the five additional pigs,
using sterile swabs not exposed to formaldehyde, resulted in no
growth of organisms.

Sows
Cultural examination of samples from all sows yielded 3–7 different
colony types per plate. All plates contained small, round, alpha-
hemolytic colonies, which were too numerous to count. Streptococcus
suis was confirmed in samples from eight of 10 sows. Sixteen of the 30
total isolates from sow samples (three isolates per sow) were
confirmed to be S. suis (Table 1). The most prevalent serotype of S.
suis isolated was serotype 22 (62.5%), followed by serotype 9
(12.5%), serotype 23 (12.5%), serotype 4 (6.25%), and serotype 31
(6.25%). Six of the 30 isolates satisfied all biochemical criteria but did
not agglutinate antisera to S. suis serotypes 1–34. Three of the 30 iso-
lates satisfied all biochemical criteria and agglutinated antisera to all
serotypes. Five of the 30 isolates were determined not to be S. suis.

Discussion and conclusions

Cultural examination of all samples demonstrated that the sows, but
not the pigs, were infected with S. suis. Formaldehyde resterilization
prior to use did not appear to affect the swabs since identical results
were observed when swabs not exposed to formaldehyde were used
for sampling. The Staphylococcus suspects isolated from six samples
may have been due to contamination of the swabs during or after col-
lection or the blood agar plates during inoculation. It is possible, but
unlikely, that the pigs were carriers of this organism, considering the
small number of isolates observed.

Our findings were consistent with those of others who could not isolate
S. suis type 2 from the tonsils of Cesarean-derived pigs.11 We have
further determined that the oropharyngeal region and blood of Cesar-
ean-derived pigs of S. suis-infected dams were free of all serotypes of
S. suis, making the Cesarean section a proven method for producing
pigs free from this organism. However, these results in conjunction
with those of our previous transmission study did not support the
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Table 1

Final diagnosis of isolates from sow samples

Confirmed = Isolate satisfied all biochemical criteria and agglutinated antisera to one of S. suis serotypes 1–34
Unconfirmed = Isolate satisfied all biochemical criteria but did not agglutinate antisera to S. suis serotypes 1–34, or
isolate satisfied all biochemical criteria but agglutinated antisera to multiple S. suis serotypes.
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suggestion made by Clifton-Hadley and Alexander that hysterectomy
and fostering was a successful method of populating a herd with S.
suis-free stock.11,13 Although the Cesarean-derived pigs were consid-
ered free of S. suis, these pigs would likely be infected by S. suis when
they came into contact with the contaminated excretions and secre-
tions of S. suis-infected nurse sows.4 Cesarean-derived pigs may be
used to populate nucleus herds if nurse sows are free of S. suis or if
the pigs are artificially reared, andif  strict biosecurity measures are
taken to prevent introducing S. suis into the herd. Biosecurity mea-
sures should include eliminating rodents and flies.14,15 Cesarean-de-
rived pigs are suitable for use in research models, but may be imprac-
tical for commercial swine production of pigs free from S. suis.

Implications

• Cesarean-derived pigs are free of S. suis infection.
• Cesarean-derived pigs will be useful in research models for studying

streptococcosis.
• Cesarean-derived pigs may be an impractical method to populate a

commercial herd with S. suis-free pigs. However, these pigs will
likely become infected with S. suis when they contact infected nurse
sows, infected older pigs, or an S. suis-contaminated environment.

• It would be possible to commercially rear S. suis–free pigs if all-in–
all-out management and S. suis free nurse sows are used. However,
it would be difficult to maintain biosecurity and provide a
S.␣ suis-free environment for an extended period of time.
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