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The work was carried out in Kisinev in co-operation
with Dr E. I. Simhovi6 and Dr A. E. Grinberg of the
Sanitary and Epidemiological Centre, and in Azerbaijdzan
with members of the staff of the Azerbaijdzan (S. M.
Kirov) Institute of Medical Parasitology and Tropical
Medicine (Director, T. A. Tagi-Zade, a senior member
of the scientific staff, M. G. Bagramjan, and a laboratory
assistant, B. P. Movla-Zade) and with the head of the
medical district in the village of Sabatljar in the Kuba

Rayon of the Azerbaijdzan SSR, Dr S. I. ll'jasov.
Observations of donors in the focus and the carrying out
of the isodiagnostic tests were done in conjunction with
N. A. Tiburskaja and 0. S. Vrublevskaja of the Institute
of Medical Parasitology and Tropical Medicine, and
V. P. Zabezanskij of the Central Institute for the Further
Training of Physicians. Advice on the work was given
by Professor P. G. Sergiev and Professor S. D.
Moskovskij.

Induced Malaria in Yugoslavia Transmitted Accidentally
by Blood Transfusion

by T. LEPFA, WHO Regional Malaria Epidemiologist, WHO Regional Office
for the Eastern Mediterranean, Alexandria, Egypt, UAR a

As programmes for the world-wide eradication of
malaria progress, the problem of induced malaria
following blood transfusion is becoming increasingly
important. Although, generally speaking, the
epidemiological importance of induced malaria
should not be overemphasized, the occurrence of
such malaria in a given area indicates that an un-
recognized parasite reservoir persists there. Indeed,
in countries in which blood donors are voluntary
and represent a large proportion of the population,
induced malaria cases may even serve as an index
of the persisting parasite reservoirs during the con-
solidation or maintenance phase of a malaria
eradication programme.
Widespread control of malaria in Yugoslavia was

started in 1947, covering a population of some
5 200 000 exposed to the risk of infection. This
control programme was converted to an eradication
programme in 1959, protecting 2 240 000 inhabitants.
It was successfully pursued and by 31 December 1962
all areas were in the consolidation phase. During
those four years, more than 40 induced cases were
notified to the National Malaria Eradication
Service. Only 36 of those were fully investigated;
they are the basis of this discussion.

In Table 1, cases are classified according to the
species of parasite, the number of blood transfusions
received and the incubation period (estimated from
the date of receiving the suspect blood to the date
of appearance of clinical symptoms).

a Formerly, Director, Malaria Eradication Service,
Yugoslavia.

It will be observed from Table 1 that the average
duration of the incubation period appears to be long.
This is doubtless due to the low density of parasites
in the blood of donors. This low density causes
considerable difficulties in the detection of infected
donors, particularly when, as frequently happens,
several donors are involved in one induced case.
It should be pointed out that careful and repeated
investigation was made of all donors involved in
induced cases of malaria and failed to reveal para-
sitaemia in them.
The epidemiological importance of the asympto-

matic parasite carriers with such a low density of
parasites in their blood, particularly when Plasmo-
dium malariae is involved, is illustrated by the
observation that between 1959 and 1962 only six late
relapses of P. malariae infection were detected, but
none of them in persons who had had any epidemio-
logical relation either with donors or with reci-
pients involved in induced cases of malaria. Similar
investigations made in connexion with cases of
induced P. vivax malaria also failed to show that
they had any epidemiological relation to late P. vivax
relapses. Where an area is under total coverage by
residual insecticides, the epidemiological importance
of such asymptomatic parasitaemias is eliminated,
as the vector control subsequent to the use of in-
secticides prevents the occurrence of secondary or
introduced cases. However, it should not be for-
gotten that the induced cases discussed in this note
occurred not only in areas in the attack phase, but
also in areas in the consolidation or maintenance
phase.
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INDUCED MALARIA FOLLOWING BLOOD TRANSFUSION IN YUGOSLAVIA

TABLE I

CASES OF INDUCED MALARIA FOLLOWING BLOOD TRANSFUSION IN YUGOSLAVIA, 1959-62

Number |Species of blood Incubation period (days)
of nf usio Total

parasite treceived 5-10 11-20 21-30 31-40 41-50 51-60 61-70 [71-0 81-90

| Toa -|-1| 2 | 3 |I _ | 1 | 1

2 t 6 _ _ _ _ _ _ 1 3

3 - I I I - - I-- 4

P. vivax 4- - - - I - --- I

Total - 1 1 2 3 - 2 10

1 3 2 2 - - - I - - 8

2 - - - I I- I-- 3

3 - I I - 2 - -- - 4

4 1 - I - - 1 3 - - 6
P. malariae

More than 6 - - - - - - I - - I

Total 4 3 5 1 3 1 6 - - 23

As may be seen from Table 1, there appears to Insufficient information is available to discuss the
be no direct relationship between the species of immunological aspects of the earlier development of
parasite and the duration of incubation, or between the clinical attack in the younger age-groups com-
the number of blood transfusions and the duration pared with adults but there is most probably some
of incubation. When these data are tabulated non-specific tolerance on the part of the adult group.
according to age-group (Table 2), it will be observed It has already been mentioned that the number
that clinical symptoms develop more rapidly in the of blood transfusions does not seem to influence
younger age-groups than in adults. either the development or the duration of the

TABLE 2
AGE DISTRIBUTION OF CASES OF INDUCED MALARIA FOLLOWING BLOOD TRANSFUSION

Age-group Incubation period (days) a
(years) 1-10 11-20 21-30 31-40 41-50 51-60 61-70 ] 71-80 81-90

0-1 3 P.m. 2 P.m. 2 P.m. - - - - - -

1-4 1 P.m. _ - - _ _ 1P.m. - |

5-15 1P.m. 1 P.m. - _ _ 1 P.v. - |

Adults (>15) 1P.m. 3 3 6 1 P.m. 6 - I P.v.
(2 P.m., (2 P.v., (3 P.m., (4 P.m.,

P.v.) 1 P.m.) 3 P.v.) 2 P.v.)

a P.m. = P. malariae. P.v. = P. vivax.
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incubation period. Evidence is also available on the
size of the inoculum and its apparent lack ofinfluence
on the period before development of the clinical
attack. The amount of blood given at one time to
adults generally ranged between 250 ml and 350 ml,
in most cases being 300 ml. However, one of the
cases discussed in this paper was in a person who
received a single transfusion of 600 ml, and, in this
instance, the clinical attack due to P. vivax developed
within 24 days. As several other patients developed
clinical attacks within a shorter period although
given only 300 ml of blood, the size of the inoculum
cannot be considered to have much influence on the
duration of the incubation period.
Among the cases under review, there is a group

of particular interest. These are five infants aged
between three and five months who, on 24 January
1961, were given 80 ml of blood each, from a single
bottle. The donor was a woman, who came from
an area which had been malarious many years
previously. The woman denied any history of
malaria; nevertheless all five children developed
clinical attacks of malaria. Of the five children,

three developed clinical symptoms after seven days,
one after 15 days and one after 23 days.

In addition to the 33 cases shown in Tables 1 and 2,
there were three others which did not lend themselves
to easy classification in the tables. One P. malariae
infection occurred in a child 4 years old who received
13 blood transfusions and in whom the incubation
period was estimated as between 37 and 86 days.
Another P. malariae infection occurred in an adult
male, 38 years of age, who received eight blood
transfusions and in whom the incubation period was
between 18 and 46 days. Thirdly, one P. vivax
infection occurred in an adult male, 64 years of age,
who received six blood transfusions and in whom the
incubation period was estimated as between 33 and
59 days.

The writer is very much indebted to all chiefs of zones,
subzones and sectors of the Malaria Eradication Service
of Yugoslavia for the pertinent epidemiological investiga-
tions and follow-up made by them and for submitting the
data on induced cases of malaria.

Preservation of Pasteurella pestis in Fleas by Solid Carbon Dioxide
(Dry-Ice)

by MARTIN I. GOLDENBERG, Ph.D., Bacteriologist, San Francisco Field Station,
Communicable Disease Center Activities, Public Health Service, US Department of Health, Education,
and Welfare, San Francisco, Calif., USA

Previous investigations conducted at this labora-
tory have determined that mammalian specimens
containing Pasteurella pestis organisms can be pre-
served with solid carbon dioxide (dry-ice) during
shipment from the field to the laboratory without
any deleterious effects on the bacteria.a Still un-
answered, however, was the question of the effects
of such exposure to carbon dioxide on plague bacilli
present in infected fleas on the skin of these mam-
mals. Since it has long been known that the detec-
tion of P. pestis in fleas is a reliable laboratory
procedure for indicating the presence of plague in

a Goldenberg, M. I., Quan, S. F. & Prince, F. M. (1964)
Bull. Wld Hith Org., 30, 741-746.

an area under study,b it was deemed necessary to
include in these studies a determination of the fate
of P. pestis in fleas frozen with dry-ice.

Diamanus montanus, a flea species commonly
found on ground squirrels (Citellus sp.) and other
wild rodents, was fed a blood meal on a mouse
which had a terminal plague septicaemia following
infection with P. pestis strain 195/P. Ninety-one
engorged fleas were used in this study. Immediately
after feeding, 12 fleas were ground in test-tubes, and
the number of plague bacilli in each was determined.c

b Eskey, C. R. & Haas, V. H. (1940) Pub!. Hlth Bull.
(Wash.), No. 254.

c Quan, S. F., Fintel, H. von & McManus, A. G. (1958)
Amer. J. trop. Med. Hyg., 7, 411-415.
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