Observations on Flea Transfer
between Hosts; a Mechanism in the
Spread of Bubonic Plague

A particularly important problem in
plague epidemiology is concerned with
the method of transfer of the disease
from one rodent species to another. Since
enzootic plague is known to be estab-
lished in at least 15 of our western
states, in western Canada, and in Mex-
ico, the mechanism of plague transfer
from wild rodents to domestic rats in
the vicinity of human habitations is a
particularly important question (I).
Many investigators have suggested that
the primary mechanism of plague spread
is by transfer of infected fleas between
hosts. (2). Convincing circumstantial evi-
dence that, in rural areas with a large
rat population, the infection chain of
“squirrel-squirrel flea—rat” may operate
was obtained in studies of a plague epi-
zootic in Ventura County, California
(3). Although the evidence has been
highly suggestive, the actual transfer of
fleas from host to host has never been
demonstrated.

The means for evaluating ectoparasite
transfer more precisely were obtained
through the development of a method
for tagging fleas and other arthropods
with Ce'** (4). By use of the California
vole (Microtus californicus), domestic
rats (Rattus norvegicus) and radioac-
tively tagged wild rodent fleas (Malar-
aeus telchinum), a preliminary study of
flea transfer was conducted in experimen-
tal plots simulating field conditions.
These plots were enclosed by steel
screens and provided soil and native
grasses for the establishment of the
rodents. In one type of experiment, male
and female Microtus were toe-clipped
for identification and allowed to estab-
lish nests; then tagged fleas were placed
on certain individuals. Traps were set
each day, and the captured animals were
lightly anesthetized. The fleas were re-
moved, and checked for radioactivity,
and then returned to the hosts. In an-
other experiment, three rats were main-
tained in a closure adjacent to three
Microtus harboring tagged fleas, or the
rats were allowed to enter the vole en-
closure after the wild rodents had been

killed or while they were alive. In all
cases, a survey meter, Nuclear model
2612 equipped with a mica end-window
probe, was used to scan the animals and
fleas removed from them. The radioac-
tivity of each flea was checked at the
end of each trial with a RIDL scaler
equipped with an end-window counter,
Scott type.

Table 1 summarizes typical data on
the movement of tagged fleas between
individual Microtus. It should be noted
that fleas transferred between animals,
were found in nests, and were eaten by
the animals, as was shown by radioac-
tive feces. Thirty to sixty percent of the
fleas were recovered from Microtus and
their nests after periods ranging from
13 to 21 days.

The movement of radioactively tagged
wild rodent fleas from the voles to the
rats may be summarized as follows: 30
tagged fleas were introduced via the
Microtus; while the Microtus were alive,
none of these were found on the sepa-
rated rats; after the Microtus were killed
by snap-trapping, seven flea transfers
were noted when the rats had entered
the area with the dead voles; no transfers
were noted on three new Microtus placed
in the enclosure after the rats were again
separated; 30 tagged fleas were placed
on the new Microtus, and 12 transfers
to rats were noted when the rats were
allowed in the area with the live voles.
Of the 60 fleas placed on the Microtus,
none was found in Microtus nests, and
27 were recovered from the rats’ nests.
Radioactivity was found in Microtus
feces twice, once in rat feces. Of the
total fleas added, 49, or 81.6 percent,
were accounted for during a period of
56 days. It should be noted that over 50
percent of the fleas accounted for were
recovered between days 50 and 56. The
fleas showed an initial average count of
(6.2 to 8.5) x 102 counts per flea per
minute, and after 56 days, (3.6 to 5.1) x
102 counts per flea per minute.

Under actual plague epizootic condi-
tions, the coexistence of Microtus, Ma-
laraeus, and Rattus has been postulated
to be a significant relationship in a com-
plex ecological situation in which other
flea and rodent species are involved (5).
Further studies on flea transfer under

Table 1. Movement of radioactively tagged wild rodent fleas, Malaraeus telchinum, be-
tween one male and two female voles, Microtus californicus.

. No. fleas Percent
Trial  No. fleas Sex of  Days of No. flea N(;).. times recovered fleas
No. added host trial  transfers ;a 'O?th; accounted

eces toun Animal Nest for

1 40 M 18 21 4 11 16 67

2 10 F 21 9 not checked 5 no nest 50

3 10 F 18 21 not checked 3 no nest 30

4 12 & F 6 8 1 0g 0g 36
139 F 49 49

5 158 F 13 40 not checked 23 3g 62
119 F 69 50
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actual field conditions are being planned
to confirm and extend the obserevations
reported here (6).
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Presence of Polyamines in
Certain Bacterial Viruses

Recent studies from this and other
laboratories have shown the wide distri-
bution of the polyamines putrescine
[NH,(CH,) ,NH,], spermidine [NH,
(CH,),NH(CH,) ,NH,], and spermine
[NH, (CH, ) ,NH (CH,) ,NH (CH,),
NH,] in nature (I-3). Little is known of
their function, but their importance is
implied by their roles as growth factors
for several microorganisms (4) and as
substrates for amine oxidases (5), and
by their pharmacological effects (1). A
possible functional connection with nu-
cleic acids is suggested by the in vitro
affinity of spermidine and spermine for
nucleic acids and by the recovery of a
considerable quantity of these bases
from the nuclear fraction of liver cells
(3). The studies on polyamines and the
unanswered question about what com-
pounds neutralize the negatively charged
phosphate groups of the deoxyribonu-
cleic acid (DNA) in bacteriophage (6)
led to the present study of the polyamine
content of phage.

Putrescine and spermidine are present
in phage T, of Escherichia coli B in
quantities sufficient to neutralize much
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