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As of 4 November, 2012, 100 patients with an acute mus-
cular Sarcocystis-like illness associated with travel to
Tioman Island, Malaysia, have been identified. Thirty-
five travelled there mostly during July and August 2011
and 65 mostly during July and August 2012, suggesting
an ongoing outbreak. Epidemiological investigations
are ongoing. Public health agencies and practicing
clinicians should be aware of this rarely-reported dis-
ease in humans and consider it as differential diagno-
sis in travellers returning from Tioman Island.

From 27 July to 4 November 2012, GeoSentinel [1],
working with EuroTravNet [2] and TropNet [3], has iden-
tified 65 patients with an acute muscular Sarcocystis-
like illness after recent travel to Tioman Island. All of
these patients had traveled to Tioman, located off the
east coast of peninsular Malaysia, mostly during July
and August, 2012. Reports originated from Germany
(n=25), France (n=20), the Netherlands (n=12),
Switzerland (n=3), Belgium (n=2), Spain (n=2), and
Singapore (n=1). These patients appear to represent
the second wave of an outbreak that started in 2011 [4].
An epidemiologic investigation, initiated in November
2011, is ongoing.

Outbreak description

Starting from October 25, 2011, 35 patients with an
acute muscular Sarcocystis-like illness were identified
by early 2012; all traveled to Tioman Island, mostly dur-
ing July and August of 2011. Following months without
reports, new patients have been identified since late
July 2012, and 65 have been reported to GeoSentinel by
4 November 2012. Cases presented here with limited,
preliminary data, are patients reported to GeoSentinel
with suspected acute muscular sarcocystosis, defined
as an acute illness characterised by prominent mus-
culoskeletal complaints with or without fever, with
unexplained eosinophilia and recent travel to Tioman
Island.

Article submitted on o5 November 2012 / published on 8 November 2012

Although data collection is incomplete, the clinical
presentation appears to be identical to that seen last
year: almost all patients have experienced fever and
myalgia while fewer have complained of arthralgia,
asthenia, headache, cough, and diarrhoea. Only some
had pruritic rash or edema of the face or an extremity.
At least four patients were hospitalised.

Laboratory investigations showed that in many cases,
at the onset of symptoms absolute eosinophil counts
and serum creatinine phosphokinase (CPK) levels can
be normal but begin to be moderately elevated approx-
imately 30 days or more after departure from Tioman
Island. Maximum absolute eosinophil counts and serum
CPK levels from patients with data available, have typi-
cally been <1,000 cells/mm3 (norm: <500) and <1,500
U/L (norm: <200), respectively, but higher values were
seen in some patients. To date, all patients with known
testing (2011 n=34; 2012 n=8) have been serologically
negative for trichinellosis. Eight patients are known to
have had a muscle biopsy; for six patients results are
available and all revealed myositis (defined as myalgia
and inflammation and myocyte degeneration on histo-
pathologic examination of muscle tissue) and in two
intramuscular cysts (sarcocysts) were identified.

Among the 65 patients, two asymptomatic persons
were identified who, when tested, had elevated eosino-
phil counts and serum CPK levels. One of them was a
child who travelled with several family members, all of
whom experienced an acute muscular Sarcocystis-like
illness. The other person traveled with a companion
who developed an acute muscular Sarcocystis-like ill-
ness and whose muscle biopsy showed inflammation
but no intramuscular sarcocysts. The initially asymp-
tomatic person subsequently developed myositis and
mild myocarditis and was hospitalised.
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Background

Sarcocystis species are intracellular protozoan par-
asites with an obligatory two-host predator-prey
(definitive-intermediate) lifecycle [5]. Humans are the
definitive host for Sarcocystis hominis and Sarcocystis
suihominis, which are acquired by eating undercooked
sarcocyst-containing beef or pork, respectively. The
parasite reproduces sexually in the human intestine,
where infection can cause acute gastroenteritis; how-
ever, most S. hominis and S. suihominis infections are
likely asymptomatic [6]. Although the specific species
have never been identified, humans can become acci-
dental intermediate hosts for one or more of the 130
known Sarcocystis species through ingesting oocysts
or sporocysts in food or water contaminated with
feces from an infected predator animal. Nonspecific
symptoms might arise during asexual reproductive
and migratory phases of the parasite within the vas-
cular endothelium and this generalised vasculitis has
associated with myositis, myocarditis, and perivas-
cular inflammation of the liver, kidneys, and lungs in
experimentally and naturally infected animals [7]. The
parasite ultimately disseminates to skeletal and car-
diac muscle and forms sarcocysts containing large
numbers of parasites that, when mature, are infec-
tious for a definitive host. This phase in the lifecycle
may or may not be associated with myocyte degenera-
tion and active inflammation, depending on the spe-
cific Sarcocystis species-host species interaction [7].
Definitive diagnosis of muscular sarcocystosis relies
on identifying sarcocysts in a muscle biopsy sample;
DNA amplification and PCR testing of muscle tissue
and serology is experimental and not widely available.
No proven treatment exists for human sarcocystosis.

Fewer than 100 cases of human muscular sarcocys-
tosis have been reported in the literature, with most
discovered incidentally in asymptomatic persons [6].
Human sarcocystosis is prevalent in Malaysia; a sero-
prevalence study found evidence of infection in 20%
of 243 Malaysians [8] which is concordant with a 21%
prevalence of sarcocysts found in muscle tissue from
100 consecutive autopsies in Malaysia [9]. The largest
reported outbreak of apparent acute muscular disease
in the past, affected seven of fifteen United States (US)
servicemen on maneuvers in a Malaysian jungle [10]. All
but one of them had symptoms, four had myositis and
one was confirmed to have sarcocysts in his muscle.

Epidemiological investigation

GeoSentinel is coordinating an epidemiological investi-
gation to systematically gather detailed demographic,
travel, exposure, and clinical data using structured
data collection instruments. Case finding activities
have identified 100 persons with suspected Sarcocystis
species after visiting Tioman Island, mostly during the
2011 and 2012 northern hemisphere summer tourist
seasons.

A Sarcocystis-specific Western-blot serological assay
is under development at the US Centers for Disease
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Control and Prevention (CDC) to assist in differentiat-
ing infected from non-infected persons associated with
this outbreak. Histologic examination and DNA ampli-
fication is being performed at CDC on existing muscle
biopsy specimens from outbreak patients to confirm
the diagnosis of muscular sarcocystosis and to iden-
tify the responsible Sarcocystis species. Updates on
the investigation are being provided to public health
authorities in Malaysia and countries where patients
have been identified.

Discussion and conclusion

This is the largest reported cluster of patients with sus-
pected acute muscular sarcocystosis. With little known
about this disease in humans, practicing clinicians’
awareness is likely low and many more as yet unrecog-
nised patients may exist. Moreover, in agreement with
a previously reported outbreak [10], our findings indi-
cate that asymptomatic infection, and even late pres-
entation, may occur. Since asymptomatic infection may
be possible, the true number of persons infected by
Sarcocystis species while visiting Tioman Island could
be underestimated.

So far the data are still incomplete however, most
patients analysed experienced acute illness charac-
terised by fever and myositis. Myositis with significant
eosinophilia but no serologic evidence of trichinellosis
is an unusual clinical entity. Given the consistent pat-
tern of illness among patients identified, the universal
history of travel to a single small island in south-east
Asia, and the presence of sarcocysts in the muscle
biopsies of some of the patients, a Sarcocystis spe-
cies infection with transmission occurring on Tioman
Island seems to be the most likely cause of this out-
break. The source of infection for international travel-
lers to Tioman Island remains unknown, but a seasonal
pattern of transmission is apparent. This seasonality
may reflect peak periods of summer tourist travel to
the island, but may also correlate with true seasonally-
occurring contamination of food, water, or the environ-
ment, perhaps related to specific weather patterns,
seasonal food sources, or other seasonal events.

The epidemiology of human muscular sarcocystosis in
Malaysia and neighbouring countries is poorly investi-
gated. Detailed ascertainment of risk behaviours and
exposures associated with the current cluster of known
cases is included in the survey instrument used for the
investigation of the outbreak.

Travellers to Tioman Island should be made aware of
this potential travel health risk and be reminded about
the necessity to practice safe food and water consump-
tion and proper hygiene. Public health officers and
practicing clinicians who are aware of persons with
prominent musculoskeletal complaints with or without
fever, with unexplained eosinophilia and recent travel
to Tioman Island, Malaysia, are encouraged to con-
sider sarcocystosis as differential diagnosis. Moreover,
they are invited to participate in our investigation and



contact the corresponding author to report patients or
receive guidance on how to proceed. Data collection
forms and information on how to submit clinical sam-
ples (serum for Sarcocystis-specific serology and/or
tissue for histopathology and Sarcocystis-specific PCR
testing) are readily available.
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We describe the first isolation in France of a New-
Delhi metallo-beta-lactamase-1 (NDM-1) producing
Pseudomonas aeruginosa. In March 2012, a patient
with history of prior hospitalisation in Serbia was
diagnosed in France with acute pyelonephritis due to
NDM-1 producing P. aeruginosa. Clinical and microbi-
ological cure was obtained under appropriate antibi-
otic treatment. Two months later, she presented with
a recurrence due to the same bacteria, with a favour-
able evolution. During both hospitalisations, contact
isolation precautions were implemented and no cross-
transmission was observed.

In March 2012, a patient with a history of prior hospi-
talisation in Serbia was diagnosed in France with acute
pyelonephritis due to New Delhi metallo-beta-lacta-
mase-1 (NDM-1) producing Pseudomonas aeruginosa.

Case report

In February 2012, a woman in her early 6os was referred
to the Infectious Diseases Department of the Military
Hospital Bégin (Saint-Mandé, France) for an acute pye-
lonephritis. She reported having undergone a surgical
intervention in Serbia in November 2011. She stayed
one month in hospital, with urinary catheterisation of
undetermined duration but less than one month. The
medical records reported a first treatment with cefuro-
xime and streptomycin just after surgery, and a his-
tory of fever, drowsiness and inflammatory syndrome
two weeks after surgery, treated with ceftriaxone and
streptomycine. Laboratory data were unavailable.

Since her return to France, in early February 2012, she
complained of urinary frequency, dysuria and urinary
incontinence. In late February, she presented to her
general practitioner (GP) with fever (38.7 °C), vomit-
ing, diarrhoea and diffuse abdominal pain and she
was referred to our hospital. White blood cell count
was 4,470/mms3 (norm: 4,000-10,000/mm3), C-reactive
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protein 52 mg/L (norm: < 5 mg/L), creatinine 36 pmol/L
(norm: 62-106 pmol/L).

The urinalysis recovered 29,106 leukocytes/mL and
10¢ CFU/ml P. aeruginosa serotype 011 (HIABP11). The
rectal swab, performed for multidrug resistant bacte-
ria screening according to the French recommendations
for patients with a history of hospitalisation abroad in
the previous year [1], was also positive for P. aerugi-
nosa. Blood cultures remained negative.

Kidney ultrasonography was normal, kidney CT-scan
showed a left pyelonephritis without abscess or uri-
nary obstruction. The patient underwent urinary cath-
eterisation and three weeks antibiotic treatment with
aztreonam (2g TID) and colistin (2 million units TID).

Antimicrobial sensitivity testing

and molecular diagnostics

For the isolates from urine and rectal swabs, anti-
microbial drug susceptibility testing was performed
by the disk diffusion method on Mueller-Hinton agar
(I2A Laboratories, Perols, France) and interpreted
according to the European Committee on Antimicrobial
Susceptibility Testing (EUCAST) recommendations [2].
It demonstrated resistance to imipenem, meropenem,
doripenem, to all antipseudomonal cephalosporins,
aminoglycosides, fluoroquinolones, rifampicine and
tigecycline. Both isolates remained susceptible to
piperacillin-tazobactam and intermediate to aztreonam
(Table 1). Minimal inhibitory concentrations (MICs) of
selected antimicrobials determined by microdilution
and Etest (Biomérieux, Marcy UEtoile, France) con-
firmed the results and showed susceptibility to colis-
tin. The metallo-betalactamase-production screening
in the meropenem-dipicolinic acid combined disk test
(Klebsiella pneumoniae carbapenemas (KPC) + met-
allo-beta-lactamase (MBL) Confirm ID Pack, Rosco
Diagnostica, Taastrup, Denmark) and in E-test with



TABLE 1

Antibiotic susceptibility of Pseudomonas aeruginosa
serotype 011 (HIABPI11) strain isolated in a patient with
history of previous hospitalisation in Serbia, France 2012

Antibiotic MIC (pg/mL) Susceptibility
Ticarcillin > 256 R
Ticarcillin/Clavulanic acid >256 R
Piperacillin 12 S
Piperacillin/Tazobactam 12 S
Ceftazidime »256 R
Cefepime >256 R
Aztreonam 3 |
Imipeneme >32 R
Meropeneme >32 R
Doripenem >32 R
Tobramycin »256 R
Gentamicin »256 R
Amikacin 192 R
Ciprofloxacin »32 R
Colistin 2 S
Doxycycline 32 R
Tigecycline 128 R

MIC: minimal inhibitory concentration.
I: intermediate; R: resistant; S: susceptible.

imipenem alone or combined with EDTA (Biomérieux,
Marcy I’Etoile, France) was positive.

PCR for carbapenemases, including MBL blayp,
blaVIM, blayoy revealed that HIABP11 harboured blaypw.
Sequencing showed 100% homology with blaypu.. PCR
for detection of other beta-lactamase genes, plasmid-
borne quinolone resistance genes and methylases
were negative.

Monitoring of plasmatic and urinary
concentrations of antibiotics

Aztreonam plasmatic peak and residual concentrations
were 40 times and 4 times the MIC respectively for a
dosage of 2g TID, while urine concentration was 166
times the MIC. Colistin plasmatic residual concentra-
tion (12 hours after injection) was under the MIC (0.7
mg/L, while the expected residual concentration is 2
mg/L, eight hours after injection); urine concentration
was 10 times the MIC (Table 2).

Fever and abdominal pain resolved within 48 hours
after administration of antibiotics while urinary incon-
tinence persisted, requiring prolonged urinary cath-
eterisation. Urinalysis 72 hours after the beginning of

antibiotic treatment was normal and did not show any
bacteria growth. The patient was discharged from hos-
pital 21 days after admission.

During the stay at our hospital, a squamous-cell car-
cinoma of the oropharynx had been discovered and
the patient underwent a first chemotherapy course at
the beginning of May and was discharged from our
hospital. One week later, she experienced dysuria
and abdominal pain, without fever or flank pain. She
was treated with ofloxacin (10 days) and prednisolone
(seven days) by her GP. The urinalysis showed 42x104
leukocytes/mL (significant leukocytes count »104/mL)
and P. aeruginosa 103 CFU/mL. P. aeruginosa with the
same antibiotic susceptibility pattern as previously
was isolated and PCR for blaypu. was again positive.
Kidney ultrasound was normal.

The patient received piperacillin-tazobactam (4g TID)
for three weeks, and her second chemotherapy course,
without complication. The urinalysis after 72 hours of
treatment was negative and the patient was discharged
for at-home hospitalisation.

During both hospitalisations, contact isolation precau-
tions with dedicated healthcare personnel were imple-
mented. All patients hospitalised in the same ward
were screened weekly with a total of 111 rectal swabs
performed in 52 patients and no transmission of NDM-1
producing P. aeruginosa occurred.

Discussion and conclusion

Since the first description in 2008, of an NDM-1 car-
bapenemase in single isolates of Klebsiella pneu-
moniae and Escherichia coli [3], NDM-1-producing
Enterobacteriaceae have been reported worldwide,
mostly in patients with an epidemiological link to India
or Pakistan [4,5]. However, among 77 patients infected
or colonised by NDM-1 producing Enterobacteriaceae
reported in Europe from 2008 to 2010, five had been
hospitalised previously in the Balkan region [6].
Clinical isolates of NDM-1-producing A. baumanii are
also increasingly reported in Europe [7] and importa-
tion of NDM-1 -producing A. baumannii from Serbia has
been reported in 2011 [8].

We report here the first case of infection due to
NDM-1-producing P. aeruginosa in France. To date,
TABLE 2

Monitoring of plasmatic and urinary concentrations

of antibiotics in patient with pyelonephritis caused b
Pseudomonas aeruginosa serotype 011 (HIABP11) and
history of previous hospitalisation in Serbia, France 2012

Aztreonam Colistin

Plasmatic peak concentration (mg/L) 127.6 NA
Plasmatic residual concentration (mg/L) 14.3 0.7
Urinary concentration (mg/L) > 500 22.3

NA: not available.

www.eurosurveillance.org



only two other cases of colonisation or infection by
NDM-1-producing P. aeruginosa have been reported
worldwide, occurring in two patients hospitalised in
Belgrade,Serbia. Both had undergone invasive surgical
interventions and none of them had travelled outside
Serbia. No epidemiological connection was evidenced
between them [9, 10].

NDM-1 producing bacteria are undoubtly challenging:
firstly, they are usually multiresistant to antibiotics
because blayy, encoding plasmids co-harbor mul-
tiple resistance determinants. P. aeruginosa shows
a high level of intrinsic resistance to antimicrobial
agents. Its ability to acquire and combine different
resistance determinants represents a major threat,
compromising therapeutic options. The acquisition of
MBL-carbapenemase (Verona integron-encoded met-
allo-beta-lactamase (VIM), imipenemase (IMP), Sao
Paulo Metallo-beta-lactamase (SPM), Australia imi-
penemase (AIM), German imipenemase (GIM), Dutch
IMipenemase (DIM), NDM, led to emergence of mul-
tidrug-resistant (MDR) or extensively drug-resistant
(XDR) P. aeruginosa. The case presented highlights
the difficulties of therapeutic management, with only
three antibiotics categorised as susceptible or inter-
mediate (colistin, aztreonam, piperacillin-tazobac-
tam). Due to the low MIC recommended for the inferior
breakpoint for aztreonam by EUCAST, wild type P. aer-
uginosa are reported as ‘intermediate’. However MBL-
carbapenemases do not hydrolyse the monobactam
aztreonam and high dose therapy can be useful for
patients infected with MBL-producing P. aeruginosa
[11,12].

Secondly, NDM-1 producers have a potential for spread
through the transfer of the plasmid-borne blaypu, gene
[5]. In P. aeruginosa, there is no complete documenta-
tion for plasmid-borne or chromosomal localisation
for blaypw, gene yet. However, many outbreaks includ-
ing carbapenemase-producing P. aeruginosa and
spread of MDR P. aeruginosa clones have been recently
reported, underlining that cross-transmission plays a
major role in the spread of MDR P. aeruginosa in hos-
pital settings [13, 14]. These considerations combined
with the emerging character of our isolate in France are
reason why all members of the medical and paramedi-
cal staff agreed to set up a dedicated team to care for
the patient and a weekly screening of all contemporary
patients on the same ward.

This strategy is recommended in France for carbap-
enemase-producing Enterobacteriae [1] without any
mention of carbapenemase-producing Acinetobacter
or Pseudomonas. However, in this particular case of
a first isolation of NDM-1 producing P. aeruginosa in
France, this strategy allowed us to assess the absence
of cross-transmission for this isolate.

This observation highlights the emergence of NDM-1

not only in Enterobacteriaceae, but also in P. aer-
uginosa in Balkan area and France. In our view, NDM
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screening should be performed when a carbapene-
mase-producing Pseudomonadaceae clinical isolate is
identified.
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Reliable estimates of the morbidity burden caused by
the 2009 pandemic influenza (pH1N1) are important
for assessing the severity of the pandemic. Poisson
regression models were fitted to weekly numbers of
cause-specific hospitalisation in Hong Kong from 2005
to 2010. Excess hospitalisation associated with the
2009 pandemic and seasonal influenza was derived
from the model by incorporating the proxy variables of
weekly proportions of specimens positive for the pan-
demic influenza A(HiN1)pdmog, seasonal influenza A
(subtypes H3N2 and HiN1) and B viruses. Compared
with seasonal influenza, pHiN1 influenza was associ-
ated with higher hospitalisation rates for acute respir-
atory disease (ARD) among children younger than 18
years and adults aged between 18 and 64 years, but
among the elderly aged 65 years and older the hos-
pitalisation rates were lower for pHiN1 than for sea-
sonal H3N2 and HiN1 influenza. Hospitalisation rates
for chronic diseases associated with pHiN1 influenza
were generally higher than those associated with sea-
sonal influenza. The reported hospitalised cases with
laboratory-confirmed pandemic infections accounted
for only 16% of pHiN1 influenza-associated hospitali-
sations for ARD in the age group 75 years and older,
and 5-66% of hospitalisations for chronic diseases
in those older than 4o years. The 2009 HiN1 influ-
enza pandemic was associated with a dramatically
increased risk of hospitalisation among children and
young adults. The morbidity burden of pandemic was
underreported in old people and in those with chronic
conditions.

Introduction

In April 2009 a novel influenza A(H1N1) virus of swine-
origin (referred to as pHiN1 hereafter) emerged and
quickly spread worldwide [1]. Previous studies have
reported that annual hospitalisation rates with labora-
tory-confirmed pandemic infections ranged from 3 to
110 per 100,000 person-years [2-4]. However, it is likely
that these rates seriously underestimated the true bur-
den of the pandemic, as many cases were not tested for
pandemic infections due to limited laboratory capacity
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[5]. Furthermore, the tests could have been biased
towards children and young adults in whom the pHiN1
infection rates were reported to be higher, but severe
outcomes after infections were more likely to occur in
the elderly aged 65 years or older [6,7]. Previous stud-
ies have further found that few pandemic-associated
fatalities in persons older than 65 years were captured
by intensive laboratory tests [8,9]. Given the potential
underreporting of pandemic cases, it is necessary to
compare excess hospitalisation associated with sea-
sonal and pandemic influenza to assess the severity
of 2009 HiN1 pandemic. We and others have demon-
strated that excess hospitalisation estimated from
Poisson models can provide reliable estimates for true
morbidity burden of seasonal influenza [10,11].

Two subtypes of seasonal influenza A(H3N2) and
(H1N1) (referred to as sH1N1 hereafter), as well as influ-
enza B viruses, have been circulating in humans for
many years [12]. There is evidence that these viruses
are distinct in terms of transmission efficiency and
risk of hospitalisation or mortality [13,14]. However,
few studies have compared disease burden associated
with different types or subtypes of seasonal influenza
and pandemic viruses. In this study, we aimed to com-
prehensively assess the age-specific hospitalisation
burden associated with each type (or subtype) in sub-
tropical city Hong Kong which had a population of 7.07
million in 2011 [15].

Methods

Data

Hospitalisation records from 2005 to 2010 were
obtained from the electronic health record system of
the Hospital Authority (HA), which manages all 41 pub-
lic hospitals and covers 78% of hospital-bed days in
the entire territory of Hong Kong [16]. We aggregated
the records into weekly hospitalisation numbers by all
discharge diagnoses (up to 15 diagnoses) that were
coded in the International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD9-CM) [17].
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We considered the following disease categories: acute
respiratory disease (ARD; ICD9 460466, 480-487),
pneumonia and influenza (P&I; ICD9 480-487) for
the age groups of o-5, 6-17, 18-39, 40-64, 65-74,
and 275 years, and cardiovascular disease (CVD; ICDg
390-459), diabetes (ICD9 250), ischaemic heart dis-
ease (IHD; ICD9 410-414), and stroke (ICD9 430-438)
for the age groups of 40-64, 65-74, and 275 years.
Mid-year population by age groups was obtained from
the Census and Statistics Department for the study
period.

We obtained the weekly numbers of detected influenza
viruses reported by the Public Health Laboratory Centre,
Hong Kong from the weekly report ‘Flu Express’ avail-
able on the website of the Centre for Health Protection
at the Department of Health (DH) (http://www.chp.gov.
hk/en/guideline1_year/441/304.html). The numbers of
specimens were estimated from the summary tables
of the Centre’s Sentinel Surveillance website (http://
www.chp.gov.hk/en/sentinel/26/44/292.html). The
respiratory specimens were collected from hospital-
ised patients and outpatients from the public and pri-
vate healthcare sectors in Hong Kong and were tested
by viral culture and subtyped by haemagglutination
inhibition tests. As the online reports for other respira-
tory viruses were not publicly available from the DH
during the study period, we also obtained the virology
surveillance data for respiratory syncytial virus (RSV),
adenovirus and parainfluenza viruses from the micro-
biology laboratory of Queen Mary Hospital.* This sin-
gle laboratory covered 21% of all specimens for the DH
surveillance network during the study period, and the
influenza virology data from these two sources were
highly correlated (r=0.81) during that period. The sea-
sonal patterns of these viruses were also consistent
with those from the DH [18]. Meteorological data for
temperature and relative humidity were obtained from
the Hong Kong Observatory.

Statistical analysis

We fitted the following quasiPoisson regression mod-
els to weekly numbers of hospitalisation from 2005 to
2010 for each age—disease category.

Y, ~ quasiPoisson(u,,¢u,)

log(w,) = B, + BSH1, + B,H3, + BB, + B,PH],
+ BRSV, + B, Adeno, + B,P1, + B,P2, + B,P3,
+8(t) + s(Temp,) + s(Hum,)+ S,,D, + p,,D, x PH]1,

where Yt denotes the number of hospitalisations in
week t (t=1,2,...,312) which was assumed to follow
a quasiPoisson distribution with an over-dispersion
parameter 4. SH1,, H3,, B, and PH1, denote the weekly
proportions of specimens tested positive for sHiN1,
H3N2, influenza B and pHiN1, respectively. These
proxy variables were added to quantify the effects of
each type/subtype. RSV,, Adeno,, P1,, P2, and P3; were
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proportions of specimens positive for RSV, adenovirus
and three types of parainfluenza viruses. As nearly all
annual total numbers of cause-specific hospitalisation
almost doubled during the study period, we adjusted
for the long-term and seasonal trends of hospitalisa-
tion data by adding a natural cubic spline s(f) into the
model. Because the time series of acute respiratory
diseases (ARD and P&I) tend to show greater seasonal
variations than those of chronic diseases, we decided
to use 3 degrees of freedom (df) per year (totally 18 df
during the whole study period) in ARD and P&l, but to
use a minimum of 2 or 3 df in total for the whole period
for CVD, IHD, stroke and diabetes. s(Temp,) and s(Hum,)
were the natural cubic spline of temperature and rela-
tive humidity with df=3 to adjust for the variation of
meteorological factors. During the containment phase
of the 2009 pandemic (26 April to 27 June 2009), every
pHiN1 case was admitted regardless of the disease
severity. To adjust for the change in hospitalisation
admission thresholds during this period, we added the
dummy variable D, for the period of this containment
phase, and its product term with the pandemic virus
proxy DixPH1,, into the model to allow a different hos-
pitalisation risk during the containment phase.

Morbidity burden of influenza was measured by excess
hospitalisation rate associated with each influenza
type or subtype. We first defined the baseline hospi-
talisation number as the number of expected hospi-
talisations when the proxy variables for pH1N1, sH1N1,
H3N2 and B viruses were set to zero. Excess hospitali-
sation number was then calculated as the difference
between the baseline and predicted hospitalisation
numbers with all variables taking the observed val-
ues. The 95% confidence intervals (Cl) were calculated
by bootstrapping the weekly excess hospitalisation
numbers and subsequently refitting the same models
1,000 times. We also calculated the annual excess rate
by dividing the average annual total numbers of excess
hospitalisation by the annual age-specific population
sizes derived from the 2001, 2006 and 2011 censuses
[15,19,20] through linear interpolation.

Model validation

On 1 May 2009 the HA established an electronic report-
ing system ’e-flu’ in response to the influenza A(H1N1)
pandemic. Patients with acute respiratory symptoms
were routinely tested for influenza A(H1iN1) by RT-PCR.
The e-flu data recorded outpatient visits, hospitalisa-
tion and deaths with laboratory-confirmed influenza
A(H1N1) infections [21]. Given the intensive labora-
tory screening for influenza A(HiN1)pdmog infections
during the pandemic, the hospitalised pHiN1 cases
reported by the e-flu system could be regarded as the
low boundary of true burden. Hence we calculated the
disease-specific laboratory-confirmed pandemic hos-
pitalisation according to any-listed discharge diagno-
sis. As the e-flu surveillance was relaxed after the first
wave, we compared these numbers with our estimates
of age- and cause-specific excess numbers during



TABLE 1

Virology surveillance data and annual hospitalisation rate (per 100,000 person-years) in Hong Kong, 2005-2010

2005 2006 2007 2008 2009 2010
Virology data n (% of total influenza-positive specimens)
Total specimens 39,580 37,108 40,258 44,171 12,5100 69,680
Total influenza-positive specimens 6,204 4,196 6,422 4,786 30,576 8,773
Seasonal influenza A(H1N1) 413 (6.7) 3,047 (72.6) 133 (2.1) 1,490 (31.1) 2,821 (9.2) 1 (0.0)
Influenza A(H3N2) 4,751 (76.6) 225 (5.4) 4,845 (75.4) | 2,039 (42.6) | 8,165 (26.7) 4,484 (51.1)
Influenza A(HiN1)pdmog 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 19,279 (63.1) 2,022 (23.0)
Influenza B 1,040 (16.8) 924 (22.0) 1,444 (22.5) 1,257 (26.3) 311 (1.0) 2,266 (25.8)
Hospitalisations
ARD 1,023.5 903.9 986.0 1,247.0 1,417.5 1,606.8
P&l 682.6 616.7 665.8 905.2 1,072.2 1,217.0
CcVvD 1,963.2 1,940.3 2,012.9 2,813.2 3,864.4 4,810.9
IHD 507.1 496.5 502.4 683.8 935.4 1,167.3
Stroke 427.6 411.5 427.7 666.1 914.8 1,115.2
Diabetes 534.1 513.5 550.6 844.6 1,408.2 1,772.6

ARD: acute respiratory disease; CVD: cardiovascular disease; IHD: ischaemic heart disease; P&I: pneumonia and influenza.

The annual figures in this Table were obtained by cumulating weekly data from week 1 to 52 (or 53) of each year.*

the first wave of the pandemic from 1 May 2009 to 2
January 2010.

The ethical approval for this study was obtained from
the Institutional Review Board of the University of
Hong Kong/Hospital Authority Hong Kong West Cluster
(UV11-264). All analyses were conducted using R pack-
age version 2.12.2 (R Development Core Team).

Results

Descriptive statistics

Annual total numbers of specimens collected by the DH
ranged from 37,108 to 125,100 during the study period
(Table 1). Influenza A(H3N2) was dominant in 2005
and 2007, while in 2006 and 2008, seasonal influenza
A(H1N1) and B viruses were isolated more. The pan-
demic pH1N1 virus first emerged in May 2009, reached
a peak around September and remained at a low level
after November. A few specimens positive for seasonal
influenza were found during the pandemic period from
May to November 2009. Influenza B became dominant
after March 2010, followed later by influenza A(H3N2)
followed. During the study period from 2005 to 2010,
the average annual hospitalisation rate was 1,197.4,
859.9, 2,900.8, 715.4, 660.5 and 937.3 per 100,000
person-years, for ARD, P&I, CVD, IHD, stroke and dia-
betes, respectively (Table 1). Persons aged 75 years
and older had the highest hospitalisation rate for all
the disease categories.

10

Annual excess hospitalisation

associated with influenza

An example of model fit by weekly observed and fitted
numbers of P&l hospitalisation is shown in Figure 1.
Significant association of influenza virus types (or sub-
types) with hospitalisation was found in most age—-dis-
ease categories studied (p<o.05). Annual age-specific
excess hospitalisation rates showed great year-to-year
variations in all the disease categories. Across the six-
year study period, the highest annual excess rate for
ARD, P&l and IHD was observed in 2009, and for CVD,
stroke and diabetes in 2010, after adjustment for age
structure by age standardisation (Table 2). During the
study period, the highest annual excess rates of ARD
and P&I hospitalisation were found in the pandemic
year 2009 for children and adults aged 18-64 years.
For old people, excess rates of hospitalisation asso-
ciated with influenza markedly increased during the
post-pandemic year of 2010 for most disease catego-
ries, whereas the rates in 2009 remained at the level
similar to or slightly higher than those in the preceding
interpandemic years (data now shown).

Excess hospitalisation associated with the pandemic

During the whole pandemic period from May 2009 to
July 2010, a total of 10,377 hospitalisations with ARD
and 7,204 with P&l were associated with pHiN1 influ-
enza. Of these, 60% occurred in children and 13% in the
elderly (Table 3). For chronic diseases, the total num-
bers of pHiN1i-associated hospitalisation were 1,676,
848, 359 and 1,550, for CVD, IHD, stroke and diabetes,
respectively. More than 80% of these hospitalisations
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FIGURE 1

Weekly observed (squares) and fitted (solid blue line) hospitalisations with any-listed diagnosis of pneumonia and influenza

Hong Kong, 2005-2010
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TABLE 2

Age-standardised annual excess rate per 100,000 person-years of hospitalisation associated with influenza, with the 2006
population as standard, Hong Kong, 2005-2010

: 2005 2006 2007 2008 2009 2010
Disease
ER (95% Cl) ER (95% Cl) ER (95% Cl) ER (95% Cl) ER (95% Cl) ER (95% CI)
ARD 115.9 80.5 116.1 96.7 166.8 152.7
(70.2; 157.0) (39.8; 120.3) (70.3; 158.8) (51.7; 138.1) (109.5; 221.7) (96.3; 204.9)
P&l 76.2 56.6 75.0 64.9 130.9 109.5
(44.3; 105.1) (27.9; 84.4) (44.1; 104.0) (33.7; 94.1) (88.0; 170.3) (67.5; 147.6)
CVD? 30.4 51.1 31.5 48.3 63.3 102.3
(-24.9; 84.2) (10.25 90.3) (-10.7; 71.9) (-2.3; 99.5) (-3.95 125.9) (6.6; 192.4)
IHD? 3.7 8.8 3.3 6.0 19.4 12.6
(-15.5; 21.9) (-6.2;5 23.4) (-11.8; 17.7) (-11.1; 21.9) (-2.6;39.7) (-21.0; 44.4)
Stroke? 8.5 12.0 8.1 12.3 18.9 19.4
(-6.0; 21.5) (1.6; 22.2) (-2.9; 18.6) (-1.7; 25.4) (0.5; 35.5) (-6.5; 43.1)
Diabetes? 9.2 16.5 9.3 16.7 36.7 50.6
(-9.7, 27.9) (1.65 30.6) (-6.3; 24.0) (-2.9; 36.6) (7.9 63.6) (8.25 91.4)

ARD: acute respiratory disease; Cl: confidence interval; CVD: cardiovascular disease; ER: excess rate; IHD: ischaemic heart disease; P&lI:

pneumonia and influenza.

2 Excess rates are assumed zero in the age groups younger than 4o years.

occurred in people aged 65 years and older. In the
group including all ages, around 80% of pHiN1-asso-
ciated hospitalisations for all the disease categories
studied occurred during the first wave of the pandemic
from May 2009 to January 2010.

To compare our estimates with the total numbers of lab-
oratory-confirmed pHiN1 cases requiring hospitalisa-
tion, we calculated the ratio of the admission numbers
reported by the e-flu system to excess hospitalisation
associated with pHiN1 influenza in the same age-dis-
ease groups during the first wave. The ratio ranged
from 0.72 to 0.92 for ARD and from 1.05 to 1.68 for P&l
in the age groups younger than 75 years (Table 3). In
persons 75 years and older, the confirmed hospital-
ised cases reported by e-flu for ARD and 45% for P&l in
the same age group only accounted for 16% of excess
hospitalisations that were estimated from the statisti-
cal models to be attributable to pH1N1 influenza. For
the chronic diseases CVD, IHD, stroke and diabetes,
the total numbers of confirmed pHiN1 hospitalisation
accounted for only 25-66%, 11-28%, 5-15% of pH1N1-
associated excess hospitalisation, for the age groups
of 40-64, 65-74 and 275 years, respectively.

Comparison of type- or subtype-specific excess
hospitalisation

In the group including all ages, pHiN1 influenza was
associated with the highest annual excess rate of ARD
hospitalisation (95.9 per 100,000 person-years; 95%
Cl: 66.9-122.1), followed by influenza A(H3N2) (49.4;
95% Cl: 36.7-61.5), B (38.3; 95% Cl: 21.7-54.2) and

12

sH1N1 (18.3; 95% Cl: 10.4-26.2). A similar pattern was
also observed for P&I hospitalisation. Across differ-
ent age groups, excess rates of ARD and P&l associ-
ated with pHiN1, sHiN1 or B influenza were higher
among children under the age of five years, whereas
the rates associated with H3N2 influenza were higher
among persons older than 75 years (Figure 2). Excess
rates associated with pHiN1 influenza were 2—-5 times
as high as those with seasonal influenza in children
younger than five years, 5—12 times as high in children
aged 6-17 years, but 50% and 70% lower than the rates
of seasonal influenza A(H3N2) in persons aged 65-74
and 275 years.

Of three seasonal influenza viruses, H3N2 accounted
for a higher proportion of ARD and P&I hospitalisation
than the other two viruses in all the age groups except
the groups aged 6-17 and 18-39 years, in which influ-
enza B had higher rates. For chronic diseases, pHiN1
was associated with higher excess rates of diabetes,
CVD and IHD, but the rates were similar to those of
other seasonal viruses for stroke. The fractions of all-
ages excess hospitalisation in the total numbers of cor-
responding cause-specific hospitalisation ranged from
0.4% t0 9.4% for pHiN1 and from 1.7% to 8.8% for sea-
sonal influenza A and B combined (Table 4). Compared
with the age-specific proportions of seasonal influ-
enza A and B combined, the proportions of pH1N1 were
markedly higher in the age group of 6-17 years for
ARD and in the age groups 6—17 and 18-39 years for
P&I, but lower in the age groups older than 40 years
for all the disease categories studied except diabetes.
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FIGURE 2

Annual age- and cause-specific excess rate per 100,000 person-years of hospitalisation associated with A(HINI1)pdm09,
seasonal influenza A(H3N2), A(HIN1) and B, Hong Kong, 2005-2010
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TABLE 4

Percentage of excess hospitalisation in total cause-specific hospitalisation, Hong Kong, 2005-2010

2005-2010 1996-20007?
Disedse Age group ﬁ]ef?us;)r?;; Influenza Influenza B Influenza Seasonal Seasonal
(years) A(H1N1) A(H3N2) A(HiN1)pdmog influenza A+B influenza A+B
0-5 2.5 5.4 4.9 12.5 12.8 9.3"
6-17 4.9 3.1 7.5 36.7 15.5 9.3°
18-39 2.0 3.3 5.1 8.0 10.4 7.2¢
ARD 40-64 1.4 3.8 3.1 5.7 8.3 11.0
65-74 0.6 3.8 2.7 1.7 7.1 11.5
275 0.7 4.1 1.9 1.4 6.7 8.7
All ages 1.5 4.1 3.2 8.0 8.8 10.9
0-5 5.4 9.7 7.9 25.0 23.0 14.7°
6-17 6.3 2.8 9.2 53.3 18.3 14.7°
18-39 2.0 3.1 4.4 22.6 9.5 10.5¢
P&l 40-64 1.5 3.4 1.9 7.8 6.8 8.7
65-74 0.3 3.3 2.7 1.5 6.3 11.0
275 0.6 3.6 2.0 0.9 6.2 7.1
All ages 1.6 4.0 2.9 9.4 8.5 11.6
40-64 0.5 NAd NA¢ 0.9 NA¢ NA
VD 65-74 0.5 0.2 0.1 1.6 0.8 NA
275 0.7 0.6 1.9 1.7 3.2 NA
All ages 0.6 0.3 0.8 1.3 1.7 NA
£4,0-64 NA¢ NA4 0.0 0.8 NA¢ 2.0
HD 65-74 0.8 0.4 NA¢ 1.0 NA¢ 0.8
¥75 1.2 1.2 0.6 1.9 3.0 3.2
All ages 0.9 0.6 NA¢ 0.4 NA¢ 1.8
4,0-64 0.7 0.1 NA¢ 0.5 NA¢ 0.8
Stroke 65-74 0.6 0.7 NA¢ 0.5 NA¢ 1.4
275 0.8 0.9 1.3 1.0 3.0 2.4
All ages 0.7 0.7 0.6 0.4 2.0 1.5
40-64 0.9 0.0 NA¢ 2.0 NA¢ 3.5
65-74 0.6 0.0 0.4 3.3 1.0 3.0
Diabetes
275 0.7 1.0 1.6 3.8 3.3 5.4
All ages 0.8 0.3 0.6 3.1 1.7 3.5

ARD: acute respiratory disease; CVD: cardiovascular disease; IHD: ischaemic heart disease; NA: not available; P&I: pneumonia and influenza.
2 Adapted from reference [34].

b Age group 0-14.

¢ Age group 15-39.

4 Not estimated because of negative excess risk estimates.
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The fraction of ARD and P&l excess hospitalisation in
the group of o-5 year-olds was comparable between
pH1iN1 and seasonal influenza.

Discussion

There are lots of obstacles in obtaining the estimates
on hospitalisation due to influenza simply based on
surveillance of symptomatic cases, because many
suspected cases were not tested in a timely manner
due to limited laboratory capacity in most countries.
Presanis and colleagues estimated that only 20-30%
of hospitalised pHiN1 cases in the United Kingdom
confirmed by the laboratory surveillance during the
2009 pandemic [22]. In the present study we used
a Poisson regression model, which has been widely
adopted for estimation of the influenza disease burden
[23-25], to assess excess hospitalisation associated
with seasonal influenza. We estimated that during the
pandemic period of May 2009 to February 2010, 7,856
admissions for ARD in children and adults younger than
65 years were attributable to pHiN1 infections. This
estimate was close to the total number of 6,657 labo-
ratory-confirmed pHiN1 cases hospitalised for ARD in
Hong Kong. The close match between model-derived
and laboratory-confirmed cases in young age groups is
not surprising as they were immediately identified as
high risk groups at the beginning and underwent inten-
sive laboratory screening for pHiN1 infections through-
out the pandemic period. We found that the estimated
in old population groups, excess hospitalisations
associated with pHiN1 were dramatically higher than
the numbers of confirmed hospitalised cases, for both
acute and chronic diseases. This is in agreement with
our previous findings that the mortality burden of
pHiN1 in children and young adults was fully captured
by intensive screening, but seriously underreported in
the elderly [8]. We speculated that the neglected bur-
den in the old population could be due to their low
antibody and viral titres after infection, or the time lag
between primary infection and hospital admission for
exacerbated underlying conditions. To capture these
cases, it is necessary to enhance the surveillance at
community level so as not to miss the time when the
symptoms of primary infection are evident.

A shift in the age of severe and fatal cases towards
younger age groups has been observed in histori-
cal influenza pandemics. Consistent with many other
studies [26-28],our estimates demonstrated that for
ARD and P&l, the influenza A(pH1N1)pdmog virus was
associated with dramatically elevated excess hospi-
talisation in children and young adults compared with
the seasonal viruses, whereas its impact on the elderly
was less than that of influenza A(H3N2), although com-
parable to sHiN1 and influenza B. A study in Denmark
also found significantly higher hospitalisation rates
for pHiN1 among persons younger than 65 years, but
the rates among the elderly were similar for the pan-
demic and seasonal viruses [29]. That old people are
less affected by pHiN1 infection could be explained by
their preexisting immunity against pHiN1 [30]. Despite
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a low attack rate of pHiN1 in elderly people in Hong
Kong living in the community, a large proportion of the
hospitalised and fatal cases still occurred in old peo-
ple, who had markedly higher case-intensive care unit
and case—fatality rates according to data from the e-flu
database [31].

H3N2 viruses were believed to have more frequent anti-
genic drift than sHiN1 and influenza B [32]. Previous
studies have demonstrated that influenza was associ-
ated with markedly more morbidity and mortality dur-
ing the H3N2-dominated years, than during the years
dominated by sHiN1 or influenza B [13]. By simultane-
ously adding the different virus proxies, regression
models allow the separate assessment of the disease
burden caused by different influenza types or sub-
types. Zhou and colleagues fitted a negative binomial
regression model, which is similar to Poisson regres-
sion with adjustment for over-dispersion, on weekly
hospitalisation data of respiratory and cardiovascular
diseases in the United States (US) from 1993 to 2008
[33]. They reported much lower excess rates of hospi-
talisation associated with sHiN1 and influenza B (1.9
and 17.5 per 100,000 person-years) than with influenza
A(H3N2) virus (44.4 per 100,000). Interestingly, our
estimates showed that among the three seasonal influ-
enza viruses, H3N2 influenza contributed to higher
hospitalisation rates for ARD and P&I. For chronic dis-
eases, however, the hospitalisation rates associated
with H3N2 influenza were lower for CVD and diabetes;
the rates associated with sHiN1 and H3N2 influenza
were similar for IHD and stroke, but those associated
with influenza B were slightly lower (Figure 2). Further
studies are needed from more countries to compare
the virulence of different influenza viruses.

We estimated that during 2005-08, the annual excess
rate associated with seasonal influenza ranged from
80.5 to 116.1 per 100,000 person-years for ARD, and
from 30.4 to 51.1 for CVD. These rates were higher
than the excess hospitalisation rates of 32.6-82.7 for
respiratory and circulatory diseases which were esti-
mated from the US study for the same study period
[33], although these two sets of estimates may not
be directly comparable since we defined disease cat-
egories by any-listed diagnosis. Our estimates were
the double or triple of the previous estimates using
the similar model for the period of 1996-2000 [34]
(Table 2). The increased morbidity burden in recent
years may not be solely due to more virulent virus
strains, as we did not observe any obvious increase
in excess mortality associated with influenza in Hong
Kong since 1998, except in 2007 when a novel H3N2
strain A/Brisbane/59/2007-like emerged [8]. Instead,
this increase is more likely the result of expanding
health service capacities and lowering admission cri-
teria due to the aging population of Hong Kong [16]. In
fact, overall the proportions of excess hospitalisation
in total numbers of cause-specific hospitalisation are
quite similar between our present and previous stud-
ies, suggesting that the morbidity burden of seasonal
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influenza remained comparable during the interpan-
demic years (Table 4). Interestingly, the percentage of
excess hospitalisation associated with seasonal influ-
enza among the total hospitalisations for ARD and P&l
among children and young adults was higher during the
study period of 2005-2010 than those during 1996—
2000. However, it was lower among the elderly, which
probably reflects changing health-seeking behaviour
of parents and young people, particularly after the
outbreak of severe acute respiratory syndrome in 2003
that significantly awakened the public awareness of
respiratory viruses.

Surprisingly, we found a heavy morbidity burden of
influenza in 2010 in Hong Kong with a similar mag-
nitude as in the pandemic year 2009. However, the
majority of influenza isolates since August 2010 have
been an H3N2 strain which is an antigenic match to the
2010-2011 vaccine composite strain A/Perth/16/2009.
Similar observations were also reported in several
European countries [35]. We noticed that in 2010, the
summer peak of influenza did not appear until August-
September, the months when influenza viruses usu-
ally become dormant after the normal peak months of
June and July [36]. Most of excess hospital admissions
in 2010 were associated with influenza A(H3N2), not
pH1N1 that was the dominant strain in the winter peak
2009/10 (data not shown). The potential explanation
for altered influenza seasonality after the pandemic
could be depletion of the pool of susceptibles by the
preceding pandemic, interference of pandemic viruses,
or relaxation of the control measures implemented dur-
ing the pandemic period (border control, designated
influenza clinics, etc), all of which certainly warrant
further investigations.

There are several limitations to our study. Firstly, our
virology data for pHiN1 only covered a period shorter
than two years, which might have compromised the
power of the Poisson model, as reflected by the non-
significant estimates in most age-disease categories.
Secondly, other than disease severities there are many
unmeasured factors that could have affected hospi-
tal admissions, such as influenza vaccination status,
health seeking behaviour and admission criteria. Our
assessment of cause-specific hospitalisation could
be further complicated by varying coding practice of
frontline medical practitioners. Although we adjusted
for long-term and seasonal trends of hospitalisation in
our models to take into account changes in admission
threshold and coding practice, this may not be adequate
for all the disease categories, as evidenced by some
negative estimates and underestimation of P&l excess
hospitalisation during the pandemic. Nevertheless, our
previous validation study demonstrated that excess
hospitalisation derived from the Poisson regression
models closely matched the true incidence rates of
laboratory-confirmed influenza among a cohort of
paediatric patients [10]. Moreover, our estimates were
overall larger than the laboratory-confirmed cases
requiring hospitalisation, although the difference was

www.eurosurveillance.org

not as big as we expected. Therefore, our estimates of
excess hospitalisation rates are likely conservative,
not exaggerating the true burden of seasonal and pan-
demic influenza.

In this study we comprehensively assessed the impact
of seasonal and pandemic influenza by deriving the
age- and cause-specific estimates of excess hospitali-
sation associated with different types or subtypes of
influenza viruses. Compared with seasonal influenza
viruses, the pH1iN1 virus was associated with dramati-
cally increased hospitalisation risk among children and
young adults. Although the attack rate of the pandemic
was relatively low in the elderly, their risk of hospitali-
sation was comparable to the interpandemic years and
seriously underreported by the clinical surveillance.
This highlights the need to enhance the community
surveillance on pandemic outbreaks among old people.
Our study provides an approach for reliable assess-
ment of the pandemic severity and also a piece of criti-
cal evidence for proper evaluation of control measures
implemented during the pandemic.

*Author’s correction

On request of the authors, the first three sentences of the
second paragraph of the Methods section were replaced
and a footnote was added to Table 1. These corrections were
made on 14 November 2012.
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A national laboratory network ‘Biotox-Piratox’ was
created in 2003 in France with the purpose of detect-
ing, confirming and reporting potential biological and
chemical threat agents. This network is divided into
three levels: Level 1 is dedicated to the evaluation of
risks (biological, chemical, radiological), to sampling
and packing. Level 2 consists of university and mili-
tary hospitals, who deal with biological specimens,
and of environmental and veterinary laboratories,
who deal with environmental and animal samples.
Level 3 comprises national reference laboratories and
the Jean Mérieux biosafety level (BSL)-4 laboratory
in Lyon. This report presents the results of four bio-
preparedness exercises to check critical points in the
processing of samples. These exercises took place in
2007, 2009, 2010 and 2011. Each of them consisted
of two parts. The first part was the identification of
an unknown bacterial strain and its susceptibility to
antibiotics used as a default in case of a bioterrorist
event. The second part was the detection of Class Ill
microorganisms, mainly by molecular techniques. The
main lesson learnt in these exercises was that the key
to successful detection of biological agents in case of
a biological threat was standardisation and validation
of the methods implemented by all the laboratories
belonging to the network.

Introduction

A national laboratory network ’Biotox-Piratox’ was
created in France in 2003 with the purpose of detect-
ing, confirming and reporting potential biological and
chemical threat agents [1,2]. This network is an inter-
ministerial laboratory response network organised in
three levels (Figure), similar to the surveillance labora-
tory network in the United States (US) [3-6]. A scien-
tific advisory committee of the Biotox-Piratox network
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was appointed and entrusted with the three following
missions: coordination of the network, training of the
laboratories, and monitoring diagnostic tests in devel-
opment. Since 2007, the committee has organised four
inter-laboratory exercises to check critical points in the
processing of samples: transport and reception, trace-
ability, the diagnostic tests implemented, the reactivity
and involvement of laboratories. The aim of this report
is to present the results of the four biological exercises
and the lessons learnt.

Methods

The exercises, which took place in 2007, 2009, 2010
and 2011, were essentially directed at the second
level laboratories. The number of participating labs in
these years varied from 27 to 28. Sixteen laboratories
used the same diagnostic equipment and techniques:
nine university hospitals, six military hospitals and
one military research centre (Institut de Recherche
Biomédicale des Armées, IRBA). The other participat-
ing centres dedicated to processing environmental
samples used equipment and techniques which were
more heterogeneous.

The authorisations for transporting and holding sam-
ples were obtained from the French national agency for
the security of medicines and health products (Agence
nationale de sécurité du médicament et des produits
de santé; ANSM) for all exercises. All samples were dis-
patched to the participating centres using a specialised
carrier according the French and European regulations.
The second exercise was conducted in partnership with
the Robert Koch Institute (RKI, Berlin, Germany), and the
authorisations were obtained according to the German
and French regulations for the transport of the biologi-
cal material from Berlin (Germany) to Paris (France). For
each sample, a scenario describing a realistic situation
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FIGURE

The national Biotox-Piratox laboratory network in France
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and the conditions of sampling were provided to the
laboratories to guide their analytic strategy. All results
were collected in a coordinating centre and were ana-
lysed by members of the Scientific Advisory Committee
of the Biotox-Piratox laboratory network.

First exercise (2007)

The first exercise focused on the transport of speci-
mens, the turnaround time for detection as well as the
specificity and the sensitivity of the techniques imple-
mented. The biological agents that were to be detected
were a Bacillus thuringiensis strain resistant to cipro-
floxacin (identification and susceptibility testing) and
B. anthracis DNA cloned into an Escherichia coli strain
(detection by PCR) [7].

Second exercise (2009)

The main objectives of the second exercise were to
create relationships with other European countries,
here with the Robert Koch Institute (Germany), to cope
with administrative and logistic problems (transport or
import), to list the various diagnostic techniques avail-
able, to evaluate the performance of diagnostic meth-
ods and to motivate participating centres to continue
the training of technicians and biologists. The labora-
tories had to detect different concentrations of the fol-
lowing agents: Francisella tularensis subsp. holartica,
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irradiation-inactivated monkeypox virus (Mpx) and
live vaccinia virus (Vac). The bacterial and viral sam-
ples were prepared and quantified by the Centre for
Biological Safety at the RKI. It was confirmed that F.
tularensis samples were viable for at least two weeks
if stored at +4 °C in phosphate-buffered saline (PBS).
The stability of the viral samples was controlled after
four weeks at +4°C. The samples were transported by
plane from Berlin to Paris in a single parcel, and then
picked up by the French gendarmerie and taken to a
reference laboratory, where the samples were divided
into aliquots and dispatched by the police force to all
participating centres.

Third exercise (2010)

The goal of the third exercise was to evaluate the per-
formance of DNA-based techniques and the involve-
ment of a national reference centre at the expertise
level (Level 3) for positive samples detected at Level
2. This exercise consisted of a strain of Yersinia pseu-
dotuberculosis (identification and susceptibility test-
ing) and a DNA extract of Y. pestis EV76 (detection by
PCR) [8]. At the end of the exercise, the DNA extracts
were sent back to the IRBA laboratory to evaluate the
performance of the DNA extraction method used by
the participating laboratories. Ct (cycle threshold) val-
ues were obtained from real-time PCR amplifications
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performed three times. The caf1 gene was the criterion
for this evaluation. In addition, positive samples were
sent for confirmation to the Plague National Reference
Laboratory (Dr. E. Carniel, Institut Pasteur, Paris).

Fourth exercise (2011)

At the annual seminar in 2011, it was decided to make
the fourth exercise harder. Two Class Il microorgan-
isms were mixed together in the same medium: an E.
coli strain modified to carry the plasmid pXO1 (gene
pag) of B. anthracis, and the vaccine strain EV76 of V.
pestis modified to pgm-, pYV+, pFra+, pPst+, in which
the caf and pla genes had been replaced by the gene
conferring resistance to kanamycin and zeocin. The sec-
ond part of the exercise consisted in the identification
and susceptibility testing of a strain of Burkholderia
thailandensis.

Results

Overall, 22, 26, 28 and 27 laboratories took part in the
four exercises, respectively. The results were compared
with the expected results, defined as a correct analyti-
cal result associated with a correct interpretation.

In all four exercises, parcels were transported and
delivered without major problems, except for two
cases. The first was a zip code unknown to the carrier.
The second was the lack of authorisation of the carrier
to transport Class Ill microorganisms to La Réunion.
The delivery time was considered as acceptable (less
than 24 hours) in metropolitan France.

At the end of every exercise, samples and waste were
destroyed by autoclaving at 134 °C for 18 min, or at
121 °C for one hour, or by complete immersion in 2.5%
chlorine when an autoclave was not available (e.g. in
field laboratories).

First exercise (2007)

The results of the first exercise are summarised in Table
1. The first sample contained a strain of B. thuringien-
sis (Bacillus of the cereus group genetically close to B.
anthracis) resistant to ciprofloxacin. Results were sub-
mitted from 22 centres; they took between 28 hours
and 15 days to complete the exercise. Phenotypic iden-
tification was achieved by all 22 laboratories except for
two. The identification systems used were APl 20 and
APl 50CHB (bioMérieux, France; n=18 laboratories),
Vitek-2 (bioMérieux, France; n=2 laboratories) and
Phoenix (Becton-Dickinson, US; n=1 laboratory; one
laboratory used more than one method). B. thuringien-
sis was correctly identified in all except one laboratory
which falsely identified it as B. anthracis. Antibiotic
susceptibility testing was carried out by 17 laborato-
ries, of which 16 detected a resistance to ciprofloxacin
and 14 confirmed a susceptibility to doxycycline.

The second part of the first exercise consisted of B.
anthracis DNA (strain Sterne) cloned into an E. coli
strain. B. anthracis strain Sterne is peculiar in that it
harbours the gene pagA (encoding protective antigen)
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TABLE 1

Results of the first exercise assessing the performance of
the Biotox-Piratox laboratory network: identification of
Bacillus strains, France, 2007

Bacillus thuringiensis

e saple resistant to ciprofloxacin
Participants 22

Correct analytical result 20

False interpretation 1 B. anthracis
Interpretation not done 1

Results for antibiogram 16/17

DNA Bacillus anthracis

Second sample Sterne

Participants 19

Correct analytical results by PCR 19

but not the gene capA (encoding capsule). This analy-
sis was carried out by 19 laboratories with satisfactory
results (Table 1). The results of this second part were
returned after a period of three hours to 15 days. Two
laboratories also looked for the presence of a chromo-
somal Bacillus gene (ba813). Only six laboratories drew
the accurate conclusion that the strain was the vaccine
strain Sterne based on its genotypic characteristics.

Second exercise (2009)

For the second exercise, the results were variable
both for bacterial and viral samples (Table 2). For the
identification of Francisella tularensis subsp. holar-
tica, several techniques were implemented and asso-
ciated: culture (16 laboratories), PCR (21 laboratories),
sequencing (four laboratories), immunochromatogra-
phy (eight laboratories). Susceptibility testing for bac-
teria was performed by 18 of 25 participants.

Of the 21 laboratories participating in the exercise for
viral samples, 20 used a genotypic method, two used
culture on Vero cells, and three used sequencing or
pyrosequencing. No false positive result was obtained
for viral samples, but a lack of sensitivity of the real-
time PCR was observed for the lowest viral loads (Table 2).

Third exercise (2010)

For the third exercise, 28 laboratories participated. The
samples were delivered in less than 24 hours except
for the transport to one laboratory which was overseas
(La Réunion). The delays in obtaining the results have
varied between 6.5 hours and eight days. Most of the
laboratories (n=20) delivered the results in less than
three days. The detection of Y. pestis in four samples
with different DNA concentrations was performed accu-
rately by only 19 of 28 laboratories (Table 3). Two of
the three laboratories using 16S DNA sequencing gave
a wrong identification. To determine the performance
of DNA extraction methods, 28 extracts were sent
to the IRBA laboratory for detection of the cafr gene
(Table 4). A maximal difference of 12.72 Ct between
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TABLE 2

Results of the second exercise assessing the performance of the Biotox-Piratox laboratory network: determination of

bacterial and viral concentrations, France, 2009

Bacteriology

Francisella tularensis LVS

Dilution B1 B2 B3 By Bs
Cell count/mL 5X10° 5X10° 5X103 0 5X10°
Participants 25 26 26 26 26
Correct analytical result 24 26 25 23 25
False interpretation o o o o o}

Virology

Monkeypox inactivated by irradiation

Dilution Vi V2 Vg4 Vs
pfu/mL 1,4X10*4 o 2,8x107 £4,1X10°
Participants 21 21 21 21
Correct analytical result 15 21 20 20
False interpretation 2 o 4 4

Vaccinia virus in PBS, stable and infectious

Dilution V2 V3 Vé6 V7
pfu/mL 0 <102 2,3x103 4X10°
Participants 21 21 21 21
Correct analytical result 21 5 16 20
False interpretation ¢} o 2 4

LVS: live vaccine strain; PBS: phosphate-buffered saline; pfu: plaque forming units.

the laboratories was observed. This highlights the
importance of the extraction step including an optional
pretreatment step (lysis), the sample volume used for
extraction, the extraction method chosen (manual or
automated) and its intrinsic performance for yield and
purity of nucleic acid isolation, as well as the eluate
volume. Detection of the caf: gene was possible in
26 extracts from samples with high concentrations,
but only in 18 extracts from samples with low concen-
trations. It should be noted that in some cases IRBA
detected caf1 in extracts that had tested negative in
the laboratories. These observations highlight the dif-
ferences in the performance of the amplification step
depending on the protocol used (detection threshold),
but could also reflect differences in technical training.

TABLE 3

Results of the third exercise assessing the performance
of the Biotox-Piratox laboratory network: detection of
Yersinia pestis EV76 DNA, France, 2010

. Yersinia pestis EV76
Bacteriology

A B C D All
Cell count/mL 102 o 105 103
Participants 28 28 28 28 28
Correct analytical results 26 27 24 22 19

The second part of the exercise was the identifica-
tion of Y. pseudotuberculosis. This microorganism was
accurately identified by all laboratories. Identification
methods were either manual (API strips, bioMérieux,
France) or automated (Vitek-2, bioMérieux, France).
Two laboratories used mass spectrometry to identify
the strain [9]. Ten laboratories confirmed their result by
DNA sequencing. However, sequencing of 16S rRNA did
not allow distinguishing Y. pestis from Y. pseudotuber-
culosis. Antibiotic susceptibility testing was performed
either with discs, E-test strips (bioMérieux, France) or
Vitek-2 cards (bioMérieux, France).

Fourth exercise (2011)

This exercise consisted of the identification and sus-
ceptibility testing of a strain of B. thailandensis (Table
5). A small majority of laboratories identified this iso-
late correctly at the species level. Depending on the
biochemical identification method, B. thailandensis
could easily be misidentified as B. pseudomallei. Only
the arabinose test can distinguish these two species.
Various methods of identification were employed: phe-
notypic methods alone or in association with either
mass spectrometry or PCR and DNA sequencing. Mass
spectrometry was used by four laboratories and gave
an accurate identification in all four cases.

As expected, the second part of this exercise was more
difficult. Only one third of the laboratories gave a cor-
rect result (Table 6). These nine laboratories identified
both the plasmid pXO1 cloned in a strain of E. coli and
the modified vaccine strain of Y. pestis. The results of
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TABLE 4

Results of the third exercise assessing the performance of the Biotox-Piratox laboratory network: comparison of Yersinia

pestis DNA extracts by detection of the cafI gene, France, 2010

Ct values 10° 103 102

Ct values with the reference procedure (3 tests) 25.03-25.18 31.62-32.74 35.23-36.49
Mean Ct values 25.79 33.54 34.99
Lowest Ct values 19.99 27.08 30.04
Highest Ct values 30.54 39.81 41.19
Laboratories with expected result 26 22 18

Ct: cycle threshold.

the other laboratories were incomplete or wrong. Once
it is grown, the strain of Y. pestis can be identified
either by a phenotypic method, by a molecular method
or by mass spectrometry. Among the phenotypic meth-
ods, the rhamnose test allowed to differentiate this
modified Y. pestis isolate from Y. pseudotuberculosis.
As in the third exercise, it was not possible to distin-
guish the two Yersinia species, neither by molecular
methods, nor by mass spectrometry or sequencing.

Discussion

The main challenge of these exercises, as also per-
formed by the Laboratory Response Netwok (LRN) in
the US [10], was to assess the capacity and compe-
tence of Level 2 laboratories through relevant exer-
cises involving unknown samples within the framework
of the national regulation applied to microorganisms of
Class Ill [11]. Several lessons can be learnt concerning
the organisation and the implementation of the exer-
cises, and the methods and techniques that should be
used by Level 2 laboratories.

For each exercise, getting the authorisations for trans-
portation and delivery to all laboratories was a long
process which required continuous liaison between
the Ministry of Health, the French regulatory authority
(ANSM) and the organisers. Although all participants
agreed that the regulations need to be strict, they
were of the opinion that the administrative procedures
should be simplified for such exercises. As laboratory
exercises on biological threat agents are important
with a view to biodefense, exercises and proficiency
tests should be integrated in the national regulations.
Moreover, as no other European country runs such
exercises, it would be worth implementing them under
the auspices of European governments.

Since 2002, participating university hospitals have
used the same molecular methods with the same
primers and probes, the same PCR material, equip-
ment and positive controls. Equipment of military
hospital laboratories was different from that used in
university hospitals, but all military hospitals used the
same equipment, the same primers and probes, and
followed similar methodologies which made it pos-
sible to ensure coherent results, while non-hospital
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laboratories (mainly those dedicated to environmental
and veterinary samples) showed a larger disparity in
the methods and, therefore, in the results. However,
the general disparity in the extraction methods (type
of protocols and commercial extraction kits, manual or
automated methods) has to be underlined.

All methods used to identify bacteria were appropri-
ate for identification at genus and species level, but
identification of the species is not sufficient to the
government or health authorities to make a decision.
Antibiotic susceptibility testing results are impor-
tant to validate the treatment and implement a public
health strategy for antimicrobial treatment and proph-
ylaxis management. Two classes of antibiotics have
to be tested because they are recommended as first
line therapy or prophylaxis in the event of a biological
threat: fluoroquinolones and doxycycline. The minimal
inhibitory concentration can easily be determined by
the E-test method [12-13]. During the exercises, anti-
biotic susceptibility results were not obtained sys-
tematically from the participants. Consequently, the
Scientific Advisory Committee of the Biotox-Piratox
laboratory network recommends determining minimal
inhibitory concentrations for field and environmental
laboratories. If this technique is not available in some

TABLE 5

Results of the fourth exercise assessing the performance
of the Biotox-Piratox laboratory network: identification of
Burkholderia thailandensis, France, 2011

First sample Burkholderia thailandensis

Participants 27
Correct analytical
16
result
False identifications 1 Aneurinibacillus aneurinilyticus
1 B. pseudomallei, Pseudomonadaceae
3 B. cepacia
1 Moraxella lacunata
1 Yersinia pestis PCR-positive
1 Y. pestis PCR-negative
3 no identification
Antibiogram 10/2
performed 7
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TABLE 6

Results of the fourth exercise assessing the performance
of the Biotox-Piratox laboratory network: detection of
Yersinia pestis (vaccine strain modified) and pXOl1 in
Escherichia coli in a mix of microorganisms, France, 2011

Second sample Yersinia pestis + Escherichia coli (pX01)

Participants 27

Correct analytical
results with 9
interpretation

Other results Y. pestis

Bacillus spp.

Y. pseudotuberculosis

E. coli O157:H7

E. coli

Clostridium botulinum toxin B
staphylococcal enterotoxin not detected
pagA only detected

Y. pestis only detected

NV R RN RN R R

environmental laboratories, attention is drawn on the
importance of rapidly sending the isolate to a hospital
laboratory.

Molecular methods were widely used for the identi-
fication of bacteria and viruses. The third exercise
underlined that the limitations of the PCR method were
mainly related to the yield and quality of nucleic acid
extraction, to contamination during the PCR and to the
sensitivity of the method. As expected, the best results
were achieved for the samples with the highest nucleic
acid concentrations, especially for viral samples. The
worst results were associated with the lowest viral
loads, especially for the vaccinia virus sample (V3)
containing only traces of vaccine DNA (<102 pfu/mL).
The DNA extraction step must be optimised to improve
sensitivity. Another problem observed for some cen-
tres was the lack of interpretation or unsuitable
interpretation accompanying the results. Indeed, the
results are intended to be used by the government or
health authorities, and must be interpreted and clearly
explained so that non-specialists can understand
them. This is critical to making accurate decisions.

The organisers set some traps, especially in the fourth
exercise. The first trap was the combination of two
important pathogens in the same sample, which could
happen in case of a bioterrorist attack. The second trap
was the modified vaccine strain which required prim-
ers different from those used in the previous exercises.
The last trap was the presence of a plasmid cloned into
an E. coli strain, which was overlooked by a number of
laboratories.

The conclusion that can be drawn from these exer-
cises is that the key to successful detection of bio-
logical agents in case of a biological threat is the
training of the laboratory personnel (microbiologists

24

and technicians) dealing with class Ill organisms as
well as the standardisation and validation of methods
implemented by all laboratories of the network. This
last point was exemplified during the third exercise for
molecular methods. However, the French Biotox-Piratox
laboratory network is a network of networks. Thus it
is not possible or realistic to force all laboratories to
use identical equipment or techniques. Nevertheless,
it is important to provide specific guidelines to all
laboratories involved in the network. The publication
of such guidelines for biological specimens is in pro-
gress. Moreover, administrative procedures should be
adapted to accommodate for national exercises.
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