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decisions the court held that a vendor who negligently supplied a
minor with alcohol, which causes intoxication or impairment of the
minor's driving ability, is liable to third persons in the proportion
that the negligence in selling the alcohol was a substantial factor in
causing the injuries. In England and Wales such liability could
exist only either at common law or framed as a breach of statutory
duty if the retailer knew or ought to have known that the purchaser
was intending to or was likely to drive a motor vehicle and that he
was intending to or was likely to drink before (rather than after)
driving sufficient alcohol to impair his driving substantially. The
fact that the purchaser was under age for the purchase of alcohol
would be a factor for consideration but would not of itself give rise
to liability.

It may well be that actions along these lines will be taken in the
future. In Britain there is not such a great incentive to search for
additional defendants having regard to the more comprehensive
insurance cover required of motorists here and having regard to the
back stop cover provided by the Motor Insurer's Bureau in the

case of uninsured motorists. But as the costs of motor insurance
increase the insurers themselves may seek contributions from
people other than motorists directly concerned. In the long run
this may tend only to spread the load on to other insurance risks,
such as the third party risk cover usually included in a house-
holder's policy. Eventually, teetotallers may get special rates on
their householder's policies, just as smokers ought to already. On
the other hand, and more desirably, a change in social customs
might be achieved.
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Around Europe

Two cases of falciparum malaria acquired in Britain

DONALD WHITFIELD, C F CURTIS, G B WHITE, G A T TARGETT, D C WARHURST,
D J BRADLEY

Abstract

Two cases of severe falciparum malaria contracted in the United
Kingdom occurred in residents of Sussex, living 10 and 15 km
from Gatwick airport. One patient was the landlord of a public
house much frequented by aircrew, and the other was the wife of
a worker at the airport, who travelled close to the public house on
the probable date she contracted her infection. Transmission
was most probably due to the bite ofan infected imported tropical
anopheline mosquito transported in a vehicle from the aircraft to
the site oftransmission during the very hot and humid weather of
July 1983.

Prevention of further cases depends on increased diligence in
"blocks-away" destruction of insects in aircraft flying from
endemic areas, but there is a need for more study of acceptable
alternative ways of delivering the insecticide. This "airport
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malaria" is well recognised on the continent, and physicians
should be aware of its existence in those who have not travelled
abroad but live or work near international airports.

Introduction

Malaria infections are often contracted in the tropics, with the
disease developing after the patient has come to a temperate country.
Between one and two thousand such cases have been seen in Britain
annually in recent years. ' Transmission of malaria within England
has occurred in the past, but the last reported case of indigenous
malaria in Great Britain was in 1953.2

Nevertheless, two patients with proved falciparum malaria were
admitted to Crawley Hospital, Sussex, in August 1983 having con-
tracted the disease in Britain. This paper describes the clinical and
epidemiological aspects of these two patients and discusses the
entomological investigations made to determine the likely source of
infection. A fuller account of the entomological basis is available
elsewhere.3

The patients

CASE 1

On 2 August 1983 a 48 year old publican was admitted semicomatose and
delirious to the isolation ward ofCrawley Hospital. The history was obtained
partly from his general practitioner's referral letter and partly from his wife.
A fortnight previously he had felt nauseated, lost his appetite, and developed
a severe headache. The next- day he had felt worse, developed a fever
associated with sweating and rigors, and also had bouts of vomiting and
diarrhoea. Two days after the onset of his illness he called in his general
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practitioner, who found that he had a temperature of 38-5°C but could find
no localising signs. He was treated with erythromycin. Two days later he felt
very much better but still weak. Two days after this he once again developed
a severe headache, sweated profusely, and had violent rigors; he also began
to hiccup. The erythromycin was continued and once again after three days
he felt better and could take food without vomiting.

After a further two days he felt hot and cold and became delirious. The
diarrhoea returned and for the rest of the week he became progressively
worse and could tolerate only fluids.

There was nothing important in the history, and his only medication had
been erythromycin, aspirin for his headache, and nitrazepam for two nights.
There was a history of fairly heavy drinking and he smoked 20 cigarettes a

day.
On examination his temperature was 39 8°C with a pulse rate of 120 and a

blood pressure of 90/50 mm Hg. There was no sign of jaundice or cyanosis
and no lymphadenopathy. He was not responsive to commands, his tongue
was furred, and he had herpes labialis. The chest was clear and there were no

abnormalities in the cardiovascular system. The liver edge was easily pal-
pable 4 cm below the costal margin, but the spleen was not palpable. He had
an erythematous rash on the lower abdomen. Despite the fact that he had not
been abroad in the past two years, and then only to the south of France, the
periodicity of his illness, the headache, and the delirium suggested the
possibility that he might be suffering from cerebral malaria. The differential
diagnosis seemed to lie between this and a toxic confusional state, cause

unknown. Blood smears sent to the laboratory were immediately reported as

showing a heavy infection with Plasmodiumfalciparum. Accordingly he was

given quinine 10 mg/kg body weight in 500 ml dextrose saline intravenously
and chloroquine 200 mg intravenously immediately, followed by routine
oral dosage. The blood picture on admission showed a red cell count of
4 11 x 1012/1, haemoglobin concentration 10-0 g/dl, and a white cell
count of 4 4 x 109/1. His red cell count fell rapidly to 2-79 x 10' /1 and
his haemoglobin concentration to 9 8 g/dl. The bilirubin concentration

rose to 46 [tmol/1 (2-7 mg/100 ml) and the lactic dehvdrogenase activity to

486IU/1.
The quinine was continued every eight hours for 24 hours intravenously

and he appeared to be recovering well except for a temporary setback on

4 August due to a condition unconnected with the malaria. On 5 August he
was much better but his urinary output was poor and his blood urea

concentration had risen to 18 7 mmol/l (112 mg/100 ml) compared with
17 7 mmol/l (106 mg/100!td) on admission. On 5 August his spleen became
palpable for the first time. After a full course of chloroquine he received
15 mg primaquine daily to eliminate gametocytes and avoid the possibility of
infecting local mosquitoes. There was a dramatic fall in his blood urea

concentration to 8-0 mmol/1 (48 mg/ 100 ml). The results of other investi-

gations, including blood cultures, were negative.
He was not transfused and on discharge on 12 August his haemoglobin

concentration was 10-6 g/dl with a red cell count of 3 3 x 1012/1 and normal
platelets. He subsequently made a complete recovery and his blood picture
returned to normal after a full course of ferrous sulphate. The confusing
clinical response to erythromycin seen after the onset of the illness is of
interest as this agent has mild antimalarial activity.3a

CASE 2

This patient was admitted from Horsham on 18 August 1983, her general
practitioner having found falciparum malaria parasites in her blood. She had
been unwell for 10 days and felt as if she was getting influenza. She had had
abdominal pain for five days and diarrhoea with pale stools and dark urine

for three days. She had been abroad in Majorca for the last week in June 1983
and stayed in an hotel. The history was unremarkable. On admission she
wasjaundiced with a fever of 380°C and a pulse of 100, good volume
and regular. Her blood pressure was 120/80 mm Hg. There were no

abnormal signs in the heart, chest, or abdomen, but she had slight
photophobia without neck stiffness or other signs in the central nervous

system.

A repeat blood film confirmed the presence of falciparum malaria, with
a haemoglobin concentration of 10 6 g/dl and red cell count of 3 51 x 1012/1.
The white cell count was 2 6 x 106/1. Her serum electrolyte concentrations
were normal, but the bilirubin was 65,umol/l (3 8 mg/100 ml), with enzyme

activities of alkaline phosphatase 154IU/1, lactic dehydrogenase 560 IU/1,
serum alanine transaminase 42 IU/1, and serum aspartate transaminase
63IU/I.
She was immediately given oral chloroquine 600mg initially, followed by

300 mg every six hours, to a total of -5 g. Her clinical condition improved
dramatically and her temperature returned to normal on the third day.
Nevertheless, her haemoglobin concentration fell to 7 7 g/dl and her red cell
count to 25 x 1012/1. Four units of blood were transfused, with animmedi-
ate effect on her blood picture, which returned to normal on 23 August. Her
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spleen became palpable on 24 August for the first time but rapidly regressed
in size, and on discharge, on 26 August, she felt perfectly well with no
splenomegaly. She was discharged taking primaquine 15 mg daily for 10
days to eliminate gametocytes.

Cultures of blood for malaria parasites were set up from pretreatment
blood, but the long delay between collection and culture (the blood was not
collected with that aim in mind) meant that no parasites were viable. Had
they grown, the isoenzyme patterns of the Plasmodium would have per-
mitted comparison of strains infecting the two cases.

Epidemiology

These two patients had severe and unequivocal falciparum
malaria, which was almost lethal in case 1. On the basis of their
histories, the patient in case 1 became ill first on about 19 July 1983
and the patient in case 2 on about 8 August. Neither had been
abroad to an area endemic for falciparum malaria. In case 1 the
patient had not left the United Kingdom at all in the two years
before becoming ill, and before that had visited only southern
France. In case 2 the patient had visited Majorca six weeks before
becoming unwell, but there is no malaria transmitted there, nor has
there been for 22 years, and no introductions of infection there in
1983 have been reported. As flights from Majorca are direct and do
not extend further to the tropics the possibility of infection of this
patient on the aeroplane is particularly remote, and in any case six
weeks is too long an incubation period in a non-immune person
infected with Pfalciparum.

Both patients must therefore have been infected in the United
Kingdom. Neither had received a blood transfusion or blood
products by injection within the previous year. It therefore
appears that both were infected by the bite of infected anopheline
mosquitoes and their possible origin needs to be considered.
There are three main possibilities: they were infected by
imported infected mosquitoes, or the mosquitoes were imported
but became infected with malaria in Britain, or indigenous
mosquitoes became infected from an imported case of falciparum
malaria. The patients became infected probably 10-14 days before
their first symptoms4 about 5-9 July in case 1 and 25-29 July in
case 2. Both infections were acquired during the prolonged hot
summer of 1983. Both patients lived near Gatwick airport and their
homes were 5 5 km apart.
The patient in case 1 was the landlord of a public house located

10 km west of the airport buildings at Gatwick airport. He had not
visited the airport recently. Nevertheless, in spite of its rather
isolated location, his public house was frequently visited by aircrew
from Gatwick, who comprise over 5% of his numerous customers.
The patient in case 2 lived further from Gatwick airport, 13 km
south west, in a suburban area of north west Horsham. The country-
side of this whole area is well wooded. Her husband worked at
Gatwick airport but was concerned with furnishings for the aero-
planes and did not work on those in service. His blood showed
neither parasites nor antimalarial antibodies. His wife accompanied
him on a short visit to the airport on 14 July but did not visit it
thereafter. She also travelled on the evening of 29 July (about the
day on which she became infected) between Horsham and Reigate
by motor scooter, passing close to the residence of case 1. The
weather was very hot and her arms and legs would have been
exposed to mosquito bites, though she did not stop appreciably on
the journey, except presumably for traffic at intersections. The
incubation period of falciparum malaria has a range of eight to 25
days with for most cases 10-14 or 10-16 days.4 Possibly the two
infections might have been contracted as little as three days apart if
the range of incubation periods is used (as low as 14 days apart with a
10-16 day incubation period, and about 20 days apart on identical
incubation periods for the two cases4). Both patients might have
contracted malaria at almost the same site not less than 18 days
apart. Moreover, it is difficult to disregard the proximity of Gatwick
airport, as in spite of the long, hot summer no other indigenous
cases of malaria were recorded in Britain, with the possible
exception of two people who had travelled from London
(Heathrow) airport to Rome on an aeroplane that had come from
tropical areas before the patients boarded it.5
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Possibility of transmission by indigenous mosquitoes

Two species of anopheline mosquitoes were found in the area.
Anopheles claviger was found breeding near the houses of both
patients, and a few larvae of An plumbeus were discovered in a tree
hole near the house in case 1 as late as September 1983. An claviger
rarely bites man and is probably not susceptible to P falciparum of
African origin (unpublished observation of P G Shute quoted by
Ramsdale and Coluzzi6), and there is no evidence to favour it as a
potential vector. The situation regarding An plumbeus is less clear. It
commonly bites man. There is no evidence that it is susceptible to
tropical P falciparum (Shute's (1954)7 statement misquotes the
literature), but none to the contrary either. Moreover, the unusually
hot summer of 1983, with a mean monthly temperature just over
20°C, was adequate for completion of development ofPfalciparum
in the mosquito in about 12 days.8 Nevertheless, the opportunity for
an indigenous mosquito to become infected in the Gatwick area
is very small: only five cases were notified from northern Sussex
over the relevant two months and they were on average treated
within nine days of symptoms arising, so were unlikely to have
gametocytes infective to mosquitoes. And, though asymptomatic
gametocytaemic visitors pass through Gatwick airport, the chance
of their being bitten by an indigenous mosquito that then reached
the two patients is even less likely than for an imported mosquito.
The second possibility, of an imported vector becoming infected

within the UK, seems particularly unlikely in that the opportunities
for a mosquito imported from tropical Africa to become infected
before departure for the UK would be very much greater in the
endemic area than in the UK. This second possibility combines the
weakest links in both the other possible routes of transmission.
The third, and on balance most likely, possibility is of import-

ation of an infected vector or vectors. Flights from the holoendemic
areas of west Africa regularly arrive at Gatwick, and for various
reasons not every aeroplane from there was being disinsected with
an adequate quantity of insecticide. Searches of 67 aircraft subse-
quent to this malaria outbreak yielded occasional live, pyrethroid
susceptible culicine mosquitoes of tropical origin, so that the possi-
bility of importation exists, though no tropical anophelines were
detected in these searches.39 Identification of the likely source of
some of the Culex caught was possible by breeding from the females
collected and examination ofmale genitalia of the offspring, indicat-
ing that Entebbe and Lagos respectively were the probable sources
of the mosquitoes. Mosquitoes arriving on aircraft would be unlikely
to fly unaided to the homes of the two cases and, assuming that they
would have been blown out of the wheelbays during take off, there
would be no chance of mosquitoes dispersing directly from the
wheelbays when they opened on the approach to Gatwick. A more
plausible means of transport would be in the car of the patient's
husband to Horsham in case 2 and in the vehicles belonging to
aircrew to the Rusper public house, which was used by many airport
staff. It seems unlikely that two arriving infected mosquitoes should
disperse in different vehicles (in the absence of other cases from
mosquitoes staying at Gatwick) and we would suggest that the
simplest explanation is of a single imported infected African
Anopheles mosquito transported to the public house and biting both
patients in the same area some time apart.

Discussion

In recent years at least 19 cases of so called "airport malaria" have
been recorded"' from north western Europe, occurring usually
during high summer in people living or working within five km of
major international airports, as at Paris," Zurich,'2 Amsterdam,
and Brussels.'3 These have been attributed to the importation of
infected tropical mosquitoes. Before 1983 no such event had been
described from the UK. The two present patients are unusual in
living rather further from the airport than is typical but otherwise fit
the pattern of airport malaria and clearly, especially in very warm
weather, it is necessary to bear falciparum malaria in mind in the
differential diagnosis of fever and coma in those who live in the
vicinity of international airports receiving traffic from malarious

areas. Fortunately hospitals in such areas are likely to be aware of
the risks of malaria as they also receive cases of malaria presenting
on the incoming aircraft.
Two additional British cases from the summer of 1983 did not

appear to have been infected in known malarious areas. They were
reported from London'" and Durham'6 independently but were
subsequently found to have travelled on the same flight from Lon-
don (Heathrow) to Rome and may have become infected en route by
a mosquito infected in Africa which could have boarded the aero-
plane in Ethiopia.' It is now clear that the United Kingdom is not
exempt from airport malaria. The methods of enzyme electrophor-
esis and other means of infraspecific taxonomy of both parasites and
vectors, as used and attempted in these cases, may indicate the likely
origin of the mosquitoes and the malaria, and efforts are needed to
preserve both insects and parasites alive whenever the opportunity
presents.

If it is accepted that these cases are due to imported infected
vectors, the emphasis in control and prevention must fall on the
killing of insects on aircraft (disinsection), which by international
regulation should be carried out just before take off from the airport
of departure in the tropics. The observations discussed fully by
Curtis and White3 on survival of insects under various levels of
insecticide application suggest that the problems concern imple-
mentation and that the dosages recommended by the World Health
Organisation are adequate. 17 There appear to be considerable
difficulties both in assuring adequate supplies of insecticide and
in using it without problems ofpassenger reaction, and probably the
procedures are often not followed. This may have been aggravated
by the switch some years ago to the application of insecticides by an
automatic device through the air conditioning system. This reduced
passenger reaction, and staff lost the habit of using aerosol canisters.
The automatic system was stopped on suggestions that it might
damage conduits, and the earlier system was inadequately re-
instated in some places while many small airlines have always
tended to spray inadequately. Though the immediate need is for
closer adherence to the regulations, research on possible alter-
natives, such as residual insecticiding of the cabin contents, is
needed.

For the medical reader these cases emphasise the need to keep
malaria in mind when confronted with an undiagnosed fever, not
only in the recently returned traveller but also when the patient
works or lives near an international airport, especially during
periods of very hot weather in Europe.

We are grateful to Dr J A Dew and Dr C T A James for referring the
patients; Miss C Wells and Miss T Horton for typing help; and all those
airport and Sussex environmental health staff who helped with various
phases of the investigations.
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