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INTRODUCTION

B ubonic plague i s  a rodent  and rodent - 
f lea  disease caused by the plague b a c i l ­

lus Pasture l la  pest  is which i s  t ransmitted 
from animal to animal and thence to man by 
f l e a s .  I t  i s  h igh ly  f a t a l .  At l e a s t  ha lf  
o f  the human cases r e s u l t  in death without 
modern m ed ic a t ion .  (Table  I — l a s t  two 
columns). Because o f  t h e i r  c lose associa* 
t i o n  with man, domestic r a t s *  and t h e i r  
f l e a s ,  e s p e c i a l l y  the  o r i e n t a l  r a t  f l e a  
Xenopsy l la  cheopis ,  are  r e s p o n s i b l e  for  
most human epidemics. Only occasional cases 
are  caused by b i t e s  of  o ther  f l e a s  or  by 
d i r e c t  in fec t ion  from handling rodents.

Infection due to b i te s  of  f leas  or due to 
d i re c t  contact  commonly r e s u l t s  in swollen 
lymph glands, cal l ed  buboes, hence the name 
bubonic p lague.  In fec t ion  may progress  to 
the blood stream causing septicemic plague,

and f i n a l ly  to the lungs causing pneumonic 
plague.

Pneumonic plague i s  extremely f a t a l  and 
highly in fect ious when sputum droplets  pass 
d i r e c t  from person to person.  The dea th  
r a t e  due to i t  i s  p r a c t i c a l l y  100 percent.

Plague i s  dreaded  p a r t i c u l a r l y  where 
l i v i n g  c o n d i t i o n s  a re  such as to b r in g  
human beings into  close contact  with large  
o r i e n t a l - r a t - f l e a  popula t ions ,  and where 
crowded condi t ions permit rapid pneumonic 
t ransmiss ion  from man to man.

ANCIENT AMERICAN DISEASE OR RECENT 
INTRODUCTION

Two widely d i f f e r e n t  views e x i s t  con­
c e r n i n g  the a r r i v a l  o f  p lague  in  Nor th  
America. The prevalent  view i s  th a t  i t  was 
i n t r o d u c e d  from the  O r i e n t  i n t o  Nor th  
America a t  San F r a n c i s c o  th rough s h i p -

* R a t t u s  r a t t u s  and R a t t u s  n o r v e g i c u s .
** D r .  Mohr i s  C h i e f  o f  t h e  E c t o p a r a s i t e  Branch,  Entomology D i v i s i o n ,  Communicable D i s e a s e  C e n t e r ,  

A t l a n t a ,  Geo rgi a .
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borne r a t s  and t h e i r  f l e a s  about  1900. 
Facts  support ing t h i s  view:

1. The f i r s t  cases were recognized in the 
Chinese sect ion of  San Francisco r e ­
gion during tha t  year.

2. Succeeding human cases were recognized, 
f i r s t  near San Francisco, and, as the 
years went by, a t  increasingly greater  
di s tances  as plague presumably spread 
northward and inland.

3. R e s u l t s  o f  plague su rveys  in  wi ld  
rodents revealed the presence of plague 
in  an ever-widen ing  a rea  a f t e r  i t s  
o r i g i n a l  r ec o g n i t i o n  in  C a l i f o r n ia .  
For example, in 1935, a f t e r  i t  was 
learned tha t  animals in other  western 
s t a t e s  were i n f e c t e d ,  examinat ions 
w ere  ex tended  to  a l l  o f  the Rocky 
Mountain s t a t e s  as f a r  as the g rea t  
p la ins .  No in fec t ion  was found in the 
p l a i n s  s t a t e s  u n t i l  a f t e r  a lapse of 
several  years.

4. Plague occurred in Pensacola, Florida; 
in New Orleans; and a t  Beaumont, Port 
A r t h u r  and G a lves ton  from 1914 to 
1921, apparently having been introduced 
by sh ip p ing ,  thus g iv ing  support  to  
the theory tha t  the San Francisco out­
break had occurred in the same way.

The o th e r  view, perhaps no t  so widely 
held,  i s  th a t  plague i s  a c h a r a c t e r i s t i c  
d i s e a s e  o f  c o l o n i a l  r o d e n t s  i n  North  
America,  f o r  i t  i s  a l s o  found in  very 
c lo se ly - re la ted  species in Asia. Therefore, 
i t  must have been present  on th is  continent 
in those rodents and t h e i r  f leas  thousands 
o f  y e a r s  b e fo r e  modern s h ip p i n g .  Fac ts  
s u p p o r t i n g  t h i s  view:

1. I t  i s  a common occurrence for diseases 
as well as pa ra s i te s  to accompany the ir  
hosts  into new t e r r i t o ry .  Mammalogists 
general ly  agree t h a t  ground squ i r re l s  
and meadowmice are As ia t i c  in o r ig in .  
Since plague i s  a common d isease  of  
these animals in Asia i t  may therefore 
have a r r i v e d  wi th  them dur in g  p r e ­
h i s to r i c  times.

2. A considerable  number of  s ingle  human 
cases  or  ep izoo t ic s  have occurred in 
areas far  in advance of those in which 
p l a g u e  had been suspec ted .  Plague,

therefore , may have been present there 
f rom  a n c i e n t  t imes.  The fo l lo w in g  
instances may be cited:
a. In  1908 a c a se  i n  Los Angeles  

County,  C a l i f o r n i a  was the f i r s t  
warning of i t s  existence there.

b. Hie death of  a sheepherder and an 
ep izoot ic  among sylvan rodents in

■ Lake County, Oregon, in 1934 was 
more than 200 miles  north of the 
previously suspected area south of 
the Sacramento River.

c.  A case of bubonic plague in south­
w e s t  Utah in  1935 was the  f i r s t  
indicat ion of the presence of plague 
there.

d. I n  19 37 a human case  near  Lake 
Tahoe ,  in Nevada, was the f i r s t  
ind ica t ion  of i t s  presence in that  
s t  «

e .  During 1935, plague was found by 
federa l  personnel s tudying rodent 
d i s e a s e s  in Montana f a r  removed 
from any areas in which plague was 
previously suspected.

HISTORY OF HUMAN CASES

E pidemics of plague have s t ruck in North 
America in the past and can s t r ike  again 

i f  protect ion is  relaxed in present danger 
zones or i s  not  extended promptly to new 
danger spo ts  as they develop.  America’ s 
recent record has been good in t h i s  respect .  
During the 21 years between 1925 and 1946, 
only 21 reported  human cases  occurred in 
the vas t  wes te rn  h a l f  o f  t h i s  c o n t in e n t  
(see back cover) where plague was known to 
be present  among wild rodents .  (Table I ) .  
No human cases have been repor ted  in  the 
e a s t e r n  s t a t e s  s i n c e  1921. T h i s  f i n e  
rapport has not always existed; our e a r l i e r  
plague h i s t o r y  i l l u s t r a t e s  how outbreaks 
can take place i f  watchfulness i s  relaxed 
and protection not provided in danger areas. 
I t s  manner of  s t r i k i n g  in the f u t u r e  may 
resemble tha t  of the past.

As p rev ious ly  s t a t e d ,  the d i s e a s e  was 
f i r s t  recognized in North America during 
1900 (Hampton 1945) in the San Francisco  
area.  From that  date  u n t i l  1924, i t  s t ruck 
repea ted ly  and d i sa s t rous ly  in  C a l i fo rn ia
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TABLE I

C A S E S  OF, A N D  DEAT H S  FROM, PLAGUE IN THE U N I T E D  STATES (HAMPTON, 1945)

YEAR CASES TOTALS
CALIF. WASH. LA. FLA. TEX. OREGON UTAH NEV. IDAHO CASES DEATHS

1900 22 22 22
1901 30 30 26
1902 41 41 41
1903 17 17 17
1904 10 10 8
1905-06 0 0
1907 178 3 181 90
1908 8 8 5
1909 3 3 1
1910 3 3 1
1911 4 4 1
1912 0 0
1913 2 2 2
1914 1 30 31 10
1915 1 1 2 1
1916-18 0 0
1919 13 15 28 18
1920 1 7 10 33 51 27
1921 3 3 6 4
1922 2 2 0
1923 1 1 0
1924 41 41 34
1925 1 1 0
1926 0 0
1927 1 1 1
1928 3 3 2
1929-32 0 0
1933 1 1 1
1934 1 1 2 1
1935 0 0
1936 3 1 4 0
1937 1 1 2 1
1938 0 0
1939 1 1 0
1940 1 1 1
1941 2 2 2
1942 1 1 . 0
1943 1* 1 1
1944 1 1 0
1945-46** 0 0

TOTAL 397 3 5b 10 33 1 2 1 1 504 318
* Case acquired in laboratory
** 1945-1946 data from Public Health Reports for 1945, 1946, and 1947, One case occurred in 

California in 1947
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Roof rat. Domestic rats, being 
closely associated with man and 
b e a r i n g  at least one highly 
p 1ag u e - susceptible flea, are 
l a r g e l y  responsible for most 
epidemics.

u n t i l  the general  pub l ic  and publ ic  o f f i ­
c i a l s  became s u f f i c i e n t l y  aware o f  the 
hazard to support protect ive measures. From 
10 to  41 cases  occurred  annua l ly  in San 
Francisco  up to 1904. Then for  two years 
none was r e c o g n i z e d  and th e  c i t y  was 
declared to be free  of  de tec table  plague. 
During 1907, however, plague s t ruck  tha t  
c i t y  aga in .  To ta l  cases numbered 178, of  
which 87 were f a t a l .  E i g h t  c a s e s  were 
reported from San Francisco in 1908; since 
then, none has been detected in that  c ity*. 
However a few human p lague  c a s e s  were 
reported from Cal i forn ia  nearly every year 
u n t i l  1919 when 13 r e c o r d e d  c a s e s  o f  
pneumonic plague occurred in Oakland. All 
pa t ien ts  died.  A 41-case epidemic, 34 fa t a l ,  
occurred in Los Angeles during 1924. From 
tha t  date onward, control  and good fortune 
have held the ra t e  down, as noted above.

While C a l i f o r n ia  — ch ie f ly  in San Fran­
ci sco  and surrounding c i t i e s  — was having 
these d i f f i c u l t i e s ,  New Orleans, Pensacola-, 
Port  Arthur,  Beaumont, and Galveston also 
had outbreaks. Thirty  cases of plague occur­
red in New Orleans during 1914. After  years 
of  survey and con t ro l  measures, the l a s t  
reported case occurred during 1921. Florida 
and Texas c i t i e s  had a few cases  during 
1920, bu t  having  been forewarned by the  
experience of San Francisco and New Orleans, 
they quickly i n s t i t u t e d  s u f f i c i e n t  control  
measures and el iminated plague from th e i r  
borders.

SOURCES OF PLAGUE OUTBREAKS

D I R E C T L Y  F R O M  N A T I V E  R O D E N T S  O R  F L E A S
Plague among rodents of  f ie lds  and woods is  
known as  s y lv a t i c  plague. S ix ty - s ix  human 
i n f e c t i o n s  in r u r a l  w es te rn  a reas  (with  
a 63 percent  death r a t e )  have been t raced 
to  con tac t  with rodents  or  to b i t e s  from 
t h e i r  e c t o p a r a s i t e s  (Meyer 1947) . Many 
of these cases were t raced to  non-domestic 
r o d e n t s .  From 1934 th rough  1943, cases  
were reported only in C a l i fo rn ia ,  Oregon, 
Idaho, Utah, and Nevada.

One outbreak due to contact  with ground 
s q u i r r e l s  i s  d e s c r i b e d  as o c c u r r i n g  in  
Oakland in  1919. The f i r s t  p a t i e n t  in  
the s e r i e s  i s  thought  t o  have a c q u i r e d  
plague from s q u i r r e l s  which he had shot  
and p r e p a r e d  f o r  e a t i n g .  The d i s e a s e  
developed pneumonic phases .  T h i r t e e n  of  
the persons who v i s i t e d  or a t t e nded  him 
a c q u i r e d  the pneumonic i n f e c t i o n  from 
him, became i l l  w i t h  the  d i s e a s e ,  and 
d i e d .  Deaths  i n c l u d e d  two d o c t o r s  and 
two n u r s e s .

Most of  the s y lva n -a cqu i re d  plague has 
not, however, spread beyond the f i r s t  con­
t a c t ,  ( p r i n c i p a l l y  because the p a t i e n t s  
are more or l e s s  i s o l a t e d )  and pneumonic 
plague has not  r e s u l t e d .

D I R E C T L Y  F R O M  D O M E S T I C  R A T S  O R  T H E I R  
F L E A S .  Domestic  r a t s  dy ing  from plague 
are the most common sources  of  in fec t ion .  
Their blocked, p lague - in fec ted  f l e a s  feed

* With the exception of one case acquired in an experimental laboratory.
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on man as oppor tuni ty  i s  o ffe red  and thus 
pass  the d i s e a s e  from t h e i r  r a t  h os t s  
t o  him.

An i n c i d e n t  i s  d e s c r i b e d  by Ke l logg  
(1920)  i n  which the  f i r s t  case  was a 
Mexican woman in Los Angeles who se t  up a 
t r a i n  of  pneumonic cases  fo l lowing  her 
i n f e c t i o n .  F o r t y - o n e  d e a th s  r e s u l t e d .  
These included the p a t i e n t ' s  husband, an 
ambulance d r i v e r ,  nu r se s ,  a p r i e s t ,  and 
many of  the p a t i e n t ’ s v i s i t o r s .

The r a t s  i m p l i c a t e d  in t h i s  cha in  of  
d e a t h s  a r e  b e l i e v e d  to  have a c q u i r e d  
i n f e c t i o n  from n a t i v e  roden ts .

Cases in Pensacola,  New Orleans,  Beau­
mont, P o r t  A r t h u r ,  and G a l v e s t o n  were 
a p p a re n t ly  u rban -acqu i red  from domestic  
r a t  f l e a s .  M ost  o f  t h e  c a s e s  i n  San 
Francisco  were a lso  urban-acqui red .  Some 
might have o r ig ina ted  in ground s q u i r r e l s  
handled as food in San Francisco.

RELATIVE IMPORTANCE OF DOMESTIC RAT 
FLEAS AS PLAGUE VECTORS

The degree of  po ten t ia l  in fec t ion  in any 
community u s u a l ly  depends upon the kind 
and abundance of  r a t s  and f lea s  present ;  
the  amount o f  c o n t a c t  between d i s e a s e d  
animals and man; and, i f  pneumonic phases 
develop, upon the amount o f  contact between 
di seased persons and suscep t ib le  persons. 
P lague  among human be ings  i s  g e n e r a l l y  
uncommon where s u i t a b l e  d o m e s t i c  r a t  
f l e a s  a r e  uncommon. With the  excep t ion  
o f  the Oakland o u t b re a k ,  in  which the 
b a s i c  case  was a p p a r e n t l y  a c q u i r e d  by 
d i r e c t  contact  with nat ive rodents,  plague 
o u t b r e a k s  have been most d i s a s t e r o u s  
where domest ic  r a t s  and c e r t a i n  spec ies  
of  t h e i r  f l e a s  are  abundant.  These f leas  
w i l l  be considered se p a r a te ly .

ORIENTAL RAT FLEA, I t  i s  genera l ly  con­
ceded t h a t  the o r i e n t a l  r a t  f l e a ,  Xenop-  
s y l l a  c h e o p i s ,  i s  a most e f f i c i e n t  c a r ­
r i e r ,  I t  i s  p r e v a l e n t  on domes t ic  r a t s  
throughout most of  the world plague be l t ;  
experiments on i t s  a b i l i t y  as a vector  put 
i t  h i g h  on th e  l i s t  o f  v e c t o r s ;  and 
development of plague organisms within i t s  
d i g e s t i v e  t r a c t  i s  g r e a t .  According to 
Eskey (1938)  i t  causes  sha rp  but  s h o r t

ep idem ics  i n  any one community due to  
r ap id  i n f e c t i b i l i t y , quick t ransmiss ion ,  
and ea r ly  deaths of the f le as  which become 
infected.

NORTHERN RAT FLEA. N o s o p s y l l u s  f a s - 
c i a t us ,  i s  general ly  regarded as a second- 
r a t e  c a r r i e r .  Of i t ,  Eskey wrote in 1938: 
" i n s o f a r  as  i s  known, plague  epidemics  
have never  occurred in  communities where 
N. f a s c i a t u s  e x i s t e d  alone and were not  
assoc ia ted  with X. c h e o p i s , ” He adds th a t  
i f  N. f a s c i a t u s  were as e f f i c i e n t  a vector  
of  t h i s  d i sease  as X. cheopis ,  C a l i fo rn ia  
outbreaks would have been much more severe 
than they were, and th a t  these outbreaks 
would have been comparable with a Guaya­
q u i l ,  Ecuador ,  o u t b r e a k  where : (1)  X.
che o p i s  alone of  r a t  f l e a s  was p resen t ;  
(2) I t s  index on r a t s  was about twice tha t  
o f  X. cheopi s  in San Franci sco;  (3) Many 
more human c a s e s  o c c u r r e d  than  i n  San 
F ra n c i s c o .

-tenopsyiia c h e o p i s ,  the most dangerous plague 
transmittor of domestic rat fleas. (Mohr).

He believed, however, (1938) that  N. f as -  
d i a t u s  was impor tant  in  p r o l o n g i n g  e p i ­
zoot ics  of  plague among r a t s  in more nor ­
thern cl imates  in the presence of X. che ­
o p i s  even though r e l a t i v e l y  few human 
cases would r e s u l t .  He c i ted as an example
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the S e a t t l e  plague ep izoo t ic  during 1907. 
Plague smouldered slowly among r a t s  tor  a t  
l e a s t  10 years with only three human cases 
o f f i c i a l l y  repor ted.  The recent  discovery 
o f  p l a g u e  among r a t s  in  Tacoma (1942) 
w i t h o u t  human cases  i s  p robab ly  due to 
s i m i l a r  c o n d i t i o n s .  I t  may have been a 
con t inua t ion  of  the 1907 ep izoo t ic  in the 
Puget Sound area.

Experiments  conducted by Eskey showed 
N. f a s c i a t u s  to  be only s l i g h t l y  s u s ­
c e p t i b l e  to i n f e c t i o n .  When i n f e c t e d ,  
however, t h i s  spe c ie s  may c a r ry  the i n ­
fec t ion  for  two or more months in contra st  
w i t h  X. c r i e o p i s ,  which  i s  much more 
e a s i l y  in fec ted  and which dies  in a mat ter  
o f  only a week or two.

H U M A N  FLEA. Pulex i r r i t a n s  i s  a lso  r e ­
garded as a second- ra te  c a r r i e r  in  s p i t e  
o f  t h e  f a c t  t h a t  i t  commonly l i v e s  in  
c lose contact  with man. Eskey (1930) con­
cluded t h a t ,  “ By the  process  of  e l im ina ­
t i o n ,  one i s  compel led to b e l i e v e  t h a t  
P. i r r i t a n s  i s  the  c h i e f  t r a n s m i t t i n g  
f a c t o r  in the causa t ion  of  plague in  the 
l o c a l i t i e s  of  Ecuador where no X. cheopis  
are f o u n d . . . ” He bel ieves  that  P. i rr i tans  
i s  s im i la r  to N. fa sc ia tus  in  tha t  i t  can­
no t  lo n g  s u p p o r t  e p i z o o t i c s  o f  p lague .

P. i r r i t a n s  r e c e iv e d  the d i s t i n c t i v e  
“ human” name because i t  i s  able to survive 
on human beings almost exclusively.  I t  can, 
however, maintain i t s e l f  on a number of mam­
mals, includ ing  hogs and p r a i r i e  dogs. I t  
i s  occas iona l ly  found on r a t s ,  but  Pr ince 
(1943) who examined 5,785 f leas  f ran 4,188 
domest ic r a t s  in  13 western s t a t e s  found 
none, a t t e s t i n g  to i t s  scarci ty  on them,

MOUSE FLEA.  L e p t o p s y l  la s e g n i s ,  a l s o  
commonly found on r a t s ,  i s  probably close 
to  t h i r d - r a t e  as a t r a n s m i t t e r  of  plague 
to  human beings.

STICKTIGHT FLEA. Echidnophaga g a l l i n a ­
cea, i s  abundant on r a t s  i n  c e r t a i n  s e c ­
t io n s  o f  North America. I t  probably i s  a 
t h i r d - r a t e  c a r r i e r  of  plague, although i t  
has been found n a t u r a l l y  i n f e c t e d  with a 
v i ru l e n t  s t r a i n  of  t h i s  di sease  (Wheeler, 
Douglas and Evans,  1941) . E. ga l l inacea  
acquires and transmits plague readi ly  under 
experimental condit ions (Burroughs, 1947). 
Unlike the o r i e n t a l  r a t  f l e a  which feeds

upon a l a rg e  number o f  i n d i v i d u a l  hosts  
during the course of  i t s  l i f e ,  the s t i c k -  
t igh t  i s  incl ined to be monophagous. I l l i n g ­
worth (1916) found that  adul ts  a ttach them­
selves  f i rmly to t h e i r  hos ts  and engorge 
with blood. He found t h a t  the males move 
around during the n igh t  and may be found 
a t t a c h e d  i n  d i f f e r e n t  p o s i t i o n s  each  
morning. Females, as a rule ,  do not change 
host or t h e i r  posi t ion of attachment. Even 
the  more r e s t l e s s  male makes few h o s t -  
changes. Parman (1923) found t h a t  adu l t s  
were i n a c t i v e  du r in g  the f i r s t  few days 
a f t e r  emergence and usually  did not a t tach  
themse lves  to h o s t s  u n t i l  the  f i f t h  or  
eighth day. The females became engorged and 
ov ip o s i t ion  began in from s ix  to 10 days 
a f t e r  attachment. P r a c t i c a l ly  a l l  oviposi ­
t ion  observed took place while f l ea s  were 
at tached to the host. Even copulat ion  was 
observed to take place on the hos t  with 
co pu la t in g  f lea s  a t t ached  to the head of  
the hosts about a body-length apart .  They 
remained at tached to the host  in the same 
place from four  to 19 days.

Upon the death of t h e i r  o r ig ina l  host,  or 
upon occasional  t r a n s f e r  or o ther  removal 
from the or iginal  host,  the s t i c k t i g h t  f lea 
may t r a n s f e r  to another host  and poss ibly 
infect  i t .  However, p o s s ib i l i ty  of  exchange 
to  p lague-suscep t ib le  hos ts  appears to be 
s l igh t .  Burroughs found th is  f lea  to have a 
t i c k - l i k e  habi t  o f  f eeding  to r e p l e t i o n  
on only one ind iv idua l .

The s t i c k t i g h t  f l e a  may accumulate  in  
l a rg e  numbers in the n e s t s  o f  p r e d a t o r s  
where t h e i r  in fec ted  feces and bodies may 
in fec t  rodent contac ts .  This does not seem 
to be an important  means of  t r a n s m i t t a l ,  
however, because i t  i s  r e l a t i v e ly  d i f f i c u l t  
to inocu la te  animals without considerable  
abrasion of  the skin.

MEANS OF POSSIBLE FUTURE SPREAD OF 
PLAGUE IN THE UNITED STATES

B Y  E P I Z O O T I C  W A V E S  A N D  M I G R A T I O N S .  I f
plague was introduced in to  North America 
a t  San Francisco by o r ie n ta l  shipping about 
1900, i t  has p ro g re s s ed  in la nd ,  as the 
crow f l i e s ,  for  a t  l e a s t  1 ,125 to  1,175 
miles in 47 years .  This progress ion  i s  a t
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Norway r a t  burrows i n  b l u e g r a s s .  Meadowmice and 
ground s q u i r r e l s  a r e  common in  such  h a b i t a t s .  
Glove shows l o c a t i o n  o f  burrow.

a r a t e  of about 25 miles  per  year.  There 
can be l i t t l e  doubt tha t  na tu ra l  movements 
of  in fec ted  mammals and t h e i r  i l e a s  could 
be p a r t l y  responsible  for  such spread and 
t h a t  t h e i r  t r a n s p o r t a t i o n  by p r e d a t o r s  
might play a p a r t .  T ranspo r ta t ion  of i n ­
f e c t e d  man or o t h e r  mammals by common 
c a r r i e r  over land or water  could  cause 
plague, as i t  has in the past ,  to  show up 
in unexpected p l a c e s .  T r a n s p o r t a t i o n  by 
common c a r r i e r  i s  perhaps the q u i c k e s t  
method of  t r a n s m is s io n .

However, movement by most species of small 
plague-infected f ie ld  rodents i s  not great; 
although young of the year do go for th  annu­
a l ly  to seek new and unoccupied t e r r i t o r i e s ,  
they general ly move only a few hundred yards 
away f r o n ^ t h e i r  po in t s  of  o r ig in .

In most c a se s ,  n a tu re  con i ines  mammal 
popula t ions  to expansion wi th in  s u i t a b l e  
h a b i t a t s .  Th is  expansion,  g e n e r a l l y ,  i s  
slow although some species and va r i e t i e s  of 
mammals are known to have extended t h e i r  
range. Norway r a t s ,  for  example, have ap­
peared in western s ta t e s  a f t e r  a slow expan­
s ion  of  range, a p p a re n t ly  from the west 
coast.  The ra te  of th is  expansion, however, 
was long ago ou t s t r ipped  by plague i f  the 
disease was not  o r i g i n a l l y  present .

Domestic r a t s  migrate l o c a l ly  from time 
to time. Zinsser  (1935) reports as follows;

“Dr. Lantz t e l l s  us tha t  in 1903 hordes of 
r a t s  m ig ra te d  over s e v e r a l  c o u n t i e s  in 
western I l l i n o i s ,  suddenly appearing where 
fo r  severa l  years no abnormal numbers had 
been s e e n . ” But the waves of  these  migra­
t i o n s  break  themselves up on r e s i s t a n c e  
o f fe r ed  by unsu i t ab le  h a b i t a t s  and t e r r i ­
t o r i e s  a lready occupied by members of  the 
same spe c ie s .  They are  not  r epea ted  year 
a f t e r  year .  Such movements could  h a rd ly  
have served  as d i s p e r s a l  f a c t o r s  i n  thé  
sp re a d  of  plague a t  the r a t e  i t  appears  
to  have spread.

In Canada, in the absence of  an already-  
e s t a b l i s h e d  r a t  p o p u la t io n ,  Norway r a t s  
apparen t ly  did spread r a p id ly .  P r o fe s s o r  
V. W. Jackson of the University of Manitoba 
s ta tes :

“ The Norway r a t  entered our boundary a t  
Emerson in  1903. In  two y ea rs  ( i t )  had 
reached Winnipeg and two years l a t e r  P o r t ­
age La P ra i r ie .  By 1911 the r a t  had reached 
Brandon - a s teady spread of  25 miles per  
yea r  in  a l l  s e t t l e d  d i r e c t i o n s .  By 1920 
( i t )  was ha l f  way across Saskatchewan on a 
f a i r l y  even w e s t e r n  f r o n t  and r e a c h e d  
Alberta about 1925.”

Hie ra t e  of th is  reported spread of  r a t s  
in Canada was somewhat s im i l a r  to the rate  
of spread of plague in the United S t a te s .  
However, i t  seems u n l i k e l y  t h a t  pl ague  
could have been carr ied  inland by ra t s  from 
the wes t  c o a s t  because i t s  passage o u t ­
s t r i p p e d  t h a t  of r a t s  i n to  Montana - ( i f  
plague were not  p resen t  there  as a na t ive  
American d i sease ) .

BY PREDATORY MAMMALS AND BIRDS Wide- 
ranging p reda to r s , such as coyo te s , hawks, 
owls, and eag le s  might t r a n s p o r t  plague  
more rapidly.  I t  i s  no grea t  f e a t  fo r  these 
c r e a t u r e s  to  c a r r y  l a r g e  q u a n t i t i e s  o f  
f lea - laden prey for several  miles in order  
to  r each  t h e i r  young. I t  i s  c o n c e iv a b le  
t h a t  in  47 years  plague might  have been 
relayed the 1,175 miles from San Francisco 
to North Dakota and Kansas by t h i s  means, 
superimposed  on e p i z o o t i c s  a t  each  new 
locat ion.

P r e d a t o r s ,  p a r t i c u l a r l y  the  mammals, 
commonly accumulate  a v a r i e t y  o f  f l e a s  
from the  p rey  which th e y  e a t  o r  c a r r y  
du r in g  the breeding season. Randolph and
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Eads (1946) found seven spec ie s  o f  f l e a s  
on 16 grey foxes;  th ree  s p e c i e s  on four  
Texas red wolves; and s ix  species  each on 
13 raccoons and 27 possums. With the pos­
s i b l e  excep t ion o f  some of  the human and 
s t i c k t i g h t  f l e a s ,  which have c a t h o l i c  
t a s t e s ,  a l l  were foreign: tha t  i s ,  belong­
i n g  p r o p e r l y  t o  s u c h  p r e y  s p e c i e s  as 
r a b b i t s  and t ree  s q u i r r e l s .  Coyotes are  
o f t e n  h e a v i l y  i n f e s t e d .  They have been 
known to c a r r y  food a d i s t a n c e  of  e ig h t  
miles  t o  t h e i r  young in the den. (Young,
1 9 3 7 ) .

J e l l i s o n  (1939) gave some a t t e n t i o n  to 
the matter  of plague-dispersal  by scavenger 
and predatory birds .  These b i rd s ,  l ike the 
p reda to ry  mammals, appear q u i t e  r e s i s t a n t  
t o  plague. He found t h a t  scavenger  b i rds  
s u c h  as crows and magpies seldom c a r r y  
e n t i r e  c a rc a s se s  to t h e i r  n e s t s .  He con­
cluded tha t  they are probably of  s l i g h t  im­
portance in i t s  d i spe rs ion  by t h a t  means. 
J e l l i s o n  found, by examination o f  12 nests ,

Cot ton  r a t s  a re  a numerous,  i nconsp icuous  sp e c i e s  o f  smal l  f i e l d  
r o d e n t ,  common in  t he  s o u t h e a s t e r n  p a r t  of  t h e  U n i t e d  S t a t e s ,  
F l e a s  from wes te rn  members have been found i n f e c t e d  with p l ague.  
(Cou r t e sy  Typhus I n v e s t i g a t i o n s  Labo ra to ry ,  Thomasvi l le ,  Ga.)

only one rodent f lea  on 54 of these birds .  
However, the predatory birds  such as  owls, 
hawks, and e a g l e s  c a r r y  a c o n s i d e r a b l e  
number of  ca rcasses  t o  t h e i r  nes t s .  Thus, 
they can s c a t t e r  f l e a s  a long  the  e n t i r e  
route.  J e l l i s o n  found seven species  of ro­

dent  f l e a s  in  the n e s t s  of  these  b i r d s .  
I n  the  n e s t  o f  one bu r row ing  owl, he 
found 109 r o d e n t  f l e a s ,  i n c l u d i n g  s i x  
s p e c i e s .  He q u o t e s  a Major B e n d i re  as 
s t a t i n g  t h a t  b u r ro w in g  owl n e s t s  i n ­
v a r i a b ly  swarm with f l e a s .  Movements of  
the burrowing owl a re ,  however, dec ide ly  
l o c a l .

Experiments  w i th  c a s t s  and d ropp ings  
o f  scavenger  and p r e d a t o r y  b i r d s  i n d i ­
ca ted  t h a t  these commonly were i n fe c te d .  
Though J e l l i s o n  was unab le  to  t r a n s f e r  
in fec t ion  to experimental animals, r e s u l t s  
o f  h i s  expe r im en t  a re  no t  n e c e s s a r i l y  
c o n c l u s i v e .

Wayson (1947) repor ted  f inding  in fec ted  
f l e a s  on wease ls  and b a d g e r s .  S ince  no 
predators  have been found p lague- in fec ted  
to date and since obl igatory predatory-f leas  
are  uncommon, i t  i s  l i k e l y  t h a t  these in­
fected f leas  were acquired from the prey of 
weasels and badgers* in  question.  The species 
of f leas  concerned were not  iden t i f i ed .

There can be l i t t l e  doubt 
t h  a t  some o f  t h e  f l e a s  
c a r r i e d  to  o ther  a reas  by 
predatory iramnals and birds  
f ind new rodent  h o s t s .  I f  
in fec ted  themselves,  they 
pass t h a t  i n f e c t i o n  along 
to  these ho s t s .

Wayson, who conc luded  
t h a t  p l a g u e  had s p r e a d  
eastward in the past ,  (1947) 
thinks that  the r ap id i ty  of 
d i s s e m i n a t i o n  of  p lague  
which has occurred cannot 
be e s t i m a t e d .  He a s s e r t s  
t h a t  f u r t h e r  advancement  
eastward w i l l  be slow in 
terms of  years .  Eskey and 
Haas (1940) s t a t e d  t h a t  i t

might a t  l e a s t  progress i n t o  th a t  sec t ion  
of  th is  country occupied by ground s q u i r ­
r e l s .  Wayson, however , i n d i c a t e s  t h a t  
meadowmouse, r i ce  r a t ,  and cotton ra t  popu­
la t ions  of the e a s t e rn  h a l f  of  the United 
S ta te s  may a l so  become in fec te d .

* The f i n d i n g  o f  two p l a g u e - i n f e c t e d  t i c k s  on a badge r  (Anon 1943) i s  an i n d i c a t i o n  t h a t  t h i s  
c a r n i v o r e  mi gh t  be s u s c e p t i b l e ,  s i n c e  t i c k s  do n o t  f r e q u e n t l y  change h o s t s ,  A f r i c a n  worke r s  
have found some v i v i r r i n e  c a r n i v o r o u s  mammals s u s c e p t i b l e  t o  p l a g u e .
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MAMMALIAN RESERVOIRS

The gene ra  of  mammals, i n  a d d i t i o n  to 
domestic r a t s ,  from which plague has been 
recovered in t i s sue  cul tu res  are:

GENUS

Oryzomys
Microtus
Peromyscus
Onychomys
Mus
Neo tona 
Ci te l lus 
Marmata 
Cynomys 
Eu tamias 
Tamiasciurus 
Dipodomys 
S y lv i  lagus

COMMON NAME 

Ftice rats* 
Meadowmice 
Deer mice 
Grasshopper mice 
Housemice
Woodrats, pack r a t s  
Ground-squirrels 
Marmots 
P r a i r i e  dogs 
Western chipmunks 
Pine squ ir re l s  
Kangaroo r a t s  
Cot tontai l  rabbi ts 
Jackrabbi ts

\ ¡ m  t mM i l l

W h i t e - f o o t e d  mice  a r e  commonly found  p l a g u e -  
i n f e c t e d .  S p e c i e s  o f  t h e  genus  Peromyscus  a r e  
f o u n d  n e a r l y  e v e r y w h e r e  i n  N o r t h  A m e r i c a .  
(Cou r t e sy  U. S. S o i l  Co nse rva t i o n  S e rv i c e ) .

t is sues  o f  harvest  mice have been found to 
be p l a g u e - p o s i t i v e  (Volume 62 of  P u b l i c  
Heal th Reports) .

Plague i s  not recorded from the following 
mammals o r  in  f l e a s  from them. Only a 
small ,  but unstated,  number were examined:

Lepus

Plague was a lso  reported from f leas  only, 
in the following manmalian genera, though 
t h i s  does not  n e c es sa r i ly  incr iminate  the 
hosts as plague reservoirs;

Re ithrodontomys Harvest mice
Sigmodon Cotton rats
Taxidea Badgers
Mas tela  Weasels

Eskey and Haas (1940) a lso  report  plague 
as p r e s e n t  in  f l e a s  or  t i s s u e s  of  f ly in g  
s q u i r r e l s  (Glaucomys).  E i t h e r  f l e a s  or

GENUS

Evotonys 
Synaptomys 
Phenacomys 
Zapus 
Ondatra 
Cos tor 
Ap lodontia 
Erethizon
Blarina,  Cryptot is , Sorex 
Scapanus, Neurotrichius  
Dide Iphis

COMMON NAME 

Red-backed mice 
Lemming mice 
Rufous Tree mice 
Jumping mice 
Muskrats 
Beavers
Mountain beavers
Porcupines
Shrews
Mol es
Possums

Most predatory mammals (Carnivora).

In popular l i t e r a t u r e  i t  i s  common, when 
d i sc u s s in g  g ro u n d - s q u i r r e l s ,  to drop the 
p r e f i x  and r e f e r  s im ply  to  “ s q u i r r e l . ” 
From a p r a c t i c a l  control  point-of-view,  i t  
would be e r roneous  t o  assume t h a t  t r e e  
s q u i r r e l s  a re  l a r g e ly  involved in  plague 
t r a n s m i s s io n  s imply on the ba s i s  of the 
p o p u l a r  misuse of  the term “ s q u i r r e l .  ”

Few da ta  are  a v a i l a b l e  fo r  e v a lu a t i n g  
the re la t ive  importance of the many species 
of  mammals as plague rese rvoir s ,  although a 
knowledge o f  t h i s  s u b j e c t  i s  p a t e n t l y  
im p o r ta n t .  G r o u n d - s q u i r r e l s  were f i r s t  
s u s p e c t e d  in  America because  they  were 
more commonly sho t  and handled than were 
sm a l le r  or more noc tu rna l  f i e l d  roden ts .  
While i n v e s t i g a t i n g  the o r ig in  of  a case 
o f  f a t a l  plague  c o n t r a c t e d  by a b l a c k ­
smith in Contra Costa County, Rupert Blue 
suspected that  ground-squirrels ,  which the 
p a t i e n t  had hun ted ,  were the  cause .  By 
1908, proof  was obtained tha t  conspicuous 
m o r t a l i t i e s  among t h i s  l a r g e ,  d i u r n a l  
species were, in fact ,  often due to plague. 
Survey and control  programs were according­
ly concentrated upon them.

An indicat ion of the amount of detectable  
plague t h a t  e x i s t s  among g round-squ i r re l s  
may be had from a r e p o r t  by th e  Surgeon

From th e  Annual  R ep o r t  of t h e  Su rgeon  G e n e r a l ,  1920.
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Young p r a i r i e  dogs .  P r a i r i e  dogs a r e  one of  t he  more consp i cuo us  p l a g u e - s u s c e p t i b l e  mammals, 
b e i n g  d i u r n a l ,  e a s i l y  i n f e c t e d ,  and a bou t  as  l a r g e  as young c a t s .  Numerous sma l l  w i ld  ro den t s  
a p p a r e n t l y  t r a n s m i t  p lague  from one p r a i r i e  dog colony t o  a no th e r .  (Cou r t e sy  J ,  W, J a ck s on ) .

General (1927). Of 558,706 rodents examined 
between  1908 and 1927, c h i e f l y  ground- 
s q u i r r e l s  from C a l i f o r n i a ,  2 ,069 (0.4%) 
were p lague- infected .  This r e l a t i v e ly  high 
incidence was due, in p a r t ,  to  the s e l e c ­
t ion  of areas  where plague was known to be 
p r e s e n t ,  o r  l i k e l y  to  be p re s e n t .  There­
fore ,  i t  cannot be compared with the rate  
among g r o u n d - s q u i r r e l s  or  o t h e r  roden ts  
from areas  chosen a t  g r ea te r  random. Much 
h igher  r a t e s  are  r ecorded  from more r e ­
s t r i c t e d  a r e a s  and f o r  s h o r t e r  s u rv e y  
periods.

Again, from 505,097 rodents of a l l  kinds 
and a “ small number of  other s p e c i e s ” co l­
l e c t e d  from many w e s t e r n  s t a t e s  (1936­
1945) 153 pools*  o f  t i s s u e s  were found
i n f e c t e d  (Wayson, 1947) . Most of  these  
r o d e n t s  - e x a c t  number u n s t a t e d  - were

ground-squi rrels .  Since the inves t iga t ions  
were more random in  nature and organs from 
s e v e r a l  animals  were f r e q u e n t l y  pooled,  
the percentage of  i n f e c t i o n  was na tu ra l l y  
lower (0.03). Thirty-seven pools of t i s sues  
from 85,414 p r a i r i e  dogs taken during the 
l a s t  f ive  years  o f  the pe r iod  were found 
i n f e c t e d .  This  i s  a r a t e  of  0.04%, The 
d ifference i s  probably not s i g n i f i c a n t  but 
only ind ica t ive of  the general  ra te  o f  in ­
fect ion.

I n v e s t i g a t o r s  g r a d u a l l y  became aware 
tha t  other  less conspicuous, but often more 
numerous, species  were a l s o  p lague - in fec ­
ted.  During the per iod  from 1941 through 
1945, g rea te r  emphasis w a s s h i f t e d t o  such 
s p e c i e s .  Of 188,815 r o d e n t s  examined,  
38,277 were kangaroo r a t s ,  16 ,876 were 
grasshopper  mice, 16,493 were meadowmice,

* A pool  o f  t i s s u e  i s  a p o r t i o n  o f  the t i s s u e s  o f  each o f  one or  more an ima ls  o f  the same sp e c i e s ,  
c o l l e c t e d  a t  one hun t i ng  a r ea  on t h e  same day.
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and 4,465 were marmots. Although 85,4X4 
p r a i r i e  dogs,  2 ,411 v a r i e g a t e d  ground- 
s qu i r r e l s ,  and other species were included, 
th e  r a t e  was low. Only twelve poo l s  of  
t i s s u e s  (0.006%) were found i n f e c t e d  
(Wayson, 1947).

From 1 ,186 ,777  f l e a s  t aken  from the  
505,097 rodents during the e n t i r e  ten year 
p e r i o d ,  308 pool s  were found i n f e c t e d .  
G r o u n d - s q u i r r e l s  were s t i l l  commonly 
regarded as  pr imary r e s e r v o i r s  of plague 
from which stemmed the e p i z o o t i c s  t h a t  
destroyed  t h e i r  co lon ies  and neighbor ing 
species  of mammals.

From the time of  the e a r l i e s t  surveys 
wood r a t s  were o c c a s i o n a l l y  c a ugh t  by 
i n v e s t i g a t o r s .  P oss ib ly  because of  t h e i r  
obvious r e l a t i o n s h i p  t o  domest ic  r a t s ,  
t h e i r  t i s s u e s  — and f i n a l l y  t h e i r  f leas  — 
were t e s t e d  fo r  plague .  Some were found 
t o  be i n f e c t e d .  In 1940 the  d e s e r t  wood 
r a t ,  Neotoma desertorum,  was c i t e d  as a 
p r im a ry  r e s e r v o i r  o f  plague  in  c e r t a i n  
areas .  Plague had been found among de s e r t  
wood r a t s  where t h e r e  were a lm o s t  no 
g r o u n d - s q u i r r e l s  and where o the r  n a t i v e  
roden t s  had c o n s i s t e n t l y  f a i l e d  t o  show 
in fec t ion  (Eskey and Haas, 1940),

The r o l e  of  p r a i r i e  dogs is  in  doubt .  
Although plague ep izoo t ic s  sweep through 
p r a i r i e  dog c o l o n i e s ,  a l m o s t ,  i f  not  
e n t i r e l y ,  w ip ing  many o u t ,  t h e  plague  
q u i t e  obviously might have been acquired  
from one or  more of  the mice or ground- 
s q u i r r e l s  which form a b r idge  from one 
colony  to  a n o th e r .  I t  i s  p robab le  t h a t  
p r a i r i e  dogs ,  l i k e  o t h e r  c o n s p ic u o u s  
d i u r n a l  s p e c i e s ,  were o v e r - s u s p e c t e d .

Meadowmice are f requen t ly  i n f e c te d  and 
loaded with f le a s .  They are commonly found 
to  be p l a g u e - i n f e c t e d  a lo ng  wi th  r a t s .  
According to Meyer (1947) they have been 
found to  harbor  plague in  the absence of 
g r o u n d - s q u i r r e l s .  Like g roun d -s q u i r r e l s ,  
these mice a t t a i n  la rge  absolute  numbers, 
varying from a few per acre, where present  
a t  a l l ,  t o  over 800. However, t h e i r  usual 
number is  in tens  or scores of individuals  
to the acre (Mohr, 1947).

Meyer informed the w r i te r  t h a t  plague is  
genera l ly  not  s e l f -m a in ta in ing  in ground- 
s q u i r r e l  popu la t ions  (as  few as  f ive  to

the acre) in the absence of other  capable  
rese rvo ir s .  Therefore,  wherever meadowmice 
are present ,  they must be considered as an 
important factor  because the i r  numbers are 
genera l ly  high and t h e i r  habi ts  co lon ia l .  
A c o n t ro l  aimed s p e c i f i c a l l y  a t  them may 
be c a l l e d  for  in a l a rg e  number of  cases  
i f  any sylvan control  is  deemed necessary. 
Mice of other genera are a lso  involved and 
o f ten  more numerous than ground-squ ir re ls .

Wayson found a pool of  in fected f leas  on 
cotton r a t s  which may or may not incrimin­
a te  the animal i t s e l f .  Cotton r a t s ,  l i k e  
meadowmice, a t t a i n  la rge  populat ions  and 
are there fo re  suspect  where large popula­
tions of  suscept ible  species are an indica­
tor  of  danger. Also, cotton ra t s  frequently 
i n h a b i t  o u t b u i l d i n g s  and t h e r e f o r e  can 
serve as a cons iderab le  source of contac t  
.with domest ic  r a t s .  Wayson (1947) m in i ­
mizes the possible role of  populat ion-size  
as having any r e l a t i o n  to pers i s tence of  a 
p lague  focus .  He s t a t e s :  “ N e i t h e r  the  
p e r s i s t e n c e  of a focus from year to year 
nor i t s  pr imary d i scove ry  has shown any 
c o r r e l a t i o n  with the t o t a l  popu la t ion  o f  
r o d e n t s . . .  ” Here he i s  probably r e f e r r i n g  
to extensive areas  a t  l e a s t  several  miles 
ac ross  r a t h e r  than to  s m a l l e r  u n i t s .  He 
s t r e s s e s  the role  o f  c o lo n i a l  rodent s  as 
common r e s e r v o i r s  o f  plague.

Meadowmice (M ic ro t u s )  a r e  f r e q u e n t l y  found i n ­
f e c t e d  and may be p r i m a r y  p l a g u e - r e s e r v o i r s  i n  
many l o c a l i t i e s .  They a r e  a b un d an t  and w id e ly  
d i s t r i b u t e d  in  w es t e r n  and n o r t h e a s t e r n  s t a t e s .  
Note t h a t  t he  e a r s  do n o t  show, be ing  c h a r a c t e r ­
i s t i c a l l y  h idden by f u r .  Mi cro tu s  i s  an ex t r eme ly  
abu ndan t  genus  of  mammals, v e ry  s u s c e p t i b l e  to  
p l ague  and f r e q u e n t l y  found i n f e c t e d  on t he  o u t ­
s k i r t s  of  towns where r a t s  a r e  i n f e c t e d .  (Cou r t e sy  
U. S. F i s h  and W i l d l i f e  S e rv i c e ) .

Courtesy of the David J. Sencer CDC ' iseum
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IRREGULAR OCCURRENCE OF 
PLAGUE EPIZOOTICS

P lague e p iz oo t ic s  are extremely spot ty  
among rodent  popu la t ions .  The per iod 

during which plague wil l  p e r s i s t  in rodents 
of  a given area has not  been determined by 
sys tem at ic  i n v e s t i g a t i o n s  under properly 
c o n t r o l l e d  c ircumstances  (Wayson, 1947). 
Wayson c la im s  p lague  has been found in  
specimens col lected  from one lo c a l i t y  dur­
i n g  e a c h  o f  f o u r  s u c c e s s i v e  “ an im a l  
s e a s o n s . ” On the  o th e r  hand, plague was 
not  found again during four other  succes­
sive seasons ( a f t e r  having been detected in 
a given area) in  s p i t e  of  co l l ec t ions  made 
from the same area where i t  had previously 
been found.

Byington (1940) recorded s im i la r  experi ­
ence; no plague was observed among nat ive 
rodents  during two years of close observa­
t ion of an area where plague had decimated 
the rod en t s  du r ing  one season. Years o f  
nega t ive  r e s u l t s  do not  n e c e s s a r i l y  mean 
t h a t  p l a g u e  i s  n o t ,  o r  has  n o t ,  been 
p r e s e n t .

Meyer (1942) gave a descr ip t ion of  local  
s p o t t i n e s s  o f  d e t e c t a b l e  plague  a r e a s .

According to him, preliminary f i e ld  s tudies 
on the course of  plague e p i z o o t i c s  were 
made in Kern County ( C a l i f o r n i a )  du r in g  
1934 and p l a g u e  was found  p r e s e n t  
(Figure 1).  Annual surveys t h e re a f t e r  gave 
nega t ive  r e s u l t s  u n t i l  1941 when plague 
was found again among ground-squirrels  and 
t h e i r  f l e a s .  I t  was p r e s e n t  in  a t  l e a s t  
five separate and d i s t i n c t  l o c a l i t i e s ,  each 
a t  l e a s t  15 to  20 miles d i s t a n t  f rom any 
other ,  loca ted  wi th in the f o o t h i l l  area .  
Meyer concluded th a t  focal  occurrence and 
d i scont inuous  d i s t r i b u t i o n  i s  appa ren t ly  
one o f  the c h a r a c t e r i s t i c s  of  s y l v a t i c  
p lague .

Meyer a lso  discussed seasonal d i s t r i b u ­
t ion of  de tec ted plague. The f i r s t  s p e c i ­
mens o f  g r o u n d - s q u i r r e l s  p o s i t i v e  f o r  
plague were col lected on April  24. The l a s t  
specimens were taken on J u ly  17. Subse­
quen t  surveys y i e l d e d  n e i t h e r  i n f e c t e d  
f leas  nor rodents.  The durat ion of d e tec ta ­
ble act ive disease in ground-squirrel  f leas  
was t h e r e f o r e  s h o r t .  In  t h e  g round -  
squ ir rel s  themselves, the durat ion was even 
s h o r t e r ,  though on one ranch the d i sease  
had involved as much as 90% of the ground-
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KERN COUNTY, CALIFORNIA

FIGURE I .  P l a g ue  was found p r e s e n t  among ground s q u i r r e l s  i n  f i v e  a r e a s  b u t  n o t  among t h o s e  
from a r e a s  shown in  g r ay  i n  1941, None had been d i s c o v e r e d  in  t h i s  a r e a  du r i n g  sevep yea r s  
p r e v i o u s l y  a l t h oug h  some su r vey s ,  mast  o f  them i n t e n s i v e ,  were made t h e r e  an n u a l l y .
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s q u i r r e l  popu la t ion .  I t  may be l a t e n t  in  
n a t i v e  r o d e n t s  i n  a form d i f f i c u l t  to  
d e t e c t  by our  p r e s e n t  methods;  i t  may 
c a r r y  over in  a r e l a t i v e l y  few f lea s ;  or 
i t  may be carr ied  over in some rodents not 
h e r e t o f o r e  examined th o ro u g h ly  d u r in g  
i n t e r - e p i z o o t i c  p e r i o d s .

AMOUNT OF EFFECTIVE CONTACT BETWEEN 
DOMESTIC RATS AND NATIVE RODENTS

The amount of  effec t ive  plague-exchanging 
contact  between domestic and native rodents 
can be measured rough ly  by the  r a t e  of  
exchange of f leas  between them. Other means 
of  exchanging plague,  say pneumonical ly, 
by d i r e c t  con tac t  of  mammals (with l iv in g  
o r  dead i n d i v i d u a l s )  o r  c o n t a c t  w i th  
in fec ted  feces,  nes t ing  mater ia l ,  or other 
mat ter,  seems un l ike ly .

Several  f a u n i s t i c  l i s t s  record sylvan- 
rodent f l e a s  on domestic r a t s .  The records 
of  Pr ince  (1943) however, are e s p e c i a l l y  
i n f o r m a t i v e  because  th e y  a r e  based on 
5,785 f l e a s  from 4,188 r a t s  caught in 13 
s t a t e s .  In addit ion to the usual r a t  f leas , 
Pr ince recorded the following f lea s  which 
a re  normal p a r a s i t e s  o f  the  s p e c i e s  o f  
mammals shown below:

F L EA

Megabothris abantis  
Megabothris lucifer  
Malareus telch.in.um 
Monopsyllus wagneri 
Orchopeas nepos 
Or chopeas sexdent at us 
Amoniopsylius spp. 
Diamanus montanus 
Hoplopsyllus anomalus 
Opisocrost is labis 
Thrassis pe t iolatus  
Oropsylla rupestr is

Thrassis fotus

Thrassis home I l i  
Foxella ignotus

MAMMAL

Meadowmice*
Meadowmice*
Deer mice*
Deer mice 
Tree squir rel s  
Pack rats  
Pack r a t s  
Ground-squirrels 
Ground-squirrels 
Ground-squi r re Is  
Ground-squirrels 
Probably ground- 

squ ir rel s  
Probably ground-

squ ir rel s  or native 
mice 

Marmots 
Pocket gophers

* And p o s s i b l y  o th e r  n a t i v e  rode n t s .

Eskey (1938) found 48 Malareus telchinum  
on 3,027 Norway r a t s .

Ground-squi r re l  f l e a s ,  pack r a t  f l e a s ,  
and meadowmouse f l e a s  are  most common of  
the “ foreign” f leas on ra t s .  Rarely i s  more 
t h a n  one o f  t h e s e  found a t  a t ime  on 
domest ic r a t s .  Normal p r a i r i e  dog f l e a s ,  
including Pulex i r r i ta n s ,  are absent from 
the l i s t .

FLEA -ECOLOGY SURVEYS

INLAND WESTERN AND PACIFIC-COAST STATE 
SURVEYS, A few su rve ys  of  domes t ic  r a t  
f l e a s  have been made in  i n la n d  w es te rn  
s t a t e s  and in three P a c i f i c - c o a s t  s t a t e s .  
Ihese surveys show the numbers of  sylvan- 
rodent  f l e a s  as wel l as the number of r a t  
f l ea s  found on domestic r a t s .  Data on the 
domest ic- rat  f leas  are recorded by s t a t e s  
{Tab l e  I I A * B ). A1 though i t  i s  acknowledged 
th a t  condi t ions in each s t a t e  may vary so 
widely t h a t  t h i s  method i s  too crude to 
serve maximum usefulness ,  i t  w i l l  ind ica te  
regional  tendencies .  Furthermore, t h i s  i s  
about a l l  we have in the way of  data. Where 
a breakdown appears  to be d e s i r a b l e  the  
p u b l i c a t i o n  by P r in c e  (1943) s hou ld  be 
consul  t e d .

The condit ions under which these surveys 
were made were d e s c r i b e d  as f o l l o w s :  
Norway and r o o f  r a t s  were c o l l e c t e d  by 
t r app ing  and shoot ing  in r u r a l  areas  and 
c i t i e s  during a s ix -year  period from 1935 
through 1941. Surveys were made c h i e f l y  
during the summer months.

Although data show cheopis  p resen t  from 
Washington to Ca l i fornia ,  th is  f lea appears 
to be r e l a t i v e ly  uncommon in the northern­
most s e c t i o n  o f  the P a c i f i c  c o a s t  area .  
The 23 l o c a l i t i e s  examined in  Washington 
and Oregon show only two in which cheopis  
i s  p r e s e n t .  The 21 f a r t h e r  s o u t h ,  i n  
C a l i f o r n i a ,  show ten  With cheopis .  This  
may a c coun t  in  p a r t  f o r  t h e  f a c t  t h a t  
r e l a t i v e l y  fewer  c a ses  (on ly  three from 
Sea t t le )  of plague have been reported from 
these northern s t a t e s  in con tras t  with the 
record in C a l i f o r n i a .  The da ta  a l s o  show 
th a t  cheopis  was found in r e l a t i v e l y  few 
lo c a l i t i e s  of the dry northern and southern 
s t a t e s .  Of 28 l o c a l i t i e s  from Idaho to

Courtesy of the David J. Sencer CDC Museum
i
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TABLE IIA
NUMBER OF INLAND LOCALITIES SURVEYED 
AND NUMBER WITH FLEAS (PRINCE, 1943)

STATE NUMBER OF LOCALITIES:
SURVEYED WITH WITH WITH WITH

CHEOPIS FASCIATUS GALLINACIA SEGNIS
Wash. 8 2 5 0 1
Idaho 2 0 1 0 0
Mont. 8 0 2 0 0
Ore. 15 0 7 0 1
Wyo. 3 0 1 0 0
Cal if . 21 10 10 7 9
Nev. 2 0 2 0 0
Utah 3 1* 2 0 0
Colo. 7 * 4 0 0
Nebr. 3 0 3 0 0
Ariz. 4 2 0 0 0
N.Mex. 8 2 3 3 1
Texas 3 0 2 1 0

TABLE I IB

NUMBER OF RATS EXAMINED 
AND NUMBER OF FLEAS CLASSIFIED

STATE NUMBER 
OF RATS 
EXAMINED

NUMBER OF FLEAS+

CHEOPIS FASCIATUS GALLINACIA SEGNIS
Wash. 503 76 305 6 6

Idaho 246 0 62 0 0
Mont. 321 0 16 0 0
Ore. 171 0 40 '0 5
Wyo. 110 0 1 0 0
Calif . 411 735++ 42 139 39
Nev. 40 0 15 0 0
Utah 371 475* 18 0 0
Colo. 910 45** 133 0 0
Nebr. 272 0 128 0 0
Ariz. 147 10 0 0 0
N. Mex. 411 30 27 35 3
Texas 128 0 10 1 0
+ C a l c u l a t e d  from a u t h o r ’ s f i g u r e s .  These f i g u r e s  a r e  no t  

u sa b l e  f o r  c a l c u l a t i n g  i n d i c e s  bu t  only t o  compare r e l a ­
t i v e  abundance o f  f l e a s .

++ 350 o f  t h e s e  from San Diego.
* S a l t  Lake C i t y .
** Denver .

Courtesy of the David J. Sencer CDC Museum

Nebraska and Nevada to Wyo­
ming, only two were found to 
h a v e  c h e o p i s .  J e l l i s o n ,  
Kohls, and Mil ls (1943) found 
fa sc  iatus  but  no cneopis  in 
Montana. Of 15 l o c a l i t i e s  in 
New Mexico, Arizona, and in 
the  d r i e r  p a r t s  o f  Texas,  
only four showed cheopis . The 
w r i t e r ’ s e x pe r ience  i n  the 
a r id  Brownfield, Texas, area 
was s i m i l a r .  Of  s e v e r a l  
hundred Norwa y r a t s  observed 
from December 1946 th rough 
Augus t  1947,  o n l y  two or  
three bore cheopis, none bore 
f a s c i a t u s , b u t  many b o r e  
g a l l i n a c e a .

Ewing and Fox (1943), sum­
m a r i z i n g  d a t a  from o t h e r  
authors ,  record cheopis from 
I n d ia n a p o l i s ,  Ind iana ;  S t ,  
P a u l ,  M inneso ta ;  Ames and 
Des Moines, Iowa; from I l l i ­
n o i s  and Ohio;  N a s h v i l l e ,  
Tennessee; and Washington, 
D. C. I t  i s  p r o b a b l y  d i s ­
t r i b u t e d  o v e r  a somewhat  
wider range; the l o c a l i t i e s  
named above a re  in or  near  
u n i v e r s i t y  a reas  where c o l ­
l e c t i n g  i s  f a i r l y  c o n c en ­
t ra t ed .  I t  seems l ike ly  that  
t h i s  f l ea  accompanied domes­
t i c  ra t s  and that  i t s  numbers 
in  any a rea  where r a t s  are  
p resen t  depend cons iderably 
on c l i m a t e  and h o u s i n g .  
X. cheopis  p o p u la t io n s  can 
bui ld up to large proportions 
under highly a r t i f i c i a l  con­
di t ions  in c i t i e s  and garbage 
dumps of  a r e a s  o t h e r w i s e  
apparent ly  uncongenial.  This 
i s  shown by records from Sa l t  
Lake City  where 475 cheopis  
were found on 295 r a t s  caught 
in d a i r i e s ,  markets, garbage 
dumps, and s tockyards .  That 
r a t s  a r e  v i s i t e d  by f l e a s  
from nat ive rodents i s  shown 
by P r i n c e .  He r e c o r d e d  18



of  such spe c ie s  as having  been found on 
domes t ic  r a t s  d u r in g  the  course  o f  h i s  
survey.  However, p a s t  reco rds  show tha t  
danger from plague outbreaks in c i t i e s  in 
such a reas  has been small .  Not a s in g l e  
case occurred in dry inland c i t i e s  and few 
in northern c i t i e s  anywhere.

The r a t  f l e a  N. f a s c i a t u s ,  a n o t h e r  
possible  vector  of  plague, has a numerical 
d i s t r i b u t i o n  somewhat d i f f e r e n t  from that  
of cheopis. This species was found in about 
half  of the 23 lo c a l i t i e s  in Washington and 
Oregon and in  a l l  o f  the 21 C a l i f o r n i a  
l o c a l i t i e s .  I t  was found in  about h a l f  of 
t h e  d r y  n o r t h e r n - s t a t e  l o c a l i t i e s  and 
occurred l e s s  f requen t ly  in  the dry por ­
t ions  of  the southern areas .  I t s  pos i t ion  
as a p o s s ib l e  p l a g u e -v e c to r  has a l r eady  
been d i s c u s s e d .  I t  i s  r e l u c t a n t  to b i t e  
man and d i f f i c u l t  t o  i n f e c t .

PORT-CITY SURVEYS. Resul ts  of domestic­
r a t  f l ea  surveys made by other a u tho r i t i e s  
in  c i t i e s  in coa s ta l  areas are summarized 
in  Tables I I I ,  IV, and V. The more usefu l  
summaries s t r e s s  the percentages of  r a t s  
found i n f e s t e d .

Data fo r  western c i t i e s  in these tab les  
conform with the general pa t t e rn  indicated 
by P r i n c e ' s  d a ta ;  on ly  50% of  the r a t s  
examined in S e a t t l e  had f l e a s ,  and the 
c heop is  index was only 0 .7 .  In Tacoma,

15

during the winter months, only nine cheopis 
were found on 2,648 r a t s .  Farther south, a t  
San Francisco,  64% of  the r a t s  had f lea s .  
Rats averaged seven f leas  each and 20% were 
cheopis.  At Los Angeles the Cheopis index 
was 0 .9  d u r in g  a su rvey  e x te n d in g  from 
December through August. (The authors had 
examined only 331 r a t s  for  f l e a s  and did 
not  r e c o r d  the p e rc e n ta g e  of  r a t s  wi th  
c h e o p i s ) .

At G a l v e s t o n ,  c h e o p i s  was the  most  
prevalen t  r a t  f lea  during the plague ou t ­
break during  the 1920’ s .  I t  was a l s o  the 
most p reva len t  a t  Mobile and a t  Jackson­
v i l l e ,  67 to 72% of the r a t s  bearing them. 
At New Or leans ,  where the  pe rcentage  of  
r a t s  with cheopis  was no t  r ecorded ,  the 
cheopis ind ices  were f a i r l y  high (2.7 for 
the year) . Far ther  north,  Phi lade lphia  had 
a sm a l l  ave rage  number o f  c h e o p i s  per  
r a t  (0 ,03  to  4 . 2 ) .

A number of these surveys are inadequate 
by p r e s e n t  s t a n d a r d s  and n e e d s .  T h i s  
i s  p a r t l y  due to i r r e g u l a r  d i s t r i b u t i o n  
o f  samples dur ing  the  season and p a r t l y  
b e c a u s e  p e r c e n t a g e s  o f  r a t s  i n f e s t e d  
by each species of  f l ea  are not recorded. 
They do show, however, t h a t  c i t i e s  which 
s u f f e r  from r e a l  p lague  o u t b r e a k s  had 
a high p r opo r t ion  of r a t s  i n f e s t e d  wi th  
c h e o p i s .

TABLE I I I  
PERCENT OF RATS WITH FLEAS (YEAR)

CITY ALL FLEAS • CHEOPIS FASCIATUS SEGNIS CM. 11 SACKA

Sea t t le 50 _ — —
San Francisco 64 — — — —

norvegicus — 27 58 28 0
r a t t u s — 34 11 15 0

Berkeley and
Oakland 77 — — — —

New Orleans 87 _ — — —

Mobile —. 67* 14 14 10
Jacksonvi lle — 72** 6 27 19
Norfolk 57 — — — — ■
New York 35 __ — — —
Providence 57 — — — —
Boston 43 — ■ — — —
*
** Var ied  from 26 t o  94 

Var ied  from 16 t o  92

Courtesy of the David J. Sencer CDC Museum
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DURATION, DATA AND DESCRIPTION OF CITY SURVEYS

TABLE IV

CITY AUTHORITY NO. OF
RATS
EXAMINED

SPECIES 
COMPOSITION: 
% Norvegicus

DURATION OF 
SURVEY

Sea t t le Fricks,  1936 261 — Apr. ’2 7 - A u g .  ’29

Tacoma Hundley & Nasi, 1945 2,048 72 Nov. ’42 —Mar. ’43

San Francisco Eskey, 1938 3,027 75+ 1936 -  1937

Berkeley and 
Cfekland Mitzmain, 1910 4,916 -- Jan. —Dec. 1909

Los Angeles Trimble & Sherrod, 1935 231 97 Dec. ’31 -A ug .  ’32

Galveston Boyd & Kemmerer, 1920 46,623** — June — Dec. 1920

Galveston Surgeon General, 1921 46 23 July ’20 -  June '21

Galveston Surgeon General, 1922 56 — July ’20 — June '21

New Orleans Surgeon General, 1916 1,268 71* July ’15 — June ’16

New Orleans Surgeon General, 1921 2,144 — Nov. ’22 — June ’23

New Orleans Surgeon General, 1922 3,839 90+* July ’21 —June ’22

New Orleans Fox and Sull ivan, 1925 1,661 86* July ’20 -  June ’ 21

Mobile Cole & Koeppke, 1946 6,123 95 Jan, —Dec. 1934

Pensacola Surgeon General, 1921 752 91 July ’20 -  June ’21

Jacksonvi l le Rumreich & Wynn, 1945 4,853 93 Jan. —Dec. 1934

Savannah Fox, 1931 387 — Feb. -  Mar. 1927

Sav annali Fox, 1931 500 — Sept. —Oct. 1927

Norfolk Hasselt ine, 1929 1,561 99+ Mar. '27 — Mar. ’28

Philadelphia Vogel & Cadwellader,1935 2,765 99+ May ’32 —Dec. '33

New York Fox & Sull ivan, 1925 4,756 99+ Apr. '23 -  Feb. ’25

Providence Robinson, 1913 342 — J u l y - D e c .  1912

Boston Fox & Sull ivan, 1925 1,524 — Dec. '22 -N ov .  '23

* C a l c u l a t e d  from a u t h o r ' s  f i g u r e s .
** Most o f  t he  r a t s  were caught  dead in snap t r a p s .
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TABLE V

SPECIES- COMPOSITION OF FLEA INFESTATIONS
( PERCENT) AVERAGE NO FLEAS PER RAT

CITY CHEOPIS FASCIATUS SEGNIS GALLINACEA ALL SPECIES CHEOPIS

Seat t le 22 67 11 0 3 0.4

Tacoma * * 95+ 0 0 1.2 —

San Francisco 20* 66* ** 0 7 —

Berkeley and
Oakland — — — — 2,8 —

Los Angeles 31* ++ * * * — , 1.0 0.9

Galveston '20 * * * * * — — 25 —

Galveston ’21 90 7 3 0 _ —

Galveston ’22 * * * 0 * * ** — —

New Orleans ’16 74* 2* 30* * * 3,5 1.0-7.7

New Orleans ’21 — — — — \ 3.3 —

New Orleans '22 37 0 58 0 4.8 1.7

New Orleans ’25 72 0.5 27 ** 2.3 1.2-3.2

Mobile 64 9 9 16 7 2.6-9.4

Pensacola 54* 7* 2* + 11 5

Jacksonvi lle 58 2 19 20 6 1.6-7.5

Savannah 51 20 26 3 4.6 2.3-7.2

Norfolk 82 18 0 0 0.02-8.4

Philadelphia 60 32 ** ** 1.6 .02-2.3

New York 30 70 * 0 0.9 0-0.8

Providence 75 22 3 — 4-10

Boston 33 64 * 0 1.0-1.4 0.1-1.0

+ Gal l i nacea  no t  r e co rded  bu t  Pulex  i r r i t a n s  r e co rd ed  as  making up about  20%.
Some o f  t he s e  su rveys  were i n t end ed  c h i e f l y  t o  de t e rmine  cheopis  i n d i c e s  hence o th e r  
sp e c i e s  o f  f l e a s  were n o t  r ecogn i zed  o r  no t  counted.  Pe r c en t a g es  a r e  t h e r e f o r e  no t  
monobasic but  g ive on ly  g e ne ra l  i n d i c a t i o n s .  They a l s o  vary  in  a ccordance  w i t h  t h e  
t ype  o f  h a b i t a t ,  t he  spe c i e s - c o m po s i t i o n  o f  t he  r a t  s ample  and w i t h  t he  method o f  
i n t e r p r e t a t i o n  o f  t h e  s ea sona l  d a t a .

* C a l c u l a t e d  from a u t h o r ’ s t o t a l  f i g u r e s .
** P re s en t ,  bu t  i n  smal l  numbers
*** Was most p r e v a l e n t ,  numerous,  o r  predominant  f l e a .
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SOUTHEASTERN STATES SURVEYS

Surveys in connection with murine typhus 
con tro l  by nine  sou theas te rn  s t a t e s ,  co­
op e ra t in g  with the Communicable Disease 
Center,  have r e s u l t e d  in the add i t io n  of  
c o n s id e r a b l e  da ta .

Of these s t a t e s ,  Texas i s  of p a r t i c u l a r  
i n t e r e s t  because, as  in C a l i f o r n i a ,  the 
presence of  plague in  n a t iv e  roden ts  i s  
c lo se  to a dangerously high populat ion of 
cheopis  on domestic r a t s .  Analysis of 1946 
and 194-7 da ta  shows t h a t  r a t s  i n  s o u th ­
eastern Texas (east  of the. 100° west longi­
tude and somewhat south of the Dal las-Fort  
Worth level)  have a very high incidence oi 
cheopism.  Even d u r in g  w i n t e r ,  when the 
leve l  is low, more than 20 percent  of the 
r a t s  examined bore this  flea.  During summer 
more than 60 percent  bore i t .  Past records 
i n d i c a t e  t h a t  p lague  w i l l  f l o u r i s h  in  
s o u th e a s te rn  Texas i f  i t  br idges the few 
score miles  from west Texas. Plague has 
ex is ted  among domestic r a t s  in Galveston, 
Beaumont, and Po r t  Arthur .  Also,  plague 
appears  to f l o u r i s h  where murine typhus 
f l o u r i s h e s .  A high inc idence  d u r in g  a l l  
s e a s o n s  o f  the  yea r  e x t e n d s  e a s t w a r d  
through the typhus b e l t .

Data from Dallas  and For t  Worth are not 
d i s t r ib u t e d  widely enough through the year 
fo r  a n a ly s i s  by months. I nd ic a t ions  are ,  
however ,  t h a t  the  p e r c e n t a g e  o i  r a t s  
in fes ted  is  f a i r l y  high. Between 27 and 39 
percent  of  297 r a t s  captured in these two 
c i t i e s  bore c heop is .  In wes te rn  Texas, 
however ,  the  p e r c e n t a g e  o f  r a t s  w i th  
cheopis i s  considerably smaller.  Less than 
14 pe rcen t  of some 522 r a t s  taken a t  a l l  
t imes of the .year from El Paso and from 
panhandle  c o u n t i e s  were i n f e s t e d  during
1946 and 1947-

East of  Texas, the incidence of  cheopism 
i s  high in southern s t a t e s ,  p a r t i c u l a r l y  
in the typhus bel-t (see page 65). I t  i s  
lower in northern areas .  I t s  seasonal peak 
o f  abundance v a r i e s :  in  more s o u t h e r n
s t a t e s  i t  occurs  in summertime; in  more 
n o r th e r n  s t a t e s  in  the  f a l l .

The nor thern  r a t  f lea  i s  qu i te  uncommon 
in T e x a s ,  bu t  t h e  s t i c k t i g h t  f l e a  i s  
extremely common. West of the 100th degree

west longitude,  the s t i c k t i g h t  f l ea  i s  by 
far  the most abundant r a t  f lea on farms and 
on outsk ir ts  of  c i t i e s .

TEMPERATURE, LATITUDE, AND PLAGUE

The possible  e f f e c t s  of temperature on 
o c c u r r e n c e  of  r a t - b o r n e  and human 

plague a re  di scussed  by Robertson (1923) 
who ge n e ra l i z e d  as follows:

1) Bubonic plague i s  e ssent ia l ly  a disease 
o f  hot  c l i m a t e s .  Once i n t r o d u c e d  i n t o  
t r o p i c a l  c o u n t r i e s ,  i t  tends to p e r s i s t  
inde f i n i  t e l y .

2) Outside of the immediate t ropics,  this  
d i se a s e  i s  r a t h e r  d e f i n i t e l y  l im i te d  in  
the extent  to which i t  w i l l  spread.

3) In c o u n t r i e s  wi th  a mean midwinter  
t empera tu re  of  45° F. or below, bubonic 
pl ague  i s  o c c a s i o n a l ,  a c c i d e n t a l ,  and 
d i s t i n c t l y  s e l f - l im i te d .  I t  seems possible 
for i t  to occur in the colder regions only 
for short  periods under unusual conditions.

When eva lu a t ing  these g e n e r a l i z a t i o n s ,  
i t  i s  important to keep in mind th a t  l i t t l e  
was known concerning the d i s t r i b u t i o n  of 
s y lva t ic  plague when Robertson wrote them. 
Also, hi s  conclus ions appl ied,  and s t i l l  
apply, only to ra t -borne  and human cases.  
He found that  the area of incidence of such 
plague was bounded roughly by the t h i r t y -  
f i f t h  p a ra l l e l  both north and south of the 
e q u a t o r .  In  Europe ,  however ,  t h e  45° 
n o r th  l a t i t u d e  p r o b a b ly  d e s c r i b e d  the  
n o r th e rn  boundary more a c c u r a t e l y .  This  
n o r t h e r l y  oc c u r r e n c e  i s  due m os t ly  to  
the tempering e f f e c t  of the warm waters  
o f  the Medi te rranean .

Robertson discussed some apparent excep­
t ions to the rule of temperature, which may 
be of  i n t e r e s t  in the United S t a t e s .  One 
of the most impressive was an outbreak of
5 0 ,0 0 0  c a s e s  o f  pneumonic  p l a g u e  i n  
Manchuria during the win ter  of  1911. The 
basic causes of  th is  outbreak are  ascribed 
to  c o n t a c t  wi th  a s y l v a n  r o d e n t ,  t he  
tarbagan. Like our American marmots, the 
tarbagan harbored plague. Poor Manchurian 
p e a s a n t s  and f u r - h u n t e r s  who s k in n e d  
hundreds oi thousands of  t arbagans ,  con­
t r a c te d  plague. Crowded to ge the r  in  poor
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FIGURE 2. Average  J a n u a r y  t e m p e ra t u r e  in  t h e  U n i t e d  S t a t e s  f o r  
t h e  p e r i o d  1899-1938 a s  shown in  Yearbook o f  A g r i c u l t u r e  f o r  
1941- Both  p l a g u e  and mur ine  t yphus  have  a t t a c k e d  man i n  t h e  
more humid, warm r eg i on s .

AVERAGE ANNUAL PRECIPITATION (IN C H E S )

FIGURE 3. Average annua l  p r e c i p i t a t i o n  i n  t he  Un i t ed  S t a t e s  f o r  
t h e  p e r i o d  1899-1938 as  shown. S e v e r e l y  d r y  c l i m a t e s  s u p p r e s s  
t h e  numbers  o f  ch eo p i s  f l e a s .

s h e l t e r s ,  they passed i t  on 
pneumonical ly to fe l low i n ­
habitants ,  f riends,  and r e l a ­
t ives .  Such an extensive out­
break could hard ly  occur in 
America unde r  our  p r e s e n t  
eat ing and l iv ing conditions.
A l i m i t e d  number o f  c a s e s  
have occurred under c i rcum­
stances  very s im i l a r  to i t ,  
however, namely 13 in Berkeley 
a n d  41 i n  Los  A n g e l e s ,
C a l i f o r n i a .

I t  i s  H o b e r t s o n ' s  theory  
t h a t  t h e  c ha in  of  p l a g u e ­
transmission from r a t  to r a t  
i s  broken in  nor the rn  l a t i ­
tudes by ear ly  onset and long 
d u r a t i o n  o f  c o ld  w e a the r .
Winter  wea ther  reduces  the 
numbers of  cheopis on rats  tc 
such a low point  tha t  plague 
d i e s  o u t .  F r i c k s ’ (1936)  
f i n d i n g s  i n  S e a t t l e ,  and 
previously-mentioned findings 
in Tacoma, apparently support 
t h i s  t h e s i s .  He s t a t e s  t h a t  
r a t  plague exis ted in Sea t t le  
f o r  a t  l e a s t  10 y e a r s ,  the 
f i r s t  i n f e c t e d  r a t  hav ing  
been found there  in November 
1907, the l a s t  in March 1917.
Fricks adds that  i t  i s  i n t e r ­
e s t i n g  to  s p e c u l a t e  on the 
l e n g t h  o f  t ime p lague  may 
have e x i s t e d  p r i o r  to i t s  
d i s c o v e r y  i n  1 9 0 7 .  H i s  
r e a s o n s :  on ly  one c ase  of  
f lea-borne plague ( the other  
two o f f i c i a  11y - r e p o r t e d  human c a s e s  
were pneumonic) i s  known to have occurred 
in S e a t t l e ;  and r a t  plague  e x i s t e d  fo r  
a lm o s t  10 y e a r s  s u b s e q u e n t l y  w i t h o u t  
a n o th e r  human c a se .  He p o i n t s  out  t h a t  
o f  two campain gs  t o  e r a d i c a t e  p lague  
i n  S e a t t l e ,  the  f i r s t ,  which fo l lowed  
p r o m p t l y  t h e  d i s c o v e r y  o f  t h e  human 
c a s e s ,  was d i s c o n t i n u e d  a f t e r  a few 
months of  a c t i v i t y .  The second,  which 
fol lowed a g r e a t  i n c r e a s e  in r a t  plague 
d i s c o v e r e d  in  O c t o b e r  1913, was d i s ­

c o n t i n u e d  a f t e r  t h r e e  y e a r s .  However, 
su rveys  con t inued  to  June 1933. F r i c k s  
c o n c l u d e d  t h a t  p r o b a b l y  no e x t e n s i v e  
i n f e c t i o n  of  r a t s  would r e s u l t  i f  plague 
were  a g a i n  i n t r o d u c e d .  H is  p r e m i s e :  
t h e  u n i fo r m ly  low f l e a  index o bse rve d  
( a n d  he m i g h t  h a v e  added  low f l e a -  
i n f e s t a t i o n - i n c i d e n c e );  and the  p r o ­
nounced  improvement  i n  s a n i t a r y  c o n ­
d i t i o n s  d u r i n g  the  p a s t  two d e c a d e s .  
F r i c k s  s t a t e s  t h a t  a l t h o u g h  S e a t t l e  
c l im a te  favors  development  of  pneumonic
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phases, no epidemic of bubonic plague among 
humans need be f e a r e d  i f  r a t  pl ague  i s  
detected promptly and i f  reasonable measures 
are taken for i t s  control .

SUMMARY AND CONCLUSIONS

V ary ing  degrees o f  danger from plague 
o u t b r e a k s  appear  to  e x i s t  in  North 

America. The di sease  may, as i t  has in  the 
p a s t ,  be in troduced  in to  c i t i e s  by occa­
s io n a l  r e s i d e n t s .  These r e s i d e n t s ,  who, 
a f t e r  hand l ing  i n f e c t e d  sy lvan roden ts ,  
may r e t u r n  to a c i t y ,  develop  pneumonic 
plague, and i n f e c t  persons pneumonically 
by means o f  d rop le t  in fec t ion .  Plague may, 
as i t  has in the past ,  be introduced among 
r e s ide n t  r a t s  in  c i t i e s  by: ( 1 )  domestic
r a t s  from ships  or  other  common carr ier s ' ;  
(2) domestic r a t s  which have acquired the 
d i s e a s e  from sylvan r o den t s .  The l a t t e r  
r a t s  r e t u r n  to a c i t y  during seasona l  or 
i r r e g u l a r  movements to  and from garbage 
dumps and open country.  I t  i s  s t i l l  qui te  
p o s s i b l e  for  plague to spread n a t u r a l l y  
among n a t i v e  rod en t s .

Two weak l in k s  in  the e n t i r e  cha in  of  
plague t r a n s m i t t a l  ex i s t :  the s tage when,
a f t e r  domest ic  r a t s  a cqu i re  plague from 
sy lv a n  r o d e n t s ,  i t  i s  m a in ta ined  among 
them; and when plague is f ina l ly  t ransmitted 
from the r a t s  to human beings. Eskey (1938) 
s t a t e s  th a t  the i n t e n s i t y  of  plague e p i ­
demics i s  regulated by the species  of  f l ea  
p r e s e n t .  I t  i s  a l s o  g o v e rn e d  by th e  
prevalence of  t h a t  I l ea .

C o n t r o l ,  excep t  under  unique c i r c u m ­
stances,  wi l l  probably be aimed largely and 
most prof i tab ly  at  domestic r a t s  inside and 
near  communities, though in l imited areas 
i t  may be e x t e n d e d  to  c e r t a i n  e a s i l y  
c o n t r o l l a b l e  na t iv e  rodents .

Permanent con tro l  of r a t s  and r a t  f le as  
in  communities where plague would e x i s t  
among them prevents i t s  gaining a foothold. 
Permanent  c o n t r o l  in  n o n - i n f e c t e d  com­
munities prevents i t s  spread to them.

I t  i s  bel ieved well worth while  to con­
duct e c o lo g i c a l  surveys o f  r a t  f l e a s  in  
su f f i c i e n t  proportion to measure and d e l in ­
eate varying types of danger areas wherever 
operations for control  are undertaken.

u
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COUNTIES PRE-APPROVED FOR 
TYPHUS CONTROL OPERATIONS — 1948 SEASON

Computed from (1)  c o u n t i e s  w i t h  10 or  more c a s e s  o f  human typhus  
p e r  y e a r  f o r  5 - y e a r  p e r i o d  1943-1947;  (2)  c o u n t i e s  w i t h  10 or  more 
c a s e s  f o r  y e a r  1947.

ALABAMA (14  C o s . )
Barbour
Calhoun
Coffee
Covington
Crenshaw
Dale
Dallas
Geneva
Henry
Houston
Jeffe rson
Mobile
Montgomery
Pike

ARKANSAS (1 C o . ) 
Pulaski

CALIFORNIA (1 C o . )  
Los Angeles

FLORIDA (9 C o s . )

Dade
Duval
Escambia
Hillsborough
Nassau
Orange
Pine l l a s
Polk
Volusia

GEORGIA (30 C o s . )
Appling
Bibb
Bulloch
Chatham
Coffee
Colqui t t
Crisp
Decatur
Dodge
Dooly
Dougherty
Fulton
Glynn
Grady
Jenkins

G e o r g i a  (Con’ t ) 
Laurens 
Mitchell 
Richmond 
Screven 
Sumter 
Ta t tnal l  
Te l fa ir  
Terrel l*
Thomas
T i f t
Ware
Wayne
Worth
Berrien
Irwin

LOUISIANA (5 C o s . )  
Caddo 
Calcasieu*
Iberia*
Orleans
Washington

MISSISSIPPI (2 C o s . )
Harrison
Pike

N. CAROLINA (3 Cos.  )
Craven
New Hanover
Wilson

S. CAROLINA (2 C o s .)
Charleston
Orangeburg

TENNESSEE (1  Co. ) 
Davidson

TEXAS (43 C o s . )  
Angelina 
Bastrop 
Bexar 
Caldwell 
Camerson 
Colorado 
Comal

Texas  (Con’ t )  
Dallas 
DeWitt 
Erath 
Fayette 
Galveston 
Gonzales 
Guadalupe 
Harris 
Henderson* 
Hidalgo 
Howard* 
Jasper  
Jefferson 
Lampasas 
Lavaca 
Lee
McLennan
Mad if

Texas  (Con' t  ) 
Milam 
Nueces 
RunneIs 
Tarrant  
Tom Green 
Travis 
Vistor ia  
Waller 
Washington 
Webb 
Wharton 
Willbarger 
Wilson*

Jim Wells
Fa l ls
Harrison
Liberty
Robertson

“No c a s e s  r e p o r t e d  i n  1947

COUNTIES REPORTING 
10 OR MORE CASES — 1946

ALABAMA
Autauga

FLORIDA
Gadsden

GEORGIA
Emanuel
Evans
Schley
Turner
Randolph

LOUISIANA
I,afayette 
St . L^andry

NORTH CAROLINA 
Harnett

TEXAS
Anderson
Bosque
Comanche
Fisher
Grayson
Grimes
Hunt
Nolan
Refugie
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