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New pathogens continue to emerge, and the increased

connectedness of populations across the globe through

international travel and trade favors rapid dispersal of any new

disease. The ability to respond to such events has increased

but the question is what ‘preparedness’ means at the level of

the clinician. Clinicians deal with patients with unexplained

illness on a daily basis, and even with syndromes highly

indicative of infectious diseases, the cause of illness is often not

detected, unless extensive and costly diagnostic work-ups are

done. This review discusses innovations in diagnostics and

surveillance aimed at early detection of unusual disease. Risk

based approaches are promising, but optimal preparedness

planning requires multidisciplinary partnerships across

domains, and a global translational research agenda to develop

tools, systems, and evidence for interventions.
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Introduction
The past decade has been a turning point in our under-

standing of infectious diseases. The outbreaks of severe

acute respiratory syndrome (SARS) and avian influenza

have brought the message home that new infectious dis-

eases threaten population health. New pathogens continue

to emerge, and the increased connectedness of populations

across the globe through international travel and trade

creates conditions favoring rapid dispersal of any new

disease. Virus discovery projects have found many new

viruses that may have zoonotic potential, as illustrated by

the recent cases of infection with a novel corona virus,

previously only identified in bats [1��,2].

With this comes the notion that preparedness planning is

needed to be able to respond to emerging infectious
www.sciencedirect.com 
disease cases or outbreaks. However, the pandemic of

influenza A/H1N1 2009 is a perfect illustration of chal-

lenges in this respect: crucial information on disease

severity, ability to transmit, and population immunity

were not available at the time when decisions had to

be made about vaccine production [3,4�]. When the

pandemic turned out to take a fairly mild course, public

health authorities, scientists, and politicians were publicly

criticized for what was considered a disproportionate

response by some groups.

Reviewing emerging infectious disease events since

SARS and avian influenza shows one thing: the ability

to respond to such events has increased [5–8]. Innovations

in laboratory methods now enable characterization of

pathogens in clinical specimens in a matter of days, the

widespread use of molecular methods in clinical labora-

tories enable deployment of new methods as soon as a

sequence is available and shared [1��,2]. More challen-

ging, however, is the question what ‘preparedness’ means

at the level of the clinician, or public health physician.

Clinicians deal with patients with unexplained illness on

a daily basis, and even with clinical syndromes highly

indicative of infectious diseases, the cause of illness is not

detected in a high proportion of patients in many parts of

the world, unless extensive and costly diagnostic work-

ups are done [9,10,11��,12��]. As symptoms of disease

caused by many different pathogens are largely overlap-

ping, clinical triaging is not straightforward. As a con-

sequence of this, diagnosis of new infections may be

delayed. This time to diagnosis of an emerging infection

is a crucial determinant of successful outbreak control: the

longer it takes, the more opportunity for onward trans-

mission is available [13�]. Therefore, surveillance aimed

at early detection of unusual disease (outbreaks) is

important.

Disease surveillance
Infectious disease surveillance is the monitoring of beha-

vior and other sources of information, for the purpose of

influencing, managing, directing or protecting the health

of humans or animals or both. This definition already

alludes to an important objective, namely that the infor-

mation can be used for action. What this action is and

what data are collected differs, depending on the type of

surveillance and the objectives of that particular system.

An effective surveillance program is capable of picking up

cases of a disease with a certain sensitivity and specificity,

in a representative sample of the population at risk, and

in time to allow control actions when needed [14,15].
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Essential for success is that the surveillance is simple, so

that clinicians for instance are willing to provide the

information that is requested, thus making the surveil-

lance sustainable. Surveillance systems consist of a range

of components that combined are designed to achieve the

objectives of that particular surveillance program. The

degree of surveillance activities is highly variable, reflect-

ing resources and capacity of the healthcare system in

different regions of the world. As a consequence,

countries may need to choose to focus on a few priority

diseases, and priorities may differ in different regions of

the world [16]. For instance in Africa, the emphasis is on

19 diseases or syndromes that are major causes of (child-

hood) mortality such as diarrheal disease, pneumonia,

infections with human immunodeficiency virus, malaria

and tuberculosis. In addition, a limited number of epi-

demic prone conditions have been defined, (such as

meningitis, cholera, yellow fever and viral hemorrhagic

fevers) and for each of these diseases specific criteria have

been formulated for training, laboratory confirmation,

reporting, and response. In 2007, the countries in the

World Health Assembly agreed to share information on

any unusual disease event by signing the new International

Health Regulations [17]. With that comes an obligation to

develop core capacity for surveillance, reporting, sampling,

and laboratory testing of the listed priority diseases, as well

as sharing of information and samples internationally when

such unusual diseases occur. It remains to be seen if this

vision for the future is realistic, although for instance the

progress of polio eradication shows that much can be

achieved despite these limitations [18��,19]. Nevertheless,

the polio example also shows that few exceptions may

hamper this progress, and societal and scientific challenges

remain [20–22].

Capturing unusual disease events through
surveillance
Regular disease surveillance uses data on recognized

illness cases for trend monitoring, and therefore does

not provide information on rare or emerging infections

unless those are known, specific enough to be recognized

as unusual, and then diagnosed (Figure 1) [23,24]. An

example could be for instance rabies, standing out as a

clinical entity due to its typical symptoms once disease

progresses [25]. More often than not, however, unusual

infections are not recognized, simply because they do not

form part of the routine diagnostic work-up of patients,

and such patients are the exception (Figure 1a). This is by

no means limited to resource poor regions of the world. A

patient with Marburg hemorrhagic fever was hospitalized

in a ward for more than a week, before being diagnosed

when her condition deteriorated. By that time more than

140 persons had been in close enough contact to allow

transmission and had to be put under stressful enhanced

surveillance [26,27]. Patients with cowpox lesions have

been subjected to surgery for removal of so called ulcers,

because they had not been recognized as such [28].
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Genotype 3 hepatitis E virus infections, widespread in

pigs in major pig-producing countries — was not seen as a

cause of human illness until studies were done targeting

the group of patients with hepatitis for which no cause

could be identified [29]. The above examples illustrate

another important point: many unusual human infections

originate from animal populations. On the basis of a

systematic review of emerging infectious disease out-

breaks occurring over a period of more than 50 years,

Jones et al. [30] concluded that 75% of emerging infec-

tious diseases are zoonotic infections. Therefore, it is

remarkable that very little is done to enhance surveillance

at the human animal interface, except for targeted stu-

dies. The ability to detect outbreaks timely increased

over the past decade, but this was not paralleled with

faster (international) public communication [31]. The

need for specifically designed systems, or a review and

refocus of existing systems to respond to the emerging

disease threats of the 20th century was recognized some

10 years ago, with the outbreaks of SARS, and the

emergence of avian influenza A/H5N1 [14]. The major

push for enhanced disease detection however followed

from the intentional release of anthrax in the US in 2001,

and subsequent investments in research into syndromic

surveillance and novel detection platforms.

Syndromic surveillance
The challenge of detecting unusual disease events in the

pool of ‘common illnesses’ has received increased atten-

tion since the deliberate release of anthrax through direct

mailing to persons working in governmental organizations

in the US, in 2001. Syndromic surveillance makes use of

the fact that most early symptoms of any infection can be

grouped in one of six recognized clinical syndromes,

defined as unexplained fever, arthritis and rash, neuro-

logical illness, respiratory illness, gastrointestinal illness,

and hemorrhagic disease [32]. Information on the occur-

rence of these illnesses may be derived from registries

such as emergency department visits (provided phys-

icians record the clinical presentation of their patients),

pharmacy sales by category of medication, requests for

laboratory diagnostics, or patient records used for billing,

for instance. Monitoring counts of patients buying over

the counter cough medication provides a trend in respir-

atory disease in the community, and validation studies

have shown that such data quite accurately reflect trends

in influenza and other viral respiratory tract infections

[32]. Once such trends are known, deviations from this

trend can be detected through statistical methods, and

then be used for alerting public health authorities

(Figure 1b). The use of modern technologies to access

and analyze media from all over the world relevance is

being used to inform public health specialists and labora-

tories about possible health threats [24,33,34,35��,36]. As

for all syndromic surveillance systems, it is difficult to

assess their added value, and particularly the balance

between cost and benefit.
www.sciencedirect.com
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Figure 1

symptoms Hidden case

Severe 
disease 

Diagnostics
available

yes 

yes 

no 

Diagnosis
and

notification

yes 
Hidden case 

no 

Unusual
presentation

no 

Enhanced
investigation

yes 
Hidden case 

no 

symptoms Hidden case                                                 

Severe
disease

Diagnostics
available

yes 

yes 

no 

Diagnosis
and

notification

yes 
Hidden case 

no 

Unusual
presentation

no 

Enhanced
investigation

yes 

symptoms Hidden case

Severe
disease

Diagnostics
available

yes 

yes 

no 

Diagnosis
and

notification

yes 
Hidden case 

no 

Basic disease detection 

Enhanced disease detection 
Syndromic surveillance  
Virus discovery 

 Serological studies 

Serological studies

POC tests

spillover (a)

(b)

(c)

Routine diagnostics 

POC and serology 

Current Opinion in Virology

Approaches used to increase ability to detect unusual disease outbreaks, showing cases captured through current healthcare system (a), with

syndromic surveillance combined with novel pathogen detection methods and serological diagnostics (b), and wider use of generic point of care tests

and sero-surveys (c). POC = point of care.
Clearly, the usefulness of syndromic surveillance

depends on how reliably the data used predict known

disease trends, in part determined by the coverage of the

particular registry, and the discipline of persons entering

the data by syndrome. Other factors are the specificity of

the syndrome: for instance ‘fever of unknown origin’ or

‘respiratory illness’ are much broader syndrome

categories than ‘hemorrhagic illness’, limiting the prac-

tical use of such broad syndromes due to low specificity

and low positive predictive value [37]. The specificity can

be increased by adding symptoms to the syndrome defi-

nition, for instance for ‘neurological illness’ by adding

‘paralytic symptoms’. This approach has been used

worldwide to detect polio virus cases, and the world
www.sciencedirect.com 
health organization has developed surveillance perform-

ance criteria by setting a minimum rate for the number of

children with acute flaccid paralysis that was tested for

absence of poliovirus as a cause of infection [38]. Similarly,

smallpox eradication would not have been possible without

door to door clinical case finding, using cards that clearly

described the symptoms of smallpox, again one of the few

diseases with a clear clinical presentation once the full-

blown disease develops [39] When considering the use of

syndromic surveillance as early warning for new introduc-

tion, however, the problem is its coverage. Spill-over

events at the human-animal interface most likely occur

more often than is currently recognized, as indicated by

serological studies (Figure 1b, c) [40–42]. However, the
Current Opinion in Virology 2013, 3:185–191
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same studies are subject to considerable debate, as

standardization of serological tests is difficult and differ-

ences in interpretation may lead to fundamentally different

risk assessments [42,43]. Case based surveillance by default

is biased for disease severity, which is relevant for individual

patients but only partly related to public health impact. An

epidemic of a certain new pathogen with a case fatality

rate of 2–3% is quite serious, but means that ‘only’ one out of

30–50 patients has a severe course of illness thereby poten-

tially misleading the clinician or public. The pandemic of

2009 was a clear illustration of the difficulty of assessing

severity during an emerging disease outbreak: initial reports

suggested severe impact, because they were based on

hospitalized cases that turned out to be only a small selec-

tion of the infected cases. Having reliable serological tools

would have helped to define the true clinical spectrum,

information that was crucial in assessing he need for control

activities [4�]. The lack of immunity is specifically stated as

a condition to be met before declaring a pandemic.

Although widely deployed, there is considerable debate

about the usefulness of syndromic surveillance against
Figure 2
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the cost of developing and maintaining such systems.

Measuring cost-effectiveness is difficult, because it is

difficult to define effectiveness: is this the number of

cases or outbreaks averted by syndromic surveillance?

How realistic is that? A systematic evaluation of the

potential uses of syndromic surveillance concluded

that — arguably — the most frequently used application

was demonstrating the absence of a problem [32]. During

the recent pandemic, syndromic surveillance was used to

monitor population impact, for instance by looking at

trends in mortality by age group [44]. Without the ability

to confirm syndrome surveillance trends by laboratory

testing, however, its applications remain limited.

Virus discovery and assessing human health
risk
The development of generic polymerase chain reaction-

based assays and sequence independent genome ampli-

fication and sequencing has revolutionized diagnostic

medicine [45]. These virus discovery approaches have

unraveled presence of previously unknown pathogens in

samples from humans and animals with different clinical
Current Opinion in Virology
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syndromes, for instance the arena virus identified in

transplant recipients with febrile illness, a novel tick-

borne bunya virus causing fever and thrombocytopenia

in humans in China, and a novel bunya virus causing

diarrhea and congenital malformations in ungulates in

Northern Europe [46��,47,48��]. In addition, viruses

have been identified in animal reservoirs, particularly

bats, raising the question of pathogenic potential for

these [49,50��,51–53]. This creates a new problem;

there currently is an imbalance between the capacity

for virus discovery and the capacity for validation of

such findings. The absence of recognized human cases

does not mean that zoonotic infection can be excluded,

given the large under-diagnosis and high proportion of

clinical syndromes that go without diagnosis. A nice

illustration  of this blind spot is seen for swine influen-

zas: the possibility of human infection with swine

influenza viruses has been demonstrated long time

ago, and sero-surveys have indicated that this is not a

rare event, given the high seroprevalence of antibodies

in humans exposed to pigs [54,55]. Despite this, how-

ever, virologically  confirmed human cases were rarely

identified. A commonly heard misconception is that this

signifies the lack of pathogenicity of these viruses for

humans. Even for a well-known pathogen like influ-

enza, that majority of cases are not recognized, because

the illness ranges from asymptomatic to severe. The

likelihood of diagnosis increases with the severity of

disease, mirroring diagnostic practice: laboratory testing in

persons with mild illness is not necessary for treatment

(Figure 2).

Targeting surveillance efforts to increase
likelihood of detection of emerging infections
In view of the above, early detection of unusual diseases

remains challenging, as summarized in Figure 2. Never-

theless, there is a move toward ‘smart’ surveillance, in

which knowledge about disease ecology is used to target

surveillance efforts. Examples of this are the geospatial

analysis of farming regions to identify hotspots for disease

transmission [56,57], including knowledge on people’s

behavior [58], GIS-based mapping of risk areas for disease

emergence in vector-borne diseases [59,60], and the use

of low threshold and syndromic methods for serology or

virus detection [61–65]. What is lacking is a global

strategy on how to link these components into a sensitive

and cost effective approach, which includes deciding

where to focus surveillance activities (with the necessary

investments), how to share relevant information despite

cultural, political, and legal barriers. The International

Health Regulations provide the legal basis, but the focus

on emerging infections is one that competes with high

priority diseases of today. Risk based strengthening of the

public health infrastructure, including laboratory

capacity, would be a major step forward. Aligning this

with a translational research agenda to develop tools,

systems, and evidence for interventions would even be
www.sciencedirect.com 
better [66]. This requires multidisciplinary partnerships

across domains (veterinary, medical, agricultural, societal),

an interesting challenge.

References and recommended reading
Papers of particular interest, published within the period of review,
have been highlighted as:

� of special interest

�� of outstanding interest

1.
��

Bermingham A, Chand M, Brown C, Aarons E, Tong C, Langrish C,
Hoschler K, Brown K, Galiano M, Myers R et al.: Severe
respiratory illness caused by a novel coronavirus, in a patient
transferred to the United Kingdom from the Middle East,
September 2012. Euro Surveill 2012, 17 pii: 20290.

Excellent case report including sufficient laboratory detail to be able to
deploy diagnostic testing in suspected cases. A model for the future.

2. van Boheemen S, de Graaf M, Lauber C, Bestebroer TM,
Raj VS, Zaki AM, Osterhaus AD, Haagmans BL, Gorbalenya AE,
Snijder EJ, Fouchier RA: Genomic characterization of a newly
discovered coronavirus associated with acute respiratory
distress syndrome in humans. MBio 2012, 3 pii: e00473-12.

3. Van Kerkhove MD, Ferguson NM: Epidemic and intervention
modelling — a scientific rationale for policy decisions?
Lessons from the 2009 influenza pandemic. Bull World Health
Organ 2012, 90:306-310.

4.
�

Van Kerkhove MD, Asikainen T, Becker NG, Bjorge S,
Desenclos JC, dos Santos T, Fraser C, Leung GM, Lipsitch M,
Longini IM Jr et al.: Studies needed to address public health
challenges of the 2009 H1N1 influenza pandemic: insights
from modeling. PLoS Med 2010, 7:e1000275.

Interesting summary of data needs during a pandemic from the perspec-
tive of modellers.

5. Centers for Disease Control and Prevention (CDC): Outbreak of
severe acute respiratory syndrome — worldwide, 2003.
MMWR Morb Mortal Wkly Rep 2003, 52:226-228 Erratum in:
MMWR Morb Mortal Wkly Rep 2003, 52:284.

6. Drosten C, Günther S, Preiser W, van der Werf S, Brodt HR,
Becker S, Rabenau H, Panning M, Kolesnikova L, Fouchier RA
et al.: Identification of a novel coronavirus in patients with
severe acute respiratory syndrome. N Engl J Med 2003,
348:1967-1976 [Epub 2003 April 10].

7. Ksiazek TG, Erdman D, Goldsmith CS, Zaki SR, Peret T, Emery S,
Tong S, Urbani C, Comer JA, Lim W et al.: A novel coronavirus
associated with severe acute respiratory syndrome. N Engl J
Med 2003, 348:1953-1966 [Epub 2003 April 10].

8. Claas EC, Osterhaus AD, van Beek R, De Jong JC,
Rimmelzwaan GF, Senne DA, Krauss S, Shortridge KF,
Webster RG: Human influenza A H5N1 virus related to a highly
pathogenic avian influenza virus. Lancet 1998,
351:472-477.

9. Rockx B, van Asten L, van den Wijngaard C, Godeke GJ,
Goehring L, Vennema H, van der Avoort H, van Pelt W,
Koopmans M: Syndromic surveillance in the Netherlands for
the early detection of West Nile virus epidemics. Vector Borne
Zoonotic Dis 2006, 6:161-169.

10. van Asten L, van der Lubben M, van den Wijngaard C, van Pelt W,
Verheij R, Jacobi A, Overduin P, Meijer A, Luijt D, Claas E et al.:
Strengthening the diagnostic capacity to detect Bio Safety
Level 3 organisms in unusual respiratory viral outbreaks. J Clin
Virol 2009, 45:185-190 [Epub 2009 June 6].

11.
��

Feikin DR, Njenga MK, Bigogo G, Aura B, Aol G, Audi A, Jagero G,
Muluare PO, Gikunju S, Nderitu L et al.: Viral and bacterial
causes of severe acute respiratory illness among children
less than 5 years old in a high malaria prevalence area of
Western Kenya, 2007–2010. Pediatr Infect Dis J. 2012. [Epub
ahead of print].

Comprehensive study of causes of pneumonia in African children with
severe acute respiratory illness, shows importance of including commu-
nity controls.
Current Opinion in Virology 2013, 3:185–191

http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0005
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0005
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0005
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0005
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0005
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0010
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0010
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0010
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0010
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0010
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0015
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0015
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0015
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0015
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0015
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0015
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0020
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0020
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0020
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0020
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0020
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0025
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0025
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0025
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0025
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0025
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0025
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0030
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0030
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0030
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0030
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0030
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0035
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0035
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0035
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0035
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0040
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0040
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0040
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0040
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0040
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0045
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0045
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0045
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0045
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0045
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0050
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0050
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0050
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0050
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0050
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0055
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0055
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0055
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0055
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0055
http://refhub.elsevier.com/S1879-6257(13)00021-7/sbref0055


190 Emerging viruses
12.
��

Feikin DR, Njenga MK, Bigogo G, Aura B, Aol G, Audi A, Jagero G,
Muluare PO, Gikunju S, Nderitu L et al.: Etiology and incidence of
viral and bacterial acute respiratory illness among older
children and adults in rural western Kenya, 2007–2010. PLoS
ONE 2012, 7:e43656 http://dx.doi.org/10.1371/
journal.pone.0043656 [Epub 2012 August 24].

Similar to the study in Ref. [9], but now in adults.

13.
�

Swaan CM, Appels R, Kretzschmar ME, van Steenbergen JE:
Timeliness of contact tracing among flight passengers for
influenza A/H1N1 2009. BMC Infect Dis 2011, 11:355.

Study reviewing the time to diagnosis in relation to contact tracing during
the pandemic in 2009.

14. Greaves F: What are the most appropriate methods of
surveillance for monitoring an emerging respiratory infection
such as SARS? J Public Health 2004, 26:288-292.

15. Jajosky RA, Groseclose SL: Evaluation of reporting timeliness
of public health surveillance systems for infectious diseases.
BMC Public Health 2004, 4:29.

16. Perry HN, McDonnell SM, Alemu W, Nsubuga P, Chungong S,
Otten MW Jr, Lusamba-dikassa PS, Thacker SB: Planning an
integrated disease surveillance and response system: a matrix
of skills and activities. BMC Med 2007, 5:24.

17. Sturtevant JL, Anema A, Brownstein JS: The new International
Health Regulations: considerations for global public health
surveillance. Disaster Med Public Health Prep 2007,
1:117-121.

18.
��

Duintjer Tebbens RJ, Pallansch MA, Chumakov KM, Halsey NA,
Hovi T, Minor PD, Modlin JF, Patriarca PA, Sutter RW, Wright PF
et al.: Expert review on poliovirus immunity and transmission.
Risk Anal 2012 http://dx.doi.org/10.1111/j.1539-
6924.2012.01864.x. [Epub ahead of print].

Hard to imagine, but there still are data gaps in relation to poliovirus
eradication.

19. Kew O: Reaching the last one per cent: progress and
challenges in global polio eradication. Curr Opin Virol 2012,
2:188-198 [Epub 2012 March 7].

20. Gulland A: Lack of money and poor security are barriers to
global eradication of polio. BMJ 2012, 345:e6619 http://
dx.doi.org/10.1136/bmj.e6619.

21. de Silva R, Gunasena S, Ratnayake D, Wickremesinghe GD,
Kumarasiri CD, Pushpakumara BA, Deshpande J, Kahn AL,
Sutter RW: Prevalence of prolonged and chronic poliovirus
excretion among persons with primary immune deficiency
disorders in Sri Lanka. Vaccine 2012 http://dx.doi.org/10.1016/
j.vaccine.2012.10.035. pii: S0264-410X(12)01481-8 [Epub ahead
of print].

22. Ogwumike OO, Kaka B, Adeniyi AF: Children with paralytic
poliomyelitis: a cross-sectional study of knowledge, attitudes
and beliefs of parents in Zamfara state, Nigeria. BMC Public
Health 2012, 12:888 http://dx.doi.org/10.1186/1471-2458-12-888.

23. Briand S, Mounts A, Chamberland M: Public health. Challenges
of global surveillance during an influenza pandemic2011,
125:247-256.

24. Morse SS: Biosecurity bioterrorism. Public health surveillance
and infectious disease detection2012, 10:6-16.

25. Frenia ML, Lafin SM, Barone JA: Features and treatment of
rabies. Clin Pharm 1992, 11:37-47.

26. Timen A, Koopmans MP, Vossen AC, van Doornum GJ, Günther S,
van den Berkmortel F, Verduin KM, Dittrich S, Emmerich P,
Osterhaus AD et al.: Response to imported case of Marburg
hemorrhagic fever, the Netherlands. Emerg Infect Dis 2009,
15:1171-1175.

27. Timen A, Isken LD, Willemse P, van den Berkmortel F,
Koopmans MP, van Oudheusden DE, Bleeker-Rovers CP,
Brouwer AE, Grol RP, Hulscher ME, van Dissel JT: Retrospective
evaluation of control measures for contacts of patient with
Marburg hemorrhagic fever. Emerg Infect Dis 2012, 18:1107-
1114 http://dx.doi.org/10.3201/eid1807.101638.

28. Ninove L, Domart Y, Vervel C, Voinot C, Salez N, Raoult D,
Meyer H, Capek I, Zandotti C, Charrel RN: Cowpox virus
Current Opinion in Virology 2013, 3:185–191 
transmission from pet rats to humans, France. Emerg Infect Dis
2009, 15:781-784.

29. Pas SD, de Man RA, Mulders C, Balk AH, van Hal PT, Weimar W,
Koopmans MP, Osterhaus AD, van der Eijk AA: Hepatitis E virus
infection among solid organ transplant recipients, the
Netherlands. Emerg Infect Dis 2012, 18:869-872 http://
dx.doi.org/10.3201/eid1805.111712.

30. Jones KE, Patel NG, Levy MA, Storeygard A, Balk D, Gittleman JL,
Daszak P: Global trends in emerging infectious diseases.
Nature 2008, 451:990-993.

31. Chan EH, Brewer TF, Madoff LC, Pollack MP, Sonricker AL,
Keller M, Freifeld CC, Blench M, Mawudeka A, Brownstein JS:
Global capacity for emerging infectious disease detection.
Proc Natl Acad Sci USA 2010, 107:21701-21706.

32. van den Wijngaard CC, van Pelt W, Nagelkerke NJ,
Kretzschmar M, Koopmans MP: Evaluation of syndromic
surveillance in the Netherlands: its added value and
recommendations for implementation. Euro Surveill 2011, 16
pii: 19806.

33. Malik MT, Gumel A, Thompson LH, Strome T, Mahmud SM:
Google flu trends and emergency department triage data
predicted the 2009 pandemic H1N1 waves in Manitoba. Can J
Public Health 2011, 102:294-297.

34. Cook S, Conrad C, Fowlkes AL, Mohebbi MH: Assessing Google
flu trends performance in the United States during the 2009
influenza virus A (H1N1) pandemic. PLoS ONE 2011, 6:e23610.

35.
��

Chan EH, Sahai V, Conrad C, Brownstein JS: Using web search
query data to monitor dengue epidemics: a new model for
neglected tropical disease surveillance. PLoS Negl Trop Dis
2011, 5:e1206.

Web search behavior as an indicator of disease. Applied to dengue, this
offers a welcome addition because traditional surveillance data are
patchy and sometimes late.

36. Chang AY, Parrales ME, Jimenez J, Sobieszczyk ME, Hammer SM,
Copenhaver DJ, Kulkarni RP: Combining Google Earth and GIS
mapping technologies in a dengue surveillance system for
developing countries. Int J Health Geogr 2009, 8:49.

37. Shih FY, Yen MY, Wu JS, Chang FK, Lin LW, Ho MS, Hsiung CA,
Su IJ, Markx MA, Sobel H, King CC: Challenges faced by hospital
healthcare workers in using a syndrome-based surveillance
system during the 2003 outbreak of severe acute respiratory
syndrome in Taiwan. Infect Control Hosp Epidemiol 2007,
28:354-357.

38. Andrus JK, de Quadros C, Olivé JM, Hull HF: Screening of cases
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