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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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It was found that the mean number of plague bacilli
per infected flea at this time was 54 300. One-half
of the remaining fleas were held in test-tubes for
one day after feeding, and the other half were held
for five days. Bacterial counts on 12 fleas from each
of these two sets showed that 42% had cast off the
infection by the first day after feeding and 83% had
no detectable organisms by the fifth day. The
remaining fleas in both sets were frozen for two
weeks with dry-ice in a thermo-insulated flask. The
results of this test showed that there were no harmful
effects on the plague organisms during this storage
period (Table 1).

In another trial, the actual number of organisms
per flea was followed closely. When 78 Nosopsyllus
fasciatus (a common rat flea) were tested in the man-

TABLE 1

FLEAS WITH DETECTABLE PLAGUE BACILLI
BEFORE AND AFTER 14 DAYS' STORAGE WITH

DRY-ICE

Holding period Fleas found positive
before storage Before storage After storage

I day 7/12 (58 %) 15/27 (56 %)

5 days 2/12 (17 %) 3/28 (11 %)

TABLE 2
NUMBER OF PLAGUE BACILLI FOUND IN FLEAS

BEFORE AND AFTER 14 DAYS' STORAGE WITH DRY-ICE

Holding period Number of bacilli per positive flea
before storage Before storage | After storage

1 day 1448 1851

6 days 1260 1562

ner described above, similar results were obtained
except that there was no significant loss of plague
organisms in these fleas between the first and the
sixth days of the holding period. It was found that
the mean number of organisms in the positive fleas
was not adversely affected by 14 days' storage with
dry-ice (Table 2).

Suspensions of fleas stored for two weeks killed
albino mice when tested by subcutaneous inocula-
tion, so the virulence of the organisms was appa-
rently not affected by the exposure to dry-ice.

It has therefore been concluded, as it was in the
companion studies performed earlier,a that solid
carbon dioxide (as dry-ice) has no harmful effects
on plague organisms in fleas, and that dry-ice is a
useful and effective means of preserving specimens
during shipment.

An Efficient Water Cooler for Transport of Heat-sensitive Arthropods

by SHERWIN F. WOOD, Professor ofBiology, Life Sciences Department, Los Angeles City College,
Los Angeles, Calif., USA, and FAE D. WOOD, Assistant Research Zoologist, Department of Medicine,
University of California, Los Angeles, Calif., USA

At the Symposium on Culture Procedures for
Arthropod Vectors and their Biological Control
Agents, held at Gainesville, Fla., USA, in 1963 with
the support of WHO, a marked interest was mani-
fested in a cooling device described previously a
for the transport of heat-sensitive Triatoma (Hemip-
tera, Reduviidae) through zones of lethal tempera-
ture in the south-western USA.b The transfer of

a Wood, S. F. & Wood, F. D. (1952) Bull. Sth. Calif.
Acad. Sci., 51, 108-1 1 1.

b Bull. Wid Hlth Org., 1964, 31, 615-616.

these arthropods from their cool microhabitats to
the laboratory at seasons of high environmental
temperatures is sometimes a problem for field
research specialists. The greater the distance from
the laboratory, the more critical the need for pro-
tection of the insects from long exposure to lethal
temperatures. Often, the only time of appearance
for mass capture of desired species is warm nights
accompanied by hot days. Lethal daytime tempera-
tures and desiccation must be circumvented. The
transport cooler recently used by the writers is made
of easily obtainable materials and depends upon
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