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SUMMARY

We conducted a 31-month retrospective review of all laboratory-confirmed Streptococcus suis

infections admitted to public hospitals in Hong Kong. Strain identification, serotyping and

antibiotic susceptibility tests were conducted on S. suis isolates. Twenty-one sporadic cases were

identified, comprising 18 (86%) males and 3 (14%) females. About half were patients aged o65

years. More cases occurred during summer. Occupational exposure was documented in five

(24%) cases. The estimated annual incidence was 0.09/100 000 in the general population and

32/100 000 in people with occupational exposure to pigs and raw pork. The primary clinical

manifestations were meningitis (48%), septicaemia (38%) and endocarditis (14%). The case-

fatality rate was 5%. All available isolates from 15 patients were serotype 2, sensitive to

penicillin, ampicillin, ceftriaxone, but resistant to tetracycline. Injury prevention and proper

handling of pigs or raw pork should be advocated to both at-risk occupational groups and the

general population.

INTRODUCTION

Streptococcus suis is a Gram-positive facultative an-

aerobic coccus under the genus Streptococcus. Thirty-

five serotypes of S. suis have been identified and

serotype 2 is the main agent of zoonoses [1]. The main

reservoir is pigs and the bacterium is occasionally

found in wild boars, horses, dogs, cats and birds [2].

S. suis is widespread in pig populations and asymp-

tomatic tonsillar carriage can be found in up to

80% [3]. Humans become infected mainly through

cutaneous contact with infected pigs or raw pork,

especially when skin cuts and abrasions are present.

The first human case of S. suis meningitis was

reported in 1968 in Denmark [4]. Over 150 cases

have been reported worldwide including the United

Kingdom [5], France [6], Germany [7–10], The

Netherlands [11], Sweden [12], New Zealand [13],

* Author for correspondence : Dr E. Ma, M.B.ChB., Pdip
Community Geriatric (Hong Kong), PDip Epidemiology and
Biostatistics (CUHK), Senior Medical and Health Officer,
Surveillance and Epidemiology Branch, Centre for Health Protec-
tion, Department of Health, Hong Kong Special Administrative
Region.
(Email : smo_ss4@dh.gov.hk)

Epidemiol. Infect. (2008), 136, 1691–1697. f 2008 Cambridge University Press

doi:10.1017/S0950268808000332 Printed in the United Kingdom

https://doi.org/10.1017/S0950268808000332 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268808000332


Thailand [14], Singapore [15], Taiwan [16] and Hong

Kong [17–19]. In July 2005, a large outbreak affecting

over 200 people in Sichuan, China attracted inter-

national attention [20].

The epidemiology of S. suis in Hong Kong is

not clearly understood because of the rarity of the

infection and the paucity of published reports. Its

incidence has not been well estimated since it was not

a notifiable disease until August 2005. Previously

published local case series of S. suis in Hong Kong

were restricted to patients seen in different regional

hospitals and did not encompass the whole territory.

The recent outbreak in Sichuan, China calls for a

pressing need to better define the risk and character-

istics of human S. suis infection in Hong Kong in

order to inform effective public health interventions.

We aim to describe the epidemiological, clinical and

laboratory findings of recent human S. suis infection

in Hong Kong and to identify potential risk factors

for the infection.

METHODS

We conducted a retrospective review of human S. suis

cases admitted to all public hospitals in Hong Kong

from 1 January 2003 to 31 July 2005 inclusive. A case

was defined as a patient who had a positive culture of

S. suis in a clinical specimen taken from any body site.

Cases were identified by searching through records

held in all microbiology laboratories under the

Hospital Authority (HA) showing a positive labora-

tory result for S. suis during the study period. For

each of these cases, additional clinical information

was collected through the electronic database of the

HA. HA hospitals accounted for over 80% of all

in-patients in Hong Kong [21]. We also examined the

clinical records of each case identified through the

electronic clinical management system. We recorded

data on clinical features and laboratory findings,

the latter including haematological and biochemical

investigations, blood and cerebrospinal fluid (CSF)

cultures, and antibiotic susceptibility. Each case was

interviewed by trained nurses using a standardized

questionnaire, which collected data on basic demo-

graphics, onset date, symptoms, past medical illness,

occupation and relevant exposure history (e.g.

whether handled raw pork, visited a pig farm or

slaughterhouse, kept pets at home), history of injury

and travel. We analysed the characteristics of the

cases as well as potential risk factors associated with

infection. We calculated the annual incidence rate

among the general population and occupational

groups at risk using the denominator populations

from the Census and Statistics Department, Hong

Kong Special Administrative Region (HKSAR), and

other relevant authorities.

Bacterial isolates from the respective hospitals

were obtained and tested in the Public Health

Laboratory Centre for serotyping and further strain

characterization. API 20 Strep/rapid ID 32 Strep

(bioMérieux China Ltd) were used for biochemical

tests. Serotyping was performed by a co-agglutination

test (monovalent co-agglutination reagents supplied

by the Agriculture, Fisheries and Conservation

Department, HKSAR). Antimicrobial susceptibility

tests were performed using standardized disk dif-

fusion methods as recommended by the Clinical and

Laboratory Standards Institute, HKSAR.

RESULTS

Epidemiological findings

During the 31-month study period from 1 January

2003 to 31 July 2005, we identified 21 laboratory-

confirmed S. suis infections among patients admitted

to public hospitals, of which one (5%) was fatal.

Eighteen (86%) cases were male and three (14%)

were female (Tables 1 and 2). The median age was 62

years (range 26–89 years), and 48% were aged o65

years. Twelve (57%) of 21 cases had disease onset in

May, June, July or August (Fig.). They lived in dif-

ferent districts in Hong Kong and there was no geo-

graphic clustering. Among the 18 residential districts

in Hong Kong, the residential areas with three or

more cases included Kwun Tong (5), Wong Tai Sin

(4), Shatin (3) and Yuen Long (3). None of the cases

reported travelling to Sichuan during the incubation

period.

Six cases (29%) had underlying medical illnesses

which might predispose to immunosuppression.

These included diabetes mellitus (3), alcoholism (1),

pulmonary tuberculosis (1) and breast carcinoma (1).

Five cases (24%) had occupational exposure to

pigs or raw pork. Their occupations were butcher (3),

abattoir worker (1) and dim-sum worker (1) (Table 1).

The other 16 cases (76%) were not associated with

occupations considered at risk of S. suis infection.

Four of these 16 cases reported a history of purchas-

ing raw pork from wet markets and handling raw

pork in preparing meals before the onset of disease.

No specific exposure was identified for the remaining
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Table 1. Epidemiological and clinical features of the 21 patients

Patient
no. Sex

Age
(yr) Occupation

Significant

premorbid
illness

Non-occupational
exposure to raw

pork, pig offal
or pig blood Onset date

Clinical
presentation

Blood
culture

CSF
culture Complication Outcome

1 M 89 Retired Nil x Apr. 2003 Endocarditis + x Bilateral avascular
necrosis

Recovered

2 F 67 Housewife Pulmonary
tuberculosis

x May 2003 Meningitis x + None Recovered

3 M 45 Unemployed Nil + June 2003 Meningitis + + None Recovered

4 M 78 Retired Nil + June 2003 Septicaemia + x None Recovered
5 M 70 Retired Nil x July 2003 Meningitis + x Hearing loss Recovered
6 F 83 Housewife Diabetes mellitus Unknown Oct. 2003 Septicaemia + x None Recovered

7 M 62 Retired Nil x Oct. 2003 Septicaemia + x None Recovered
8 M 47 Butcher Nil x Dec. 2003 Meningitis + + Hearing loss Recovered
9 M 51 Merchandiser of

Chinese herbs

Diabetes mellitus,

psoriasis

x May 2004 Meningitis + + Deafness Recovered

10 M 66 Retired Nil x Aug. 2004 Septicaemia + x Disseminated
intravascular
coagulation, shock

Died*

11 M 66 Retired Peptic ulcer x Aug. 2004 Septicaemia,
arthritis

+ x None Recovered

12 M 49 Dim-sum worker Nil x Sep. 2004 Meningitis x + None Recovered

13 M 49 Abattoir worker Alcoholism,
hepatitis B
with cirrhosis

x Nov. 2004 Septicaemia + x None Recovered

14 F 81 Retired Breast malignancy + Dec. 2004 Septicaemia,
cellulitis

+ x None Recovered

15 M 48 Pork seller Nil x Mar. 2005 Endocarditis + x Endocarditis with

valvular replacement

Recovered

16 M 75 Retired Diabetes mellitus x May 2005 Meningitis x + None Recovered
17 M 56 Zip salesman Psoriasis x May 2005 Meningitis + + Hearing loss Recovered
18 M 45 Pork seller Nil x June 2005 Meningitis x + None Recovered

19 M 47 Construction
site worker

Nil x June 2005 Meningitis + + None Recovered

20 M 84 Retired Nil + June 2005 Endocarditis + x None Recovering

21 M 26 Decorator Nil x July 2005 Septicaemia,
arthritis,
cellulitis

+ x None Recovered

* Coroner’s report for cause of death pending.
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12 cases. No patient recalled consuming undercooked

pork or pig offal or pig blood. A clear history of skin

cuts and abrasions prior to disease was only reported

in two cases. The dim-sum worker recalled injury

on the left middle finger 1 day before the onset of

symptoms. None of the home contacts had similar

symptoms.

Using the mid-year population of Hong Kong [22],

the annual incidence of S. suis infection among the

general population was calculated as 0.09/100 000

(95% CI 0.06–0.14/100 000; i.e. 16 non-occupational

related cases/6.88 millions per 2.6 years). It was esti-

mated that about 6000 people in Hong Kong were pig

farmers, abattoir workers, porters, health inspectors

and other workers whose occupations involved fre-

quent contact with pigs or raw pork (Agriculture,

Fisheries and Conservation Department, and Food

and Environmental Hygiene Department, HKSAR,

unpublished data). Among this occupational group,

the annual incidence of S. suis infection was calcu-

lated to be 32/100 000 (95% CI 21–49/100 000; i.e.

five occupational related cases/6000 per 2.6 years),

which was more than 350 times that of the general

population.

Clinical presentation

The chief clinical manifestations were, in descending

order of frequency, meningitis (10 cases, 48%),

septicaemia (eight cases, 38%) and endocarditis

(three cases, 14%). Among the eight patients pre-

senting with septicaemia, one also had cellulitis, one

had arthritis and one had both cellulitis and arthritis.

The most common presenting symptoms were fever

(95%), headache (38%), joint pain (38%), vomiting

(24%) and hearing loss (19%). The median duration

between symptom onset and hospital admission was

1 day (range 0–10 days).

Sixteen (76%) of the cases were found to have a

peripheral blood leucocytosis (range 11.3–26.4r109

l). Liver functions were mildly altered with raised

alkaline phosphatase (range 135–176 IU/l) or alanine

transferase (range 67–325 IU/l) in nine cases (43%),

while creatinine was slightly raised in five cases

(range 112–145 mmol/l). Seventeen (81%) cases had a

positive blood culture for S. suis, nine (43%) cases

had positive CSF cultures and five (24%) cases had

both. Among cases presenting as meningitis, 67%

and 90% had positive cultures for blood and CSF

respectively. Among cases presenting as septicaemia,

the corresponding proportions were 100% and 0%

respectively.

Cases with meningitis stayed significantly longer in

hospital than those with non-meningitic manifes-

tations (median difference 3.5 days, P=0.045, Mann–

Whitney U test). In addition, 40% (4/10) of the

patients with meningitis had hearing loss. Out of the

three patients with endocarditis, one required valvular

replacement. The only fatal case was a 66-year-old

Table 2. Summary of S. suis cases in Hong Kong

Total no. of cases 21
M:F 18:3

Age, years (median, range) 62 (26–89)
o65 years 11 (52%)
<65 years 10 (48%)

Pig/raw pork exposure 9 (43%)
Occupational exposure 5 (24%)

Duration of symptom onset to
admission to hospital (days)

0–10 (median 1)

Clinical manifestation
Meningitis 10 (48%)

Septicaemia 8 (38%)
Septicaemia only 5
With arthritis 1

With cellulites 1
With arthritis and cellulites 1

Endocarditis 3 (14%)

Hearing loss

Among all cases 4 (19%)
Among meningitis cases 4 (40%)

Positive culture
Blood 17 (81%)
CSF 9 (43%)

Penicillin sensitivity 21 (100%)
Case fatality 1 (5%)
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Fig. Temporal distribution of Streptococcus suis infection
( ) and mean air temperature (–2–) in Hong Kong,
January 2003 to July 2005. [Mean air temperature (xC):

mean of the daily temperature (xC) in a particular month
recorded by the Hong Kong Observatory.]
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male with septicaemia complicated by disseminated

intravascular coagulation.

Laboratory findings

Non-duplicate isolates from 15 patients were avail-

able for characterization. All isolates were identified

as S. suis serotype 2 by both biochemical and sero-

logical tests. Strains were sensitive to penicillin,

ampicillin, ceftriaxone, vancomycin and resistant to

tetracycline. Resistance to macrolides (clindamycin

and erythromycin) was found in 20% (3/15) of the

isolates.

DISCUSSION

The case series in our study provided the first terri-

torial estimates of the annual incidence of S. suis

infection in Hong Kong, namely 0.09/100 000 (95%

CI 0.06–0.14/100 000) for the general population and

32/100 000 (95% CI 21–49/100 000) for groups with

occupational exposures. There have been three pub-

lished local cases series of S. suis infections conducted

over different catchment populations of some hospi-

tals during the past three decades : eight patients from

Queen Mary Hospital, 1978–1981 [17] ; 30 patients

from Queen Elizabeth Hospital, 1981–1984 [18] ; and

25 patients from the Prince of Wales Hospital and the

United Christian Hospital, 1984–1993 [19]. The pre-

vious series had a different mix of populations and

occupational subgroups. In comparison, our study

included all public hospitals in Hong Kong account-

ing for over 80% of total in-patient days [21]. Thus,

the incidence estimates in our study are likely to be

more representative of the territory. Our incidence

estimate was not much different from a previous local

series [19] which gave an annual risk of 0.17/100 000

population. Unfortunately, no breakdown of inci-

dence estimates by occupational groups was given in

the previous case series.

It is noteworthy that S. suis infections which did

not result in hospitalization in a public hospital would

not be picked up by our study. Seroprevalence studies

would be required to estimate the prevalence of mild

or subclinical infections, especially among groups

with occupational exposures. S. suis is an uncommon

human infection worldwide with a cumulative total of

around 150 case reports in the literature [23]. Due

to the scarcity of published data, international com-

parisons of incidence rates are difficult to make.

Nonetheless, the incidence rate in Hong Kong

appears substantially higher than that in The

Netherlands (0.002/100 000 in the general population

and 1.2–3.5/100 000 in high-risk occupation groups)

[11]. The reasons for this difference are unclear, but

the intensity and sensitivity of surveillance is probably

an important factor. Moreover, the lack of epidemi-

ological linkage between the cases suggests that

S. suis infection in Hong Kong has been occurring

sporadically during the past 2 years and was not part

of a large outbreak of common origin.

Our study found more cases occurring in summer,

which is consistent with findings from previous local

case series. Some studies from mainland China also

recorded large outbreaks of S. suis during summer

[24]. It has been postulated that moving and mixing of

young pigs when they are weaned facilitates the

transmission of the infection among the pigs [25].

Transportation during the hot and humid weather

might pose additional stress to pigs and render them

more prone to S. suis infection [17]. Hot and humid

temperature might also facilitate multiplication of

S. suis.

Another interesting finding in our study concerns

the epidemiological profile of the cases. Contrary to

common belief, S. suis infections with occupational

exposures accounted for only a minority (24%) of

cases, although such occupational groups have a

much higher risk of infection. Our study results con-

trast with a previous local series (1978–1981) in which

all cases had occupational exposures identified.

Another notable feature is that older persons aged

o65 years accounted for almost half of the cases.

Elderly people may be more vulnerable, due to the

presence of pre-existing medical conditions which

suppress the immune system. However, asplenism

was not a common predisposing factor among

Hong Kong patients, as reported for other countries

[11, 23]. Among persons aged <65 years, occu-

pational exposures to pigs and raw pork became more

important, being present in about half (45%) of

such cases. The absence of cases among children

may reflect absence of exposure, surveillance bias, or

other factors. The male predominance (81%) in non-

occupational cases remains difficult to explain.

A major uncertainty is how a sizable proportion

(57%) of cases became infected in the absence of clear

exposures to pigs and raw pork. Non-occupational

exposures to raw pork are difficult to ascertain

accurately in a retrospective review due to recall bias,

since we were asking about exposures that occurred

some months previously. A similar problem was
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encountered while ascertaining minor cuts or

abrasions before onset of symptoms. Our series found

two out of 14 (14%) who recalled a clear history

of skin cuts or abrasions, which is comparable in

magnitude (10–29%) with other studies in Asia and

in Europe [19]. A case-control study would be needed

to better define sources of exposure and thereby

improve the incubation period estimate. In the

present situation the wearing of gloves while handling

raw pork seems a sensible precaution, whether or not

one has a visible wound.

Our study showed that meningitis was the most

common clinical presentation of S. suis infection in

Hong Kong. However, compared with previous local

series, our study found a higher proportion of cases

with septicaemia without central nervous system

involvement (38% vs. 0–16%). In overseas studies,

about 12% of the cases were reported as presenting as

septicaemia [19]. Deafness is an important clue for

clinical diagnosis of S. suis infection; it occurred

in nearly half of the meningitis cases in our study.

Hearing loss appears within 1–12 days prior to

admission [19] and is often permanent. Mono- or

polyarthritis and endocarditis are also often found

in S. suis infections in Hong Kong. In our series,

arthritis associated with S. suis affected mainly knee,

hip and wrist joints and occasionally shoulder

and ankle. One previous case series reported one

patient presenting with acute polyarthritis and

S. suis was isolated from the knee aspirates [19].

Four endocarditis cases associated with S. suis have

been documented in the four case series [17–19] and

one patient in our study required valvular replace-

ment. Unlike some studies which reported diarrhoea

being present in a significant proportion (15%)

of cases [19], only one case (5%) among our 21

patients reported this symptom. This makes it un-

likely that a gastrointestinal route of transmission was

involved.

Ours series shows a case-fatality rate of 5% which

is almost the same as the previous local series [19] but

lower than another study (23%) [18]. Case-fatality

rates reported elsewhere ranged from 7% to 13%

[5, 11, 14]. Low case-fatality rate may be partly

attributable to early hospital admission and adminis-

tration of appropriate antibiotics. The only death in

our series was associated with intravascular coagu-

lation, which was also reported in two of the other

local series [18, 19]. Similar to other studies worldwide

[14, 15, 19, 26], all S. suis isolates in our study

were sensitive to penicillin. Penicillin-class antibiotics

are thus antibiotics of first choice in treating S. suis

infections in Hong Kong.

In bacteriological diagnosis of S. suis infection,

blood cultures had a sensitivity of about 85% for all

cases, while CSF cultures detected 90% of cases pre-

senting with meningitis. However, due care should be

exercised when interpreting laboratory results from

commercial kits that may not have been thoroughly

validated for uncommon or emerging bacterial

pathogens. Where circumstances permit, it is always

advisable to use a second test kit to verify the identity

of such pathogens and to resort to a reference lab-

oratory service when equivocal results are obtained.

For the 15 patient isolates available in this study,

rapid ID 32 Strep was able to identify all 15 (100%)

whereas API 20 Strep could only identify 12 (80%) of

the isolates as being S. suis. Both kits suggested an

identity of serotype 1 or 2 S. suis with very high con-

fidence. From our experience with these strains, the

serotype suggestion may not always be accurate. A

useful differentiating test for serotype 1 or 2 isolates is

to supplement the kits with a conventional raffinose

fermentation test. All isolates in this study were able

to ferment raffinose broth within 24 h at 37 xC. In

terms of serotyping, serotype 2 is the predominant

strain causing human infections in Hong Kong and

remains the most commonly documented S. suis

infection in humans [27].

In the absence of an effective vaccine for humans

the main preventive measures against S. suis infection

rely on injury prevention and cautious handling of

pigs or raw pork. This should apply not only to

workers with occupational exposures, but also to the

general public who account for the majority of cases.

Since the S. suis bacteria are readily killed at 60 xC

for 10 min [28], well cooked pork should not pose a

hazard. It is particularly important not to neglect

cross-contamination between cooked and raw pork at

home and in stalls selling pork.
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