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SUMMARY

The aim of this study was to estimate the completeness of notification of malaria by physicians
and laboratories in the Netherlands in 1996. We used a capture-recapture (CRC) analysis of
three incomplete, partially overlapping registers of malaria cases: a laboratory survey, the
Notification Office and the hospital admission registration. The response of the laboratories
was 83-2%. In 1996 the laboratories microscopically identified 535 cases of malaria, 330
patients with malaria were admitted to hospital and physicians notified 311 malaria cases. 667
malaria cases were recorded in at least one register. CRC analysis estimated the total number
of malaria cases at 774 (95% CI of 740-821). This implies a completeness of notification of
40-2% for physicians and 69-1 % for the laboratories. It can be concluded that laboratory-
based notification can considerably increase the number of officially reported malaria cases as
compared to notification by physicians. However, possibly one-third of the cases may still go

unreported.

INTRODUCTION

Malaria is one of the most frequently imported
diseases in the Netherlands. The number of notified
malaria cases increased over 25 years from 19 patients
in 1972 to 311 in 1996. This increase was mainly the
result of a rise in the number of reported cases of
Plasmodium falciparum malaria, a potentially fatal
disease. A similar trend has recently been described
in 23 European countries, Australia, Canada, New
Zealand and the United States [1].
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Under previous legislation regarding infectious
diseases in the Netherlands, malaria was placed in
category B. This group of infectious diseases had to be
notified nominally (that is with the name and other
particulars of the patient) within 24 h to the Municipal
Health Service by the diagnosing physician. The
Municipal Health Service forwarded this information
to the Register of Notifiable Infectious Diseases
(RNID) at the Office of the Chief Medical Officer
where national data were aggregated for analysis,
monitoring, public health intervention or policy
making. Meaningful surveillance of imported malaria,
such as trends in number of patients or type of
plasmodium, identification of groups at risk (e.g.
immigrants from malaria endemic countries or last-
minute tourists with tropical destinations), evaluation
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of chemoprophylaxis advice, and implementation of
adequate interventions, should preferably be based on
data without bias due to incompleteness or under-
reporting. However, substantial underreporting of
malaria was suspected [2]. After comparing hospital
admission and notification data this was estimated at
59% over the years 1988-92 [3]. To reduce under-
reporting, laboratory-based notification was recom-
mended because of the laboratory’s crucial role in
the diagnosis of malaria. On 1 April 1999 a new
Contagious Diseases Act came into force in the
Netherlands. Under this law malaria and nine other
infectious diseases (brucellosis, yellow fever, lepto-
spirosis, anthrax, ornithosis/psittacosis, Q fever,
rubella, E. coli-infection and trichinosis) are placed
into category C, which introduces mandatory notifi-
cation by the head of the diagnosing laboratory
instead of the physician.

The concept of underreporting (i.e. incomplete
coverage) is often mentioned in the literature but
seems to be based upon different definitions and
correspondingly involves different calculations. In-
stead of quantifying underreporting in one register
relative to other registers a more accurate picture is
portrayed by assessing the completeness of the
different registrations relative to an estimated total
number of cases (i.e. the number of registered cases
plus an approximated number of unobserved cases).
The unobserved cases can be estimated with a
statistical technique known as ‘capture—recapture
(CRC) analysis’. CRC analysis has been used to
assess the completeness of registration of various
infectious diseases [4—14], including malaria [15, 16].
We have performed a CRC analysis using three
malaria registrations and estimated the completeness
of notification by physicians and laboratories, fol-
lowed by separate analyses for each type of plas-
modium, because of a special interest in the under-
reporting of the most severe form, P. falciparum
malaria.

METHODS

Nearly all Dutch laboratories involved in parasitology
participate in the national quality assessment for
parasitological diagnosis. In January 1996 these
laboratories (n = 107) were asked to report to us all
microscopically confirmed cases of malaria found in
that year through standardized questionnaires, with
specific identifiers for patient (date of birth, sex and
postal code) and parasite (Plasmodium species).

Checks were carried out to exclude the possibility that
a number of malaria cases would be diagnosed outside
the laboratories in the survey, but notified to the
RNID. Information from the Centres for Asylum-
Seekers, the Central Military Hospital, the Medical
Service for Merchant Sailors and the Occupational
Health Service of Amsterdam Airport and KLM
Royal Dutch Airlines assured us that all these
institutions perform malaria diagnosis through the
regular laboratories.

Using the individual identifiers, the laboratory
survey data were matched to two other national
registers for malaria in the Netherlands: the RNID
and the hospital admission data (ICD9 code for
malaria) from the National Morbidity Registration,
after elimination of duplicate reports within each of
the registrations. Two authors matched the data files
by hand and in case of doubt consensus was sought.

The total number of individuals present in one or
more registrations does not necessarily reflect a
reliable approximation of the true number of cases.
The purpose of CRC analysis is to assess, on the basis
of the available information, the number of cases that
are not registered. In an article published in 1972,
Stephen Fienberg demonstrated how this number of
unobserved cases could be estimated, using log-linear
analysis [17]. For CRC analysis according to Fienberg
the availability of data from at least three different,
possibly incomplete, partially overlapping and pref-
erably, but not necessarily, independent sources is
needed [6, 17-20]. The data can be putina 2x2x2
contingency table, indicating the absence or presence
of a case in each of the registers. This table has one
empty cell, corresponding to the number of cases
never registered. CRC aims at obtaining an estimate
of the unregistered number of patients in the empty
cell from the available data in the other cells. This
estimate can be found under the best fitting and most
parsimonious log-linear model. Finally, the total
number of individuals is the number of registered
cases plus the estimated number of non-registered
patients.

Starting from a saturated model non-significant
interaction terms were eliminated one after the other
until the best fitting, most parsimonious, log-linear
model was obtained by stepwise analysis as imple-
mented in SPSS® (version 8.0 for Windows), with the
procedure for hierarchical log-linear analysis. The
coefficients and thus the final estimates were calculated
with the SPSS® procedure for generalized log-linear
analysis. The 95% confidence interval around the



estimated number of malaria cases was calculated
assuming a Poisson distribution. Four assumptions
must be met for the 3-sample CRC model to be valid.
We will return to these assumptions in the discussion.
After estimating the total number of malaria cases
we performed a stratified CRC analysis by type of
plasmodium to find out if the four malaria types have
different CRC probabilities. This was done to assess
whether underreporting occurred to a lesser or greater
extent in relationship with the dangerous P. falciparum
malaria or the more benign types.

RESULTS

The response rate of the laboratories in the survey in
1996 was 83-2%. Some of the participating labora-
tories reported not performing microscopic diagnosis
of malaria (4-7 %) or did not identify any malaria case
(56 %), resulting in 72-9 % of the laboratories report-
ing at least one case of malaria. In the laboratory
survey P. falciparum accounted for 57-0% of the
malaria cases. The distribution of the different malaria
parasites in the laboratory survey is shown in Table 1.
In the RNID 60% P. falciparum could be found
against 69 % among the hospital admissions.

In the participating laboratories 535 cases of
malaria were microscopically identified in 1996, while
physicians officially notified 311 malaria cases and 330
malaria patients were admitted to a hospital. To
increase the validity of the CRC analysis, the matched
data file was corrected for 12 cases notified to the
RNID in 1997 but found to be diagnosed in the
laboratories in 1996 and 15 cases notified in 1996 but
actually diagnosed in the laboratories in 1995. After
this correction for late notification a total of 667
malaria patients were known in at least one of the
registers (Table 2). For two cases in the laboratory
survey insufficient identifiers for perfect matching
were available and these patients were excluded from
the CRC analysis. Figure 1 shows the distribution of
the 665 malaria patients over the different malaria
registrations and the overlap between these lists, as
used in the CRC analysis. A substantial number of
malaria patients are only known to the RNID or the
hospital admission register and do not appear in the
laboratory survey.

A log-linear model with two 2-way interactions,
N*H, L*H (L = laboratory survey, N = Notification
Office and H = hospital admissions) was obtained.
These interactions represent pair-wise dependencies
between the different registers [N and H] and [L and
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Table 1. Distribution of diagnosed malaria parasites
(plasmodium species) and their percentage of the
total number of malaria cases identified in the
Netherlands in 1996

Plasmodium species Malaria patients (%)

P. falciparum 305 (57:0 %)

P. vivax 165 (30-8 %)
P. ovale 43 (8:0%)
P. malariae 7(1:3%)
Parasite unknown 15 (2:8%)

Table 2. The number of malaria patients identified in
each of the three malaria registrations and the
number of malaria patients registered in at least one
of malaria registers in 1996

Notified to the RNID* 311
Hospital admissions* 330
Diagnosed in the laboratories™* 535
Registered in at least one of the registers™*f 667

* After correction for duplicate reports.
T After correction for late notification.

1996

Notification office
(n=308)

Laboratory survey
(n=533)

Hospital admissions
(n=328)

Fig. 1. Distribution of malaria cases in the Netherlands
between three registers in 1996.

H]. The small likelihood ratio, G*, compared to the
number of degrees of freedom (D.F.), shows that this
model fitted the data well (G* =0-741; D.F.=1; P =
0-785) and gave an estimate of 774 (95% CI of
740-821) malaria cases. The completeness of notifi-
cation in 1996 can now be estimated at 40-2% for
physicians (311/774 cases) and 69-1 % for the labora-
tories (535/774 cases).

The case ascertainment (the number of malaria
patients known in at least one of the three malaria
registers) for 1996 can be estimated as 86-2% (95 %
CI 81-:2-90-1 %).
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Table 3. Stratified capture—recapture analysis of malaria cases in the
Netherlands in 1996, according to the plasmodium species. The detection

rate is calculated as obs(N)/est(N)

Plasmodium Cases Cases Detection
species observed * estimated rate

P. falciparum 383 438 0-87

P. vivax 195 222 0-88

P. ovale 50 56 0-89

P. malariae 8 8 10
Parasite unknown 29 64 045
Total malaria cases 665 788 0-84

* After exclusion of two laboratory cases with insufficient identifiers for perfect

matching.

The stratified CRC analysis by type of plasmodium
(Table 3) resulted in a slightly higher total number of
estimated malaria cases of 788 patients (within 95%
CI of original estimate). The detection rates of patients
with different plasmodia do not show very much
variation.

DISCUSSION

This study confirms that more malaria cases occur in
the Netherlands than are reflected by the numbers
officially notified by physicians in the past. Fur-
thermore it demonstrates that the three different
malaria registers are all substantially incomplete. Of
particular interest is the observation that a con-
siderable number of patients could only be found
in the records of the RNID and/or the hospital
admission register. They were unknown to the
laboratories, although malaria diagnosis by thick or
thin smear is often considered as the gold standard,
especially at the time of this study when antigen tests
were only used for research purposes. These cases
could partly be explained by non and incomplete
reporting of laboratories and cases could also have
occurred in the (few) laboratories not participating in
the national quality assessment of parasitological
diagnosis. Other patients might have been diagnosed
abroad and started with anti-malarials before their
arrival in the Netherlands, clearing the parasites from
the peripheral blood and subsequently reported to us
as negative by the Dutch laboratories. A number of
patients may have been notified or admitted solely on
clinical grounds, without laboratory verification.
Although unlikely, some physicians (for example
former tropical doctors) could still prepare and
microscopically examine the blood films themselves.

The number of malaria notifications in the Nether-
lands showed an increasing trend until 1996 (Fig. 2).
According to Wetsteyn and De Geus [21] the incidence
of imported malaria is determined by the level of
endemicity in the malarious areas visited, the exposure
to infected Anopheles mosquitoes (in turn, related to
duration of stay, way of travelling and practising anti-
mosquito measures) and the success of chemopro-
phylaxis (determined by compliance and prophylactic
drug resistance). The increase of imported malaria in
the Netherlands in the second half of the 1970s could
be explained by growing tourism to tropical Africa
and a further rise during the 1980s is expected to be
the result of the spread of resistance against chloro-
quine and other commonly used anti-malarial drugs.
Apart from that, malaria transmission itself seems to
have increased in certain areas, such as West Africa
[22]. Participation in peace-keeping operations or
elections [23, 24], the number and nationalities of
immigrants and asylum-seekers [24-26] or the extent
of certain marginalized groups [25, 27] can also alter
the incidence of imported malaria cases over a certain
period of time, as well as influence the proportion of
the different malaria parasites. In the Netherlands an
increase could be observed in the proportion of
malaria caused by P. falciparum. Around 1980
falciparum malaria was responsible for approximately
40% of all notified malaria cases but 10 years later
this had increased to almost 70 % [21]. In the 1990s
the proportion of falciparum malaria stabilized
around 60 %.

Estimates of underreporting are frequently derived
from different settings. They can be based upon
surveys performed at the national level [28] or among
small groups [25, 29]. The background of the data that
are compared with the official notification register
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1983 | 1984 | 1985 [ 1986 | 1987 | 1988 [ 1989 [ 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996

I_ P-falciparum 10 16 14 38 30 34 46 49 42 47 59
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143 | 123 | 137 | 167 | 153 | 260 | 244 | 248 | 272 | 180 | 223 | 236 | 311 | 311

Fig. 2. The total number of notified malaria cases and the number of malaria cases caused by P. falciparum in the Netherlands

between 1972 and 1996.

may be different, and can vary between hospital
admission data [3], laboratory-based information [25,
28], physicians consulting a Reference Laboratory [29]
or travellers [30]. The different registers were some-
times matched at the individual level [25], at times in
a stratified manner [3] or in another way [28]. In this
study we used a well-described and replicable method
and estimated the completeness of notification of
three different malaria registers through CRC analy-
sis.

For the 3-sample CRC technique to be valid, four
assumptions must hold [17-20]. First, overlap between
registers must be established without erroneously
misclassifying people as observed in only one, two or
all three registers. This can be achieved when cases can
be uniquely identified. We used individual identifiers
for each of the patients and only two patients could
not be identified beyond doubt due to (partially)
missing identifiers. It is important that only true cases
are counted. Ideally both the positive predictive value
(PPV) and the negative predictive value (NPV) of the
registrations should be 100 %. None of our registra-
tions will meet this condition, although in the case of
malaria specifically, we assume that the PPV will be
high. The large overlap of the hospital records and
the notification data with one or two of the other
registrations also supports this view. When the PPV of
registrations is low CRC analysis will result in
overestimating the number of cases.

Second, the registers should preferably, but not
necessarily, be ‘independent’, meaning that the prob-
ability of being recorded in one register is not affected
by being (or not being) registered in another. Such
dependence can result from co-operation between the
agencies that keep the different registrations, exchange
of information or a more or less predictable flow of
patients along various institutions due to referral. In
2-sample CRC methods this assumption is crucial and
dependencies can cause under- or overestimation. In
the 3-sample CRC approach pair-wise dependencies
between registers can be handled analytically. In the
log-linear model they can be identified as interactions
in the model. Since we could not rule out pair-wise
dependencies, we decided not to rely on the 2-sample
CRC analysis but instead to use Fienberg’s method.

Third, the population should be ‘homogeneous’
meaning that the population under consideration
should not be composed of segments that have
markedly different CRC-probabilities. One way of
handling the homogeneity assumption is to stratify
the population into more homogeneous strata and
then to carry out CRC analyses for each of the distinct
subgroups. We performed a stratified CRC analysis
by type of plasmodium. This resulted in a slightly, but
not significantly, higher total number of estimated
malaria cases of 788 patients. The detection rates of
patients with different plasmodia do not show con-
siderable variation. This may indicate the absence of
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a violation of the homogeneity assumption. However,
we cannot exclude the possible presence of other (but
unmeasured) sources of heterogeneity.

Finally, the population should be ‘closed’ such that
the true population size is neither affected by people
entering the population (e.g. through in-migration of
cases and disease onset) nor by people leaving the
population (e.g. through out-migration, recovery or
mortality). The closed population assumption should
be given critical attention because the aim of this
study was to obtain an estimate of the incidence of
imported malaria cases and violation might have
resulted in overestimation (because incident cases may
be late entries who have, therefore, a smaller prob-
ability of being captured more than once). When an
open population is assumed, this could be handled in
two different ways. One method is to perform the
analysis of the different registrations within a short
period of time and therefore the population could
be considered as ‘closed’ during this interval. For
imported malaria, a relatively rare disease with a short
course, this approach does not seem feasible. An
alternative is to use more complicated models,
allowing for migration, birth and death to take place,
such as the Jolly—Seber model [31]. The design of
capture—recapture studies, the data requirements, the
validity of the outcome of the different analyses and
the selection of the most appropriate model to
estimate the incidence of imported malaria and other
infectious diseases should be given thought in further
studies. In the context of these considerations our
results suggest that laboratory-based notification can
considerably increase the number of reported malaria
cases as compared to notification by physicians. Since
we actively approached the laboratories their level of
underreporting found in this study cannot necessarily
be extrapolated to the level of underreporting for
laboratory notification. However, malaria was noti-
fied 571 times in 2001. Assuming a similar number of
cases of imported malaria, this figure lies well within
the range of our laboratory results for 1996. But
possibly one-third of the malaria cases may still go
unreported.
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