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SUMMARY

The aim of the study was to measure the positive predictive value (PPV) and sensitivity of
operational case definitions of 13 syndromes in a surveillance system based on the Emergency
online database of the Lazio region. The PPVs were calculated using electronic emergency
department (ED) medical records and subsequent hospitalizations to ascertain the cases.
Sensitivity was calculated using a modified capture—recapture method. The number of cases that
fulfilled the case definition criteria in the 2004 database ranged from 27 320 for gastroenteritis to
three for haemorrhagic diarrhoea. The PPVs ranged from 99-3 to 20; sepsis, meningitis-like and
coma were below 50 %. The estimated sensitivity ranged from 90 % for coma to 22 % for
haemorrhagic diarrhoea. Syndromes such as gastroenteritis, where the signs, symptoms, and
exposure history provide immediate diagnostic implications fit this surveillance system better than
others such as haemorrhagic diarrhoea, where symptoms are not evident and a more precise

diagnosis is needed.
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INTRODUCTION

Syndromic surveillance systems arose from the need
to immediately identify unexpected clusters of disease;
the main impetus behind building this kind of sur-
veillance has been the threat of bioterrorism [1-5].
The SARS epidemic in 2004 and the pressing threat of
an influenza pandemic are now providing more rel-
evant uses for syndromic surveillance in a wider pub-
lic health spectrum [2, 6-9].

The rationale behind monitoring syndromes in-
stead of diseases is to identify the occurrence of clus-
ters as quickly as possible [3, 10].
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To be useful and efficient a syndromic surveillance
system must be sensitive, i.e. it should recognize real
clusters, specifically, it should have a high positive
predictive value (PPV), in other words it should make
very few false positives, and timely, the cluster should
be identified early enough for an effective response
[11, 12].

One of the factors influencing both specificity and
sensitivity of a surveillance system is the operative
case definition adopted [13—15]. Several syndromes
have been under surveillance in order to monitor dif-
ferent hypothetical disease clusters [16—19]. In the
Lazio region there is an Emergency Information
System (EIS) [20] that collects all the daily admissions
from 34 (out of 61) of the emergency departments
(ED) in the region.
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Fig. 1. Flow-chart of the surveillance system. The Emergency Information System collects the data gathered at triage and at
the end of the emergency visit and transmits it to the region, where the data are automatically analysed in real-time for
clustering by the syndromic surveillance. Then the identified clusters are manually screened by the epidemiology team to

detect putative outbreaks.

In this paper we developed operational case defi-
nitions for the 13 syndromes included in the syndromic
surveillance [19] of an Italian region, which can auto-
matically be detected from the electronic emergency-
room visit report, and we estimated their sensitivity
and their PPV.

MATERIALS AND METHODS
The setting

The setting was the Lazio region, with about 5-5 million
inhabitants, which is the region of central Italy that
includes Rome (3 million inhabitants).

Data source

The syndromic surveillance system of the Lazio re-
gion is based on the EIS [20]. Since 2000, it has re-
corded all emergency ward admissions in Lazio from
all 61 EDs in the region.

For each ED admission the EIS reports:

e personal data (the name, the date and place of
birth, the gender of the patient);
e information collected at triage:

— the triage code (an operative scale of urgency
used to establish treatment priority);

— the chief complaint [grouped into 15 categories
(coma, fever, convulsions, other nervous system
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symptoms, dyspnoea, trauma, chest pain, pre-
cordial pain, vomiting, abdominal pain, intoxi-
cation, haemorrhage without trauma, other
symptoms, other pain, fixed appointment)];

— symptom onset (in hours before the visit);

— some vital parameters (body temperature, blood
pressure, respiratory rate, cardiac frequency,
Glasgow Coma Scale);

e up to five diagnoses and up to five therapeutic
procedures (both diagnoses and procedures coded
according to ICD-9-CM);

e the outcome of the admission (hospitalization,
death, transfer or discharge).

All of the data from 34 EDs is immediately trans-
ferred from the hospital to the regional system in real
time. These EDs are included in the syndromic sur-
veillance (Fig. 1).

About 40 % of the records included free-text diag-
noses, which were directly reported by the emergency
physician at the end of the visit, integrating the ICD-
9-CM codes.

Study design (Fig. 2)

The operational case definitions were tested on the
2004 database. To ascertain the cases identified, we
used a re-abstract study based on the analysis of the
electronic ED medical records and the Hospitalization
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Fig. 2. Study design. All the emergency department visits reported to the system are divided into three subsets: true syn-
dromes (solid line circle), the cases fulfilling the operational definition (dashed line circle), and the cases fulfilling the free text-
based definition (dotted line circle). The formulas used to calculate sensitivity, related to the figure by letters, are at the top
left. At the bottom left we reported an example with the numbers for respiratory symptoms with fever.

Information System (of all the hospitalizations that
occurred in our region [21] of the cases identified). As
examples of false-positive records identified, many
cases of unspecified shock (ICD-9-CM 785.50;
785.59), which were identified by the operational
definition as ‘ Sepsis or unexplained shock’ syndrome,
were re-classified as lipothymia during the re-abstract
study; furthermore, many ED visits reporting central
nervous system ICD-9-CM codes were classified
as ‘Meningitis, encephalitis, or unexplained acute
encephalopathy’ syndromes by the operational defi-
nition, but during the re-abstract study it was clear
that they were recurrences of pre-existing psychoses.

To measure the PPV, we randomly sampled, for
each of the 13 identified syndromes and among cases
with electronic medical records available, 300 cases
that matched the operational definitions. If there were
fewer than 300 cases that fulfilled the definition, we
checked the entire population. We measured the per-
centage of true positives and false positives in the
sample.

To measure the sensitivity we needed to know how
many cases were not captured by our operational case
definition. The total number of records that did not fit
any of our case definitions was very high and we ex-
pected a very low prevalence of false negatives, so the
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estimate would have been very imprecise unless we
studied a very large sample. To minimize this problem
we created a second case definition designed to be as
sensitive as possible, based on a different source of
information than that used for the operational case
definition, i.e. the free-text diagnosis of the electronic
medical record, we call this second definition the ‘free
text-based definition’.

We applied this free text-based definition on the
same dataset. We calculated the sensitivity of the free
text-based definition on the subgroup of the true
positives that we had already captured with the op-
erational definition.

We quantified the PPV of the free text-based defi-
nition on a random sample of 300 cases for each
syndrome. For this sampling we excluded all the re-
cords already captured by the operational definition;
consequently the estimated PPV refers only to the
population not captured by the operational defi-
nition. This choice allowed us to have a higher pre-
cision in the estimation of the entire population. If
there were fewer than 300 cases that fulfilled the defi-
nition, we checked the entire population.

Applying the sample estimate of the PPV of the two
definitions to the entire captured population and the
observed sensitivity of the free text-based definition to
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Table 1. Syndrome definition and putative diseases or aetiological agents

Syndrome

Definition

Putative disease/agent

1. Respiratory infection with
fever [18]

2. Gastroenteritis (diarrhoea,
vomiting), without blood
[18, 19]

3. Haemorrhagic diarrhoea
(18]

4. Febrile illness with rash
[18]

5. Lymphadenitis with
fever [18]

6. Meningitis, encephalitis,
or unexplained acute
encephalopathy [18]

7. Suspected viral
hepatitis (acute) [18]

One of the following: Chest pain, sore throat, dyspnoea,
cough, faringitis, bronchitis, broncho-pneumonia
bronchiolitis, pneumonia, chest rx positive

AND

Fever

One of the following: Diarrhoea, vomiting, gastroenteritis
without faecal blood

One of the following: Diarrhoea, vomiting, gastroenteritis
AND

Faecal blood (not needing any laboratory confirmation)
Excluding any evident reason for bleeding

One of the following: Dermatitis, exanthema, rash

AND

Fever

OR

Measles, rubella, varicella, smallpox rosolia, fifth disease, Exanthema
subitum

One of the following: Lymphoadenopathy, lymphadenoma increase
AND
Fever

One of the following: Encephalitis, meningitis

OR

One of the following: Derangement, delirium, change in the
consciousness, encephalopathy, proteins or blood cells in liquor

Without any aetiology reported

One of the following: Jaundice, sub-jaundice, hepatitis,
hyperbilirubinaemia

Biological: Anthrax, brucellosis, coccidioidomicosis, Venezuelan
equine encephalitis, dengue, Q fever, Rift Valley fever, influenza,
histoplasmosis, melioidosis, pulmonary plague, psittacosis, SARS,
tularaemia

Chemicals: Hydrogen fluoride, methyl isocyanate, rape oil,
perfluoroisobutene, ricin, tricothecene

Biological: Cholera, Ebola or Lassa fever, staphylococcus B toxin,
foodborne diseases

Chemicals: Sulfhydric acid, arsenic, barium, carbamate, cianydes,
colchicin, diquat, elemental phosphorus, cholinergic drugs,
inorganic mercury, monofluoroacetate, carbon monoxide (CO),
nicotine, organophosphoric, paraquat, ricin, sodium azide,
tetradotoxin

Massive external irradiation

Biological: Entamoeba, shigellosis

Biological: Anthrax, dengue, other arbovirus infections, scrub
typhus, tularemia, smallpox

Biological: Leishmaniosis, melioidosis, plague, tularemia

Biological: Eastern equine encephalitis, Western equine encephalitis,
Venezuelan equine encephalitis, tick-borne encephalitis, Bolivian
and Argentina haemorrhagic fever, Lassa fever, Plasmodium
falciparum, viral or bacterial meningitis

Chemicals: Strychnine

Massive external irradiation

Biological: Yellow fever, viral haemorrhagic fevers, leishmaniosis
Chemicals/toxins: Aflatoxins, arsine
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8. Haemorrhagic illness
[16, 19]

9. Botulism-like syndrome
(18]

10. Localized cutaneous
lesion [16, 17]

11. Sepsis or unexplained
shock [18]

12. Comatous status [19]

13. Unexplained death with
history of fever [18, 19]

One of the following: Face/chest/conjunctiva blush and, purpureus
rash, haemorrhagic rash, epistaxis, haemoptysis, haematemesis,
faecal blood, enterorragia, other signs of bleeding

AND

severe malaise

AND

Fever (temp. >38 °C)

OR

Leucopenia, neutropenia, anaemia, thrombocytopenia,
reduction in the coagulation factors

Excluding acute leukaemia.

One of the following: Aphasia (dysphonia, dysarthria, dysphagia),
cranial nerves lesions or paralysis, descending paralysis, ptosis,
cloudy vision, diplopia

AND

Absence of chonic conditions explaining the symptoms

OR

Suspect or confirmed botulism

Acute local oedema

AND/OR

Cutaneous lesion, vesicle, ulcer, eschar

Including: insect bites

Excluding: disseminated lesions, generalized rash, diabetes
and peripheral venous disease associated ulcer

One of the following: Severe hypotension, sepsis, septic shock,
non-cardiac shock, non-traumatic shock

AND

Absence of trauma, acute myocardial infraction, congestive
cardiac failure

Coma

Without mention of trauma or chronic conditions explaining
the syndrome

Death occurred in the ER or during the ambulance transport

Without mention of trauma or chronic conditions explaining
the syndrome

Biological: Viral haemorrhagic fevers, plague
Chemicals: Superwarfarin, trichothecene
Massive external irradiation

Biological: Botulism
Chemicals: Toxic alcohols, inorganic arsenic, brevetoxin, organic
mercury, saxitoxin, tallium

Biological: Anthrax, leishmaniosi, melioidosi, tularemia
Massive external irradiation

Biological: Septic syndromes caused by several agents

Chemicals/toxins: Opioids, other toxins
Massive external irradiation

Biologicals: Various
Chemicals: Various
Toxins: saxitoxin, tetrodotoxin, botulin, tricotecene
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the subset of the operational definition, we estimated
the number of true cases captured by both definitions,
those captured by the operational definition only, and
those by the free-text definition only. These three
quantities were then used to calculate the true cases
not captured by either definition through a capture—
recapture method assuming the two sources were in-
dependent.

The following formula was adopted to estimate the
entire population and consequently the sensitivity of
the operational definition (Fig. 2):

Capture-recapture: (a+d+e+7?)
(PPV eyt Niext)

=(PPV,
PPV op Sensiex

Nop) +

where a represents the true cases captured by both
definitions; d the true cases captured only by the free-
text definition; e the true cases captured only by the
operational definition; ? the true cases not captured
by any definition; PPV, is the sample estimate of
the PPV of the operational definition; N, is the
number of cases captured by the operational defi-
nition; PPV ., is the sample estimate of the PPV of
the free-text definition among the population not
captured by the operational definition; N, is the
number of cases captured by the free-text definition
among the population not captured by the oper-
ational definition; Sens,, is the sample estimate of
the free-text definition sensitivity.

Estimate of uncertainty due to the sampling
procedures

We calculated 95 % confidence intervals (95 % CI) for
the PPV sample estimates according to a binomial
distribution. The 95% CI for sensitivity rate was cal-
culated using Monte Carlo [22] simulations assuming
binomial distributions of the sample estimates for the

PPV,p, PPV oy and Sensex.

Power of the study

The 300 case samples provided a precision of +3 % in
the case of a 50% PPV, i.e. the case maximizing the
variance and the uncertainty.

RESULTS

The EIS collects records from about 2-2 million ED
visits per year, 1'5 million are from hospitals that
participate in the syndromic surveillance system.
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Table 1 presents the syndromes and their oper-
ational case definitions. Most of the definitions are
based on the information gathered at triage (e.g. fever,
absence of trauma or other chronic conditions), first
contact between the patient and the emergency per-
sonnel, the diagnosis given at the end of the visit,
and on outcome of the visit (i.e. for ‘unexplained
death’). Only one syndrome, haemorrhagic diarrhoea,
requires the presence of two diagnostic codes at the
same visit.

Neurological syndromes include the largest number
of codes from different chapters of the ICD-9-CM:
infectious diseases, neurological disorders, symptoms
and trauma.

The number of cases that fulfilled the operational
case definition in 2004 ranged from 27 320 for gastro-
enteric syndrome to three for haemorrhagic diarrhoea
(Table 2). The PPVs ranged from 99-3 to 20, half of
the definitions have a PPV over 90 %, while sepsis,
neurological/meningitis and coma are below 50 %.

To calculate the sensitivity of our operational defi-
nitions we used a second definition, based on the free-
text diagnosis, which was developed to be as sensitive
as possible despite its low specificity. The free text-
based definitions are given in the Appendix (available
in the online version of the paper), together with a
complete list of the codes used in the operational defi-
nitions. Table 3 presents the sensitivity of the free
text-based definitions, measured on the subset of true
positives of the operational case definitions: the ob-
jective of high sensitivity was reached since all values
are close to or over 90 %. On the other hand, the PPVs
range from 2% to 78 %.

The sensitivity of the operational definitions, ob-
tained through the modified capture—recapture model,
ranges from 90 % for coma to 22 % for haemorrhagic
diarrhoea.

DISCUSSION

The formation of new public health goals has freed
syndromic surveillance from its original objective of
being a tool to prevent bioterrorism, and given it new
relevance and applicability [2, 9].

The syndromes to be monitored were selected by a
collaborative panel composed of the Ministry of
Health and Defence [19]. The goal of this surveillance
is to detect unexpected clusters of existing diseases as
well as putative bioterrorism attacks. Bearing in mind
the objectives of the surveillance system, we evaluated
how the case definitions worked in practice.
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Table 2. Number of cases captured by the case definitions and positive predictive values (PPV)

Syndrome N N* Sample PPV (%) 95% CI
Respiratory infection with fever 19211 6492 298/300 99-3 98-3-100
Gastroenteritis 27320 10138 283/300 94-3 92-96-3
Haemorrhagic diarrhoeat 3 0 2/2 100 —1
Febrile illness with rash 3864 1438 295/300 983 97-99-3
Lymphadenitis with fever 154 55 53/55 96-4 —I
Meningitis-like syndrome 9441 3670 110/300 367 32-41-3
Suspected viral hepatitis (acute) 3649 1338 175/300 583 53-7-63
Haemorrhagic illness 4822 1885 173/300 57-7 53-62-3
Botulism-like syndrome 5135 1872 173/300 57-7 53-62-3
Localized skin lesion 9842 4417 267/300 89 86-92
Sepsis or unexplained shock 449 200 59/200 29-5 —1
Coma 2063 836 148/300 49-3 44-3-54
Unexplained death§ 555 241 202/216 93-5 —1

* Number of cases for which the free-text definition was available.

+ Two out of three cases, without free-text diagnosis were ascertained directly checking the medical records, for the last one
the medical record was not available.

1 Since the captured cases were less than 300, we checked all the available records.

§ For 25 cases the free-text diagnosis was not informative and was not included in the PPV proportion.

Table 3. Sensitivity of the case definitions. In the following table are reported the values used to estimate the
sensitivity of each operational case definition : the sensitivity of the free-text definition, the positive predictive value
(PPYV) and the estimated number of missed cases

Number of Sensitivity of the PPV of the

records captured free text def~tion free-text defi~**on§

by the free-text Sensitivity
Syndrome definition* N/N Yo N/N Yo (%) 95% CIt
Respiratory infection with fever 3879 282/298 94-6 129/300 43-0 785 76-6-80-6
Gastroenteritis 6358 263/268 981 134/292 459 75-6 73-6-77-6
Haemorrhagic diarrhoea 9 2/2 100 7/9 77-8 22-2 —1
Febrile illness with rash 520 280/295 94-9 238/300 79-3 765 75-5-77-5
Lymphadenitis with fever 194 51/53 96-2 42/194 216 54-8 —1
Meningitis-like syndrome 6172 96/110 873 36/297 121 324 26-2-40-4
Suspected viral hepatitis (acute) 2266 165/175 94-3 42/256 16-4 533 47-5-59-7
Haemorrhagic illness 3366 164/173 94-8 53/300 177 63-4 58-4-68-6
Botulism-like syndrome 5039 159/173 919 49/288 17-0 53-7 48-3-58-8
Localized skin lesion 7331 254/267 95-1 107/296 361 817 79-9-83-5
Sepsis or unexplained shock 333 51/59 864 39/300 13-0 567 —1
Coma 1379 139/148 939 5/300 17 90-2 82:1-96-1
Unexplained death 616 197/202 97-5 65/300 21-7 59-6 55-8-63-6

* The free-text definition has been applied only to the records that have not been captured by the operational definition.

1 The 95 % confidence intervals have been calculated using Monte Carlo simulation and assuming binomial distribution for
the sensitivity and the PPVs.

i For these syndromes we did not estimate the 95% CI because of small numbers, the results are subject to extreme
variability.

The syndrome with the lowest PPV was sepsis or  and the syndrome’s severity led us to use a non-
shock. This is an obvious consequence of the low  specific definition to maximize sensitivity. Unfortu-
prevalence of this syndrome [23, 24]. Furthermore, nately, despite the low PPV, the sensitivity is still not
the a priori knowledge of the small number of cases  high.
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The neurological syndromes, central (associated
with meningitis) and peripheral (associated with
botulism), performed worst (low sensitivity and low
specificity). This reflects the multitude of symptoms
that an acute neurological disorder may produce;
these are not syndromes but systemic diseases that
include several syndromes [24-26].

The operational definition used for haemorrhagic
diarrhoea syndrome is not well adapted to this infor-
mation system because it needs the presence of two
diagnoses, while more than 90 % of the cases in our
dataset list only the principal diagnosis. All other
syndromes that require the presence of two conditions
can use at least one from triage (chief complaint or
vital parameters).

The low sensitivity for unexplained death was un-
expected. If the sensitivity of the automatic surveil-
lance of ED visits is less than 60 %, such an important
syndrome should be surveyed with several sources of
information and followed by specific training for ER
personnel.

Limits and methodological remarks

We calculated the sensitivity with a simple two-source
capture-recapture method. This model assumes
that the two capturing methods are independent
(not a very reasonable assumption). We modified the
capture-recapture model to take into account cap-
tured cases that were false positives, i.e. we adjusted
for poor specificity, but we estimated the proportion
of false positives only on a sample of the captured
cases.

Another limit of the study is our gold standard: we
used all the information available in the electronic
ED medical records and hospital admission databases
to identify cases, but the accuracy of this information
is often poor [21]; on the other hand, this approach
permitted us to evaluate 13 syndromes relatively
quickly without site visits or having to re-abstract
paper medical records.

To our knowledge, there are few studies that apply a
capture-recapture model to adjust for the PPV of the
data sources; van Hest and colleagues [27] accounted
for the non-ascertainment of cases and for imperfect
record-linkage in their estimate of tuberculosis under-
notification, but their results are not comparable
with ours since they were interested in laboratory-
confirmed cases while our aim was to capture syn-
dromes.
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CONCLUSIONS

EDs are universally considered one of the best sources
for syndromic surveillance [12, 28]. The present study
confirms that an online emergency information system
can be efficiently used to automatically monitor sev-
eral syndromes [7, 25, 29-33].

The sensitivity and PPV estimates we propose are
context-specific and cannot be applied to other sur-
veillance systems, because the operational definitions
must be established with local emergency physicians
and tested in the area under consideration. Never-
theless, the method we propose can be used in any
automated surveillance system and some general
findings about the syndromes to be monitored can be
made. Some syndromes, such as gastroenteritis, where
the exposure history [34] and symptoms are immedi-
ately clear, fit this surveillance better than others, such
as hemorrhagic diarrhoea, where the symptoms are
not evident and a more precise diagnosis, often based
on a simple laboratory test, is needed.
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