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Two patients, returning to the Netherlands from pil-
grimage in Medina and Mecca, Kingdom of Saudi
Arabia, were diagnosed with Middle East respiratory
syndrome coronavirus (MERS-CoV) infection in May
2014. The source and mode of transmission have not
yet been determined. Hospital-acquired infection and
community-acquired infection are both possible.

On 13 May 2014, a Dutch patient, returning to the
Netherlands from pilgrimage in Medina and Mecca,
Kingdom of Saudia Arabia, was diagnosed with Middle
East respiratory syndrome coronavirus (MERS-CoV)
infection, followed by diagnosis of a second patient,
belonging to the same tour group, the day after. Here we
describe the two cases and the public health response.
The case definition that is used in the Netherlands is
outlined in the Box.

Case 1

A 70 year-old male patient with cardiovascular co-
morbidities and diabetes mellitus was diagnosed with
MERS-CoV infection on 13 May. He had been in Medina
since 26 April, together with a group of 30 other trav-
ellers. During the whole journey, he shared the hotel
rooms with his adult son and another family member
(see below). On 29 April, while still in good health, he
accompanied his son to two hospitals (Hospitals 1 and
2), both in Medina, as the son had a minor health prob-
lem unrelated to MERS CoV. He spent 45 minutes in the
waiting room, reportedly among many coughing peo-
ple in Hospital 1. On 1 May, he experienced diarrhoea,
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nausea and anorexia and felt feverish, but had no res-
piratory complaints. The diarrhoea remitted after lop-
eramide treatment. On 4 May, the group of travellers,
including the patient, continued to Mecca. On 5 May,
he was seen at Hospital 3 for malaise, again diarrhoea,
anorexia. On 7 May, he was physically examined at
Hospital 4 and dismissed after three hours of obser-
vation and intravenous cefuroxime. During the flight
home to the Netherlands, on 10 May, the patient’s
condition deteriorated: on arrival, he visited a Dutch
hospital, presenting with cough and dyspnoea. Apart
from a temperature of 38.2 °C ( after paracetamol 37.3
°C, both measured in the ear), the physical examina-
tion was normal. Laboratory results showed a mild
leuco- and lymphopenia, a C-reactive protein level of
72 mg/L (norm: 0-8 mg/L) and slightly elevated levels
of troponin T (0.034 pg/L; norm: <o0.014 pg/L) and cre-
atinine (123 pmol/L; norm: 65-115 pmol/L). In 2012, the
patient had had a tropinin T level of 0.010, with a sta-
ble and mild pre-existing chronic kidney disease with
a creatinine level of 113-136 pmol/L. He was admitted
to the cardiology ward with possible cardiovascular
disease and isolation precautions were taken because
of an unspecified infection. Reassessment of his chest
X-ray the next day revealed an infiltrate. On 13 May,
MERS-CoV infection was confirmed. Lung examination
then revealed extensive crepitations and a chest-X-ray
showed bilateral infiltrates. Myocarditis was ruled out
by magnetic resonance imaging of the heart. He is cur-
rently recovering.
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Box

Middle East respiratory syndrome coronavirus (MERS-
CoV) case definition and definition of contacts used in the
Netherlands

Suspected case

Patient with a severe acute respiratory tract infection with:
- fever (238 °C)*" and respiratory symptoms

AND

- an infiltrate on an X-ray of the lungs, or acute respiratory
distress syndrome

AND

- travel history to an areac with notified MERS-CoV (<14 days
before the onset of symptoms)

OR

a patient who has been in contact with a confirmed symptomatic
MERS-CoV case (<14 days before onset of symptoms)

OR

a patient who is part of a cluster of two or more epidemiologically
linked cases with an unknown causal agent for whom admission
to an intensive-care unit is necessary, within a period of 14 days,
irrespective of travel history.

Confirmed case

A person with laboratory-confirmation of MERS-CoV infection
(positive PCR, with or without confirmation by sequencing).

Close contact

- face-to-face contact (>15 minutes) within a household or
other closed setting

OR

- a healthcare worker, providing clinical or personal care to a
confirmed, symptomatic case or who was in the same room as
a patient during an aerosol-generating procedure and who did
not wear adequate personal protection

- flight contact (seated in the same row or three rows in front
of/behind a confirmed case.

Protected hospital contact

A healthcare worker, providing clinical or personal care to a
confirmed, symptomatic case or who was in the same room as a
patient during an aerosol-generating procedure and who did wear
adequate personal protection.

Contacts were requested to measure their temperature twice
daily and report any episode of fever, cough, dyspnoea or
diarrhoea for a period of 14 days post exposure. Close contacts
were approached on a daily basis by the regional public health
service. Protected hospital contacts were expected to report
health complaints without having daily follow-up. Throat and
serum samples of all contacts were examined on days 7 and 14
(molecular testing) and 7 and 21 (serology) post exposure.

2 Or afeverish feeling in elderly people, as they do not always
develop fever.

® An immunocompromised patient with a severe infection of any
origin, who meets the epidemiological criteria, i.e. contact with
a MERS-CoV confirmed case or stay in area with MERS-CoV
notified cases, both <14 days before onset of symptoms.

¢ Since 1 April 2013, the Middle East, especially Jordan, Saudi
Arabia, Qatar and the United Arab Emirates.

www.eurosurveillance.org

Case 2

During contact investigations, the 73 year-old sister of
the patient (with cardiovascular co-morbidities, chronic
kidney disease and diabetes mellitus) was found to be
symptomatic and was diagnosed with MERS-CoV infec-
tion late in the night of 14 May. She had shared the
hotel rooms during the entire trip with Case 1 and his
adult son and developed symptoms on 5 May, having
diarrhoea, feeling feverish (not measured, slight cough
and slight dyspnoea. She had not sought medical care
in Saudia Arabia. During a routine check-up by a gen-
eral practitioner in the Netherlands on 12 May, she did
not have a fever, but a slight cough and extensive crep-
itations of both lungs. The general practitioner consid-
ered MERS-CoV infection, because of the recent travel
history, but did not arrange for diagnostic tests to be
carried out as the patient did not meet the definition
of a suspected case (no fever, no acute respiratory dis-
tress syndrome). Following contact tracing for Case 1,
samples were taken from her and she was diagnosed
with MERS-CoV infection. Following the diagnosis, she
was admitted to hospital on 15 May where a chest X-ray
showed bilateral infiltrates. She is currently recovering.

The travel route and a timeline of events for the two
cases are shown (Figures 1 and 2).

Laboratory findings

Diagnosis of MERS-CoV infection was done using
an internally controlled real-time reverse transcrip-
tion (RT)-PCR using nucleic acid extracts from throat
swabs and published upE, N-gene and ORF1A prim-
ers [1,2] according to International Organization for
Standardization (ISO) guidelines (ISO 15189:2003) [3].
The results were independently confirmed in two labo-
ratories, Erasmus MC in Rotterdam and the National
Institute for Public Health and the Environment (RIVM)
in Bilthoven, the Netherlands [4]. During extensive fol-
low-up sampling, MERS-CoV RNA was detected in throat
swabs, serum and stools from both cases (Table). Case
2 had detectable MERS-CoV RNA in a throat swab, but
not in a nose swab (data not shown), both collected on
day o (date of diagnosis). Follow-up of the patients is
still ongoing.

Throat swabs of both cases tested on day o (the day
MERS-CoV was diagnosed) were negative by real-time
RT-PCR for 15 other respiratory viruses (influenza A
and B virus, respiratory syncytial virus types A and B,
human metapneumovirus, HCoV-0C43, -229E, -NL63,
rhinovirus, parainfluenza type 1, 2, 3, 4, adenovirus
and bocavirus) as described elsewhere [5].

To characterise the virus strain, partial genome
sequencing was done as described by Haagmans et
al. [2]. Sequence analysis was carried out directly from
clinical specimens (respiratory samples) of both cases,
yielding in total 4 kb of genome sequence for Case 1
and 2.4 kb for Case 2 (GenBank accession numbers
K)858495-K)858500). The sequences were nearly iden-
tical (one nucleotide difference) and were distinct from



FIGURE 1

Timeline of events for two MERS-CoV patients returning to the Netherlands from Saudi Arabia, May 2014
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MERS-CoV: Middle East respiratory syndrome coronavirus.

recently published sequences from a hospital cluster
in Jeddah, Saudi Arabia] [6]. However, the sequences
clustered with that from a recently diagnosed traveller
returning to the United States (US) from Saudi Arabia

[7] (Figure 2).

Visits while in Saudi Arabia

The group of 31 people travelled together in Saudi
Arabia, used private transport, went on a joint trip to
several mosques around Medina and spent the other
days individually performing religious rituals in differ-
ent mosques, visiting local markets and eating in dif-
ferent establishments. On 3 May, 12 members of the
group (not including the two cases) visited Wadi-e-Jinn
near Medina and came across a dromedary camel herd
with a few farmers who created a temporary shelter.
All 12 drank raw dromedary milk, offered to them by
the farmer. The group did not take any animal products
back for Cases 1 and 2.

Contact investigations

A total of 78 close contacts were identified (among
which were the travel group, relatives and flight con-
tacts) and monitored as described in the Box. All
healthcare workers were well protected. The number
of flight contacts was limited (n=18) due to the fact
that both cases were seated together on the last row
in the plane. All flight contacts were Dutch residents.
The monitoring period has come to an end for 70 close
contacts and will be finalised by 29 May for the last
group (n=8). No additional cases of MERS-CoV infec-
tion have been found during this period. All molecular
(throat swabs) and serological samples taken from the
contacts have been negative for MERS-CoV so far. The
testing will be completed by mid-June.
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Background

MERS-CoV was first recognised in 2012, when it caused
severe pneumonia in a patient from Saudi Arabia [8].
Since then, cases have been notified from several
countries in the Arabian peninsula, with occasional
exportation through infected travellers [9]. The exact
epidemiology of the infection remains to be deter-
mined, but contact with animals, particularly drom-
edary camels, as well as contact with patients with
MERS-CoV infection are risk exposures [10,11] A recent
upsurge in the number of primary cases in the commu-
nity in the Kingdom of Saudi Arabia, possibly associ-
ated with the weaning season in dromedary cases, has
been amplified by person-to-person transmission due
to poor hospital hygiene measures in some hospitals
in the Kingdom of Saudi Arabia [10,11].

Discussion

There are several options for the possible source of the
infection of the two Dutch cases: Case 1 could have
been infected during the hospital visit of his child on
29 April, after which he infected Case 2. Alternatively,
both could have been exposed to a common, as yet
unknown, source in Medina. Thirdly, each case could
have been infected through different sources (hospital/
community), though this seems unlikely, as the (par-
tial) virus sequence of both cases was nearly identical.
The resemblance in strain sequence between the Dutch
cases and the case from the US is remarkable as the
cases did not visit the same places in the Kingdom of
Saudi Arabia. Exchange of information between the US
Centers for Disease Control and Prevention and Dutch
experts did not reveal any clues about mutual exposure
of the Dutch and US cases. The current, limited scien-
tific information does not support any conclusion on
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the meaning of this genetic resemblance, knowing that
multiple lineages of the virus can be found in camels
and people [2,12]. Continued vigilance in evaluation of
contacts of imported cases, including molecular test-
ing and serology, will hopefully lead to better insights.

The public health response to these two imported
cases was in line with the procedures put in place in
the Netherlands [4,13]. Healthcare professionals in the
Netherlands have been made aware of MERS-CoV since
its emergence in 2012. MERS-CoV laboratory testing
protocols have been implemented, including 24-hour
availability of parallel testing in two separate labora-
tories if suspected cases are identified. These prepa-
rations facilitated the rapid follow-up and diagnosis of
Case 2.

A national outbreak investigation team was formed of
clinicians, medical virologists, public health special-
ists, epidemiologists, staff members from the national
response unit and a press officer. This team convened
in a nearly daily teleconference to (i) share new devel-
opments regarding the cases, their laboratory follow-
up and case histories; (ii) to perform a structured
assessment of the public health risks for the contacts;
(iii) perform risk classification of contacts; (iv) issue
guidelines for follow-up; (v) provide information to pro-
fessionals and the media; and (vi) monitor progression
of the response [13].

Immediately after the diagnosis was confirmed in Case
1, on 14 May, a press release was issued, followed by
regular updates to emphasise the control measures
designed to prevent secondary transmission. The
World Health Organization was notified according
to the International Health Regulations (IHR) by the
National Focal Point, and international warnings were
issued through the European Union Early Warning and
Response System. The IHR Focal Point of the Kingdom
of Saudi Arabia was notified as well.

Finally, updated guidelines for case finding, laboratory
diagnosis, contact investigation and monitoring and
infection control were revised and disseminated to the
health professionals in the Netherlands using an elec-
tronic alerting system.

MERS-CoV  outbreak investigation team of the
Netherlands (in alphabetical order)

Christel Bank (Medical Centre Haaglanden); Kees Dirksen
(Public Health Service The Hague); Willem Geerlings (Medical
CentreHaaglanden); Luc Gelinck(Medical CentreHaaglanden);
Paul Groeneveld (Isala Klinieken); Bart Haagmans (Erasmus
MC); Casper Jansen (Medical Centre Haaglanden); Marcel
Jonges (RIVM Centre for Infectious Disease Research,
Diagnostics and Screening); Michiel Knaven (Medical Centre
Haaglanden); Marion Koopmans (Erasmus MC and RIVM
Centre for Infectious Disease Research, Diagnostics and
Screening); Marleen Kraaij — Dirkzwager (RIVM National
Coordination Centre for Communicable Disease Control);
Eliane Leyten (Medical Centre Haaglanden); Johan Mutsaers
(Medical Centre Haaglanden); Suzan Pas (Erasmus MCQ);
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TABLE

Real-time reverse transcription-PCR results from two
MERS-CoV patients returning to the Netherlands from
Saudi Arabia, May 2014

sD:r\:]g{inga ?\:Vrgsbt Serum® Faeces® Urine®
Case1

Do 31.3/31.5 - - -
D4 29.6/27.2 | 34.0/30.3 - ND/ND
Ds 34.6/34.2 | 33.6/31.0 | 34.6/33.5 -
D6 33.5/31.6 | 33.7/31.7 - ND/ND
D7 ND/ND | 35.9/33.4 | ND/ND ND/ND
D8 ND/ND | 38.3/35.8 | ND/ND ND/ND
Dog 37.8/34.9 ND/37.6 - ND/ND
Case 2

Do 34.5/32.5 - ND/ND -
D1 - 35.5/33.6 | 38.8/ND -
D2 - 34.6/36.4 ND/ND -
D3 - 37.4/38.6 | ND/38.4 ND/ND
D4 - 37.8/36.7 | 38.7/ND ND/ND
D5 - 36.0/38.3 - ND/ND

Dashes show where no samples were available.

MERS-CoV: Middle East respiratory syndrome coronavirus; ND: not
detected.

2 Time of sampling starts from the date of diagnosis (Do).

® Threshold cycle (Ct) values of MERS-CoV upE PCR/Ct values of
N-gene reverse transcription-PCR.

Stalin Raj (Erasmus MC); Chantal Reusken (Erasmus MC();
Hella Smit (RIVM Communication); Rita de Sousa (RIVM
Centre for Infectious Disease Research, Diagnostics and
Screening and The European Programme for Public Health
Microbiology Training (EUPHEM), European Centre for
Disease Prevention and Control (ECDC)); Corien Swaan
(RIVM National Coordination Centre for Communicable
Disease Control); Ingeborg Thurkow (Public Health Service
lisselland); Aura Timen (RIVM National Coordination Centre
for Communicable Disease Control); Anouk Urbanus (RIVM
National Coordination Centre for Communicable Disease
Control) ; Paul van Beek (RIVM National Coordination Centre
for Communicable Disease Control); Douwe van de Werf
(Public Health Service ljsselland); Annemiek van der Eijk
(Erasmus MC(); Rianne van Gageldonk-Lafeber (RIVM Centre
for Infectious Diseases, Epidemiology and Surveillance);
Erik Verschuren (RIVM National Coordination Centre for
Communicable Disease Control); Johan Versteegen (Public
Health Service The Hague); Caroline Wortman (Medical

Centre Haaglanden); Harald Wychgel (RIVM communication).

Conflict of interest

None declared.



FIGURE 2

Phylogenetic analysis of a MERS-CoV sequence from Case
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PhyML phylogenetic tree based on 4 kb nucleotide sequence, drawn with Seaview 4 software using the GTR model. Values at branches show
the result of the approximate likelihood ratio; values <o.70 are not shown. The scale bar indicates nucleotide substitutions per site.

MERS-CoV isolates from dromedary camels are shown in blue and the human MERS-CoV isolate from the Netherlands is shown in red.
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In May 2014, six patients presented in Germany with
a Sarcocystis-associated febrile myositis syndrome
after returning from Tioman Island, Malaysia. During
two earlier waves of infections, in 2011 and 2012,
about 100 travellers returning to various European
countries from the island were affected. While the
first two waves were associated with travel to Tioman
Island mostly during the summer months, this current
series of infections is associated with travel in early
spring, possibly indicating an upcoming new epidemic.

Here we report the clinical and laboratory findings
of a new, third wave of Sarcocystis-associated febrile
myositis syndrome in travellers returning to Germany
from Tioman Island, Malaysia, in spring 2014.

Case series

Six previously healthy German patients, aged 15-44
years were seen in early May 2014 in travel clinics in
Tibingen, Saarbriicken and Munich, with a febrile
myositis syndrome after travel. The patients (three
female, three male) complained of current or very
recent episodes of fever of up to 40 °C, headache and
myalgia. All had returned at the end of March to the
end of April from Tioman Island, Malaysia. Laboratory
investigations revealed eosinophilia in all but one and
elevated muscle enzyme levels in half of the patients
(Table). There were no clinically relevant electrocardio-
gram abnormalities but mild splenomegaly was seen
in some. Serological tests for trichinellosis, toxoplas-
mosis and dengue virus infection were negative in all
patients. Tests for chikungunya virus antibodies were
not carried out for one patient, but negative in all oth-
ers. All patients had stayed in the north-west of Tioman
Island and developed symptoms 1-18 days (mean: 10)
after leaving the island. Their travel history, including
locality of lodging on the island, estimated incubation
time (a few days to three weeks), clinical picture and
laboratory results were consistent with the Sarcocystis-
associated febrile myositis syndrome seen in travellers
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returning to various European countries from Tioman
Island in 2011 and 2012 [1-4]. No such series of infec-
tions were seen in 2013.

Patients 1-3

Inthree patients who sought medical attention 1-6 days
after first onset of fever, headache and slight myalgia
(i.e. in the early, rather non-specific phase of clinical
disease) and who had no elevated creatine kinase (CK)
levels, therapy with trimethoprim/sulfamethoxazole
(cotrimoxazole) (2 x 960 mg/day) [4] was started within
a few days. All three improved clinically but developed
higher eosinophilia after 7-20 days, yet there was no
elevation of CK level.

Patients 4-5

A couple presented in a later phase of the disease. One
patient was currently asymptomatic with moderate CK
elevation 23 days after a previous short-lived febrile
episode. The other had fever and severe myalgia plus
high eosinophilia and CK elevation 28 days after onset
of a short-lived episode with high fever, headaches and
night sweats. Both showed a further increase of eosin-
ophil counts (maximum count of soo/pl and 5,260/
ul, respectively) after the start of cotrimoxazole treat-
ment. The previously symptom-free patient developed
moderate myalgia together with increasing CK levels
thereafter; the other had to be started on high-dose
steroids four days later (prednisolone starting dose
100 mg/day) because of intensifying severe myalgia.

Patient 6

The patient with the longest interval (43 days) since
onset of first symptoms (fever, headache, myalgia)
was treated with steroids (prednisolone starting dose
40 mg/day).

Administration of steroids resulted in rapid clini-

cal improvement in both patients (Patients 5 and 6),
similar to observations during the first two waves of
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TABLE

Characteristics of patients returning from Tioman Island, Malaysia, with Sarcocystis-associated febrile myositis syndrome,

May 2014 (n=6)

Patient number

Characteristic Norm
1 2 3 4 5 6

Sex M F M F M F -
Days from departure from
Tioman Island, Malaysia, until |9 12 7 18 13 1 -
symptom onset
Myalgia (yes/no) yes yes yes yes yes yes -
Maximum pain (score o=none _
to 10=maximum) 2 4 4 6 9:5 8
Arthralgia (yes/no) yes yes yes no no yes -
Headache (yes/no) yes yes yes yes yes yes -
Neck pain (yes/no) no yes yes no yes yes -
Body temperature (°C) No data 38 38 38 40 40 -
Laboratory tests

. . <170 males;
Creatine kinase (U/L) 138 80 133 159 207 450 <145 females

. . . <25 or <6% of
(Cdff)tme kinase MB fraction 21 15 14 22 35 9 total creatine

kinase
Cardiac troponin (troponin I/ . .
troponin T, pg/L) <0.014 <0.014 <0.014 Negative Negative Not done <0.4
Lactate dehydrogenase (U/L) |326 342 383 201 324 307 <240
Aspartate amino transferase <50 males;
(U/L) 49 56 46 18 39 23 «35 females
Eosinophil count per pl 430 620 260 170 4,490 1,150 <350
Eosinophils (%) 9 8 4 8 41 12 <7
Spleen length (cm) 13.2 9.2 13.0 No data 12.1 12.5 <11
Cotrimoxazole?
Treatment Co- Co- Co- . Co- . |plus Prednisolone | -
trimoxazole? |trimoxazole® |trimoxazole® |trimoxazole .
prednisolone

Days from symptom onset to _
start of treatment 6 3 8 23 28 43

F: female; M: male.
2 Trimethoprim/sulfamethoxazole.

Sarcocystis-associated febrile myositis syndrome in
travellers returning from Tioman Island in 2011 and
2012 [3,4].

In the current cluster, no muscle biopsies were taken
and the presumptive diagnosis was based on the travel
history, symptoms and blood test results of increas-
ing eosinophil count and CK level and the exclusion of
other infectious causes.

Background

Sarcocystosis is a cosmopolitan zoonotic disease that
is caused by intracellular apicomplexan/coccidian
parasites of the genus Sarcocystis, with more than 120
recognised species [5]. These protozoal parasites are
maintained in a two-host life cycle involving a carnivore
predator final host and its ‘prey’ as intermediate host,
such as snake-rodent or human-cattle relationships,
for example. In the intermediate host, invasive muscu-
lar sarcocystosis develops after infective Sarcocystis
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oocysts shed in faeces of an infected final host are
ingested. Sporozoites are released from the oocysts,
which invade muscular tissue of the intermediate host
after several cycles of replication. In the myocytes,
tube- or sac-like sarcocysts are eventually formed,
which contain numerous single-celled bradyzoites.
When the intermediate host falls prey to a carnivore or
omnivore, the bradyzoites can complete their life cycle
sexually in the intestine of the final host. Humans are
final hosts for two Sarcocystis species, S. hominis and
S. suihominis, which cause non-invasive self-limiting
diarrhoeal symptoms [5]. However, humans can serve
as accidental intermediate hosts after incidental inges-
tion of food faecally contaminated with oocysts for
a presumed number of several Sarcocystis species,
among them S. nesbitti, [6,7] and develop the inva-
sive muscular form. Invasive muscular sarcocystosis
causes fever and myalgia, but not diarrhoea, in con-
trast to the intestinal form.



Already in 1991, sarcocystosis was regarded as a possi-
ble emerging food-borne zoonosis in Malaysia, as high
human seroprevalence [8] and high positive autopsy
rates [9] were found. In 1993, the first cluster of patients
with symptomatic muscular sarcocystosis was seen in
United States service personnel in rural Malaysia [10].
In 2011 and 2012, in a two-wave outbreak, the larg-
est series of symptomatic muscular sarcocystosis in
humans worldwide was noted in travellers returning to
Europe from Tioman Island, Malaysia [1-4]. The course
of disease was typically biphasic, with a prodromal
stage of one week characterised by fever, myalgia
and headache, followed by a two-week asymptomatic
period and later by a long-lasting feverish episode
with severe myalgia with eosinophilia and CK level
elevation [4]. An environmental survey for Sarcocystis
oocysts conducted in November 2011 on Tioman Island
could not detect the source of infection [11].

Definitive diagnosis is achieved after muscle biopsy
with histological demonstration of typical sarcocysts
or by molecular methods [3,6]. However, despite severe
myalgia, parasite density in the muscle is apparently
low and sarcocysts have thus been detected in a few
patients only [3,4,6,10]. |

Conclusions

This cluster of travellers with a febrile myositis syn-
drome returning from Tioman Island indicates the
beginning of a third wave of a presumably Sarcocystis-
associated invasive illness. In the first two waves, in
2011 and 2012, patients acquired the disease mainly in
the summer months (July to October) [1-4]. In contrast,
symptom onset in patients of this current new clus-
ter took place in spring, possibly indicating a larger
upcoming epidemic in returning travellers in the sum-
mer months of this year.

The source of the infection on the island has not been
determined so far, but is obviously persisting or re-
emerging. The nearly simultaneous outbreak of inva-
sive sarcocystosis among Malaysian students and
teachers on a different Malaysian island, Pangkor [6],
is intriguing. The snake-associated S. nesbitti [6,7,12]
was molecularly determined to be the causative agent
on Pangkor. The quest for the Sarcocystis species
involved, the source of infection and the animal reser-
voir on Tioman Island is currently ongoing. It remains
to be determined whether environmental factors, such
as climate change or increasing reptile populations
(i.e. possible final hosts) [13], play a role in this disease
(re-) emergence.

Physicians should be aware of this unusual re-emerg-
ing outbreak and pre-travel advice should be given
regarding individual prevention measures, such as
the consumption of cooked food, well-peeled fruit and
pre-packed or boiled/filtered water only. Treatment
with cotrimoxazole may be a therapeutic approach in
the early phase of disease to prevent muscle invasion,

10

whereas steroids seem effective to treat severe myal-
gia/myositis in the later phase.
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The reported IgG seroprevalence against hepatitis E
virus (HEV) in German blood donations is 6.8%, and
HEV RNA detected in 0.08%, but documented evidence
for HEV transmission is lacking. We identified two
donations from a single donor containing 120 IU HEV
RNA/mL plasma and 490 IU/mL. An infectious dose of
7,056 IU HEV RNA was transmitted via apheresis plate-
lets to an immunosuppressed patient who developed
chronic HEV. Further, transmission was probable in an
immunocompetent child.

Hepatitis E virus (HEV) infection was diagnosed in
December 2013 in Germany. Retrospective analysis
identified the event as the first transfusion-associated
hepatitis E virus (HEV) infection in the country. Here,
we report baseline virological data on the case.

Case description

The patient (recipient 1), an immunocompromised man
in his 40s, was positive for anti-HEV IgM and IgG using
a recomline HEV assay (Mikrogen, Munich, Germany),
and HEV RNA was detected by real-time RT-PCR (Altona
Diagnostics, Hamburg, Germany). Retrospective analy-
sis showed that he had been chronically infected with
HEV since 24 July 2013, when HEV RNA was detected
for the first time. When reviewing the medical charts
it was noticed that the patient had received apheresis
platelets from a single donor on 4 July 2013.

A lookback procedure was initiated and two viraemic
donations of this donor were identified. The donor was
a man in his 40s and asymptomatic around the time
of the blood donations. He donated blood regularly
every 14 days. The first viraemic donation (donation 1,
day o) was from 1 July 2013 and contained 120 IU HEV
RNA/mL plasma, and the second donation (donation
2, day 14) was from 15 July 2013 and contained 495 I1U
HEV RNA/mL plasma (Figure 1). This corresponds to an
infectious dose of 7,056-8,892 IU HEV RNA in a total
volume of 196—247 mL apheresis platelets transfused
for donation 1 (@assuming a residual plasma volume of
0.33 mL per 1 mL apheresis platelets). For donation 2,
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an infectious dose of 30,888-37,273 IU HEV RNA was
calculated. Real-time RT-PCR results were confirmed
using a nested RT-PCR protocol [1]. All other donations
(n=4) of this donor before and after donations 1 and
2 tested negative by real-time RT-PCR and by nested
RT-PCR (Figure 1).

The HEV nucleotide sequence of a 242 bp fragment of
the ORF1 region was amplified and sequenced from
donations 1 and 2 and from recipient 1 [1]. Phylogenetic
analysis showed that the samples clustered together
and were closely related to HEV genotype 3f, which is
prevalent in Germany (Figure 2). The nearly complete
nucleotide sequence (6,688 nt, GenBank accession
number KJ873911) of the HEV isolate from recipient
1 was determined and compared to sequences from

FIGURE 1

Hepatitis E virus RNA concentration and serology results
in an asymptomatic blood donor, Germany, 2013

recomLine IgM/lgG -/- -/- -/- /- hd/+ +/+
recomWell IgM/IgG /- -/- /- -/- ++ ++
600 -
E *
5 P
= 400 / N\
< / \
o4 / \
& / \
& 2004 , \\
d A
0 -~ - 5 .
28 | 14 0 14 28 42

Days relative to first viraemic donation

HEV: hepatitis E virus; IU: international units.

Viral RNA concentration is given on the y-axis in IU/mL as
indicated by diamonds. The thin broken line indicates the
limit of detection of real-time RT-PCR (Altona Diagnostics).
Symbol - denotes a negative result as measured by recomLine
or recomWell assay, symbol + denotes a positive result, bd
indicates borderline result.
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FIGURE 2

Rooted maximum likelihood phylogenetic consensus tree for ORFI nucleotide sequences of selected hepatitis E virus
isolates
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AT: Austria; CA: Canada; ch: chicken isolate; CN: China; CZ: Czech Republic; DE: Germany; ES: Spain; GR: Greece; gt: genotype; hu: human; IT:
Italy; JP: Japan; KG: Kyrgyzstan; MM: Myanmar; MX: Mexico; NC: New Caledonia; NL: Netherlands; sw: swine; TD: Chad; US: United States.
The sequences of the presented cases (KJ547592 and KJ547593, bold) cluster in subgenotype 3f. The selected sequences represent the nearest
homologues in GenBank and typical members of genotype 1, 2 and 4 [15]. An avian hepatitis E virus sequence was used as an outgroup.
Numbers at the nodes indicate bootstrap values of greater than 50%. Sequences are denoted by GenBank identification number, country,

International Organization for Standardization country code, source, and year of isolation (or publication).
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TABLE

Characteristics and outcome of recipients of hepatitis E virus-positive donations, Germany, 2013 (n=5)

Transfusion recipients HEV status
Transfused e SiEs
TS, Recipient, sex Immuno- T, determined, HEV PCR Anti-HEV I1gG
dose HEV RNA and age compromised time aft.er status
transfusion

Blood products from donation 1
Apheresis platelets Chronic HEV . .
(196 mL) 7,056 1U #1, male 47 years Yes infection 6 months Positive Positive
Apheresis platelets 8,892 IU #2, male 6 years No Prgbablg HEV 8 months Negative Positive
(247 mL) infection
(A2p4hse;§5|s platelets 8,748 IU #3, female 70 years Yes Died, sepsis NA NA NA
Blood products from donation 2
Apheresis platelets No HEV . .
(208 mL) 30,888 IU #4, male 71 years Yes infection 5 months Negative Negative
Apheresis platelets Died,
(251 mL) 37,273 1U #5, male 71 years No arrhythmia NA NA NA
Apheresis platelets Died,
(249 mL) 36,976 U #5, male 71 years No arrhythmia NA NA NA

HEV: hepatitis E virus; NA= Not applicable.

donation 2 (4,251 nt, KJ873912). The nucleotide
sequences were 100% identical proving transfusion-
associated transmission.

In donation 1 and 2, anti-HEV IgG and IgM were not
detected using two different serological HEV assays
(recomLine HEV and recomWell HEV, Mikrogen, Munich,
Germany). Seroconversion of the donor was observed
14 days after donation 2 (Figure 1). Levels of alanine
aminotransferase, aspartate aminotransferase, biliru-
bin and gamma-glutamyl transferase were within nor-
mal range from days —28 to 42 relative to the first HEV
RNA-positive donation. Detailed anamnestic explora-
tion of possible risk factors for HEV infection (e.g. occu-
pational exposure to pigs) remained inconclusive and
the travel history was negative.

Another four recipients were identified, who had
received apheresis platelets from donations 1 or 2
(Table). An immunocompetent child with a history of
congenital heart disease tested positive for anti-HEV
IgG and borderline for anti-HEV IgM (recomLine HEV
and recomWell HEV) in a single sample eight months
after receiving apheresis platelets from donation
1. Real-time RT-PCR from this sample was negative
(Table). Clinical symptoms suggestive of acute HEV
infection were not reported. The available samples
from the remaining recipients were all negative for HEV
markers (Table). Two patients died for reasons other
than HEV infection.

Discussion

HEV recently emerged as a transfusion-transmissi-
ble pathogen, with reports from France, the United
Kingdom, and Japan [2-4]. In Europe, the vast majority
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of autochthonous HEV infections are caused by HEV
genotype 3 (gt-3) and are linked to the consumption
of contaminated food. In general, HEV gt-3 infection
remains asymptomatic or presents as mild self-limited
acute hepatitis [5]. HEV IgG seroprevalence in Europe
ranges from 17% in Germany to 26% in France among
the general population, indicating widespread contact
with HEV [6,7]. A HEV IgG seroprevalence of 6.8% was
determined among German blood donors in 2011, and
HEV RNA was detected in 0.08% of donations [8,9].
Juhl et al. reported an HEV IgG incidence in donors of
0.35% per year [9]. A total of 7.4 million blood products
were administered in Germany in 2013, and between
1,600 and 5,900 HEV RNA-positive blood donations
could be occurring in Germany per year [8,10]. In the
Netherlands, one HEV-positive donation per day was
reported, which implies that transmission by transfu-
sion could be a likely event in both countries [11].

An estimated 30-40% of blood products in Germany
were transfused to immunocompromised patients and
these patients are at risk of developing chronic HEV
gt-3 infection with increased mortality [5]. Sequence
analysis of HEV strains from the Czech Republic,
Germany and the Netherlands showed close homol-
ogy indicating a geographically confined circulation
[8]. This is supported by the high degree of sequence
identity of our and recent Czech and Dutch sequences.
Zoonotic transmission from pigs to humans seems to
be the major mode of infection, but occupational expo-
sure to pigs was not reported in our case [6].

Two important observations were made in this study.

Firstly, we could show that the infectious dose required
for HEV infection seems to be low, i.e. HEV RNA
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concentrations close to the limit of detection of the
real-time RT-PCR. Low levels of HEV RNA in asympto-
matic donors have already been reported but without
evidence for transmission [8,9]. Interestingly, Juhl et
al. speculated that viraemia of around 125 IU/mL in the
presence of anti-HEV IgM was not sufficient for trans-
fusion-associated infection [9]. However, it is not clear
if HEV antibodies can prevent infection. A recent study
showed that infectious HEV could be propagated in cell
culture in the presence of HEV-specific antibodies, sug-
gesting that they do not efficiently reduce virus infec-
tivity [12]. In addition, a clinical study demonstrated
that anti-HEV IgG did not uniformly protect against re-
infection [13].

Secondly, the duration of viraemia in our asymptomatic
donor did not exceed 45 days, based on the time inter-
val between the last and the first HEV RNA-negative
donation. The interval of 14 days between first and last
HEV RNA-positive donation was even shorter than the
27 to 58 days reported by Slot et al., but could be due to
the shorter sampling interval in our study [11]. From our
and previously published data it is obvious that highly
sensitive methods would be required if screening for
HEV RNA were to be considered for blood products.

The second HEV transfusion-associated transmission
possibly occurred in a child. However, we were not
able to definitely prove transmission since only one
sample was available. In light of the very low HEV sero-
prevalence among children in Germany it seems prob-
able that this child was infected by donation 1 [14]. It
remains unclear why transfusion of donation 2 with a
fourfold higher HEV RNA concentration did not result
in infection, but this could be related to host factors.

To conclude, we could demonstrate that transmis-
sion of HEV by asymptomatic donors with low-level
viraemia is possible. Current German guidelines in
transfusion medicine do not recommend testing for
HEV. Importantly, with regard to the possible severe
consequences of transfusion-associated transmission
of HEV, especially in immunocompromised patients,
the necessity of screening for HEV RNA needs to be
discussed in countries with a high HEV prevalence.
However, more data regarding the HEV disease burden
due to blood transfusions are needed before recom-
mendations can be made.
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Programmes surveying surgical site infection (SSI)
have been implemented throughout the world and are
associated with a reduction in SSI rates. We report
data on non-prosthetic surgery from the Italian SSI
surveillance programme for the period 2009 to 2011.
Participation in the programme was voluntary. We
evaluated the occurrence of SSI, based on protocols
from the European Centre for Disease Prevention and
Control, within 30 days of surgery. Demographic data,
risk factors, type of surgery and presence of SSI were
recorded. The National Coordinating Centre analysed
the pooled data. On 355 surgical wards 60,460 opera-
tions were recorded, with the number of surveyed
intervention doubling over the study period. SSI was
observed in 1,628 cases (2,6%) and 60% of SSI were
diagnosed through 30-days post discharge surveil-
lance. Operations performed in hospitals with at
least two years of surveillance showed a 29% lower
risk of SSI. Longer intervention duration, American
Society of Anesthesiologists’ (ASA) score of at least
three, and pre-surgery hospital stay of at least two
days were associated with increased risk of SSI,
while videoscopic procedures had reduced SSI rates.
Implementation of a national surveillance programme
was helpful in reducing SSI rates and should be priori-
tised in all healthcare systems.

Introduction

Surgical site infections (SSI) represent one of the
main complications in patients undergoing surgery,
with major implications in terms of morbidity, includ-
ing additional surgical procedures or transfer to an
intensive care unit (ICU), mortality, longer duration of
hospital stay, and financial burden [1]. A considerable
proportion of SSI could be avoided through the imple-
mentation of adequate preventive strategies. Thus SSI
incidence has been recommended by the European
Council and proposed as an indicator of healthcare
quality in the context of clinical governance and
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performance monitoring, and is therefore a target of
many healthcare systems [2-4].

Over the past four decades, national and international
SSI surveillance systems have been implemented,
aimed at gathering data on SSI and building pro-
grammes to reduce their incidence [5-7]. Although data
from different hospitals may vary significantly, due to
factors such as hospital and patient characteristics,
benchmarking SSI incidence between hospitals and
over time may allow identification of areas for targeted
intervention and may help to better allocate resources.
[8] In addition to documenting a relevant part of the
healthcare system, surveillance itself, even without
any specific intervention, has been associated with a
reduction in SSI incidence, another reason to recom-
mend implementation of national surveillance systems

(5,8,9].

The Italian Centre for Disease Control and Prevention
(Centro per il Controllo e la Prevenzione delle Malattie;
CCM) funded, in 2005, the implementation of a national
surveillance system for SSI (Sistema Nazionale
Sorveglianza Infezioni del Sito Chirurgico; SNICh), with
the aim to facilitate comparisons within and between
hospitals and to participate to the European surveil-
lance programme, coordinated by the European Centre
for Disease Prevention and Control (ECDC). The objec-
tive of this study was to describe the main character-
istics of the SNICh programme, and in particular to
report its impact on SSI rates for the period from 2009
to 2011.

Methods

Settings and background

The study was performed within the national surveil-
lance system, coordinated by the Regional Health
Agency of the Emilia-Romagna Region (Agenzia
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Sanitaria e Sociale Regionale Emilia-Romagna; ASSR)
and funded by CCM. ASSR acted as the National
Coordinating Centre. Participation in the SNICh pro-
gramme is voluntary. Any single hospital ward, hospi-
tal, or regional network may participate.

Data collection

The procedures undergoing surveillance are those
reported in the National Protocol for SSI surveillance
[10]. For this study, procedures involving implants of
prosthetic material were not considered due to the very
different length of post-intervention follow-up that is
required (one year vs one month) and because data
regarding the one-year follow-up were not yet available
at the moment of the analysis. Furthermore, interven-
tion categories that did not reach 100 operations in the
considered time frame were excluded. Information on
SSls were recorded by clinicians and/or nurses during
post-operatory contacts with patients. This analysis
included surgical procedures surveyed between 2009
and 2011 from all participating surgical wards.

Data on surgical operations are recorded, by law, for
every procedure, in the hospitals’ operation regis-
tries. Thus information on surgical unit, date of opera-
tion, procedure ICD-9CM codes, wound contamination
class, American Society of Anaesthesiology (ASA)
score, duration of intervention, whether the proce-
dure was urgent and whether it was performed using
an endoscopic/laparoscopic approach, was retrieved
by hospital staff from the hospital operation regis-
try. Demographic characteristics of patients (sex and
age) were recorded in the discharge form (Scheda di
Dimissione Ospedaliera; SDO) of every patient stay-
ing in the hospital. Dates of admission and discharge
and the hospital identification code were also retrieved
from the SDO.

Information on post-discharge contact were retrieved
from three different sources, depending on the type of
contact: (i) if the patient was readmitted to the hospi-
tal within the follow-up time frame, data were available
via SDO; (ii) whenever the patient accessed the hospi-
tal for post-discharge visits, data were available via
the regional ambulatory activity database (ASA); (iii) in
case the information regarding the intervention follow-
up was obtained by phone or on returning the post-dis-
charge letter, a special form was filled in. If more than
one type of information was available, the latest date
within 30 days from the intervention was considered
as the ‘date of last information’ and therefore recorded
in the database. Data regarding the number of surgical
procedures performed in Italy were retrieved from the
Ministry of Health database [11].

Data were fed back to all participating centres in the
form of written reports in three different formats: a pdf
file for the national report published on the SNICh site,
an html dashboard for regional reports and another
html report for single-hospital reports. The national
report is published once a year. The regional and
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single-hospital analyses are sent via email to all par-
ticipating centres and to regional contact points once a
year or on demand.

Definitions

The main outcome variable was the occurrence of an
SSI within 30 days of the operation. SSIs were further
classified as superficial, deep incisional, or organ/
space. The definitions used for recording SSIs and
classifying them for severity were those given by ECDC
in the ‘hospital acquired infection surgical site infec-
tion’ (HAISSI) protocol [12].

Wound Classification, ASA score, and duration of
intervention were used to calculate the SSI risk index
[13]. Definitions by ECDC were used for this group of
variables. The cut-off values for the duration of opera-
tive procedures categories, needed for the calculation
of SSI risk index, were taken from the protocol of the
National Health Surveillance Network (NHSN) [14]. ICD-
9CM procedures codes were grouped into operative
procedure categories according to the NHSN.

Avariable indicating how long a hospital had been per-
forming SSI surveillance was calculated for every pro-
cedure in the database as the difference between the
surgery date and the date when the hospital started
performing surveillance. When a hospital interrupted
the surveillance for a full quarter, a new starting date
was used for later procedures. The variable was then
recoded as a binary one, indicating whether the hospi-
tal had been surveying for more than two years at the
time of one particular surgery.

Statistical analysis

Continuous variables, such as age and duration of oper-
ation were recoded as categorical variables. Duration
was recoded as a binary variable indicating whether
the procedure lasted longer than the NHSN 75th per-
centile for that particular category (as it is done when
calculating the SSI risk index.) Age was also recoded
as a binary variable, by dividing patients into those
younger than 65 years and those 65 years and older.

Statistical significance for univariate odds ratios was
assessed with Fisher’s exact test. Multivariate analy-
sis was performed using generalised mixed models, in
order to account for the correlation of episodes within
hospitals and operative procedures. The model pre-
sented is a multilevel model with random intercepts
and the outcome variable following a binomial distri-
bution with a logit link.

The hospital and the operative procedure category
were treated as random effects. Wound classification,
ASA score, duration of operation, technique used (clas-
sical vs laparoscopic/endoscopic) and urgency of oper-
ation were treated as fixed effects, as were potential
confounders such as age and sex. Finally, the variable
indicating whether the hospital in which the operation
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TABLE 1

Main characteristics of the operations recorded in the
SNICh programme, Italy, 2009-2011 (n=60,460)

Duration of operation

Operations

n (%)

Infections

n (rate per 100
procedures)

Under 75th percentile 48,438 (80) 1,108 (2.3)
Over 75th percentile 12,022 (20) 520 (4.3)
ASA score

1 18,085 (30) 285 (1.6)
2 26,019 (43) 712 (2.7)
3 9,410 (16) 422 (4.5)
4 1,804 (3) 116 (6.4)
5 152 (0) 9 (5.9)
NA 4,990 (8) 84 (1.7)
Wound class?

I 29,055 (49) 478 (1.6)
Il 23,844 (40) 673 (2.8)
1l 4,947 (8) 318 (6.4)
I\ 1,488 (3) 152 (10.2)
Technique of operation®

Classic 46,911 (79) 1,414 (3.0)
Videoscopic 12,125 (21) 211 (1.7)
Hospital stay before operationa

<2 days 28,499 (47) 485 (1.7)
22 days 31,917 (53) 1,141 (3.6)
Sex

Male 20,298 (34) 668 (3.3)
Female 40,162 (66) 960 (2.4)
Age?

0-1 399 (1) 7 (1.8)
2-5 470 (1) 6 (1.3)
6-15 955 (2) 23 (2.4)
16-45 21,778 (36) 376 (1.7)
46-65 16,262 (27) 461 (2.8)
66-85 18,533 (31) 690 (3.7)
285 1,955 (3) 65 (3.3)
Urgent operation?

No 45,044 (75) 1,174 (2.6)
Yes 15,006 (25) 452 (3.0)
Operative procedure category®

Caesarean section 12,970 (21) 222 (1.7)
Cholecystectomy 9,653 (16) 162 (1.7)
Breast surgery 8,724 (14) 156 (1.8)
Colon surgery 6,130 (10) 508 (8.3)
Herniorrhaphy 4,172 (7) 50 (1.2)
Open reduction of fracture 2,365 (4) 14 (0.6)
Appendectomy 1,957 (3) 51 (2.6)
Prostatectomy 1,558 (3) 49 (3.1)
Rectal surgery 1,412 (2) 126 (8.9)
Laminectomy 1,407 (2) 5 (0.4)
Thoracic surgery 1,010 (2) 11 (1.1)

ASA: American Society of Anaesthesiology; SNICh: Sistema
Nazionale Sorveglianza Infezioni del Sito Chirurgico.

2 Data are missing in these categories. Percentages are calculated

on the available data: wound class (n=59,334), operation
technique (n=59,036), hospital stay before operation
(n=60,416), age (n=60,352), urgent operation (n=60,050).

® Only operation categories with 21,000 procedures are reported.
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was performed had been continuously submitting data
to the SNICh system for more than two years (at the
time of operation) was also treated as a fixed effect.

Different model specifications were evaluated.
Continuous variables were tested without being
recoded as categorical ones, different groupings were
tried for categorical ordinal variables, components of
the SSlrisk index were replaced by the index itself and
random slopes were added to random effects in the
hypothesis that operations characteristics have differ-
ent effects on the outcome depending on the operative
procedure category. The significance of the random
effects was assessed by comparing the log-likelihoods
of models. Alternative models either gave worse results
than the one presented here (according to Akaike’s and
Bayesian information criteria) or introduced complexity
without providing a significant improvement.

The model presented for the main outcome variable
was also applied to a second end point, in-hospital
detected severe infections (either deep incisional or
organ/space).

Data were analysed with the statistical software R [15].
The R package Ime4 [16] was used for the multilevel
modelling and the R package exactci [17] was used for
calculating confidence intervals.

Results

The SNICh system collected data on 83,127 operations
from 2009 to 2011, and the final number of operations
considered for the study was 60,460. For 54,240 of
these (89.7%) there was no missing information.

The surveyed operations increased from 14,616 in
2009 to 28,739 in 2011 (+96%). The top 10 interven-
tions surveyed in 2011 represented 3% of the interven-
tions performed at the national level, varying between
2.3% for appendectomy and 5.9% for breast surgery.
A total of 355 wards, from 12 of the 20 Italian regions,
contributed an average of 170 records (median: 64;
interquartile range (IQR): 23-147.) Two thirds of the
patients were females, and the combined average age
was 53 years. Female patients were on average signifi-
cantly younger (51 vs 59 years; t-test: 46.35; p<0.001),
but the difference was entirely due to Caesarean sec-
tion operations (after removing Caesarean sections,
both sexes averaged at 59 years of age.)

Pre-operatory hospital stay lasted for a median of two
days (IQR: 1-3), while post-operatory stay lasted for a
median of three days (IQR: 1-6). Thirty percent of the
patients were operated in a hospital which had been
continuously reporting data to SNICh for more than two
years (at the time of operation.) Distributions of char-
acteristics of the operations are reported in Table 1.

An SSI was reported for 1,628 operations (2.6%); 544
infections were either deep incisional or organ/space:
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TABLE 2

Variables associated with surgical site infections: univariate and multivariate odds ratios, Italy, 2009-2011 (n=1,628)

Univariate analysis

Multivariate analysis?

95% Cl 95% Cl
Duration of operation®
Under 75th percentile 1 1
Over 75th percentile 1.93 1.74—2.15 <0.001 1.52 1.32-1.74 <0.001
ASA score
3 1 1
23 2.19 1.96-2.43 <0.001 1.42 1.22-1.65 <0.001
Wound class
| 1 1
1l 1.74 1.54-1.96 <0.001 1.36 1.08-1.72 <0.05
1 4.11 3.55—4.75 <0.001 1.71 1.29-2.26 <0.001
[\ 6.81 5.61-8.21 <0.001 2.51 1.83-3.44 <0.001
Technique of operation
Classic 1 1
Videoscopic 0.57 0.49-0.66 <0.001 0.49 0.40-0.61 <0.001
Hospital stay before operation
<2 days 1 1
22 days 2.14 1.92-2.39 <0.001 1.22 1.05-1.41 <0.05
Sex
Male 1 1
Female 0.72 0.65-0.80 <0.001 1.10 0.96-1.27 0.166
Age
<65 years 1 1
265 years 1.70 1.54-1.87 <0.001 1.01 0.88-1.16 0.891
Urgent operation
No 1 1
Yes 1.16 1.04-1.29 <0.01 1.29 1.11-1.51 <0.05
Years of continuous participation in the surveillance
<2 years 1 1
22 years 0.60 0.53-0.68 <0.001 0.71 0.59-0.84 <0.001

ASA: American Society of Anaesthesiology; Cl: confidence interval; OR: odds ratio.

2 Multilevel logistic regression. Values reported for fixed effects. Hospitals and operation categories modelled as random effects (both effects

significant according to log-likelihood test; p<o0.001).

® Duration compared with the National Health Surveillance Network 75th percentile for the given operation category.

the number accounts for about one third of all the
infections.

Uni- and multivariate analysis

Variables commonly associated with higher risk of SSI
showed a significantly higher proportion of operations
resulting in an infection. Table 2 reports odds ratios
(with levels of significance and confidence intervals
(Cl)) obtained both with univariate and multivariate
analysis: longer intervention duration, ASA score of at
least three, and duration of pre-surgery hospital stay
of at least two days, were found to be associated with
an increased risk of SSI, whereas videoscopic proce-
dures were associated with reduced SSI rates.
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Operations performed in hospitals with at least two
years of surveillance behind them showed a 29% lower
risk of SSI, after accounting for all the other predic-
tors, including the operation category and the facility.
When the same model was applied to the severe infec-
tions detected in hospital, either before discharge or
on readmission, (h=313; 0.5%), the values obtained for
odds ratios and Cls were similar to the ones from the
model on the complete dataset, thus including infec-
tions detected in both in- and outpatients. In particular
the odds ratio for operations performed in hospitals
with at least two years of surveillance was 0.58 (95%
Cl: 0.36-0.92).

www.eurosurveillance.org



Post-discharge surveillance

Ten days after the operation, when 90% of patients
were already discharged, barely over a half of the
recorded SSls had been detected. Over 80% of SSls
were detected by the day 16, and over 90% by day 22.
The median length of post-intervention follow-up was
26 days (IQR 9-30 days). This figure is very close to
the desired complete follow-up of 30 days. The date of
last information for surveyed procedures, correspond-
ing to the end of the follow-up, was defined in 39% of
cases through an ambulatory visit, in 22% cases dur-
ing hospital stay (either before first discharge, or dur-
ing a readmission), and in the remaining 39% patients
by telephone call or by returning the post-discharge
letter.

The proportion of SSI identified through telephone call
or pre-stamped letter was 22%. The proportion of non-
superficial SSI identified in the post-discharge sur-
veillance (PDS) was 11%. Finally, the proportion of SSI
identified through the PDS programme varied among
different interventions, between 51 and 96% (see Table

3).

Operations resulting in an SSI lead to an increased
post-operation hospital stay. The global median hospi-
tal stay for infected patients was five days (IQR: 2—-12
days), and was higher for non-superficial SSls (eight
days; IQR: 1-18 days). The median hospital stay was
three days (IQR: 1-6 days) in non-infected operated
patients.

Discussion

The first analysis of the Italian SSI surveillance system
had two main results: (i) SSIs occurred at a lower rate
for operations performed in hospitals that participate
regularly to the surveillance, and (ii) the total number
of surgical procedures surveyed doubled over the study
period. Further interesting information that emerged
from this study was the high proportion of SSI, over
60%, identified through PDS. Finally, the study con-
firmed that most of the risk factors already known to
be associated with an increased or reduced risk of
SSI were valid also for the Italian population. In fact,
longer intervention duration, an ASA score of at least
three and pre-surgery hospital stay of at least two days
were found to be associated with an increased risk of
SSI. On the other hand, videoscopic procedures were
associated with reduced SSI rates.

There are several limitations to this study. As every
national surveillance system, SNICh has intrinsic
limitations, in particular diagnostic criteria, number
of enrolled patients, and intensity of surveillance.
Although we used the same definition throughout the
country, it is possible that the clinical diagnosis var-
ied between hospitals and even between wards of the
same facility. This is at least partly related to the fact
that SSI diagnostic criteria are not uniform in the medi-
cal literature, and are complex and difficult to apply in a
consistent way [4]. Despite this, the most common SSI
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TABLE 3

Proportion of surgical site infections identified through
post-discharge surveillance, Italy, 2009-2011 (n=1,628)

Type of intervention SSl identified with PDS n (%)

Appendectomy 33/51 (65%)

150/156 (96%)
131/162 (86%)
259/508 (51%)
211/222 (95%)
69/126 (55%)

Breast surgery

Cholecystectomy

Colon surgery

Caesarean section

Rectal surgery

PDS: post-discharge surveillance; SSI: surgical site infection.

definitions have similar capacity to predict outcomes
influenced by SSI [4]. As no interventions to improve
diagnostic capacity have been performed to date, we
feel that it is unlikely that intra-centre diagnostic dif-
ference had a considerable impact on SSI trends. On
the other hand, since no internal validation of the diag-
nostic criteria has been performed to date, it is pos-
sible that some of the differences in SSI rates could be
due to inter-centre diagnostic disparities. We feel that,
if a problem of misdiagnosis exists, it has probably
been similar over the whole study period.

Furthermore, the relatively short duration of the study,
three years, should have also restricted the possibil-
ity of intra-centre variation. Low representativeness of
the surveyed surgical procedures in our national pro-
gramme represents a second limitation of the study.
Not all regional healthcare systems participated in the
surveillance programme, and those that did, surveyed
very different numbers of interventions.

As a third limitation, it cannot be excluded in the
absence of validation studies that the intensity of
surveillance changed over the study period, either
decreasing or increasing. However, the reduction in
SSI incidence we observed was almost the same as
reported by the German surveillance programme KISS
(Krankenhaus-Infektions-Surveillance-System), and by
the Dutch PREZIES (PREventie van ZIEkenhuisinfecties
door Surveillance), i.e. 29% and 31% respectively
[18,19]. Furthermore, the observed reduction in SSI
was confirmed when considering severe SSI only, i.e.
non-superficial SSI diagnosed during hospital stay
(OR: 0.58, Cl: 0.36-0.92); they constitute a more stable
sample for comparisons because the variations in per-
forming PDS are eliminated [20,21].

Finally, interventions including a prosthetic implant
were excluded. This choice was based upon the differ-
ence in follow-up that is needed to rule out an infec-
tion with prosthetic material, i.e. one year. Although
the exclusion of these interventions may limit the
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comparability with other systems, the proportion of
such procedures varies significantly in the different
systems, representing from less than a third to over
half of the surveyed interventions [9,19,22]. Despite
these differences the reduction observed in the differ-
ent systems was similar. We therefore hypothesise that
the impact on comparability due to exclusion of ortho-
paedic intervention is small.

The implementation of a national surveillance pro-
gramme for SSl is a difficult task, particularly in times
of crisis, with financial restraints, staff reductions,
and decreased investments, including those in new
information technology, all factors that impact on man-
agement and efficacy of a surveillance programme. In
2006, the CCM funded the implementation of a sur-
veillance programme focussing on SSI and infections
in ICU to collect national data and send information
to ECDC [12]. As shown here, the Italian national pro-
gramme had positive effects such as data collection
for the European surveillance system, a national stand-
ard for SSI surveillance, regional groups on SSI, and a
unique surveillance database for SSI.

The most striking achievement of the project, repre-
senting the core target of any surveillance program, was
the rapid reduction in SSl incidence within three years;
hospitals participating for more than two years had a
29% reduction in SSl rate. It has to be pointed out that
the observed reduction was not due to lower baseline
SSI rates in the centres surveying for more than two
years. In fact, with the specification of the hospitals
as random levels in the multilevel analysis, potential
differences in baseline SSI rates have been taken into
account. The decrease was probably due to not only the
implementation of the surveillance programme but also
other prevention interventions that are often associ-
ated with such programmes. Our observations confirm
what has been previously reported in the literature: a
significant reduction in hospital-acquired infections is
expected within three years from the implementation of
the surveillance programme [5,9,19,22]. Interestingly,
the same decline was observed after implementation
of such systems under different conditions and there-
fore it seems independent of changes in patient char-
acteristics and technological innovation [9]. Data from
France and the Netherlands show that further improve-
ment beyond the third year of surveillance is possible,
reaching SSI rate reductions of more than 50% after
five to nine years [5,19].

The number of surgical procedures undergoing sur-
veillance doubled in the three-year study period.
Similar results have been observed in the European
surveillance programme where the number of surgi-
cal procedures undergoing surveillance increased
2.8-fold between 2004 and 2009 [1]. Participation in
the national surveillance system increased also in the
United States, where the number of procedures sur-
veyed increased from about 550,000 in the 12-year
period between 1992 and 2003, with an average of
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some 45,000 intervention per year, to about 800,000
in the three-year period between 2006 and 2008, i.e.
over 260,000 intervention each year, a more than five-
fold increase [23,24].

We would welcome a further and steady increase in
participation at national level: if the observed reduc-
tion were applied to all surgical procedures performed
in the country, some 14,000 SSls per year could be
avoided. This could potentially lead to some 25,000
hospital days less per year, prevent individual suf-
fering, and result in significant financial savings. A
recent Italian meta-analysis shows that the average
cost of one SSl is about EUR 13,000 [25]. Based upon
these estimates, the possible savings after three years
would range, for the whole country, between EUR 50
million and EUR 175 million. Furthermore, a decrease
in SSI would reduce the number of litigations against
hospitals, probably representing even larger economic
savings.

In contrast to other surveillance systems, SNICh has a
high proportion of infection detected during PDS. The
internal structure of our surveillance system implies
higher SSI rates in centres performing more accurate
PDS, and limits the comparability with other systems,
such as KISS or PREZIES, and of participating hospitals
within SNICh. Programmes with limited or no PDS detect
lower SSI rates. Participation to the SNICh programme
is voluntary, and each centre may decide which inter-
ventions to survey. The centres that perform surveil-
lance and PDS therefore do so willingly. These aspects
could limit the generalisability of the results. Aiming at
a wider uptake of the programme, there is a need to
identify the most efficient surveillance strategy, which
could lead to a revision of PDS duration, probably the
most resource-intensive part of the SSI surveillance
programme. Data from our study show that restricting
PDS to three weeks, i.e. to the period when a patient
is generally receiving ambulatory care after a surgical
procedure, would identify around 90% of the events.

In conclusion, our data show that national surveillance
programmes are beneficial for health, ethical and
financial targets. We feel that a progressive expansion
of these programmes should be pursued strongly both
at a central and local level; mandatory participation
could represent an important public health target.
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The public health application of pathogen genom-
ics is a rapidly expanding field as evident in the
Eurosurveillance ’Special issue on molecular epidemi-
ology of human pathogens’ [1, 2]. Within Public Health
England (PHE), staff training and the development
of training resources have been identified as urgent
requirements to facilitate the translation of this work
from research to public health practice.

‘ePathGen - Pathogen Genomics for Epidemiology’ is
an e-learning package that has been developed by
a multi-disciplinary team from PHE working with col-
laborating academics as a beginners guide to using
genomic sequencing by public health microbiologists
and epidemiologists and is now publicly available at
http://public-health-genomics.phe.org.uk

It is intended to support public health workers who
need to develop a basic understanding of the evolv-
ing field of whole genome sequencing (WGS), patho-
gen genomics and its application to epidemiology and
public health. e-PathGen allows users to proceed step
by step through epidemiological investigations using,
interpreting and combining genomic data in combina-
tion with more familiar information. It includes videos,
a collection of introductory tutorials and illustrated
case studies.
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After completing the e-learning, users should be able

to:

e explain the basic principles of genomic sequencing
important to health protection and epidemiology
practice;

e critically evaluate the benefits and limitations of
genomics to health protection and epidemiology
practice;

e apply the principles of genomics and key genomics
resources to solving a problem in health protection
and epidemiology practice;

e communicate effectively and work collaboratively
with microbiology and bioinformatics experts in
PHE and partner organisations to investigate and
solve problems in health protection and epidemiol-
ogy practice, and

e reflect on how genomics may be integrated with and
applied to health protection and epidemiology in
own working context.

We would welcome feedback to support future devel-
opments. For further information or contributions to
the development of future case studies please contact
janet.mcculloch@phe.gov.uk

References

1. Carrico JA, Sabat AJ, Friedrich AW, Ramirez M, on behalf of the
ESCMID Study Group for Epidemiological Markers (ESGEM).
Bioinformatics in bacterial molecular epidemiology and public
health: databases, tools and the next-generation sequencing
revolution. Euro Surveill. 2013;18(4):pii=20382..

2. Struelens MJ, Brisse S. From molecular to genomic
epidemiology: transforming surveillance and control of
infectious diseases. Euro Surveill. 2013;18(4):pii=20386.

www.eurosurveillance.org



