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The Effect of Flea Control on
Yersinia (Pasteurella) pestis Antibody Rates
in the California Vole, Microtus californicus,

and its Epizootiological Implications
L. KARTMAN I & B. W. HUDSON 2

The effects offlea control on the prevalence of Yersinia (Pasteurella) pestis antibody
rates in the California vole, Microtus californicus, were studied in San Mateo County,
California, USA. In this area, which had shown antibody prevalence rates of50 % or more
during epizootics in previous years, continuous flea control measures reduced the antibody
rate to virtually zero and held it at that level for 12 months, although a nearby area showed
an incidence of 40-80 % seropositive voles for 5 months during the same period. The strik-
ing correlation between the reduction of the flea population and the decline of Y. pestis
antibody rates suggests that in the area studied there is no evidence that soil, or anyfactor
other than theflea vector, was the agent oftransmission ofthe infective agent in wild rodents.

Studies of wild rodent plague in the San Bruno
mountain area of San Mateo County, California,
USA, have established the long-term nature of the
enzootic nidus and the basic importance of the Cali-
fornia vole, Microtus californicus, as a reservoir of
this infection (Kartman, Quan & Stark, 1962). Sero-
logical studies commencing in 1962 have shown good
correlations between bacteriological recoveries of
Yersinia (= Pasteurella) pestis 3 and seasonal fluctu-
ations in numbers of seropositive M. californicus
(Hudson, Quan & Goldenberg, 1964). Subsequent
studies (Hudson & Goldenberg, 1968), primarily
designed to evaluate distributional aspects of wild
rodent plague infections in a number of separate
sites within the plague pocket during the winter-
spring epizootic of 1963-64, showed a correlation
between the flea index and numbers of seropositive

1 Parasitic Diseases, World Health Organization, Geneva,
Switzerland.

2 Zoonoses Section, Ecological Investigatioins Program,
Center for Disease Control, Health Services and Mental
Health Administration, US Public Health Service, Depart-
ment of Health, Education, and Welfare, Fort Collins, Colo.,
USA.

3The International Committee on Bacteriological Nomen-
clature has decided that the plague bacillus should be placed
in the genus Yersinia, but this change has not yet been pub-
lished in the International Code of Nomenclature.

animals during the most intense period of the epi-
zootic.

Theoretically, it can be assumed that the control of
flea vectors should have a direct effect on the circu-
lation of Y. pestis in rodent populations and hence
upon the Y. pestis antibody rate. Nevertheless, such
a relationship has never been demonstrated as far as
is known. Many years ago, it was demonstrated
(Davies, 1947) that the dusting of commensal rat
runs with 10% DDT powder to kill rat fleas in an
endemic murine typhus fever area in Texas resulted
in a reduction of complement-fixing antibodies for
typhus rickettsiae during a 3-month period. On the
other hand, in a recent study when flea control failed
because of insecticide resistance, no effect could be
detected in the Y. pestis antibody rate in the verte-
brate host (Cavanaugh et al., 1970).

Successful control of flea vectors of plague has
been accomplished by the use of insecticide bait
boxes in Hawaii (Kartman & Lonergan, 1955), in the
San Francisco Bay region (Kartman, 1958, 1960),
and in the Sierra Nevada mountains of California
(Barnes & Kartman, 1960). All these investigations
demonstrated significant reductions in the indices of
several species of flea on various rodents, both wild
and commensal. In addition, it was shown that fleas
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also were controlled in nests of rodents because the
animals transported insecticidal powder on their bo-
dies during frequent visits to the bait boxes.
Not only are fleas considered to be the most impor-

tant vectors of Y. pestis but they are also known to
act as reservoirs of the infective agent under a variety
of circumstances. As a reservoir, the flea is equal to,
if not more important than, the vertebrate reservoir
in certain epidemiological situations. Within the past
few years, however, reports by workers in France and
Iran have implicated the soil as both a source of in-
fection for animals, especially for burrowing rodents
such as Meriones spp., and a mechanism for preserv-
ing the plague bacillus during interepizootic periods
(Baltazard et al., 1963). In the work reported here,
it has been assumed that if the soil acts as a major
reservoir of the plague organism, preservation of
Y. pestis in the soil of wild rodent burrows should
be instrumental in maintaining the known seasonal
fluctuation of specific Y. pestis antibodies in the face
of highly effective flea control.

This investigation had two objectives: (1) to de-
monstrate a relationship between the control of vec-
tor fleas under natural conditions and the seroposi-
tive Y. pestis antibody rates in certain species of wild
rodents, and (2) to determine whether an agent other
than the flea vector could account for significant
natural infections of wild rodents with Y. pestis.

MATERIALS AND METHODS

Area 4, the site of control experiments, has been
described in previous communications (Kartman,
Quan & Stark, 1962). It is a lush ungrazed meadow,
heavily carpeted with herbs and with annual and
perennial grasses, and contains occasional clumps
of Baccharis pilularis and Ulex europaeus.
Trapping methods as previously described (Hud-

son, Quan & Goldenberg, 1964), were used with a per-
manent grid of 8 rows of 10 stations at 25-foot (7.6 m)
intervals. Insecticide bait boxes were placed at each
station within the trapping grid. All trapped animals
were removed, bled, held overnight for observation,
and released at the original trapping site the following
day. The tissues of all animals that died in traps or
during handling, and of all fleas removed from them,
were pooled and inoculated into susceptible labora-
tory mice for evidence of plague infection, according
to previously described methods (Hudson, Quan &
Goldenberg, 1964).

In order to follow the usual cycle of infection with-
in the plague nidus, an additional grid area, as simi-

lar as possible to the trapping grid with regard to
habitat, rodent and flea distribution, and previous
serological and bacteriological evidence of plague in-
fection, was selected as an indicator for seasonal
fluctations in the levels of wild rodent plague in-
fection. This area was somewhat brushier and
showed a higher index of Microtus fleas during the
1963-64 investigations (Hudson & Goldenberg,
1968), but it was in other respects essentially similar
to the bait box area.
Trapping in both areas commenced in January

1966 and was continued on a monthly basis until
the study was terminated in May 1967, a total period
of 17 months. Shortly after the spring epizootic be-
gan in February-March 1966, insecticide bait boxes
were placed at the 80 stations represented by the
trapping grid in area 4. Commencing on March 31,
insecticide bait boxes were visited at weekly inter-
vals, treated with 4 oz (113 g) of 10% DDT powder
and baited with 8 oz (227 g) of rolled oats using the
methods discussed previously (Kartman, 1958). Trap-
ping at each station was accomplished by use of stan-
dard Sherman live traps set out one afternoon and
picked up the following morning.

Experimental tests by Dr M. I. Goldenberg (un-
published data) demonstrated that 5%/ or 1000 DDT
powder had no effect on the growth of Y. pestis in
culture media, or on the virulence of the cultures
when inoculated into white mice. This information
is of importance to the experimental design because
of the possible effects on the capacity of Y. pestis to
survive in the soil and retain its normal qualities
in the burrows of the voles where DDT powder is
carried on the fur of the rodents after visits to bait
boxes (Kartman, 1958).
The standard passive haemagglutination test using

Y. pestis fraction 1 antigen was used throughout the
study. On the basis of previous results (Hudson,
Quan & Goldenberg, 1964; Hudson & Goldenberg,
1968) the minimum significant titre was chosen to be
1: 32. Tests from January to June 1966 were con-
ducted using a starting test titre of 1: 16. Previous
studies had shown that only negligible numbers (less
than 5%) of seropositive M. californicuts ever re-
vealed titres equal to, or less than, 1 : 16. On account
of the possible importance of low titres during the
later stages of the control programme, however, all
sera collected from July 1966 to May 1967 were tested
at initial titres of 1: 8 and higher. With the expection
of four sera collected from the untreated area during
July, November, and December 1966 and January
1967, all sera proved to be negative at these low
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titre levels. With the exception of the July serum,
we have not tabulated the results since they do not
change the conclusions of the study.
To illustrate these criteria, the data from the pre-

sent study are shown graphically in Fig. 1. The cumu-
lative numbers of sera at or above each titre are
plotted in standard probit analysis, which demon-
strates the log-normal distribution of titres found du-
ring the study and indicates that probably less than
2% of the total potential population of serological
positives from this study could have been expected
to show titres of 1: 16 or less. A more rigorous
statistical treatment of these types of data is not
presented since it is the subject of a separate com-
munication.

RESULTS AND DISCUSSION

Results obtained in the treated area are presen-
ted in Table 1 and Fig. 2. Comparable values are
shown for the untreated area (Table 2 and Fig. 2).
Use of the insecticide bait boxes, starting on 31

Fig. 1. Cumulative distribution of Y. pestis passive
haemagglutination titres obtained from M. californicus
from January 1966 to May 1967.

Fig. 2. M. californicus flea indices and numbers of seropositive animals found in an untreated area and in an area
continuously treated with insecticide bait boxes starting on 31 March 1966.
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March 1966, rapidly reduced the flea index on M.
californicus and on the associated deer mouse, Pero-
myscus maniculatus, to very low levels. Seropositive
rodents, however, continued to be found during
April and May. Although no definitive evidence is
available to establish an interpretation rigorously,
we feel that these are residual titres of animals ex-
posed during the initial stages of the epizootic in
January, February, and March 1966. Previous stu-
dies in this area have demonstrated that such sero-
positive animals are detectable for periods as long
as 8 months following initial exposure (Hudson,
Quan & Goldenberg, 1964).
The abrupt termination of the epizootic in this

area is of interest. During the four previous epizoo-
tics from 1963 to 1965, more than 60% of the voles
tested from area 4 demonstrated significant serolo-
gical responses, yielding passive haemagglutination
titres of 1: 32 or higher. The DDT treatment, how-
ever, was initiated before levels of 35% were reached,
and the course of the epizootic was much less intense
than those of previous years. From July 1966 to
May 1967, flea indices and serological evidence of
infection remained at negligible levels. The one sero-
positive vole found in October 1966 may have been
a migrant from another area, may have been an
animal with residual titre from the previously ex-
posed group, may have been responding to infection
as a result of exposure to bites of the very low flea
levels remaining in the area, or may have been ex-
posed to infected soil. From December 1966 to
May 1967, however, the flea index was reduced to
zero and no further seropositive animals were found.

In contrast to those in the DDT-treated area, ro-
dents in the untreated area showed serological evi-
dence of almost continuous exposure to Y. pestis in-
fection. Both major and minor fluctuations in the
numbers of seropositive rodents were apparently
correlated with the numbers of fleas present. The
distance between the two sites (1/2 mile; 800 m) sug-
gests that there is no reason to conclude that the
usual cycle of plague infection in the treated area
should not have occurred. On the basis of previous
experience, however, it may be assumed that the
climatic and other factors in the areas enclosing both
grids were virtually identical.
As in previous studies, bacteriological recoveries

were roughly correlated with serological evidence of
plague infection (Table 1). All recoveries from fleas
were concentrated in the months of March, April,
August, and September 1966. These data again indi-
cate the greater efficiency of serological methods in

the assessment of infection rates in plague-resistant
wild rodent populations but are too sparse for an
evaluation of infection rates on a seasonal basis.
We suggest that one of the original premises has

been demonstrated-namely, that the control of wild
rodent fleas will reduce the prevalence of sylvatic
(or wild rodent) plague to negligible levels and that
this decline is reflected in the Y. pestis antibody rates
in the rodent population.
An unforeseen result, however, was the virtually

absolute nature of the decline of the infection. Dur-
ing the initial stages of the study, significant re-
ductions in numbers of seropositive rodents were
expected but it was felt that moderate levels of sero-
positive rodents would be detectable during the epi-
zootic periods. It was assumed that animal move-
ments between the treated grid, a small area com-
prising 1.1 acre (0.45 hectare), and the surrounding
infected areas would lead to the introduction of sero-
positive rodents and the occasional exchange of in-
fective fleas (Hartwell et al., 1958). It is very sur-
prising that only one probable instance was observed.
Previous experience with these contiguous areas had
demonstrated high serological rates in both voles
and deer mice. During the studies in 1964 (Hudson &
Goldenberg, 1968), areas immediately contiguous to
the DDT-treated grid area in this study (area 4G)
were found to have serological positives in 46 of the
211 voles and deer mice tested between November
1963 and April 1964. Areas immediately north, east,
south, and south-west of the grid revealed 8, 20, 19,
and 78 % of seropositive rodents, respectively, while
during the same period 51% of the rodents trapped
in the grid area were seropositive. At the same time
Y. pestis was isolated on 14 occasions from fleas or
tissues of voles and deer mice in the contiguous
areas. This was similar to the numbers secured from
the grid where 16 isolates were obtained.

In view of this potential for reintroduction of in-
fection, the lack of seropositive rodents during the
last 7 months of observation indicates either that the
movements of seropositive animals and potentially
infective fleas from surrounding areas was limited, or
that the insecticide bait boxes were effecting flea
control well beyond the limits of the grid area. The
combination of restricted home range of M. cali-
fornicus, average about 30 feet (9 m) (Stumpf &
Mohr, 1962), and the high degree of flea control with-
in the DDT-treated area could account for the vir-
tually complete absence of seropositive rodents.
The second premise also seems to have been sub-

stantiated. In view of the fact that only one positive
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serum specimen was obtained that could possibly
be attributed to infection from contaminated soil,
the authors suggest that the soil in rodent burrows
does not act as a major source of Y. pestis infection
in M. californicus.
The direct, and striking, correlation between the

reduction of flea vectors and the highly significant
decline of Y. pestis antibody prevalence in the vole
population indicates that, under natural conditions
in the San Franciso Bay region, the flea is the major
source of Y. pestis infection. If there is a significant

survival of the plague bacillus in the soil in this area,
it may be a phenomenon that has minor epidemiolo-
gical or ecological importance in the continuous cir-
culation and maintenance of Y. pestis in the known
plague reservoir populations of M. californicuis and
P. maniculatus.

It would be of interest to duplicate this type of
field experiment in the enzootic plague foci of Iran,
where evidence has beenfound(Baltazardet al., 1963),
that the soil apparently serves as a reservoir of
Y. pestis.
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RESUME

EFFETS DE LA LUTTE CONTRE LES PUCES SUR LA PREVALENCE DES ANTICORPS
ANTI-YERSINIA (PASTEURELLA)PESTIS CHEZ LE CAMPAGNOL DE CALIFORNIE

(MICROTUS CALIFORNICUS); CONSEQUENCES SUR LE PLAN DE L'EPIZOOTIOLOGIE

On a etudi6 l'influence des mesures de lutte contre les
puces sur la prevalence des anticorps antipesteux parmi
les populations de campagnols de Californie dans le
comte de San Mateo, Californie. Dans cette region oui,
lors des epizooties passees, 50 1 ou plus des campagnols
etaient porteurs d'anticorps, la lutte incessante contre les
puces a virtuellement reduit a zero les taux de positivite
des serums de rongeurs. Cette situation a persiste pendant
12 mois bien que, dans une region voisine, on ait trouve

40 a 80% de serums positifs au cours de 5 mois de la meme
p6riode.

Cette correlation frappante entre la reduction des
populations de puces et le declin de la prevalence des
anticorps antipesteux donne a penser que, dans la region
oui a eu lieu l'enquete, ni le sol ni des facteurs autres que
les puces, n'interviennent dans la transmission de l'agent
infectieux parmi les rongeurs sauvages.
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