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Although eradicated in Portugal, malaria keeps taking its toll on travellers and migrants from endemic countries.
Completeness of hospital requiring malaria notification in Portugal 2000-11 was estimated, using two-source
capture-recapture method. Data sources were: national surveillance database of notifiable diseases and the
national database of the Diagnosis-Related Groups resulting from National Health Service (NHS) hospital
episodes. The completeness of notification was 21,2% for all malaria cases and 26,5% for malaria deaths,
indicating significant underreporting and urging for complementary data source in surveillance, for disease
burden estimates and retrospective monitoring, namely hospital episodes statistics.

Introduction

igration to and from Portuguese speaking African and Asian
M countries and global increase in international travel keeps
imported malaria in the national public health agenda. Malaria no-
tification, included in the mandatory National Notifiable Diseases
Surveillance system, is liable to non-quantified underreporting."

Underreporting leads to disease burden underestimation,
compromising surveillance performance and the mounting of ap-
propriate public health responses.” This includes pre- and post-
travel health care preparedness and resurgence risk awareness,
determined by malaria importation, vector Anopheles atroparvus re-
ceptivity and malariogenic potential in Portugal.
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Statutory notification in Portugal is since 2014 evolving towards
an electronic reporting system.* However, in practice, it remains a
clinician-based notification system. Laboratories are still not
involved nor are hospital episodes statistics (HESs).

This study aims to estimate completeness of hospital requiring
malaria notification in Portugal from 2000-11, using capture-
recapture method (CRM), as a baseline study prior to this
structural change, and propose HES as a complementary surveillance
data source.

Methods

Data source and study design

Retrospective study on malaria hospitalizations was based on the
National Notifiable Disease Surveillance (NNDS) Database and the
National Database of the Diagnosis-Related Groups (DRG)
[National Health Service (NHS) HES]. Data were anonymous.

The DRG Database includes all NHS hospitalizations. The NNDS
Database includes all cases of disease that have been notified by
physicians (private, public, and military healthcare establishments).

Consecutive malaria hospitalizations and notifications were
obtained from 2000 to 2011, using international classification
disease 9 clinical modification (ICD-9CM) all codes 084x
(malaria) and 647.4 (malaria in the mother classifiable elsewhere,
but complicating pregnancy, childbirth or the puerperium), for
DRG database, and the ICD-10, codes B50-B54, for NNDS Database.

In the period under study, 2422 malaria hospitalizations were
obtained from DRG Database and 606 malaria-hospitalized cases
were obtained from NNDS Database out of a total of 662 notified cases.

Duplicate records in the DRG database, due to readmission or
transference between hospitals, were removed. Gender and date of
birth were used as identity proxy markers. Resulting records were
manually checked for coherence, by two separate investigators,
regarding hospitalization dates, hospital and residence details,
before final removal. This was done in order to assess the number
of notifications that should have arisen due to hospitalization events.
Therefore, 2262 hospitalized cases were retained for linkage purposes.

Both databases were linked using date of birth and gender as
identity proxy markers. The matched records found were manually
checked for coherence by two separate investigators, regarding all
equivalent variables in both databases and in case of doubt
consensus was sought. The resulting 479 matched records were
considered as ‘notified HES patients’.

Completeness

Searching cases that were both in NNDS and DRG databases
assessed the completeness of notification relative to hospital
register data. The formula a/bx100 was used, where (a) is the
number of cases present in both databases and (b) is the number
of cases in the DRG database.

Using two-source CRM completeness relative to the estimated
total number of hospitalized cases was assessed.”® CRM is applied
to overlapping incomplete and independent data sources and has
been increasingly used for assessing completeness of surveillance
systems.”” It estimates the number of total cases, including the
ones not registered, on the basis of the available information, con-
sidering that the maximum likelihood estimator (MLE) for the real
number of cases is: N=(a+b)*(a+ c)/a, where (a) is the number of
cases in both registers and (b) and (c) are the number of cases in
only one of the registers.” Subsequently, completeness of notifica-
tion, of hospital episodes and overall completeness was calculated as
the number of notified cases, the number of cases in DRG database
and both of them divided by the total number of cases, as estimated
by CRM. The 95% CI for the estimated total number of cases and
completeness were calculated. The same methodology was done
regarding malaria deaths.

Results

Completeness of notification relative to hospitalized patients in NHS
hospitals (Table 1):

The overall notification completeness was 21.2% (95% CI 19.5—
22.9). From 2004 to 2011 it ranged from 23.5 to 27.9% per year
(total 24.7%). Overall death notification completeness was 26.5%
(95% CI 14.1-39.0).

Completeness relative to estimated total number of cases (CRM)
(Table 1):

the estimated total number of malaria cases and malaria deaths
were 2862 (95% CI 2258-2966) and 83 (95% CI 58-108), respect-
ively. The completeness of notification was 21.2% (95% CI 19.7—-
22.7), HES completeness was 79% (95% CI 77.5-80.0) and the
overall completeness, considering both data sources together,
83.5% (95% CI 82.1-84.8). For malaria deaths, the completeness
of notification was 26.5% (95% CI 17.0-36.0), HES completeness
59.0% (95% CI 48.5-69.6) and the overall completeness, considering
both data sources together, 69.8% (95% CI 60.0-79.7).

Discussion

This study confirms the number of imported malaria cases and
deaths in Portugal are much higher than notified. From 2000 to
2011, completeness of notification for malaria requiring
hospitalization, using CRM, was 21.2% for all cases and 26.4% for
deaths, denoting a less than satisfactory performance of the malaria
surveillance methodology. In similar CRM studies in Europe,
physician notification completeness was 35.5-40% and laboratorial
notification 56—69.1%, positive predictive value for malaria assumed
to be high.*®® High completeness is essential for surveillance for
accurate estimates of disease burden and adequate strategic planning.

NHS HES (DRG database) can be a valuable source for retrospect-
ively assessing and monitoring malaria hospitalizations, these repre-
senting the most severe illness spectrum. The advantage is that these
data are systematically collected and standardized, albeit not done
for epidemiological purposes. Thus, it provides timely nationwide
data that would be otherwise unfeasible or logistically cumbersome
to obtain, enabling a comprehensive addition to the surveillance
system.

In this study, in comparison to the notification system perform-
ance, HES completeness was nearly four times higher (79%) and it
increased to 83.5% when both data sources were considered
together. Likewise, considering deaths only, HES completeness was
more than twice higher (56.3%) and it increased to 67.8% when
both data sources were considered together.

HES as health data source and the CRM on surveillance
assessment have been used elsewhere.®®1° By definition, laboratorial
confirmation is required for malaria diagnosis. The database states
diagnosis, coded by specifically trained medical coders (doctors), but
does not include laboratorial results. Regular audits are carried out
to assess the coding process. Crosschecking of diagnosis and
laboratory is logistically unfeasible. Despite increasingly used,
probably because they provide a readily available global picture,
data on DRG data validity are scarce. Two source CRM basic as-
sumptions were observed’: (i) source independency, as clinical no-
tification is independent of the DRG database; (ii) matching of the
individuals from both sources was laborious but completely
achieved through a linkage algorithm manually revised; still, future
assessments could benefit from the introduction of common
personal identifiers; (iii) same probability to be ascertained as
case; (iv) closed study population, since it is unlikely that one
would travel abroad while with acute malaria.

Portugal is implementing the electronic notification of infectious
diseases; therefore improvements in reporting performance are
expected.* Nonetheless, it currently remains a clinician based only
notification. As such, it is essential to acknowledge and address the
constraints leading to underreporting, namely providing education

G20z 1dy 9| UO Jasn eulaT] ap 001uva)iod Aq ¥21/9¥Z/€0r/€/9Z/91oIMe/qndina/woo"dno-olwapeoe//:sdjly Wo papeojumod



405

Surveillance of imported hospital requiring malaria in Portugal

Downloaded from https://academic.oup.com/eurpub/article/26/3/403/2467424 by Politecnico de Leiria user on 16 April 2025

‘00L*sesed eliejew JO Jsquinu |elo}

pajewiis3/(saseqelep yioq ul sased +aseqelep SANN ul Ajuo sased +aseqelep DYQ dY3 ul Ajuo sased) = NYD Ag parewiiss se ‘ssoudld|dwod ||eJanQ, ‘001 *S3Sed elie[ew JO JSquiNu |30} palewlisy
/syuanned pazijendsoH = |NYD Ag pelewiisa se ‘(suoijezijenidsoy Hyq) SIH 4O ssaua1a|dwo)D, ‘001 *S95ed Blie|ew JO Jaquinu |B10] PR1BWIIST/Sased PalJIION = |AIYD AQ pa1ewilss se ‘UoIledifIloN 4O
ssaua3e|dwoD, ‘(FTN) INYD Ag parewilsa se ‘sased eliejew JO Jaquinu |10} pajewilsy,, ‘saseqelep yioq uj sased/(aseqerep SANN Ul Ajuo sased * aseqelep Hyd ay3 ul Ajuo sased) = Ny Ag parewiss
se ‘sased PAAISSGOUN JO JBQWINNG ‘001 * siudned pazijendsoH/siuaiied S3IH Pal4ION = (dseqelep HYQ ul siuaned pazijeydsoy) saposida |e3idsoy 03 dA13e[a4 UOIIEDIHIIOU 4O ssaula|dwo), ‘aseqelep
SANN 9Y3 03 Paljll0u aJaMm 1ey) asegelep Hyd oYy} ul (spuaiied) sased euejew pasijendsoH, ‘(9seqeiep SGNN 40 uoiediyiiou Aioiniels) sased elejew pazijelidsoy 4o JaquinN, ‘(skep) Aeis jo yibua|
[eydsoy ul Jo wns, ‘(3seqelep DYQ) SP40d34 d3ed1|dnp Jo [erowl JdYe ‘spudlied pazijendsoy elejew JO JaqUINNG ‘(seqelep HYq) suolssiwpe |eydsoy Jo suoliezijeydsoy eriejew JO JaqUNN,

‘YD
9y3 Aq sased eliejew JO Jaquinu |10} PR1RWIISS 9Y) 01 9AIIR|3J SS9U19|dWOD [|BISAO pue SJ13s11e)s saposida |e1dsoy ‘Uoi1edi}11ou Jo ssauala|dwod pue sGIH 01 SAI1R|34 UOIIeDILI0U JO ssauala|dwo)
(£6£-0709) 8'69 (9°69-5°8%) 0'6S (0'95-0£L) S°9T (80L-8S) €8 S¢ (0'6€-LPL) 59T €l [44 88¢lL 6V 6v |elol sypeaq
(8'v8-1'28) S'€8 (0'0—S'LL) 0'6L (czz-Lel)Tie (9967-8527) 798¢ €LY (6'zz-s'61) T'LT 6LV 909 680 0C [4°T44 (44744 |elol
(z'88-L'6L) 6'€8 (L'€8-€vL) 0'6L (€'8z-5'8l) v'ee (91€-552) 98¢ o (062-6°LL) S'€C €S L9 Lvez 9zT ore 110z
(r"68-9°6/8 S'V8 (zs8-v'vL) 8'6L (z6z-8LL) S'€C (8€z-£81) €lT 33 (6'62-T'LL) S'€T o 0S Ly9l 0s1L 61 olLoc
(S'16-€°08) 6'S8 (5'L8-6'7L) T'L8 (8'LE-6'LL) 87T (691-621) 6771 (¥4 (sze-L'LL) 82 0€ LE soLl Lcl o€l 600¢
(€96-7'88) €76 (r'v6-£'S8) 6'68 (€0e-v'LL) 8'€C (€81-€S1) 891 €l (9°0e-0°LL) 8'€C 9€ ov 18€l (31 961 800¢
(9°56-£798) L'L6 (0°€6-6'78) 0'88 (8'ze-1'61) 092 (rL1-€v1) 8SL vl (zee-981) 6'ST 9€ 34 1943 6€l 351 L00T
(z'£6-8'88) 0'€6 (1'S6-€'58) 706 (£'5€-9°07) 0'8T (9sL-LEL) vl oL (9'5€-7°07) 6°LT 9€ (017% 6€0L 62l zeL 9002
(6°€6-8'78) £'68 (0'16-8°08) 098 (roe-6LL) TVC (961-6S1) 8L1 6l (0Le-vLL) Tve LE 134 991L1L €5l 991 S00¢
(8'76-8'€8) £'88 (€68-0'6L) T'V8 (9'Le-¥'6L) S'ST (£17-9L1) 961 €¢ (L'ze-881) ST 474 0S Lvvl S9l LLL 00C
(0'S8-£'S/) ¥'08 (L°18-8'11) 8'9L (9°61-1LL) €751 (€z€-8€2) 08¢ SS (zoz-sol) €51 €€ 134 0651 174 LEC €00C
(£°06-528) ¥'98 (1'98-v'£L) L'L8 (5'0€-£707) 9'S¢ (8z€-€£2) LOE A% (1'1e-z°07) 9'sz €9 LL L0zeC El74 99¢ 200¢
(8'7£-8'€9) £'89 (6'99-5°£S) T'29 (8'61-9'CL) T9L (8L-LEE) LOV 6Cl (Loz-2'1L) T9l 34 99 ovee €SC 08¢ 100Z
(0°0£-t°19) £'99 (6'99-1£8) S'L9 (L€L-18) 6°0L (S£5-18¢€) 8LV 9l (rvl-€4) 601 [43 4 209Z v6¢ 1433 000¢ sose ||V

[6] (D %S6)
[L] [oL] (1D %S6) % (INYD) JID %S6)
(1D %56) (1D %S6) % (INYD) sased Jo s(IN¥D) % S3H 0}
% (INYD) % (INYD) uoinedijizou Jaquinu sased aAne|al um«:w_umn q(S3H)
ssauaja|dwod S3H jo jo |ej0} paAsasqoun uonesyou S3H »(SANN) ,sAep sjuaned o(S3H)
IEZELYe} ssauaja|dwod ssauajajdwo) ajewns3 JO JaquinN J0 ssauajadwod paioN suonedoN pag pazijeydsoH suonezijeydsoy Jea

L 1-000Z |eBnuiod ul suonezi|endsoH elejel\ | d|qeL



406  European Journal of Public Health

and feedback to relevant health care workers on the importance of
the notification process. It is urgent to include laboratorial-based
notification and consider the feasibility of evolving towards
automated capture from HES, electronic medical records,
laboratories and hospital antimalarial spending. Otherwise, gains
in timeliness but not in completeness and data quality will result.
Moreover, to ensure that a surveillance system is performing effi-
ciently, evaluation should be made regularly. Studies like this one
may provide a baseline for comparing the effectiveness of the noti-
fication system in future.
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Key points

e Hospital requiring malaria notification completeness was
21.2% from 2000 to 2011 in Portugal.

e Therefore, relying only on notification data will result in
incorrect disease burden estimates and subsequent oriented
public health planning.

e Significant improvement in disease burden estimates will
occur if NHS hospital episodes statistics are included in sur-
veillance system for retrospectively assessing and monitoring
malaria in addition to statutory notification.

e NHS hospital episodes will remain a valuable additional and
complementary data source for systematic surveillance even
in case of improvements in the current surveillance
performance.
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