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Abstract

Background: Austria has been among the main European countries hosting incoming asylum seekers since 2015. Consequently,
there was an urgent need to predict any public health threats associated with the arriving asylum seekers. The Department of
Surveillance and Infectious Disease Epidemiology at the Austrian Agency for Health and Food Safety (AGES) was mandated to
implement a national syndrome-based surveillance system in the 7 reception centers by the Austrian Ministry of Interior and
Ministry of Health.

Objective: We aimed to analyze the occurrence and spread of infectious diseases among asylum seekers using data reported
by reception centers through the syndrome-based surveillance system from September 2015 through February 2018.

Methods: We deployed a daily data collection system for 13 syndromes: rash with fever; rash without fever; acute upper
respiratory tract infection; acute lower respiratory tract infection; meningitis or encephalitis; fever and bleeding; nonbloody
gastroenteritis or watery diarrhea; bloody diarrhea; acute jaundice; skin, soft tissue, or bone abnormalities; acute flaccid paralysis;
high fever with no other signs; and unexplained death. General practitioners, the first professionals to consult for health problems
at reception centers in Austria, sent the tally sheets on identified syndromes daily to the AGES.

Results: We identified a total of 2914 cases, presenting 8 of the 13 syndromes. A total of 405 signals were triggered, and 6.4%
(26/405) of them generated alerts. Suspected acute upper respiratory tract infection (1470/2914, 50.45% of cases), rash without
fever (1174/2914, 40.29% of cases), suspected acute lower respiratory tract infection (159/2914, 5.46% of cases), watery diarrhea
(73/2914, 2.51% of cases), and skin, soft tissue, or bone abnormalities (32/2914, 1.10% of cases) were the top 5 syndromes.

Conclusions: The cooperation of the AGES with reception center health care staff, supported by the 2 involved ministries, was
shown to be useful for syndromic surveillance of infectious diseases among asylum seekers. None of the identified alerts escalated
to an outbreak.
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Introduction

Background
Since 2015, over 1.5 million refugees and asylum seekers have
reached Europe [1], where Austria, Sweden, and Hungary were
the top 3 countries per capita in hosting this vulnerable
population [1]. The majority of these asylum seekers came from
Syria (49%), Afghanistan (21%), and Iraq (9%) [2,3].

The asylum seekers entered Austria largely through the Balkan
corridor. The countries they travel through include, in the order,
are Turkey, Greece, the Former Yugoslav Republic of
Macedonia, Serbia, Croatia, Slovenia, and finally Austria [2,4],
during a period ranging between 1 and 7 months [5]. Among
the top 5 countries of origin of the asylum seekers who entered
Austria in 2015-2016, over half of those were from Afghanistan
and Syria, followed by Iraq, Iran, and Pakistan [6]. On behalf
of the Republic of Austria, since 2012, a medical organization,
called in German Organisation für Regie und Spezialaufträge
(ORS Service AG, Zurich, Switzerland), has looked after all
asylum seekers who are in federal care, including the operation
of 3 permanent reception centers (RCs) for asylum seekers.
Health services, including physical examination at arrival and
need-based health care, are provided in the RCs by a physician
and a nurse.

A refugee population is considered as a vulnerable group due
to their living conditions during migration and their
psychological stress, combined with limited access to sanitation,
health services, and nutritious food [4]. This places asylum
seekers, especially children and women, at a higher risk of
acquiring communicable diseases during their migration in
transit and in host countries [7]. A systematic evaluation of
health conditions of migrants at the RCs will inform health care
service providers [8]. In July 2015, following a recommendation
of the Austrian Agency for Health and Food Safety (AGES),
the Austrian Ministry of Health together with the Ministry of
Interior decided to implement a syndrome-based surveillance
system (SbSS) in all of the 7 national RCs for asylum seekers.
The AGES implemented this SbSS in 3 phases, starting in
August 2015. Phase 1 was preparatory, which included the
selection of the RCs and collection of information on the number
of beds in the RCs, applied hygiene measures, and procedure
of the health status assessment of asylum seekers at their arrival
at the center. We assessed the risk for epidemic-prone infectious
diseases existing in the country of migrant origin, prevailing in
transit countries, present in the host country, and favored by the
immunization status, as recommended by the European Centre
for Disease Prevention and Control (ECDC) [9]. Finally, we
prepared a protocol on the SbSS. Phase 2 was piloting the SbSS
in 2 of the 7 RCs in September 2015. These 2 were located in
2 of the 9 Austrian provinces (Lower Austria and Tyrol). Phase
3 included the implementation of the SbSS. In November 2015,
the ECDC published a report based on expert opinion on the
public health needs of asylum seekers at the southern and
southeastern borders of the European Union (EU) [4]. According
to this document, the public health measures to be considered

included (1) disease screening, (2) vaccination, (3) access to
health care, free of charge, general hygiene measures, and
prevention of overcrowding in RCs, and (4) implementation of
an SbSS [10].

Overall, SbSS is a reliable method for public health surveillance
that has been used in different countries and contexts. It provides
timely information and supports suitable public health responses
[11]. According to EU member state experiences [4], the
following syndromes were suggested: (1) respiratory tract
disease, (2) suspected pulmonary tuberculosis, (3) bloody
diarrhea, (4) watery diarrhea, (5) fever and rash, (6) meningitis
or encephalitis, or encephalopathy or delirium, (7) lymphadenitis
with fever, (8) botulism-like illness, (9) sepsis or unexplained
shock, (10) hemorrhagic illness, (11) acute jaundice, (12)
parasitic skin infection, and (13) unexplained death [4,10,12].

Objective
The main objective of the Austrian SbSS was to enhance early
detection of single cases or outbreaks of infectious diseases that
require an assessment to initiate and guide appropriate public
health measures in order to prevent spread of these diseases
among the migrant population and the host population. To our
knowledge, the use of the SbSS method among asylum seekers
in the EU has not been thoroughly documented during the
current refugee crisis. In this paper, we present and describe the
results of using a national SbSS for asylum seekers in Austrian
RCs.

Methods

Description of the Syndromic Surveillance System

Population and Syndromes Under Surveillance
The population under surveillance comprised asylum seekers
hosted by the 7 Austrian RCs, which were located in 7 of the 9
Austrian provinces (Table 1). The SbSS was rolled out in these
7 centers one after another, 6 between September and December
2015, and the last 1 in August 2016. Table 1 gives the RCs by
province and dates of implementation of the SbSS. The longest
period of surveillance was in the permanent RC, which is located
in the province of Lower Austria (RC1 east) for a duration up
to 2.5 years.

The surveillance included 13 syndromes (Table 2), which we
selected according to the infectious disease risks assessed
specifically for asylum seekers in Austria and to the ECDC’s
assessment for risks related to asylum seekers in Europe [13-15].
The syndromes were rash with fever; rash without fever;
suspected acute upper respiratory tract infection (URTI);
suspected acute lower respiratory tract infection (LRTI);
meningitis or encephalitis; fever and bleeding; non–bloody
gastroenteritis or watery diarrhea; bloody diarrhea; acute
jaundice; skin, soft tissue, or bone abnormalities; acute flaccid
paralysis; high fever with no other signs; and unexplained death.
Table 2 presents the 13 syndromes by name and gives the
definition, underlying target diseases, and relevant public health
actions.
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Table 1. Reception centers in Austria by duration of syndrome-based surveillance in place and number of beds.

Beds (N)Duration of surveillance (days)Surveillance start dateReception centerProvince (geographical location
inside Austria)

1800890September 2015RC1 (east)Lower Austria

200873September 2015RC2 (west)Tyrol

180852October 2015RC3 (north)Upper Austria

200804December 2015RC4 (south)Carinthia

150797December 2015RC5 (east)Vienna

150787December 2015RC6 (south)Styria

160538August 2016RC7 (west)Salzburg

Case Finding and Case Reporting
In Austrian RCs, health care staff, including general practitioners
and nurses, are the first professionals to consult for health
problems of asylum seekers. The health care staff assessed the
presence of syndromes, as defined in Table 2, during the medical
entry examination (active case finding) and any other
consultation required by asylum seekers during their stay at the
RC (passive case finding). The RC’s SbSS focal person
accordingly filled in a tally sheet, which listed the 13 syndromes
with their clinical definition by age group (0-4, 5-14, 15-44,
45-64, ≥65 years) and was asked to send it on a daily basis to
the SbSS project manager at the AGES by fax, email, or an
online data entry form.

Quality Indicators Used for Syndromic Surveillance
System Evaluation
We defined completeness and timeliness as a completed tally
sheet (including “zero” reporting) sent within 24 hours of
detection to the AGES.

Data Analysis
We adapted and modified the model for signal and alert
generation as described by Napoli et al and applied in refugee
RCs in Italy [16].We determined the number of observed
(reported) daily cases for each syndrome (syndrome-specific
ODCs) and RC, including zero reporting. By calculating the
1-sided moving average of the syndrome-specific ODCs of the

previous 14 days with the formula shown in Figure 1, we
determined the expected daily cases (EDCs). We created a
threshold for the expected daily cases (ETH) by adding 2 times
the standard deviation to the EDCs (ie, ETHt = EDCst + 2 ×
SDt). We measured the ODCs daily against the ETH for each
syndrome. A signal was generated when the number of
syndrome-specific ODCs exceeded the ETH for the syndrome,
and an alert was defined as signals occurring over 2 consecutive
days. We analyzed the data and generated outputs
(syndrome-specific number of signals and alerts) automatically
on a daily, weekly, and monthly basis using R [17]. We shared
the weekly reports with the Federal Ministry of Health and the
monthly reports with the contact person at each RC. In case the
RCs did not send the daily report, the manager of the SbSS
called the contact person at the respective RC to follow up on
the status of the report. In case of a signal, the SbSS manager
at the AGES immediately called the respective RC contact
person to clarify the underlying diseases and to verify the cluster
of cases. In case of an alert, the AGES immediately informed
the Ministry of Health.

Ethics and Informed Consent
The SbSS was conducted as part of the health care services
offered by the Austrian Ministry of Interior, in collaboration
with the Ministry of Health and the Department of Surveillance
and Infectious Disease Epidemiology at the AGES. As data
were collected in an anonymous fashion, there was no need for
ethical clearance.
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Table 2. List of syndromes surveilled and their definition, target diseases, and public health actiona.

Public health action or measuresTarget diseaseDefinition of syndromeName of syndrome

Outbreak confirmation and inves-
tigation, contact tracing, isolation,
vaccination

Measles, rubella, varicella, small-
pox, louse-borne diseases (relapsing
fever due to Borrelia recurrentis,
trench fever due to Bartonella
quintana, epidemic typhus due to
Rickettsia prowazekii).

Temperature ≥38.0°C and generalized
rash of any nature

Rash with fever

N/AScabies.N/AbRash without fever

N/APharyngitis, tonsillitis caused by
adenovirus, rhinovirus, respiratory
syncytial virus, influenza, parain-
fluenza.

Fever, cough, sore throat, runny noseSuspected acute upper respiratory
tract infection

Outbreak investigation in case of
clustering of cases

Tracheitis, bronchitis, pneumonia,
bronchopneumonia, or bronchiolitis,
including those caused by, for exam-
ple, adenovirus, streptococci, pneu-
mococci, Mycoplasma,Legionella.

Temperature ≥38.0°C and at least one
of the following signs or symptoms:
breathing difficulties; chest rales or in-
creased respiratory rate

Suspected acute lower respiratory
tract infection with fever

Outbreak confirmation and inves-
tigation, contact tracing, isolation

Bacterial, viral, fungal, or other in-
fectious meningitis or encephalitis.
This could be caused by meningo-
cocci, Haemophilus influenzae,
pneumococci, Listeria, Leptospira,
Mycobacterium tuberculosis, Tre-
ponema pallidum, enteroviruses,
poliovirus, measles virus, mumps
virus, rubella virus, influenza virus,
West Nile virus, other arboviruses.

Temperature ≥38.0°C and at least one
of the following signs or symptoms:
severe, persistent headache; neck stiff-
ness; altered consciousness; altered
mental status; confusion; delirium; or
disorientation

Meningitis or encephalitis

Contact tracing, isolationHemorrhagic fevers due to infec-
tious disease agents. These could
include yellow fever, dengue, or
Crimean-Congo hemorrhagic fever
and other arboviral diseases, Ebola.

Temperature ≥38.0°C and at least one
of the following signs or symptoms:
petechial rash with any purpuric areas;
hemorrhagic exanthema; hematuria;
conjunctival hemorrhage; gingival
bleeding; epistaxis; bloody diarrhea;
unexplained bleeding from other sites;
or clinical suspicion of a viral hemor-
rhagic illness

Fever and bleeding

Outbreak investigation for source
and vehicle, and control in case of
clustering of cases

Gastroenteritis caused by norovirus,
rotavirus, bacterial toxins. Campy-
lobacter, Salmonella, Escherichia
coli, Yersinia, Vibrio cholerae.

≥3 watery stools per day, nausea,
vomiting

Non–bloody watery diarrhea

Outbreak investigation for source
and vehicle, and control in case of
clustering of cases

Amoebic dysentery, Shigella,
Campylobacter, verotoxin-produc-
ing E coli.

Red blood in the stoolBloody diarrhea

Outbreak investigation for source
and vehicle

Acute viral hepatitis A and E; other
hepatitis.

Acute onset of jaundice and at least one
of the following signs or symptoms:
temperature ≥38.0°C; malaise or hep-
atomegaly

Acute jaundice

N/ACutaneous diphtheria, cutaneous tu-
berculosis, cutaneous leishmaniasis,
bacterial wound infection.

Skin or soft tissue lesions, ulceration,
inflammation

Skin, soft tissue, or bone abnormal-
ities

Contact tracing, immunizationAcute flaccid paralysis, or paralytic
or poliomyelitis.

Person under the age of 15 years with
acute flaccid nonsymmetrical paralysis

Acute flaccid paralysis

N/ATyphoid fever; malaria, or visceral
leishmaniasis.

High fever up to 40°C or more, persist-
ing, intermittent, long-lasting

High fever with no other signs

N/AN/AN/AUnexplained death

aSources: European Centre for Disease Prevention and Control [4,10].
bN/A: not applicable.
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Figure 1. Formula for the expected daily cases (EDCs) at day t defined as the 1-sided moving average of the syndrome-specific observed daily cases
(ODCs) of the previous 14 days.

Results

Reports of Cases, Signals, and Alerts
During the period of September 2015 through February 2018,
a total of 2914 cases, showing 8 of the 13 syndromes surveilled,
were reported. The majority of patients were aged between 15
and 44 years (2179/2913, 74.80%), followed by children aged
between 5 and 14 years (369/2913, 12.67%) and under 5 years
(311/2913, 10.68%; Table 3).

The top 5 syndromes by number of cases were (1) suspected
URTI (1470/2914, 50.45% or cases), (2) rash without fever
(entirely due to scabies; 1174/2914, 40.29% of cases), (3)
suspected acute LRTI with fever (159/2914, 5.46% of cases),
(4) watery diarrhea (73/2914, 2.51% of cases), and (5) skin, soft
tissue, or bone abnormalities (32/2914, 1.10% of cases; Table
4). Figure 2 shows a plot of the data output for the example of
the number of ODCs of scabies.

Among the total 405 triggered signals, the predominating
signal-causing syndromes were suspected URTI (151/405,
37.3%), rash without fever (142/405, 35.1%), and suspected
LRTI (67/405, 16.5%). Of the 405 signals, 26 (6.4%) triggered
an alert, which were due to suspected acute URTI (10/26, 39%),

rash without fever (10/26, 39%), suspected acute LRTI (4/26,
15%), and skin, soft tissue, or bone abnormalities (2/26, 8%;
see Table 5). Figure 3 shows a plot of the data output for the
example of the number of signals and alerts for scabies. Figure
4 shows the monthly number of signals and alerts for all
syndromes during September 2015 through February 2018.

Laboratory Diagnostics of the Case-Patients
Of the 1470 case-patients with URTI, 21 of 30 patients (70%)
with influenza-like illness tested positive for influenza during
the 2015-2016 influenza season. Among asylum seekers with
acute LRTI with fever and cough, 3 cases were diagnosed as
pulmonary tuberculosis. Of the 73 cases of watery diarrhea, 3
cases were culture-confirmed shigellosis. As the others had
short-term diarrhea, the causative pathogen was not identified.
One case of malaria was identified among those with high fever
with no other signs.

Quality Indicators
Among the RCs, only RC1 and RC2, with permanent health
care staff, sent tally sheets on syndromes daily within 24 hours.
The remaining RCs sent the sheets whenever the health care
service was delivered at the site.

Table 3. Number of cases of each syndrome in total and by age group recorded by the syndrome-based surveillance system, Austria, September
2015-February 2018.

Age groups (years)All agesaName of syndrome

≥6545-6415-445-140-4

1 (50)31 (60)911 (41.81)291 (78.9)235 (75.6)1469 (50.43)Suspected acute URTIb, n (%)

0 (0)4 (8)1095 (50.25)55 (14.9)20 (6.4)1174 (40.30)Rash without fever, n (%)

0 (0)16 (31)115 (5.28)12 (3.3)16 (5.1)159 (5.46)Suspected acute LRTIc with fever, n (%)

0 (0)1 (2)27 (1.24)11 (3.0)34 (10.9)73 (2.51)Watery diarrhea, n (%)

1 (50)0 (0)30 (1.38)0 (0)1 (0.03)32 (1.10)Skin, soft tissue, or bone abnormalities, n (%)

0 (0)0 (0)0 (0)0 (0)4 (0.13)4 (0.14)Rash with fever, n (%)

0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)Meningitis or encephalitis, n (%)

0 (0)0 (0)1 (0.05)0 (0)0 (0)1 (0.03)High fever (≥39°C) with no other signs, n (%)

0 (0)0 (0)0 (0)0 (0)1 (0.3)1 (0.03)Unexplained death, n (%)

25221793693112913Total (N)

aOne case-patient had missing information on age.
bURTI: upper respiratory tract infection.
cLRTI: lower respiratory tract infection.
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Table 4. Number of cases of each syndrome, in total and stratified by reception center (RC; RC1-RC7), recorded by the syndrome-based surveillance
system, Austria, September 2015-February 2018.

RC (by geographical location in Austria)All RCsName of syndrome

RC7 (west)RC6 (south)RC5 (east)RC4 (south)RC3 (north)RC2 (west)RC1 (east)

April 2016December
2015

December
2015

December
2015

October
2015

September
2015

September
2015

—Start date

39 (74)64 (73)28 (39)240 (83.0)250 (71.4)127 (70.6)722 (38.16)1470 (50.45)Suspected acute URTIa, n
(%)

6 (11)0 (0)6 (8)38 (13.2)55 (15.7)38 (21.1)1031 (54.49)1174 (40.29)Rash without fever, n (%)

6 (11)22 (25)26 (36)4 (1.4)12 (3.4)5 (2.8)84 (4.44)159 (5.46)Suspected acute LRTIb with
fever, n (%)

2 (4)2 (2)8 (11)2 (0.7)30 (8.6)10 (5.6)29 (1.53)73 (2.51)Watery diarrhea, n (%)

0 (0)0 (0)3 (4)5 (1.7)0 (0)0 (0)24 (1.27)32 (1.10)Skin, soft tissue, or bone
abnormalities, n (%)

0 (0)0 (0)1 (1)0 (0)3 (0.9)0 (0)0 (0)4 (0.14)Skin rash with fever, n (%)

0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)Meningitis or encephalitis,
n (%)

0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)1 (0.05)1 (0.03)High fever with no other
signs, n (%)

0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)1 (0.05)1 (0.03)Unexplained death, n (%)

53887228935018018922914Total (N)

aURTI: upper respiratory tract infection.
bLRTI: lower respiratory tract infection.

Figure 2. Observed daily cases of rash without fever, illustrated by gray bars, and threshold of the expected daily cases, shown by the orange line
(n=151), 2015-2018, Austria.
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Table 5. Number of signals and alerts for each syndrome recorded by the syndrome-based surveillance system, Austria, September 2015-February
2018.

AlertsSignalsName of syndrome

10 (39)151 (37.3)Suspected acute URTIa, n (%)

10 (39)142 (35.1)Rash without fever, n (%)

4 (15)67 (16.5)Suspected acute LRTIb with fever, n (%)

0 (0)27 (6.7)Watery diarrhea, n (%)

2 (8)14 (3.5)Skin, soft tissue, or bone abnormalities, n (%)

0 (0)2 (0.5)Rash with fever, n (%)

0 (0)1 (0.3)High fever (≥39°C) with no other signs, n (%)

0 (0)1 (0.3)Unexplained death, n (%)

26405Total (N)

aURTI: upper respiratory tract infection.
bLRTI: lower respiratory tract infection.

Figure 3. Selected 2 weeks of surveillance, during November 13-25, 2016, illustrating the observed daily cases of rash without fever by bars, threshold
of the expected daily cases by orange line, the signals by blue squares (n=4; at November 14, 18, 19, and 23, 2016), and the alerts by a yellow triangle
(n=1; at November 19, 2016).
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Figure 4. Numbers of signals and alerts generated by the syndrome-based surveillance system for all syndromes, per month, September 2015-February
2018, Austria.

Discussion

Principal Findings
This was the first attempt to use an SbSS in Austria during an
unusual influx of asylum-seeking refugees, facing harsh
travelling conditions, since World War II. During the total
surveillance period from September 2015 to February 2018,
more than 400 statistical signals were triggered, caused by 5
predominating syndromes: suspected acute URTI, rash without
fever, suspected acute LRTI, watery diarrhea, and skin, soft
tissue, or bone abnormalities. The small number of alerts (n=26)
indicated sufficient control of infectious disease spread at the
7 Austrian RCs. The signals triggered appropriate and prompt
public health actions by the RCs’ health care staff and
responsible public health authorities: investigations of alerts;
exclusion of people suspected to be contagious from crowded
activities, such as the RC refectory; contact tracing;
scabies-related hygiene measures; intensified cleaning and
disinfection in case of environmental contamination; and referral
to specialized, secondary health care for adequate treatment.
We identified suspected acute URTI as the predominant
syndrome among the asylum seekers, which was similar to the
experience with refugees arriving at the Greek-Turkish border
[18] and among 51 RCs in Greece [19]. Our findings support
previous experiences that asylum seekers, compared with the
host population, mainly acquire infections with agents present

among the host population, even though they are at higher risk
due to many infection-favoring factors.

Interestingly, the second most frequently reported syndrome
was rash without fever (scabies-like), for which over half of the
signals (1032/1892, 54.49%) were reported in RC1. This was
relatively higher than those reported among refugees in other
countries, such as Greece [19]. Over half of the bed capacity of
all RCs was provided by RC1 (1800/2840, 63.38%), which is
considered as a large RC. According to the ECDC, exposure to
crowded shelters increases the risk of the spread of lice, fleas,
and mites [4]. Watery diarrhea accounted for less than 3% of
reported syndromes among the RC residents, which is likely
due to strict national food safety and control according to the
Austrian Food Safety and Consumer Protection Act.
Surprisingly, there was no norovirus outbreak in any of the RCs.
A cluster of 21 cases of shigellosis occurred between July and
November 2015 among refugees, mainly affecting transit centers
in Austria. However, 3 cases of this cluster were identified in
3 of the 7 RCs, which indicates the sensitivity of the Austrian
SbSS. In addition, completeness and timeliness, which were
measured as system quality indicators, were high. Surprisingly,
in RC5, acute URTI accounted for the smallest proportion across
all RCs (39% vs 49% among the remaining RCs), whereas the
proportion of LRTI was the highest in RC5. The opening of
RC5 in December 2015 in the crowded urban setting of Vienna
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may explain the high rate of tracheobronchitis; 1 case also turned
out to be pulmonary tuberculosis.

Syndrome-Based Surveillance System Implementations
in the European Union
Systematic data collection on asylum seekers’ health is limited
in the EU [20]; therefore, there is a need to enhance national
health surveillance systems [21], including being innovative in
health surveillance methods to monitor the health of asylum
seekers [22-24]. SbSS requires a near real-time automated data
collection and analysis system [25]. Therefore, the Austrian
SbSS was established in the form of a collaboration, and with
a strong commitment, among different national authorities [13],
including the Ministry of Interior, the RC health care staff, and
the surveillance experts at the AGES. All signals and alerts were
addressed on a daily basis through direct contact between the
AGES and the focal RC SbSS. Sharing daily reports on
syndromes with each RC and communicating signals and alerts
immediately to both the focal RC SbSS and the Ministry of
Health made appropriate action possible. We have observed
that during the rollout of SbSS, the medical staff in nearby
hospitals became more aware of the potential risk of
communicable diseases among refugees. For example, in 1 of
the RCs, located in Salzburg, a case of louse-borne relapsing
fever was identified prior to the implementation of the SbSS
(DS, unpublished data, 2016).

SbSS has been deployed in other high-income countries to
supplement national public health surveillance systems. This
includes during the 2006 heat wave in France [25], during the
Olympic Games in each of Greece [26] and Italy [27], in
Virginia, USA [28] during a national youth camp, in Sweden
[29] using a Web-based query system for influenza, and in the
United Kingdom [30] for the national telephone health helpline.
In Austria, the AGES has introduced SbSS as a supplement to
routine tuberculosis screening in selected migrant groups and

to the routine national surveillance of 65 notifiable infectious
diseases.

Strengths and Limitations
The AGES had to face some limitations in operating the SbSS.
The daily number of asylum seekers registered at the RCs was
not reported in a consistent fashion. Thus, we could not calculate
the incidence of syndromes among the asylum-seeking
population. However, this is considered as a common limitation
[16]. Of the 7 RCs, 5 were established on an ad hoc basis as
temporary asylum seeker–hosting centers. In these ad hoc RCs,
the availability of health care–providing staff was not consistent
on a daily basis. This may have caused underdetection and
underreporting of syndrome cases, particularly when asylum
seekers were immediately transferred to the hospital. We
analyzed the reported data in this study without comparison
with a reference standard SbSS [30]; however, we need to
acknowledge that, in general, SbSSs have a low specificity
[31-33].

Strengths of the Austrian SbSS were, first, that data were
collected in near real time [31] and that the largest RCs reported
on a daily basis, which made the public health response
time-efficient. Second, the SbSS had high sensitivity and
practicability due to the use of easily ascertainable clinical signs
without requiring laboratory testing [32,33]. Third, the Austrian
SbSS could be deployed and implemented rapidly in the
emergency situation of the most recent refugee crisis [10,22,31].
The SbSS in Austrian RCs proved to be highly eligible for
identifying infectious diseases and detecting clusters among the
asylum-seeking population.

Conclusion
This was the first time that an SbSS was used in Austria for an
increased number of incoming refugees seeking asylum. The
SbSS was reliable at identifying and controlling the spread of
infectious diseases among the asylum-seeking population from
September 2015 onward.

Acknowledgments
We would like to acknowledge and thank (1) all the health care staff at the reception centers and ORS Service, the emergency
health services (144-Notruf Niederösterreich) and the Austrian Red Cross for reporting to the SbSS; (2) the Ministry of Health,
the local and regional staff of the Ministry of Interior, and the local and regional public health authorities for supporting the SbSS
activities; and (3) Dr Birgit Negedly for supporting and helping in initiating, piloting, training, and implementing the SbSS at the
RCs.

Authors' Contributions
KT, DS, LR, and FA developed the initial SbSS surveillance protocol. KT managed the daily operations of the SbSS activities,
under the supervision of DS. ZEK, LR, FA, and DS wrote, revised, and approved the manuscript.

Conflicts of Interest
None declared.

References

1. Murray D. UNHCR applauds Austria and Germany as refugees march across Hungary. Geneva, Switzerland: United Nations
High Commissioner for Refugees (UNHCR); 2015. URL: https://www.unhcr.org/news/latest/2015/9/55eae4116/
unhcr-applauds-austria-germany-refugees-march-across-hungary.html

JMIR Public Health Surveill 2019 | vol. 5 | iss. 1 | e11465 | p. 9http://publichealth.jmir.org/2019/1/e11465/
(page number not for citation purposes)

El-Khatib et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

https://www.unhcr.org/news/latest/2015/9/55eae4116/unhcr-applauds-austria-germany-refugees-march-across-hungary.html
https://www.unhcr.org/news/latest/2015/9/55eae4116/unhcr-applauds-austria-germany-refugees-march-across-hungary.html
http://www.w3.org/Style/XSL
http://www.renderx.com/


2. Arsenijević J, Schillberg E, Ponthieu A, Malvisi L, Ahmed WAE, Argenziano S, et al. A crisis of protection and safe
passage: violence experienced by migrants/refugees travelling along the Western Balkan corridor to Northern Europe. Confl
Health 2017;11:6 [FREE Full text] [doi: 10.1186/s13031-017-0107-z] [Medline: 28416965]

3. Médecins Sans Frontières. One year after the EU-Turkey deal: migrants and asylum seekers are paying the price with their
health. Geneva, Switzerland: MSF; 2017 Mar 14. URL: https://www.msf.org/
one-year-after-eu-turkey-deal-migrants-and-asylum-seekers-are-paying-price-their-health [accessed 2018-07-02] [WebCite
Cache ID 70bi4Nc6M]

4. European Centre for Disease Prevention and Control. Communicable disease risks associated with the movement of refugees
in Europe during the winter season. Stockholm, Sweden: ECDC; 2015 Nov 10. URL: https://ecdc.europa.eu/sites/portal/
files/media/en/publications/Publications/refugee-migrant-health-in-european-winter-rapid-risk-assessment.pdf [accessed
2019-01-24] [WebCite Cache ID 75feNzf59]

5. Mockenhaupt FP, Barbre KA, Jensenius M, Larsen CS, Barnett ED, Stauffer W, et al. Profile of illness in Syrian refugees:
a GeoSentinel analysis, 2013 to 2015. Euro Surveill 2016;21(10):30160 [FREE Full text] [doi:
10.2807/1560-7917.ES.2016.21.10.30160] [Medline: 26987893]

6. Statistics for the asylum seekers in Austria. Vienna, Austria: Austrian Federal Ministry of the Interior; 2018. URL: https:/
/www.bmi.gv.at/301/Statistiken/ [accessed 2018-07-02] [WebCite Cache ID 70biaWyry]

7. World Health Organization, Regional Office for Europe. Migration and health: key issues. Copenhagen, Denmark: WHO;
2018. URL: http://www.euro.who.int/en/health-topics/health-determinants/migration-and-health/
migrant-health-in-the-european-region/migration-and-health-key-issues [accessed 2018-07-02] [WebCite Cache ID
70bjCBPby]

8. Blitz BK, d'Angelo A, Kofman E, Montagna N. Health challenges in refugee reception: dateline Europe 2016. Int J Environ
Res Public Health 2017 Dec 30;14(12) [FREE Full text] [doi: 10.3390/ijerph14121484] [Medline: 29189766]

9. European Centre for Disease Prevention and Control. Infectious diseases of specific relevance to newly-arrived migrants
in the EU/EEA. Stockholm, Sweden: ECDC; 2015 Nov 19. URL: https://ecdc.europa.eu/sites/portal/files/media/en/
publications/Publications/Infectious-diseases-of-specific-relevance-to-newly-arrived-migrants-in-EU-EEA.pdf [accessed
2018-07-02] [WebCite Cache ID 70bjM2Kbh]

10. European Centre for Disease Prevention and Control. Expert opinion on the public health needs of irregular migrants,
refugees or asylum seekers across the EU's southern and south-eastern borders. Stockholm, Sweden: ECDC; 2015 Oct.
URL: https://ecdc.europa.eu/sites/portal/files/media/en/publications/Publications/
Expert-opinion-irregular-migrants-public-health-needs-Sept-2015.pdf [accessed 2019-01-24] [WebCite Cache ID 75fefTfXK]

11. Josseran L, Caillère N, Brun-Ney D, Rottner J, Filleul L, Brucker G, et al. Syndromic surveillance and heat wave morbidity:
a pilot study based on emergency departments in France. BMC Med Inform Decis Mak 2009 Feb 20;9:14 [FREE Full text]
[doi: 10.1186/1472-6947-9-14] [Medline: 19232122]

12. European Centre for Disease Prevention and Control. Risk of importation and spread of malaria and other vector-borne
diseases associated with the arrival of migrants to the EU. Stockholm, Sweden: ECDC; 2015 Oct 21. URL: https://ecdc.
europa.eu/sites/portal/files/media/en/publications/Publications/
risk-malaria-vector-borne-diseases-associated-with-migrants-october-2015.pdf [accessed 2019-01-24] [WebCite Cache ID
75fenhgpx]

13. Napoli C, Riccardo F, Declich S, Dente MG, Pompa MG, Rizzo C, National Working Group. An early warning system
based on syndromic surveillance to detect potential health emergencies among migrants: results of a two-year experience
in Italy. Int J Environ Res Public Health 2014 Aug 20;11(8):8529-8541 [FREE Full text] [doi: 10.3390/ijerph110808529]
[Medline: 25140999]

14. Weinberg M, Waterman S, Lucas CA, Falcon VC, Morales PK, Lopez LA, et al. The U.S.-Mexico Border Infectious Disease
Surveillance project: establishing bi-national border surveillance. Emerg Infect Dis 2003 Jan;9(1):97-102 [FREE Full text]
[doi: 10.3201/eid0901.020047] [Medline: 12533288]

15. Harcourt SE, Fletcher J, Loveridge P, Bains A, Morbey R, Yeates A, et al. Developing a new syndromic surveillance system
for the London 2012 Olympic and Paralympic Games. Epidemiol Infect 2012 Dec;140(12):2152-2156. [doi:
10.1017/S0950268812001781] [Medline: 22892324]

16. European Centre for Disease Prevention and Control. Handbook on implementing syndromic surveillance in migrant
reception/detention centres and other refugee settings. Stockholm, Sweden: ECDC; 2016 Oct. URL: https://ecdc.europa.eu/
sites/portal/files/media/en/publications/Publications/syndromic-surveillance-migrant-centres-handbook.pdf

17. R Core Team. R: a language and environment for statistical computing. Vienna, Austria: R Foundation for Statistical
Computing; 2014.

18. Eonomopoulou A, Pavli A, Stasinopoulou P, Giannopoulos LA, Tsiodras S. Migrant screening: lessons learned from the
migrant holding level at the Greek-Turkish borders. J Infect Public Health 2017;10(2):177-184 [FREE Full text] [doi:
10.1016/j.jiph.2016.04.012] [Medline: 27161593]

19. Pavli A, Maltezou H. Health problems of newly arrived migrants and refugees in Europe. J Travel Med 2017 Dec 01;24(4).
[doi: 10.1093/jtm/tax016] [Medline: 28426115]

JMIR Public Health Surveill 2019 | vol. 5 | iss. 1 | e11465 | p. 10http://publichealth.jmir.org/2019/1/e11465/
(page number not for citation purposes)

El-Khatib et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

https://conflictandhealth.biomedcentral.com/articles/10.1186/s13031-017-0107-z
http://dx.doi.org/10.1186/s13031-017-0107-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28416965&dopt=Abstract
https://www.msf.org/one-year-after-eu-turkey-deal-migrants-and-asylum-seekers-are-paying-price-their-health
https://www.msf.org/one-year-after-eu-turkey-deal-migrants-and-asylum-seekers-are-paying-price-their-health
http://www.webcitation.org/

                                            70bi4Nc6M
http://www.webcitation.org/

                                            70bi4Nc6M
https://ecdc.europa.eu/sites/portal/files/media/en/publications/Publications/refugee-migrant-health-in-european-winter-rapid-risk-assessment.pdf
https://ecdc.europa.eu/sites/portal/files/media/en/publications/Publications/refugee-migrant-health-in-european-winter-rapid-risk-assessment.pdf
http://www.webcitation.org/

                                            75feNzf59
http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=21407
http://dx.doi.org/10.2807/1560-7917.ES.2016.21.10.30160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26987893&dopt=Abstract
https://www.bmi.gv.at/301/Statistiken/
https://www.bmi.gv.at/301/Statistiken/
http://www.webcitation.org/

                                            70biaWyry
http://www.euro.who.int/en/health-topics/health-determinants/migration-and-health/migrant-health-in-the-european-region/migration-and-health-key-issues
http://www.euro.who.int/en/health-topics/health-determinants/migration-and-health/migrant-health-in-the-european-region/migration-and-health-key-issues
http://www.webcitation.org/

                                            70bjCBPby
http://www.webcitation.org/

                                            70bjCBPby
http://www.mdpi.com/resolver?pii=ijerph14121484
http://dx.doi.org/10.3390/ijerph14121484
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29189766&dopt=Abstract
https://ecdc.europa.eu/sites/portal/files/media/en/publications/Publications/Infectious-diseases-of-specific-relevance-to-newly-arrived-migrants-in-EU-EEA.pdf
https://ecdc.europa.eu/sites/portal/files/media/en/publications/Publications/Infectious-diseases-of-specific-relevance-to-newly-arrived-migrants-in-EU-EEA.pdf
http://www.webcitation.org/

                                            70bjM2Kbh
https://ecdc.europa.eu/sites/portal/files/media/en/publications/Publications/Expert-opinion-irregular-migrants-public-health-needs-Sept-2015.pdf
https://ecdc.europa.eu/sites/portal/files/media/en/publications/Publications/Expert-opinion-irregular-migrants-public-health-needs-Sept-2015.pdf
http://www.webcitation.org/

                                            75fefTfXK
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/1472-6947-9-14
http://dx.doi.org/10.1186/1472-6947-9-14
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19232122&dopt=Abstract
https://ecdc.europa.eu/sites/portal/files/media/en/publications/Publications/risk-malaria-vector-borne-diseases-associated-with-migrants-october-2015.pdf
https://ecdc.europa.eu/sites/portal/files/media/en/publications/Publications/risk-malaria-vector-borne-diseases-associated-with-migrants-october-2015.pdf
https://ecdc.europa.eu/sites/portal/files/media/en/publications/Publications/risk-malaria-vector-borne-diseases-associated-with-migrants-october-2015.pdf
http://www.webcitation.org/

                                            75fenhgpx
http://www.webcitation.org/

                                            75fenhgpx
http://www.mdpi.com/resolver?pii=ijerph110808529
http://dx.doi.org/10.3390/ijerph110808529
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25140999&dopt=Abstract
https://www.cdc.gov/ncidod/EID/vol9no1/02-0047.htm
http://dx.doi.org/10.3201/eid0901.020047
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12533288&dopt=Abstract
http://dx.doi.org/10.1017/S0950268812001781
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22892324&dopt=Abstract
https://ecdc.europa.eu/sites/portal/files/media/en/publications/Publications/syndromic-surveillance-migrant-centres-handbook.pdf
https://ecdc.europa.eu/sites/portal/files/media/en/publications/Publications/syndromic-surveillance-migrant-centres-handbook.pdf
https://linkinghub.elsevier.com/retrieve/pii/S1876-0341(16)30030-2
http://dx.doi.org/10.1016/j.jiph.2016.04.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27161593&dopt=Abstract
http://dx.doi.org/10.1093/jtm/tax016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28426115&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


20. Semenza JC, Carrillo-Santisteve P, Zeller H, Sandgren A, van der Werf MJ, Severi E, et al. Public health needs of migrants,
refugees and asylum seekers in Europe, 2015: infectious disease aspects. Eur J Public Health 2016 Dec;26(3):372-373.
[doi: 10.1093/eurpub/ckw023] [Medline: 27053729]

21. Fleischauer AT, Gaines J. Enhancing surveillance for mass gatherings: the role of syndromic surveillance. Public Health
Rep 2017;132(1_suppl):95S-98S. [doi: 10.1177/0033354917706343] [Medline: 28692398]

22. Memish ZA, Zumla A, McCloskey B, Heymann D, Al Rabeeah AA, Barbeschi M, et al. Mass gatherings medicine:
international cooperation and progress. Lancet 2014 Jun 14;383(9934):2030-2032. [doi: 10.1016/S0140-6736(14)60225-7]
[Medline: 24857704]

23. Tam JS, Barbeschi M, Shapovalova N, Briand S, Memish ZA, Kieny M. Research agenda for mass gatherings: a call to
action. Lancet Infect Dis 2012 Mar;12(3):231-239. [doi: 10.1016/S1473-3099(11)70353-X] [Medline: 22252148]

24. World Health Organization. Communicable disease alert and response for mass gatherings: key considerations. Geneva,
Switzerland: WHO; 2008 Jun. URL: https://www.who.int/csr/Mass_gatherings2.pdf [accessed 2019-01-28] [WebCite
Cache ID 75lZYARX1]

25. Flamand C, Larrieu S, Couvy F, Jouves B, Josseran L, Filleul L. Validation of a syndromic surveillance system using a
general practitioner house calls network, Bordeaux, France. Euro Surveill 2008 Jun 19;13(25) [FREE Full text] [Medline:
18761939]

26. Dafni UG, Tsiodras S, Panagiotakos D, Gkolfinopoulou K, Kouvatseas G, Tsourti Z, et al. Algorithm for statistical detection
of peaks--syndromic surveillance system for the Athens 2004 Olympic Games. MMWR Suppl 2004 Sep 24;53:86-94 [FREE
Full text] [Medline: 15714635]

27. Epidemiological Consultation Team, Demicheli V, Raso R, Tiberti D, Barale A, Ferrara L, et al. Results from the integrated
surveillance system for the 2006 Winter Olympic and Paralympic Games in Italy. Euro Surveill 2006 Aug
17;11(8):E060817.5. [Medline: 16966785]

28. Centers for Disease Control and Prevention (CDC). Surveillance for early detection of disease outbreaks at an outdoor mass
gathering--Virginia, 2005. MMWR Morb Mortal Wkly Rep 2006 Jan 27;55(3):71-74 [FREE Full text] [Medline: 16437057]

29. Hulth A, Rydevik G, Linde A. Web queries as a source for syndromic surveillance. PLoS One 2009;4(2):e4378 [FREE
Full text] [doi: 10.1371/journal.pone.0004378] [Medline: 19197389]

30. Smith GE, Cooper DL, Loveridge P, Chinemana F, Gerard E, Verlander N. A national syndromic surveillance system for
England and Wales using calls to a telephone helpline. Euro Surveill 2006;11(12):220-224. [Medline: 17370968]

31. Abat C, Chaudet H, Rolain J, Colson P, Raoult D. Traditional and syndromic surveillance of infectious diseases and
pathogens. Int J Infect Dis 2016 Jul;48:22-28 [FREE Full text] [doi: 10.1016/j.ijid.2016.04.021] [Medline: 27143522]

32. Josseran L, Fouillet A, Caillère N, Brun-Ney D, Ilef D, Brucker G, et al. Assessment of a syndromic surveillance system
based on morbidity data: results from the Oscour network during a heat wave. PLoS One 2010 Aug 09;5(8):e11984 [FREE
Full text] [doi: 10.1371/journal.pone.0011984] [Medline: 20711252]

33. Kleinman KP, Abrams AM. Assessing surveillance using sensitivity, specificity and timeliness. Stat Methods Med Res
2006 Oct;15(5):445-464. [doi: 10.1177/0962280206071641] [Medline: 17089948]

Abbreviations
AGES: Austrian Agency for Health and Food Safety
ECDC: European Centre for Disease Prevention and Control
EDC: expected daily case
ETH: expected threshold
EU: European Union
LRTI: lower respiratory tract infection
ODC: observed daily case
RC: reception center
SbSS: syndrome-based surveillance system
URTI: upper respiratory tract infection

JMIR Public Health Surveill 2019 | vol. 5 | iss. 1 | e11465 | p. 11http://publichealth.jmir.org/2019/1/e11465/
(page number not for citation purposes)

El-Khatib et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

http://dx.doi.org/10.1093/eurpub/ckw023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27053729&dopt=Abstract
http://dx.doi.org/10.1177/0033354917706343
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28692398&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(14)60225-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24857704&dopt=Abstract
http://dx.doi.org/10.1016/S1473-3099(11)70353-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22252148&dopt=Abstract
https://www.who.int/csr/Mass_gatherings2.pdf
http://www.webcitation.org/

                                            75lZYARX1
http://www.webcitation.org/

                                            75lZYARX1
http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=18905
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18761939&dopt=Abstract
http://www.cdc.gov/mmwr/preview/mmwrhtml/su5301a19.htm
http://www.cdc.gov/mmwr/preview/mmwrhtml/su5301a19.htm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15714635&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16966785&dopt=Abstract
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm5503a3.htm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16437057&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0004378
http://dx.plos.org/10.1371/journal.pone.0004378
http://dx.doi.org/10.1371/journal.pone.0004378
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19197389&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17370968&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1201-9712(16)31038-4
http://dx.doi.org/10.1016/j.ijid.2016.04.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27143522&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0011984
http://dx.plos.org/10.1371/journal.pone.0011984
http://dx.doi.org/10.1371/journal.pone.0011984
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20711252&dopt=Abstract
http://dx.doi.org/10.1177/0962280206071641
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17089948&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by Y Khader, M Smolinski; submitted 02.07.18; peer-reviewed by F Lami, K Shatnawi; comments to author 25.10.18; revised
version received 08.11.18; accepted 03.12.18; published 27.02.19

Please cite as:
El-Khatib Z, Taus K, Richter L, Allerberger F, Schmid D
A Syndrome-Based Surveillance System for Infectious Diseases Among Asylum Seekers in Austrian Reception Centers, 2015-2018:
Analysis of Reported Data
JMIR Public Health Surveill 2019;5(1):e11465
URL: http://publichealth.jmir.org/2019/1/e11465/
doi: 10.2196/11465
PMID: 30810535

©Ziad El-Khatib, Karin Taus, Lukas Richter, Franz Allerberger, Daniela Schmid. Originally published in JMIR Public Health
and Surveillance (http://publichealth.jmir.org), 27.02.2019. This is an open-access article distributed under the terms of the
Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work, first published in JMIR Public Health and Surveillance, is properly
cited. The complete bibliographic information, a link to the original publication on http://publichealth.jmir.org, as well as this
copyright and license information must be included.

JMIR Public Health Surveill 2019 | vol. 5 | iss. 1 | e11465 | p. 12http://publichealth.jmir.org/2019/1/e11465/
(page number not for citation purposes)

El-Khatib et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

http://publichealth.jmir.org/2019/1/e11465/
http://dx.doi.org/10.2196/11465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30810535&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

