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ABSTRACT

Aim: The aim of study was to evaluate completeness and estimate sensitivity of the measles surveillance using the new electronic
version of the national notification system of infectious diseases (ISIN) in order to assess its performance.

Material and Methods: The completeness of measles reporting in the ISIN for demographic characteristics (week and region of re-
porting, age and gender), date of onset, complications, hospitalisations, vaccination status, used laboratory methods and country
of import from January 2018 to June 2019 was assessed. The register from National Reference Laboratory (NRL) and the ISIN were
compared using the capture-recapture method (CRM). Cases were matched using unique personal identifier. The total number of
measles cases in the population was assessed using the Chapman’s formula. Sensitivity of reporting was calculated by dividing the
number of reported cases by the CRM estimated true number of cases.

Results: In the ISIN, 765 measles cases were registered within specified time period. For many variables 100% completeness was
found. The data were missing mainly for vaccination status (20%), serology results (55%) and used laboratory methods (8%). The
NRL confirmed 653 patient samples in respected period. Within both registries (ISIN and NRL) the total 612 cases were matched.
Estimated real number of measles cases using the CRM was 816 (95% Cl: 809-823) compared to 806 reported cases. The estimated
surveillance system sensitivity was 98.8%. Five percent (n = 41) of cases tested positively in the NRL were not reported to the ISIN.
Conclusions: We found high level of reported measles data completeness in the ISIN for most variables. Estimated real and report-
ed number of cases was in a good correlation and calculated sensitivity of the ISIN was on very high level. Though, the data sources
used in the study were not independent on each other, therefore results may not be fully accurate. The technical changes (more
mandatory fields and more logical syntax to check data) in the ISIN to improve data completeness are being recommended. Data
providers should report all measles cases to the ISIN with maximum precision in entering individual variables and investigating
laboratories should send samples for confirmation to the NRL in required cases.
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SOUHRN

Liptakova M., Spa¢kova M., Prikazsky V., Limberkova R., Repelova S., Orlikova H., Balasegaram S., Castkova J.:
Prvni zhodnoceni tplnosti dat a senzitivity systému surveillance u spalni¢ek v Ceské republice, 1. leden 2018
az 30. cerven 2019

Cile: Cilem studie bylo vyhodnotit Gplnost dat a odhadnout senzitivitu surveillance spalni¢ek v rdmci hlaSeni do nové elektronické
verze narodniho Informacniho systému infekéni nemoci (ISIN) za ucelem posouzeni fungovani tohoto systému.

Metody: Byla hodnocena Uplnost hlaseni spalnicek v ISIN pro demografické charakteristiky (tyden a kraj hlaseni, vék a pohlavi),
datum prvnich priznakd, komplikace, hospitalizace, stav ockovani, pouzité laboratorni metody a zemé importu od ledna 2018 do
cervna 2019. Pomoci metody dvojiho zéchytu ,capture-recapture method” (CRM) porovnanim registr(i Narodni referen¢ni labora-
tore (NRL) a ISIN byl vyhodnocen pocet piipadl spalnicek. Pfipady byly sparovany pomoci jedine¢ného osobniho identifikatoru
(rodné ¢islo). Celkovy odhadovany skutecny pocet pfipadd spalnicek v populaci byl vypocten pomoci Chapmanova vzorce. Senzi-
tivita hlaseni byla kalkulovana podilem poctu hlasenych piipadd odhadovanym skute¢nym poctem pfipadd pomoci CRM.
Vysledky: V ISIN bylo ve stanoveném casovém obdobi nahlaseno 765 piipadd spalnicek. U mnoha proménnych byla nalezena
100% Uplnost. Data chybéla hlavné u statusu ockovani (20 %), sérologickych vysledkil (55 %) a pouzitych laboratornich metod
(8 %). NRL vysetfila v uvedeném obdobi 653 vzorki pacientd. V obou registrech (ISIN a NRL) bylo zachyceno celkem 612 shodnych
piipadd. Odhadovany skutecny pocet piipadud spalnicek v populaci pomoci CRM byl 816 (95% Cl: 809-823) ve srovnani se skutec-
né hlasenymi 806 ptipady pfi sparovani dat obou systémU. Odhadovana senzitivita surveillance systému je 98,8 %. Pét procent
(n=41) pfipadud pozitivné testovanych v NRL nebylo v ISIN hldseno.
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Zavér: U vétsiny proménnych jsme zjistili vysokou uroven Uplnosti idajli o pfipadech onemocnéni spalni¢ckami hlasenych v ISIN.
Odhadovany skute¢ny a redlné hlaseny pocet piipadl dobie koreloval a vypoctena senzitivita systému ISIN byla na velmi vysoké
urovni. Zdroje dat pouzité ve studii nebyly navzajem dostate¢né nezdvislé, a proto vysledky nemusi byt zcela pfesné. Do budoucna
je vhodné provést urcité technické zmény v ISIN, zejména nastavit vice povinnych poli v rdmci jednotlivych proménnych a vice
logickych syntaxi v automatickém nastaveni systému, pro dosazeni vyssi Uplnosti, kontroly kvality a validity vkladanych dat. Po-
skytovatelé udaju by méli do ISIN hlasit vsechny piipady spalnicek s maximalni preciznosti pfi zadavani jednotlivych proménnych,
a vysettujici laboratofe zasilat vzorky ke konfirmaci do NRL v poZzadovanych pfipadech.

KLICOVA SLOVA

aplikovana epidemiologie - surveillance - metoda capture-recapture - spalni¢ky — analyticka studie

Epidemiol Mikrobiol Imunol, 2022;71(2): 109-117

INTRODUCTION

Measles is an acute, highly contagious viral disease
capable of causing large epidemics mainly in unvac-
cinated or under-vaccinated populations. Measles vi-
rus (Morbillivirus) is transmitted from person to person
via airborne route, or by direct contact with nasal and
throat secretions of infected individuals. Infectivity is
in susceptible individuals close to 100% and globally,
measles remains a leading cause of childhood deaths
even though a safe and cost-effective vaccine is avail-
able. In 2018, there were more than 140 000 measles
deaths globally, mostly among children under the age
of five [1]. Immunization is the only effective preventive
measure against measles and eliminating the disease
remains one of the top immunization priorities for the
World Health Organization (WHO) European Region [2].
In 2017, the EU/EEA member states experienced a resur-
gence of measles with the majority of cases (87%) oc-
curring in gaps in cohorts of individuals that missed-out
vaccination [3]. In the Czech Republic, cases increased
from 0 in the year 2010 to 146 cases in 2017 (notification
rate per 1 000 000 population was 13.8), 207 cases in
2018 (notification rate 19.5), 590 cases in 2019 (notifi-
cation rate 55.4) and decreased to only 4 cases in 2020
(notification rate 0.4) [4, 5]. Increased number of mea-
sles cases was seen due to measles outbreaks [6, 7]. The
European Regional Verification Commission conclud-
ed in 2018, that the transmission of measles virus was
re-established in the Czech Republic [8]. The reasons for
decreasing vaccination coverage [9-11] are most prob-
ably parental refusal of vaccination [12, 13] which is also
influenced by anti-vaccination activities [14]. Further,
there is impact of waning immunity [15]. To combat the
disease in future, the stable immunization programs
and surveillance systems are key elements. Special em-
phasis should be put on information of possible disease
importation, travel history within the considerable incu-
bation period, and on the vaccination history.

In the Czech Republic, former Czechoslovakia, a long-
-term measles surveillance program was introduced
simultaneously with implementation of mandatory
measles vaccination program into the National Immuni-

zation Program in 1969 [16, 17]. Nowadays, since 1 Ja-
nuary 2018 the two-dose vaccination regimen is sche-
duled for children 13-18 months and 5-6 years of age.
Reporting of infectious diseases (including measles) is
mandatory [18]. The current measles surveillance sys-
tem in the Czech Republic consists of comprehensive,
nationwide, system which is case-based and harmo-
nised with the EU legislation [19] and according to the
Decree 473/2008, Annex 4 — measles [20]. New version
of electronic Czech national web-based notification
system of infectious diseases “Information system of
infectious diseases” (ISIN), that replaced previous elec-
tronic system called EpiDat, was launched on 1% Janu-
ary 2018. Healthcare providers take biological material
and ensure its transport to the laboratory. The investi-
gating (regional) laboratory examine the samples and,
in the case of a laboratory-confirmed case, arrange
that a serum aliquot is sent to the National Reference
Laboratory (NRL). Healthcare providers, those who first
diagnose the disease, are obliged to report cases to one
of 14 Regional Public Health Authorities (RPHAs) that
further perform epidemiological investigation, inclu-
ding control of vaccination, in order to determine the
source of the infection and the route of the transmis-
sion. RPHAs report the case-based information into the
ISIN. Confirmation of measles cases is performed by the
NRL for measles, mumps, rubella and parvovirus B19.
Internal data validity is generally controlled for the first
time thoroughly at data entry into the system: e. g. date
of onset cannot be set later than date of notification, in-
valid dates cannot be uploaded and duplicities shall be
checked automatically based on the unique personal
identification number (UPIN).

The National Institute of Public Health (NIPH) validates
the data and export them to the TESSy (The European
Surveillance System) on monthly basis and provides an-
nual analysis to the WHO and to the Ministry of Health
of the Czech Republic (MoH). Monitoring data validity
within the surveillance system is extremely important
in order to avoid false alarms and unnecessary public
health interventions [21, 22]. Surveillance reflects the
actual epidemiological situation and appropriate public
health strategies are designed accordingly.
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The aim of this study was to evaluate data quality by
measuring sensitivity, completeness, and validity of
measles surveillance system in the Czech Republic us-
ing the capture-recapture method (CRM) and to make
recommendations for improvements if necessary.

MATERIAL AND METHODS

The measles data maintained within period 1%t Janu-
ary 2018 to 30" June 2019 in ISIN were analysed. The
population under surveillance was the whole Czech
population using annual census population data from
the Czech Statistical Office (CSO).

Descriptive analysis of the data was performed.
A case was defined as any patient with clinical symp-
toms of measles reported to the ISIN under the the
10th revision of the International Classification of
Diseases (ICD-10) code “B05” with reporting week
between 15t January 2018 to 30™ June 2019, based
on 2008 EU case definitions. The case is defined as
1) possible: any person meeting the clinical criteria;
2) probable: any person meeting the clinical criteria
with an epidemiological link; 3) confirmed: any per-
son not recently vaccinated and meeting the clinical
and the laboratory criteria [19]. All cases compliant
with the EU case definition were retrieved and analy-
sed during the period under the study. Demographic
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characteristics, i. e. age, gender, region of reporting
(based on place of residence), place of isolation and
complications, vaccination status, number of vaccine
doses administered, date of vaccination, date of labo-
ratory testing, laboratory results of serologic tests
and imported/autochthonous cases were analysed
using absolute numbers and relative frequencies.
Data for laboratory methods were retrieved solely
from the ISIN, therefore we mention only the most
frequent results.

Completeness of ISIN data was measured as propor-
tion of completed (having a valid value) and unfilled
(missing) variables. Following variables were checked:
date of onset, week of reporting, patient’s age, gender,
region of reporting, place of isolation and complications,
vaccination status, number of vaccine doses if vaccina-
ted, date of vaccination, date of laboratory testing, labo-
ratory results of serologic tests, genotyping if performed,
outbreak/sporadic cases, type of case (imported, au-
tochthonous) and travel history (country of import).

The capture-recapture method was used to assess
the total number of cases. The capture probabilities
of cases within each source were estimated. To iden-
tify common cases, we compared the two data sourc-
es using the UPIN as a common identification key to
match the data from the ISIN and the NRL. Two-list CRM
technique was used as illustrated by the Venn diagram
(Figure 1).

B

Figure 1. Schematic description of the distribution of the total number of cases in a two-source capture-recapture model

(Venn diagram) [24]
N - the total number of cases in the population

L, and L, - the number of cases captured by each one of the two systems

m — the number of missing cases from both systems
d - the duplicates
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The total number of measles cases in the population
(N) was calculated manually by Chapman’s formula [23]:

L+ DL, + D)
N= d+1 -1

Where L1 is the number of cases in the NRL register,
L2 is the number of cases reported to ISIN, and d (du-
plicates) is the number of cases captured by both sys-
tems. 95% Cls was calculated using:

(Ly + DLy + DLy —d)(Ly — d)
d+1D2(d+2)

95CI =N + 196\}

The system sensitivity was assessed through estima-
tions of the total cases in the population under surveil-
lance using CRM. Data sources were the ISIN and the
NRL register (samples of measles cases sent from re-
gional laboratories to the NRL confirmation testing and
genotyping). The data were matched using the UPIN.
Based on the UPIN, by name and surname we manu-
ally compared number of cases from the ISIN and from
the NRL register. The sensitivity of reporting was calcu-
lated as the proportion of reported cases to the esti-
mated true number of cases according to the formula:
Se (%) = N/NE x 100; where Se = estimated sensitivi-
ty, N = number of reported cases, NE = estimated true
number of cases calculated by the CRM [24].

RESULTS

Within the period from 1°t January 2018 to 30™ June
2019 the total of 765 measles cases, including 715 con-
firmed, 28 probable and 22 possible cases based on
the EU case definition were reported in the ISIN. The
descriptive analysis of demographic characteristics
of the patients with measles revealed that by gender
404 (53%) cases occurred in males while 361 (47%) in
females. Age range of cases in the ISIN was 0-75 years.
The most affected age groups were adults 30-39 years
in 195 (25%) cases and 40-49 years in 196 (25 %) ca-
ses, while adults aged 20 years and above accounted
for 75% of the cases, 676 (88%) cases were of autoch-
thonous origin while 89 (12%) cases were imported. As
a country of import was reported: Ukraine in 57 of 89
imported cases (66%), Vietnam 5 (6%), France 4 (5%),
Austria 2 (2%), Greece 2 (2%), Slovakia 2 (2%), Thailand
2 (2%), Egypt 1 (1%), Georgia 1 (1%), Germany 1 (1%),
Hungary 1 (1%), India 1 (1%), Israel 1 (1%), Madagascar
1 (1%), Myanmar 1 (1%), Poland 1 (1%), Russia 1 (1%),
Serbia 1 (1%), Switzerland 1 (1%) and United Kingdom
1 (1%).

Each report identified UPIN, included date of onset,
week of reporting in the ISIN, patient’s age, gender, re-
gion of reporting, imported/autochthonous case and

in these variables 100% completeness of 765 reported
cases was found. Among 2 imported reports (2%) no
travel history was mentioned. In 698 (91%) of cases no
complications were reported. In 36 cases (5%) other
complications (diagnosis B05.8 based on ICD-10), in 16
(2%) pneumonia, in 9 (1%) intestinal complications, 5
(< 1%) otitis media and 1 case (< 1%) meningitis were
described. Of total 726 cases with known history of
hospitalisation (95% of all cases), 512 (70.5%) were
hospitalised at infectious diseases ward and 10 (1%) in
other health care facility. 204 (28%) cases were isolated
at home. Measles vaccination status was reported in
the ISIN as:“yes = vaccinated”in 309 (40%) cases, “no”in
308 (40%) and a missing value was in 148 (20%) cases.
Any vaccine dose was reported in 244 (32%) cases in
the ISIN (Tab. 1). Date of vaccination was available for
49% (152/309) of vaccinated cases. The cases were re-
ported from all regions of the CZ. The regional distribu-
tion in the ISIN was as follows: City of Prague (78 cases),
Pardubice Region (61), Moravian-Silesian Region (54),
Hradec Krélové Region (53), Central Bohemia Region
(48), Pilsen Region (36), South Bohemian Region (17),
Southern Moravia Region (11), Liberec Region (5), The
Usti Region (4), Olomouc Region (4), Vyso¢ina Region
(3), Zlin Region (2) and Karlovy Vary Region (1).

Date of laboratory testing was filled in the ISIN in 752
(98%) cases. Most tested laboratory specimen were
serum in 309 cases (41.5%, n = 744) and nasopharyn-
geal swab in 216 cases (29%, n = 744). Any laboratory
method was reported in the ISIN in 706 measles ca-
ses (92%). The cases were tested mainly by the Poly-
merase Chain Reaction (PCR) method in 282 (40%)
and Enzyme-Linked ImmunoSorbent Assay (ELISA)
in 272 (38.5%). Total of 375 cases (50%, n = 752) were
confirmed in the NRL, 377 cases (50%, n = 752) were
confirmed in regional laboratories from all regions in
the Czech Republic and in 13 cases the information was
missing. The results of serologic testing were positive in
668 cases (94%, n = 712), borderline in 4 cases (< 1%),
negative in 28 cases (4%) inconclusive in 12 cases (2%)
and missing in 53 cases (7%), however, all these cases
were reported in the ISIN. The most missing data were
on IgM or IgG serology (55% and 56% respectively). In
total, 387 outbreak related cases (originating from five
outbreaks) and 378 sporadic cases were reported in the
ISIN (Tab. 2). Information about genotypes D8 and B3
are mentioned based on data available in the ISIN and
in the NRL register.

In total, 653 (L,) measles cases (samples) were sent to
the NRL and 765 (L,) was the number of measles cases
reported to the ISIN. The number of matched cases was
612 (d). In 2018, 207 measles cases were reported to
the ISIN, of which 31 (15%) were not tested in the NRL.
From January to June 2019, 558 cases of measles were
reported to the ISIN, of which 122 (22%) cases were not
tested in the NRL (Tab. 3). Using CRM we estimated 816
(95% Cl: 809-823) as the true number of measles cases.
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Table 1. Measles cases in the Czech Republic, age group and vaccination status, ISIN, January 1, 2018 until June 30, 2019

Age group Number of Vaccination status (doses)
yeor I N T N NN

01-04 79 10 73 0 6 0 0
05-09 16 2 13 0 1 2 0
10-14 18 2 7 0 1 9 1
15-19 41 5 26 0 0 14 1
20-24 63 8 36 0 5 22 0
25-34 126 16 74 0 2 49 1
35-44 218 28 123 0 34 61 0
45-54 141 18 105 1 18 17 (0]
55-64 21 3 21 0 0 0 0
65-74 4 <1 4 0 0 0 0
75+ 1 <1 1 0 0 0 0
Total (number) 765 520 1 67 174 3
Total (%) 100% 68% <1% 9% 23% <1%

m = missing data
NA = not applicable
ISIN = Information system of infectious diseases

Table 2. Number of reported measles cases by reported source, genotype, region and epidemiological settings in the Czech Republic,
January 1, 2018 until June 30,2019

Cases in outbreaks
Region

Outbreak related NRL (n*) Sporadic cases
(report in ISIN) (report in ISIN)

Prague 10 (D8) 49 (D8), 2 (B3) 0 17(D8), 1 (B3)
Central Bohemian 0 0 0 84 1(D8),1(B3) 16(D8),5 (B3)
South Bohemian 0 0 0 22 1 (D8) 3 (D8)
Plzen 0 0 0 47 5 (D8) 7 (D8)
Karlovy Vary 0 0 0 1 0 0
Usti nad Labem 0 0 0 9 0 0
Liberec 0 0 0 13 1(D8) 1(B3)
Hradec Kralové 35 3 (D8) 6 (D8) 44 2(D8) 4(D8),1(B3)
Pardubice 0 0 0 68 0 11 (D8)
Vysocina 0 0 0 10 0 2 (D8)
South Moravian 7 1(D8) 1(D8) 22 1(D8) 3 (D8)
Olomouc 0 0 0 6 0 0
Zlin 0 0 0 10 3 (D8) 8 (D8)
Moravian- 10 2 (D8) 4 (D8) 7 0 0
Silesian 93 42 (D8) 57 (D8) 0 0 0
Total cases 387 58 (D8) 117 (D8), 2 (B3) 378 14 (D8), 1 (B3) 71 (D8), 8 (B3)

(*) = genotype in brackets
ISIN = Information system of infectious diseases
NRL = National Reference Laboratory
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Table 3. Number of reported and estimated measles cases in the Czech Republic according to reporting source (ISIN, NRL), January
1,2018 until June 30, 2019 [22]

1.1.-30.6

ISIN+/NRL+ 130

ISIN+/NRL- 17
ISIN-/NRL+ 3
147
NRL total 133
Measles surveillance total
150
(reported)
Measles surveillance total 150

(estimated)

(+) captured by this source

(-) not captured by this source

ISIN = Information system of infectious diseases
NRL = National Reference Laboratory

Actual number of reported cases was 806. The overall
estimated sensitivity of surveillance of measles cases
was 98.8%. Five percent (n = 41) of cases tested posi-
tively in the NRL were not reported to the ISIN.

DISCUSSION

The main purpose of public health surveillance is
to provide complete data regarding the disease bur-
den in the respective population, create alerts and
warnings and to show, where the public health re-
sponse is highly appreciated. The assessment of the
data should be performed at the timely manner. The
conclusions and recommendations derived should be
evidence-based and as such be presented to stake-
holders and decision makers. Based on such data, de-
cisions towards improving public health and their ju-
risdiction shall be made [25, 26]. Due to administrative
problems in legislation process, the EU case definition
2012 and the EU case definition 2018 have not been
implemented in the Czech Republic yet. Therefore, in
the Czech Republic is still valid legislation based on
EU case definition 2008.

ECDC reports that the age-specific notification rates
decreased with increasing age, with unvaccinated chil-
dren < 1 year and aged 1-4 years most affected, while
adults aged 20 years and above accounted for 36% of
cases [27]. Our study showed different findings, be-
cause adults aged 20 years and above accounted for
75% of cases. This is a very typical picture in popula-
tions with good vaccine coverage. Any vaccine dose
was reported in 244 (32%) cases in the ISIN. In ECDC
report, 11% of cases were vaccinated with one dose
of measles, mumps and rubella (MMR) vaccine, vs. 9%
in our study; 7% with two doses vs. 23% in our study
and < 1% had been vaccinated with an unknown num-

.-30.6. 1.7.-31.12. .1
2018 2018 2019
46 436

1 1 _30. 6.

612

14 122 153
2 36 41
60 558 765
48 472 653
62 594 806
62 604 816

ber of doses [27]. Our records are based on case report,
so maybe prone to error (compared to a vaccination
register). In our study in 21% (65/309) of vaccinated
cases the number of vaccine doses was not reported. It
is important to note that surveillance systems as well as
the proportion of laboratory confirmed cases in EU/EEA
Member States are heterogeneous, and direct compari-
sons between countries should be made with caution.

Completeness of the reporting is an important attri-
bute to achieve this objective. In the real world how-
ever, it is a very challenging task to capture all cases
of a disease in the population; therefore, evaluation
of completeness is required on a regular basis [24, 26].
Percentage of measles routine surveillance reports sub-
mitted from subnational to national level for countries
in European region reporting case-based surveillance
data monthly that meet surveillance indicator com-
pleteness has been improved from 75% in year 2009 to
100% in year 2018 [28]. In time 1. 1.-30. 6. 2019 in ISIN
in total were reported 558 measles cases. We declare
that 590 measles cases were reported in the Czech Re-
public in the year 2019. It means that 94% (558/590) of
measles cases reported in ISIN in the year 2019 were
notified during our period. Data completeness in our
study was similar to results of Italian study where com-
pleteness was >98% for mandatory variables, the in-
complete variables were 67% for ‘laboratory results of
serologic test’and 76% for ‘sampling date’[29]. Authors
in South Africa compared laboratory surveillance of
measles with the notifiable diseases surveillance sys-
tem; fewer cases were notified than confirmed in the
laboratory [30]. Completeness for the laboratory sys-
tem for measles was (63% vs. 47%) [30]. In our study
the data completeness was on a high level for tested
variables, except for vaccination status data, laboratory
methods and results of IgM and IgG serology, where is
potential for improvement.
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Some discrepancies were noticed in laboratory me-
thods which had incorrect information uploaded in the
ISIN, e.g.: PCR is about the same as proof of RNA virus;
the complement-fixation reaction should belong to se-
rology method. In six cases was written “other laborato-
ry method’, including a one case “CLIA” (chemilumines-
cent immunoassay), two cases serology method and
three cases antibodies against measles. In three cases
laboratory method was filled in as unknown, but for
two cases in result section in the ISIN was written IgM
and IgG positive and for the last case “laboratory-con-
firmed measles disease”. Due to the fact laboratories do
not have direct access to the ISIN, these discrepancies
in the ISIN may have occurred due to the rewriting of
laboratory data. Moreover, a laboratory, including re-
gional ones, was mentioned several times with diffe-
rent names or abbreviations. Room for improvement
remains for using standardised laboratory register to
implement to the ISIN. It is easier to use a laboratory
name register (as a default set up) than a free text op-
tion, which complicates the data analysis process.

Capture-recapture method is based on the amount
of overlap in two or more samples (or lists) of the target
population; the greater the overlap of unique indivi-
duals in multiple samples, the smaller the unobserved
population [31]. For using two lists capture-recapture
method to obtain a valid population estimate, three
conditions are assumed: for each list, the probability
a case is recorded on the list is equal for all cases; the
probability of being recorded on a list is independent of
the probability of being recorded on the other list; and
there is no immigration or emigration to the population
during the study period. Even if these assumptions are
violated, as in our study, Hook and Regal suggest the
estimates may still be valid [32]. To our knowledge, this
is the first CRM study dealing with measles reporting
system completeness and sensitivity performed in the
Czech Republic. Five percent of measles cases which
were tested in the NRL have not been reported in the
ISIN. Using the CRM, we did not detect significant un-
derreporting. Difference between reported versus es-
timated cases was found only in the period January
to June 2019 (Tab. 3). We have no scientific evidence
of what could have caused this difference. It could be
caused by the highest number of cases reported in
this period, including outbreak cases. In the CRM in the
analysis of a measles epidemic authors in Romania re-
vealed that due to the careful pairing of the cases, it is
unlikely that there were errors of overestimation [33].
In an addition this method demonstrates the possibi-
lity of having unreported cases through the measles
surveillance system, which in the study in Romania
identified only a third out of all estimated existing ca-
ses [33]. The overall estimated sensitivity of surveillance
of measles cases in the Czech Republic was 98.8%. This
result is satisfying and was higher than demonstrated
the study in Italy when evaluation of the integrated
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measles and surveillance system sensitivity was 82%
[29] and 50% in South African study [30].

Limitations. Two-list CRM is simple analytical me-
thod, which is vulnerable to serious errors depending
on extent of independence of used lists. If the lists are
positively dependent (largely overlap), then results
might underestimate real problem size. Conversely,
negatively dependent lists (with very little overlap)
may end up with overestimation of results. The sour-
ces used in this study were dependent on each other,
therefore bias toward underestimation might be pre-
sent. The NRL might have some data on the possible
and probable cases that were not confirmed. Cases
reported to the ISIN might more likely be found in the
NRL register than otherwise. Further, amount of sam-
ples from regional laboratories not sent to the NRL was
unknown as zero reporting is not set up. Serology was
expected to be performed in approximately 60 regio-
nal laboratories based on the External Quality Assess-
ment (EQA) done by the NRL. In some clinical cases
of measles, paired sera were not available in the NRL.
Regional laboratories are not obliged to send nega-
tive sera for confirmation therefore some information
might be missed. The surveillance data are generally
subject to further limitations. Surveillance underesti-
mate actual disease incidence as not all patients seek
a medical care [34]. In agreement with German study
[35], our results confirm that measles are under-re-
ported (5%) even in mandatory surveillance system,
particularly when measles cases are sporadic. Another
important application for this method is in epidemio-
logy for estimating prevalence of a particular disease
and estimating the completeness of ascertainment of
disease registers. However, the CRM can principally be
applied to any situation where there are two or even
more incomplete lists [36]. In some of cases in the ISIN
were reported that case was vaccinated but there was
not more information about the vaccination. The vac-
cination data for patients with unknown vaccination
status could not be further verified. There is no vacci-
nation register established in the Czech Republic. De-
pending on the date of birth, we can only assume that
those who were born in the period 1969-1989 were
vaccinated according to at that time valid vaccination
calendar, but these older data on vaccination are not
reflected in the ISIN.

CONCLUSIONS AND RECOMMENDATIONS

Surveillance systems require ongoing maintenance
and evaluation if the data that result from them are to
be accurately interpreted. Efforts should be made to im-
prove incomplete variables, in order to comply with the
WHO'’s Plan for measles and rubella elimination goal.
The CRM represents the cost-effective way to estimate
the real number of measles cases in the population, in
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a short time frame and without necessity of using many
resources [33]. Additionally, it allows estimating num-
ber of unreported cases within the surveillance system,
which was in our study identified as 1.2%. True number
of measles cases in the population was estimated using
the CRM in this study.

Maintaining high level of data quality within sur-
veillance system is one of the crucial points to achieve
the global goal of eliminating measles. Physicians can
play a key role in two ways: stress the importance of
measles vaccination while communicating with pa-
rents and by fair and thorough reporting of all mea-
sles cases to the appropriate health authority [35].
RPHAs are the main key stakeholders to provide first
data quality checks, data entry and regular evaluation
at the regional level. We recommend set up quarterly
report reminders from the NIPH to regional epidemi-
ologists to inform about the current measles epidemi-
ological situation and needs, similar as is already done
within invasive pneumococcal diseases surveillance in
the Czech Republic [24]. A major challenge is to raise
awareness of the importance of data completeness,
further improving of the data quality, as proposed by
Italy [29]. Regional laboratories participating on mea-
sles reporting shall be informed about the necessity
to include zero measles reporting to the RPHAs and
then to the NIPH, similarly as it is performed for zero
polio reporting in the Czech Republic. This proposal
shall be discussed with stakeholders and approved
by the MoH of the Czech Republic (the main decision
maker). The WHO recommend submitting measles
surveillance reports, including “zero” reports at least
on monthly basis [37, 38]. We suggest that regional
laboratories should be provided with access to enter
the results into the ISIN. This proposal shall be dis-
cussed with stakeholders and approved by the MoH
of the Czech Republic.

As health-care services and information technology
continue to evolve, the possibility exists for numerous
changes in conducting routine public health surveil-
lance. Technical changes of the inner mechanism in
the electronic system ISIN must ensure higher data
completeness (e. g. more mandatory fields or more
logical syntax to check the data). Ongoing evaluation
of disease-reporting completeness will continue to
be a necessary part of public health surveillance, ena-
bling more accurate interpretation of surveillance in-
formation for disease control and prevention [25].
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