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Measures to be Taken to Prevent the Transmission
of Aedes aegypti by Sea and Air
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PROVISIONS OF THE INTERNATIONAL SANITARY
REGULATIONS

The essential aim of the International Sanitary
Regulations (ISR), adopted in 1951 and since
amended, is to ensure the maximum security against
the international spread of diseases with the mini-
mum interference with world traffic.
The sanitary measures permitted under the Regula-

tions are the maximum measures applicable to
international traffic which a State may require for
the protection of its territory against the six quaran-
tinable diseases: plague, cholera, yellow fever,
smallpox, typhus and relapsing fever (Article 23).
At present, some 180 territories are bound by

these Regulations.

Yellow fever
For the control of yellow fever, a number of pro-

visions of the Regulations refer to the control of
Aedes aegypti.

(1) Health administrations must notify the World
Health Organization, by telegram, within 24 hours,
that an area has become an infected local area; i.e.,
either that there is a non-imported case of yellow
fever, or that there is yellow-fever virus activity in
vertebrates other than man (Article 3). The admini-
strations further report the yellow-fever receptive
areas within their territory (Article 70); i.e., those
areas where the presence of A. aegypti (or other
peridomiciliary vectors) would permit the develop-
ment of yellow fever if this virus were introduced.

(2) Every port and the area within the perimeter
of every airport must be kept free from A. aegypti
in its larval and adult stages. Premises for the
accommodation of transit traffic in yellow-fever
infected or receptive areas must be kept mosquito-
proof (Article 20). The World Health Assembly has

1International Quarantine, Division of Communicable
Diseases, World Health Organization, Geneva, Switzerland.

agreed to the interpretation that, in order to keep
the area within the perimeter of an airport free from
Aedes in its larval and adult stages, it is necessary
to maintain active anti-mosquito measures within
a protective area extending for a distance of at least
400 m around that perimeter. For ports, no specific
guidance can be given, since a comparatively narrow
band around the water-line will be sufficient to
protect certain ports, while in others quite an
extensive area, including adjoining creeks and
similar places in the vicinity of the port, may have
to be cleared of any vectors.

(3) Every aircraft leaving an airport situated in
an infected local area and bound for a yellow-fever
receptive area must be disinsected under the control
of the health authority as near as possible to the
time of its departure but without delaying such
departure. The States concerned may accept the
disinsecting in flight of the parts of the aircraft
which can be so disinsected (Article 73.2). Further-
more, every ship or aircraft leaving a port or airport
where Aedes aegypti still exists, bound for a port
or airport where Aedes aegypti has been eradicated,
shall be similarly disinsected (Article 73.3).

(4) On arrival, a ship may be disinsected when
Aedes aegypti is found on board within 30 days of
leaving a yellow-fever infected area; an aircraft,
when the health authority is not satisfied with a
disinsecting required on departure or carried out in
flight and live mosquitos are found on board
(Articles 76, 77).

(5) Disinsecting (and other sanitary operations)
of international carriers must be carried out so as
not to cause undue discomfort to any person or
injury to his health; not to produce any deleterious
effect on the structure of a ship, an aircraft, or a
vehicle, or on its operating equipment; to avoid all
risk of fire. Also, every precaution must be taken to
avoid any damage to goods, baggage and other
articles in carrying out such operations (Article 25).
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(6) Under the Regulations, disinsection measures
applied shall, on request, be recorded in the aircraft
General Declaration or a certificate issued free of
charge specifying the measures applied to a ship
or other carrier (Article 26).

(7) The measures applied at a previous port or air-
port shall not be repeated at a subsequent port or
airport unless an incident of epidemiological signifi-
cance calling for further disinsecting has occurred
or there is definite evidence that disinsection was not
effective (Article 40).

(8) A further measure, which is essential for the
control of spread of yellow fever, is the requirement
of a valid international vaccination certificate
against yellow fever for all persons leaving an infected
local area on an international voyage for a yellow-
fever receptive area (Article 72); also, every person
employed at an airport in an infected local area and
every aircrew member using any such airports must
be vaccinated against yellow fever (Article 73).

Other insect-borne diseases
In respect to other insect-borne diseases, parti-

cularly malaria, the Eighteenth World Health
Assembly has adopted the following additional
regulations (Article. 102), coming into force on
1 January 1966 in territories that had not notified
their rejection or any reservations before 10 Sep-
tember 1965.

1. Every ship or aircraft leaving a local area where
transmission of malaria or other mosquito-borne disease
is occurring, or where insecticide-resistant mosquito
vectors of disease are present, shall be disinsected under
the control of the health authority as near as possible to
the time of its departure but in sufficient time to avoid
delaying such departure.

2. On arrival in an area where malaria or other
mosquito-borne disease could develop from imported
vectors, the ship or aircraft mentioned in paragraph 1 of
this Article may be disinsected if the health authority is
not satisfied with the disinsection carried out in accord-
ance with paragraph 1 of this Article, or if it finds live
mosquitos on board.

3. The States concerned may accept the disinsection in
flight of the parts of the aircraft which can be so dis-
insected.

THE A. AEGYPTI CONTROL METHODS FOR INTER-

NATIONAL TRAFFIC RECOMMENDED BY WHO

Control of A. aegypti at international airports
The Committee on International Quarantine

(1961) has stated that " the strongest defence against

the carriage of mosquitos by air is the rigid pro-
tection of airports by anti-mosquito measures and
that... health administrations should be asked
to take all reasonably possible steps to this end ".
The Committee endorsed the recommendations of
the WHO Expert Committee on Insecticides (1961)
that on request WHO provide technical advice to
governments on the planning and execution of vector
control programmes at international airports, and
that there be periodical publication by WHO of
information on the progress made in making inter-
national airports mosquito-free. Implementation
of these proposals would provide aircraft disinsec-
tion on a more selective basis and reduce interference
with international traffic where this information is
available.

In reply to a circular by the Director-General of
WHO, a number of countries have indicated that
their airports are being kept permanently free from
A. aegypti; others report quarterly the conditions on
the presence of Aedes in its adult and larval stages
at their major international airports. This informa-
tion is being published once or twice annually in
the Weekly Epidemiological Record. This incomplete
information indicates that many international air-
ports are regularly inspected and kept continuously
free of Aedes, but on others, larvae are still re-
peatedly found in airport buildings, in empty con-
tainers, tins, old tires, stagnant waters, drain traps
and in tree stumps, labour camps or villages in the
protection area.

Presence of Aedes in ports

Information on the presence of Aedes in ports is
not normally received by WHO, but a WHO con-
sultant visiting Asia pointed out that in one port
with regular inspection of control of Aedes, the big
problem was that of Aedes breeding in drinking-
water containers in junks and small sailing freighters
that come and go by the thousand every year; and
in another port where some 20 000 small sailing
freighters visit every year, many drinking-water
tanks harboured larvae. In several port cities of the
Caribbean area, the Weekly Epidemiological Report
(1963-64) gave Aedes indices of between 10% and
50% in the harbour areas in recent years.

Aircraft disinsection

The WHO Expert Committee on Insecticides
(1961) noted that about 20% of mosquitos found on
aircraft treated in flight were still alive on arrival
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in Miami, Fla., USA, and over a five-year period an
even larger percentage remained alive on arrival in
the Philippines. The Committee on International
Quarantine (1961) therefore endorsed the conclusion
that " in-the-air disinsection of aircraft with aerosols,
as practised at the time, was not biologically effective
and that it should not be accepted as complying
with the International Sanitary Regulations in the
sense that adequate disinsection will cause more than
a minimum of discomfort to passengers and crew ".

Blocks-away disinsection. Following extensive
consultation with airline operators, aircraft de-
signers and health administrators, it was recommen-
ded that disinsection be carried out during the
"blocks-away " period; that is, with persons on
board, after the aircraft leaves the apron but prior
to take-off (technically, while it is in flight), when the
ventilation and pressurization systems are still
operating at a reduced rate. This method causes
the least delay and is, therefore, likely to be more
acceptable to air carriers than some other proce-
dures. Tests sponsored by WHO with this method,
on board scheduled flights both in the temperate zone
(Sullivan, Keiding & Wright, 1962) and in tropical
areas (Philippines) by Sullivan et al. (1962), using a
WHO Standard Reference Aerosol (SRA) proved
that this method is biologically effective and causes
no inconvenience to passengers. Single-use aerosol
dispensers that are proportionate in size to that of
the cabin to be treated provide an additional means
of preventing human error in establishing the desired
concentration of insecticide (World Health Organ-
ization, 1964). Blocks-away disinsection is now being
successfully applied and is accepted by the health
administrations, when performed by certain airlines,
in Australia, New Zealand, Tahiti, Fort Lamy
(Chad), Jamaica, Madagascar, Manila, Rdunion,
Saigon and a number of airports of entry to the
USA. A disadvantage of this method is that it is
performed by the aircrew, and this appears to be
unsatisfactory to several health administrations,
particularly in connexion with the possible re-
introduction of vectors of malaria into areas that
are in the consolidation phase of malaria eradica-
tion.
The blocks-away method of aircraft disinsection

might be more acceptable to health administrations
if reliable information were available on (1) the
mosquito-control measures in effect at airports at
which aircraft had landed previously, and (2) the
presence or absence of mosquito vectors at all
airports of call after the most recent disinsection.

The acceptance of the blocks-away procedure,
which has been recommended as being biologically
effective anid non-irritating to passengers, is at the
discretion of the States concerned (Article 73.2).

Automatic dichlorvos disinsection. WHO is also
interested in the development of an automatic
dichlorvos dispenser for installation on board aircraft
(Pearce, Schoof & Quarterman, 1961; Schoof et al.,
1961; Rasmussen et al., 1963). With this device, air
is circulated by means of a small pump through a
filter to discharge dichlorvos at a specific rate for
30 minutes. The dichlorvos vapour penetrates to
remote corners ofthe passenger cabin and cargo holds
better than aerosols do. Practical tests on regular
flights of Pan American Airways in a Boeing-720
aircraft between South America, Central America
and Miami, Fla., by the Public Health Service of
the US Department of Health, Education, and Wel-
fare, have been successful. A minor difficulty was
that not all the aircrews were familiar with the
method; also, adjustments of the system in relation
to temperature control and vapour distribution must
still be made.

Toxicity tests, with volunteers exposed to con-
centrations of dichlorvos for periods considerably
exceeding the time during which aircrews would be
exposed during flight schedules involving a maxi-
mum of disinsection operations, were evaluated by a
WHO toxicity expert group. No adverse effects on
reaction or visual performance were noted, nor were
there any alterations of blood cholinesterase levels.
If dichlorvos is provided in cartridges of appro-
priate size, over-exposure to it is impossible. The
group concluded that the biologically effective con-
centration for aircraft disinsection of 0.15-0.36 ,ugl
litre for repeated 30-minute exposure included at
least a tenfold toxicity safety margin. The use of
dichlorvos spares the occupants of an aircraft the
irritation of the eyes and air passages that is asso-
ciated with the use of other insecticides.

Disinsection of ships

The WHO Expert Committee on Insecticides
(1951) recommended that WHO collect, and keep
up to date, information relating to the sanitary
condition (including the presence or absence of
vectors of disease), health organization, and facilities
of seaports open to international traffic throughout
the world. This body recommended that, in co-
operation with governments, international shipping
associations, naval services and port health autho-

,6AI



F. DE TAVEL

rities, information be obtained on the following
points: (a) how and from what distances insect
vectors of disease are able to infest ships; (b) the
distribution of such insects on board ships; (c) the
survival rate of such insects in various places, in
harbour and during voyages under varying meteoro-
logical conditions; (d) the efficacy of various insect-
icides and methods of application, including residual
sprays, in different parts of a ship; (e) the influence
of the size of a ship on the risk of its being infested
and thereby being the cause of the reinfestation
ofa freed area; and (f) the tainting effects of insecti-
cides on foodstuffs and cargoes.
Only limited data were obtained, and these factors

must still be investigated, considering conditions of
growing traffic volume (including tourism), its
distribution on a world-wide basis and conditions
in newly independent countries.
The Committee considered that seaports open to

international traffic should be kept as free as possible
from mosquitos and other disease-bearing insects. It
recognized that routine treatment of ships arriving
in ports from infested areas could interfere with the
free flow of traffic and recommended that the rou-
tine treatment of ships arriving in ports declared free
from insect vectors be replaced by routine inspection.
For vessels of small size (in the order of 25 tons or
less), it may be easier to treat, as a routine procedure,
rather than to carry out inspection.
The Committee recommended that the routine

use of insecticides on board ship be encouraged to
promote the health and comfort of all on board
and to prevent the importation of insects into freed
areas, at the same time reducing possible delay
caused by health procedures on arrival.
For sea-going vessels (except for those below

500 tons, sailing or fishing vessels, tugs, etc.) the
ILO Convention concerning Crew Accommodation
on Board Ship, adopted in Seattle in 1946 (Inter-
national Labour Conference, 1949) provides that
"In ships regularly trading to mosquito-infested
ports, provision shall be made to protect the crew's
quarters against the admission of mosquitos by the
fitting of suitable screens to side scuttles, ventilators
and doors open to the deck" and other provisions
to keep the equipment of ships vermin-proof. Re-
gular inspections are the responsibility of the master.
A Guide to Ship Sanitation is to be published by
WHO.

Conditions differ widely between the modern
insect-proofed ocean liner, oil tanker or refrigerated
cargo vessel and the old steam freighter and the

smaller vessels used in local traffic, such as dhows,
lighters, fishing and sailing boats and craft on which
a floating population lives in ports of the Orient,
which often provide conditions suitable for the
breeding of mosquitos in drinking-water containers,
holds and bilges. The role of floating populations
for maintaining Aedes and their capacity for infesting
other vessels must still be explored in certain ports.

AREAS FOR FURTHER ACTION AND STUDY

Control and prevention
Under the ISR, control measures against A.

aegypti aim at preventing the spread of Aedes-
transmitted diseases, particularly yellow fever, from
infected areas through international traffic to areas
that are favourable for their development. Aside
from the obligation to keep ports and airports open
to international traffic free from Aedes, there is no
obligation to report the presence of this vector. Any
epidemics of Aedes-transmitted diseases, such as
dengue, indicate a high prevalence of the vector in
the area.
To prevent the introduction of these diseases,

constant vigilance and regular inspections for the
presence of A. aegypti in ports, airports and other
areas with international traffic should be organized
within the latitude where climate and conditions are
favourable for the development of the vector. With
limited means and qualified personnel available,
efforts must be co-ordinated on the application of
the most effective measures where they are most
urgently needed. If ports and airports are regularly
inspected and kept reasonably free of vectors, the
chances for disseminating and receiving Aedes and
the diseases it carries through international traffic
are remote.
Although there is little doubt that the vectors of

yellow fever and dengue-like diseases have spread
epidemiological disasters from port to port along
traffic routes, particularly before the advent of
steam-propelled ships, it is evident that such diseases
cannot spread unless there is sufficient infestation
by and breeding of Aedes to create the conditions
for the explosion of epidemics. Had it been known,
the most effective measure against yellow fever in
the last century would have been to keep the Aedes
population in ports below a critical level.

A. aegypti on aircraft
The presence of Aedes on board aircraft on inter-

national flights appears to be rare. Insects found
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on 9382 aircraft on arrival at 4 international airports
in India during the period 1961-63 included no
A. aegypti. In the USA, arthropods were found on
14.4 % to 22% of inspected aircraft on arrival from
the Pacific area and Latin America since 1948, but
only 2.5 %-2.9 % of about 400 000 aircraft inspected
over a 16-year period were found to carry mosquitos.
During the 23-year period 1937-60, on 440 226 flights
searched, only 36 A. aegypti were recovered, and of
these, 22 were dead (Hughes, 1949, 1961). The
carriage of A. aegypti on major international air
routes does not appear to be a problem where this
vector is kept under reasonable control at airports
and aircraft are kept under good sanitary conditions.
However, with increasing air traffic and changing

traffic trends, the epidemiological significance of
A. aegypti must be kept under review. It is difficult
to evaluate to what extent intensive feeder traffic
from small communities or airstrips in undeveloped
tropical areas near the forest, serving international
airports, might eventually contribute to their
infestation. Occasional inspections of insects carried
on board aircraft, so as to determine their numbers
and species, and investigation of the actual disinsec-
tion procedures applied to aircraft before arrival are
desirable to determine the effectiveness of the mea-
sures applied.

A. aegypti on ships

Comparable figures for A. aegypti carried on
ships in international traffic are not readily available.
Unless regularly controlled, conditions could still
become critical in tropical areas where a high pre-
valence of A. aegypti is known to exist. A health
administration indicated in 1965 that inspections are
made occasionally in ships, usually when traffic
arrives from areas where quarantinable diseases,
dengue, arbovirus diseases or drug-resistant malaria
occur. In ships, the space involved is such that little
time is available for more than a cursory inspection
for mosquitos. However, in entomological surveys,
numerous mosquitos and other insects were found,
but in most instances the insects found were indige-
nous to the port in which the inspection was made.
A survey (unpublished) of a major port in Ceylon

in 1954 indicated the presence of mosquitos on board
ships arriving from equatorial Africa. These insects
were collected from the sleeping quarters of the
officers and crew. None were Aedes, however. On

reinspection after 24 to 64 hours, other insects had
entered the ships, either directly from shore, con-
veyed by lighters, or from other ships berthed along-
side them. The breeding of mosquitos, including
A. aegypti, was found in the port area in buildings,
water tanks and discarded tires and tins, but also
on installations such as steam-cranes. Aedes was
collected in the fore-cabins of lighters, tugs and
dredges. Mosquitos are thus readily conveyed from
the shore to ships.

DISEASE TRANSMISSION

It must be stressed that, in most instances, the
viruses of diseases such as dengue, which are spread
by A. aegypti, are transmitted through an infected
person to an already-established Aedes population
rather than through the introduction of an infected
vector. Rigid immunization requirements for persons
leaving infected areas for receptive areas practically
excludes the transmission of yellow fever. In respect
to other mosquito-transmitted diseases, such as
dengue, a warning card advising international travel-
lers arriving from epidemic areas to report to a
physician should they feel ill might be given to
passengers on arrival in areas where mosquito
vectors are prevalent, so as to promote the early
detection of such cases as a protective measure for
the area concerned.

Since the adoption of the ISR in 1951, there is no
record of a single case of yellow fever being trans-
mitted through international traffic. Mosquitos
occasionally may be reintroduced into areas from
which they were eradicated or no longer exist,
perhaps through small vessels in ports or along the
coast. Systematic inspections in susceptible ports,
airports and adjacent areas should detect such
intrusions before they attain epidemic significance.
In consultation with the health authorities of the
area of origin of such importations, effective mea-
sures can be applied under the IRS when necessary.
However, international traffic should not be sub-
jected to unnecessary IRS measures.

In conclusion, it must be stated that the specta-
cular increase in sea and air traffic, their changing
trends and new traffic routes could affect the trans-
mission of vector-borne diseases. Such traffic must
be kept under continued review and surveillance to
minimize the hazards from vector-borne diseases.
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