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V E R N O N  B .  L I N K ,  S e n i o r  S u rg e o n *

P lague a lw ays  has been one of mankind’s wors t 
enem ies.  As a p es t i le n t ia l  d i s e a s e ,  it can be 
traced  back uninterruptedly to the third century 
before the Chris t ian  era  when D ionysius  spoke 
of it a s  a fa ta l d i s e a s e  in L ibya ,  Egypt,  and Syria. 
Prior to that time, Homer desc r ibed  plague among 
the G reeks at the s iege  of Troy in 1184 B .C . ,  
ascr ib ing  it to  the  wrath of Apollo who w as angered  
at an insult to  h is  high p r ies t  C h ry se s ,  and a l so  
to  the god’s m alevolence and d isg u s t  at the f i l th  
lying about the camp. Probably  the e a r l ie s t  known 
reference to  p lague occurs  in the F i r s t  Book of 
Samuel, C hap te rs  5 and 6, where mention is  made 
of the d is e a s e  having broken out in C anaan  during 
military opera tions  a g a in s t  the I s ra e l i te s  cen tu r ies  
before the C hris t ian  era .  It is  s ta te d  that the in
habi tan ts  of se v e ra l  c i t i e s  were a t tacked  with 
emerods, and tha t  the p e s t i le n c e  c a u se d  a deadly  
des truc tion .  In B e thschem esch ,  over 50,000 per
so n s  died . It a l so  is recorded that in order tha t  
the plague might be s ta y ed ,  the P h i l i s t in e s  made 
propitiatory offerings of golden images of the ir  
tumors and of the mice tha t marred the land to the 
God of Is rae l .  T h is  appears  to  be the e a r l ie s t  
reference to  an ep izoo tic  among mice in co n n e c 
tion with the d i s e a s e .

Rufus of E p h e su s ,  about 100 A.D., probably 
gave the firs t  descr ip tion  of p lague which has  
been preserved .  The f irs t  recorded plague e p i 
demic in the world’s history  occurred in the 
reign of Marcus Aurelius 164-180 A.D., the second ,  
in Egypt in 542. The Great P lague of Ju s t in ian  
in the s ix th  century is sa id  to  have carried off 
half the population  of the Roman Empire.

In the fourteenth century, a new European e p i 
demic began which became known as  the B lack 
Death. It is es t im ated  tha t  it k i l led  one-fourth of 
the population of Europe ,  or about 25 million per
sons .  In some coun tr ies ,  however, the to ta l dea th s  
approximated 70 percent of the inhab itan ts .  P lague 
continued to  hold sw ay in Europe during the 
fifteenth, s ix teen th ,  sev en te en th ,  and e igh teen th  
cen tur ies ,  but se em s  to  have d isappea red  by the 
middle of the n ine teen th  century.

T h e  p resen t pandemic, which began  in the 
Orient in 1894, has  had the most w idespread  d i s 
tribution of any of the known ep idem ics .  It has  
invaded every continen t of the world,and h a s  been 
reported from nearly every  country. India has  su f 
fered the most with about 12 million d ea th s  
reported in the la s t  54 y ea rs .  Although the mor
ta l i ty  ra te  per world population does  not approach 
tha t  of the B lack Death of the fourteenth century, 
the p re se n t  pandsmic ranks  a longside the most im
portant previous ones a s  far as  the to ta l  number 
of c a se s  is concerned; and far ex c e e d s  a l l  others 
in regard to i ts  w idespread  d is tribu tion  (table  1).

T he  New World w as  invaded by plague at 
Asuncion, Paraguay , in April 1899. Since that 
time there have been about 60,000 c a s e s  reported 
in North and South America. About 98 percent of 
these  have occurred in South America. Although 
nearly  900 ca se s  have been reported in Mexico, 
th e se  occurred in two sh a rp  outbreaks in 1902-3 
and 1920-22, and there is  no reason  to  believe 
tha t  any endemic foci e x i s t  in ei ther  dom estic  or 
wild roden ts .

While the United S ta te s  is second  in North 
America from the point of view of to ta l  c a s e s  
reported, it is f irs t  in importance from the over-all 
v iewpoint b ecau se  of the ex is te n ce  of a  tremen
dous endemic rese rvo ir  of infection in i ts  wild 
rodent populations ( tab le  2).

Quarantine o ff ic ia ls  began to  be concerned 
about the importation of human plague into th is  
country about the  time th a t  the p resen t pandemic 
s ta r te d .  T h e i r  fea rs  appeared  to  be ju s t i f ied  when 
c a s e s  of plague were found on three o cc as io n s  in 
1899 and 1900, on board sh ips  arriving a t  San 
F ra n c is c o ,  C a l i f . ;  New York, N .Y.; and Port 
T ow nsend ,  Wash. Although maritime quarantine 
w as apparen tly  s u c c e s s fu l  in preventing the impor
ta t ion  of human p lague, l i t t le  then w as  known of 
the role which the rat and its  f lea  p layed in t r a n s 
m iss ion ,  and it w as inev itab le  tha t rodent plague 
would be imported. T here  is  no ava i lab le  ev i
dence to  show when th is  occurred; but at some 
time during the la s t  yea rs  of the n ine teen th  cen-

♦ W e s te r n  C o m m u n i c a b l e  D i s e a s e  C e n t e r  L a b o r a t o r y ,  S a n  F r a n c i s c o ,  C a l i f .
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WORLD D IST R IB U TIO N  OF PRESENT PLAGUE PANDEMIC

T a b l e  1

Year  
F i r s t  R eported Locat ion

Year  
F ir s t ,  R eported L o c a t io n

1893

1894 

1896

1897

1898

1899

1900

Y u n n a n ,  C h i n a

C a n t o n ,  C h i n a

F ormos a 
Bombay,  I n d i a  
B a s r a ,  T u r k e y

J i d d a h ,  A r a b i a

O s a k a ,  J a p a n  
M a r i t i u s ,  M a d a g a s c a r  
S a m a r k a n d ,  R u s s i a  
V i e n n a ,  A u s t r i a  
L o n d o n ,  E n g l a n d

A l e x a n d r i a ,  E g y p t
S a n t o s ,  B r a z i l
F r e n c h  I v o r y  C o a s t
L o r e n z o  M a r q u e z ,  P . E .  A f r i c a
L i s b o n ,  P o r t u g a l
B u s h i r e ,  P e r s i a
R e u n i o n  I s l a n d
S t r a i t s  S e t t l e m e n t s
P a r a g u a y
K o l o b o o k a ,  A s t r a k h a n ,  R u s s i a  
R o s a r i o ,  A r g e n t i n a  
H o n o l u l u ,  H a w a i i
Cape  Town,  B r i t i s h  S o u t h  A f r i c a  
Numea,  New C a l e d o n i a  
B a r c e l o n a ,  S p a i n  
B e i r u t ,  S y r i a  
Z anz  i b a r

S y d n e y ,  A u s t r a l i a  
A u c k l a n d ,  New Z e a l a n d  
P e r s i a n  K u i d i s t a n  
M a n i l a ,  P h i l i p p i n e s  
G l a s g o w ,  S c o t l a n d  
Sa n  F r a n c i s c o ,  U . S . A .
Hambu rg ,  Ge rmany

1901

1902

1903

1905

1906

1907

1908

1910

1911

1912

1915

1921

1939

M a r s e i l l e ,  F r a n c e  
C a r d i f f ,  Wal es  
C a p e  V e r d e  I s l a n d s

N ap le s ,  I t a l y  
M o n t e v i d e o ,  U r u g u a y  
S i a m

M a z a t l a n ,  Me x i c o  
F r e n c h  I n d o - C h i n a  
N a i r o b e , Kenya

P i s c o ,  P e r u  
I q u i q u e ,  C h i l e  
A l g e r  i a

S u m a t r a
Panama

L i b e r i a
C a n a r y  I s l a n d s  
T e n e r i f e

Tun i s  i a  
T r i n i d a d

A z o r e s  
Vene  zue 1 a 
E c u a d o r
V i r g i n  I s l a n d s  

M o r o c c o ,  C a s a b l a n c a  

J a v a  

Cuba
P u e r t o  R i c o  
G r a n a d a

G r e e c e

B o l  i v i a

C a n a d  a

tury, infected ra ts  must have left sh ip s  in San 
F ra n c isc o  harbor and spread  plague among the 
r a t s  of that ci ty . R ecognized  human c a s e s  did not 
appear until March 1900, although there is some 
reason  to bel ieve that unsuspec ted  c a s e s  were 
occurring as  early  as 1898. The firs t  San F r a n c i s 
co epidemic la s ted  for nearly 4 years  and accoun 
ted for 127 c a s e s ,  few of which recovered .  T h is  
epidemic was notable for the fac t  that there was 
v io len t  d isagreem ent between the  fac t io n s  who

claimed that it w as and w as not p lag u e .  Subse
quent epidem ics occurred in San F ra n c isc o  in 
1907; in Sea t t le  in 1907; in New Orleans in 1914 
and 1919; in Oakland in 1919; in P en saco la ,  
G a lves ton ,  and Beaumont in 1920; and in Los 
A ngeles  in 1924 (figure 1, tab le  3). All of th e se ,  
with the excep t ion  of the 1919 outbreak in Oakland 
which s ta r ted  when a squ irre l hunter developed 
secondary pneumonic p lague,  took place  at a 
time when dom estic  ra ts  were involved in an ac tive
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Table 2

PLAGUE CASES IN THE NEW WORLD

Country C ases P erce n t
o f  T o t a l

P e r u 2 1 , 6 6 4 3 6 .5 %
E c u a d o r 1 1 , 7 7 0 19 . 8%
Br a z i l 7 , 9 8 6 13 .5%
A r g e n t  i n a 6 , 8 89 11. 6%
Ch i  l e 5,  125 8 . 6 %
Bo l  i v  i a 3 , 3 4 8 5 .6%
M e x i c o 868 1.4%
Vene z u e l a 565 0 . 9 %
U n i t e d  S t a t e s 503 0 . 8%
P a r  a g u a y 500 0 .8%
P u e r t  o R i e  o 8 8 )
Cuba 68
Tr  i n i d  ad 13 0 .5%
Pan ama 2
Gr a n a d  a 1
C a n a d  a V
T o ta l 5 9 , 3 9 1 100 .  0%

A d a p t e d  f r o m M o l l  a n d  O ' L e a r y :  P l a g u e  i n
t h e  A m e r i c a s :  An H i s t o r i c a l  a nd  Q uasi-
E p i d e m i o l o g i c a l  S u r v e y .

plague ep izoo tic .  T h e  only time in our history  
when it w as known tha t  ra ts  were involved in 
su c h  ep izo o tic s  and no human c a s e s  a rose ,  was 
during the period from 1942-44 when the ra ts  of 
T acom a,  Wash., were involved and over 100 were 
proved to  be in fec ted .  At the p resen t time, there 
is  no c i ty  in the country where dom estic  rodents  
are known to  he infected with p lague,  and ac tive  
efforts  cons tan t ly  are being made to prevent th is  
from happening.

At some time about the beginning of th is  cen
tury, plague sp read  from domestic  ra ts  in the San 
F ra n c isc o  Bay area  to the C a liforn ia  ground 
squ irre l .  Again there is no ev idence a s  to when 
th is  might have occurred . T he f irs t  indication 
tha t  it w as  a p o ss ib i l i ty  was in 1903 when human 
c a s e s  were reported  in rural Contra C o s ta  County 
in an area  where there were no r a t s .  At tha t time, 
it w as  su sp e c te d  th a t  the source of the c a s e s  
might have been from infec ted  wild roden ts ,  and a 
se a rch  w as  made but none were found. It w as  not 
until  during the second  San F ra n c is c o  epidem ic,  
in 1908, tha t infected  ground squ irre ls  were found 
on a  ranch  in Contra C o s ta  County, where a human

3

Figure I

COUNTIES WHERE HUMAN PLAGUE HAS OCCURRED
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T able  3

COUYTIES IN THE UNITED STATES IN WHICH 
HUMAN PLAGUE HAS OCCURRED, 1 9 00 -19 50 .

STATE
AND

COUNTY
CASES DEATHS

C aliforn ia
Alameda 41 28
C o n t r a  C o s t a 15 13
F r e s n o 1 1
Los A ng e le s 42 36
Modoc 1 1
Mo nt e r ey 2 1
P l a c e r 1 0
San B e n i t o 4 3
San B e r n a r d i n o 1 0
San F r a n c i s c o 289 196
San J o a q u i n 1 0
San L u i s  Obi spo 1 0
S a n t a  B a r b a r a 1 1
S a n t a  C l a r a 1 0
S a n t a  Cruz 2 0
S i s k i y o u 4 3
S on oma 1 0
S t a n i s 1aus 2 0
T u l a r e 1 1

F lo r id a
E sc ambi a 10 7

Idaho
Gem 1 1

Louisiana
Or l e a n s 51 18

Michigan
Washtenaw 1 0

Nevada
D o u g l a s 1 0

New Mexico
T aos 1 0
L i n c o l n 1 1
Lea 1 0
S an d o v a l 1 0

Oregon
Lake 1 1

Texas
G a l v e s t o n 16 11
H a r r i s 1 0
J e f  f e r  son 14 7

Utah
B eave r 1 0

Washington
King 8 8

"Total:
11 S t a t e s ,
34 C o u n t i e s 520 338

c a s e  had died. At about the same time, a boy in 
L os  A ngeles  w as b itten  by a squ irre l  and d e v e l
oped plague. A sea rch  for infected squ irre ls  
revea led  one in the same general a rea  of the  city . 
B e ca u se  of th e se  find ings,  a general survey of 
Califo rn ia  ground squ irre ls  was s ta r ted  in April 
1909. The d is e a s e  was found so  w idespread in 
the sq u ir re ls  of Contra C o s ta  and Alameda tha t 
the survey was extended to other C a liforn ia  coun
t i e s ,  and by the middle of 1910 plague foci had 
been found in 10 of the  25 coun ties  which rep re
sen ted  a l l  but the extreme n o r t h e a s t e r n  and 
e a s te rn  range of the Califo rn ia  ground squirre l.

In 1911, infected  sq u ir re ls  had been found in 
so  many coun ties  th a t  fea rs  begpn to  be e x p re ssed  
tha t  plague might a lready  have sp read  to other 
S ta te s ,  and rec o n n a is san ce  su rveys  were made in 
the coun ties  of Oregon, N evada,  and Arizona 
w hich bordered on C aliforn ia .  No infected  squ ir
re ls  were found ou tside  of Californ ia  a t  tha t time.

It then  appeared tha t  (1) in order to  prevent the 
re infec tion  of dom estic  roden ts  from wild rodent 
so u rce s  and (2) in order to  prevent the  e s ta b l i s h 
ment of endemic foci of plague which would be a 
menace not only to C a liforn ia  c i t ie s  but to  the 
re s t  of the country, it w as d es irab le  to  e rad ica te  
plague in the C a liforn ia  ground squ ir re l .  The 
erad ica tion  proposal w as  divided into two major 
par ts :  f irs t ,  a squirrel-free zone would be created 
around the c i t ie s  of the San F ra n c isc o  Bay area  
in order to prevent the réin troduction of plague 
into the dom estic  rodent popula tions of those 
c i t ie s ;  and second ,  ru ra l  plague w as to be e ra d i 
ca ted  by the use of every tool k n o w n  to  be 
effec tive .

The program w as  launched as  a  fairly long-range 
proposition which might take severa l  years to 
accom plish .  F e d e ra l ,  S ta te ,  and county funds 
were provided to  carry on th e se  a c t iv i t ie s .  L i te r 
a l ly  m illions of ground squ ir re ls  were k illed  during 
the years  tha t millions of do lla rs  were poured 
into th is  ac tiv i ty .  T h e  P ublic  Health  Service 
mainta ined an active in te res t  in the erad ica tion  
of plague in ground squ irre ls  until 1936 when it 
turned over its share of the work to  the California  
S tate  Department of H ealth . The State of California  
has  continued  some type of plague control ever 
s in c e ,  although it long s ince  has given up the 
id e a o f  being able to e ra d ic a te  p lague in the ground 
squirre l ,  which never w as  accom plished .

A second  phase  in the history of plague among 
wild rodents  began in 1934 when a sheepherder 
came down with the d is e a s e  in Lake County, Oreg.
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The following year ,  a sea rch  w as made for in fec
ted rodents  in the same area and p lague-infec ted  
squ irre ls  were found. T h is  was the first ev idence 
that the wild rodents  of any S tate  ou ts ide  of C a l i 
fornia were involved. T h ese  f indings led the 
Service to concentra te  i ts  efforts  on determining 
ju s t  how w idespread  plague ac tua lly  was in the 
West.

During the pas t  14 y ea rs ,  from 4 to 14 mobile 
survey units have been sen t  out into the field 
during the spring, summer, and fall months. T h ese  
units  are f ield  laboratory trucks equipped for 
hunting and trapping. A two-man crew traps  and 
shoo ts  wild roden ts ,  performs a u to p s ie s ,  and 
removes e c to p a ra s i te s  from the an im als  obta ined. 
If the animal’s organs appear in fec ted ,  sam ples  
are exp ressed  to the San F ra n c isc o  laboratory 
in iced thermos jugs.  Here the t i s su e  is macerated 
and in jected  into or inoculated  onto the skin of a 
guinea pig. If plague is p resen t,  the guinea pig 
generally  d ie s  in about 5 days  and a presumptive 
d iag n o s is  can be made at au topsy . T h is  d iag n o s is  
then is  confirmed by bac te rio log ica l  procedures 
and se ro log ica l  t e s t s .  All e c to p a ra s i te s  removed 
from wild roden ts  are p laced  in 2 percen t sa l ine  
in g la s s  v ia ls  and sh ipped  to the laboratory in 
mailing tubes .  The e c to p a ra s i te s  are counted, 
identified a s  to s p e c ie s ,  m acerated  in mortars, 
emulsified in normal s a l in e ,  and in jec ted  into 
or inoculated onto the sk in  of guinea pigs.

Beyond the ea r l ie r ,  h is to r ica l  f indings of plague 
which followed introduction in T e x a s ,  L o u is ia n a ,  
and F lo rida ,  surveys now have been made in 17 of 
the westernm ost S ta te s ,  and nearly every county 
w est of the 100th meridian has  been surveyed one 
or more tim es. Over 1% million wild rodents  and 
their  e c to p a ra s i te s  have been examined, and near
ly 4 ,000 found to be p lague- infec ted .  P lague foci 
have been found in 131 coun ties  of 15 of these  
Western S ta te s .  In addition to C a liforn ia  and 
Oregon, plague first w as found in the following 
S ta tes  in the yea rs  given: Montana, 1935; Idaho, 
Nevada, Utah, and Wyoming, 1936; Arizona, New 
Mexico, an d Washington, 1938; Colorado and North 
Dakota, 1941; Oklahoma, 1944; K an sa s ,  1945; and 
T e x a s ,  1946 (figure 2). Human c a s e s  resu lt ing  
from contact with in fec ted  wild roden ts  have 
occurred in C a liforn ia ,  Nevada, Oregon, Idaho, 
Utah, and New Mexico (figure 1). (The s ing le  ca se  
in Washtenaw County, Mich.,  is a laboratory in
fection.)

The treatment of human plague has been im
proved greatly  in recen t years .  Formerly, bubonic

R e m o v i n g  e c t o p a r a s i t e s  f rom  w i l d  r o d e n t s .

C o u n t i n g  a n d  i d e n t i f y i n g  e c t o p a r a s i t e s .

I n j e c t i n g  e c t o p a r a s i t e s  i n to  s k i n  o f  g u i n e a  p ig .
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L E G E N D  

COUNTIES SURVEYED 

COUNTIES WITH POSITIVE FINDINGS

Figure 2

SURVEYED AREAS AND POSITIVE FINDINGS

plague killed  about two-thirds while pneumonic 
p lague w as almost invariably fa ta l .  While many 
types of therapy have been tried, there were but 
two which were a t  a l l  e ffec t ive :  serum with which 
to treat c a s e s ,  and vac c in es  to  prevent the d i s 
e a s e .  Serum w as fairly e ffec tive  if given early 
in large d o se s .  V acc ines  have been used on a 
large s c a le  in various parts  of the world, but are 
not 100 percen t e ffec t ive ,  and the period of pro
tec tion  is limited to se v e ra l  months. In the late 
th ir t ie s ,  su lfa  drugs were found to be  of value 
in the treatment a s  well as  in the prophylaxis of 
p lague,  and su lfad iaz ine  is probably the most 
e ff icac ious .  Streptomycin is an even better  drug. 
A combination of streptom ycin  and su lfad iaz ine ,  
if g iven early enough and in adequate  d o s e s ,  is 
capable  of curing even p n e u m o n i c  p l a g u e  
(figure 3).

T he  development of almost sp e c if ic  methods of 
treating  plague h as  taken away some of the fears 
which were so  jus t ly  w arranted when th is  d i s e a s e  
s truck  a community. However, there are s t i l l  ample 
re a so n s  why v ig ilance  cannot be re laxed  aga in s t  
plague at th is  time, merely because  good methods 
of treatm ent now are  p o s s e s s e d .  P lague  s t i l l

demands re sp e c t  because  of the fac t  tha t  in 15 of 
our Western S ta te s  there is perhaps the largest 
focus of wild-rodent plague in the world and many 
s p e c ie s  of wild rodents and e c to p a ra s i te s  are 
known to be involved in the broad spectrum of 
th is  d i s e a s e .  T h e  v a s tn e s s  of the a rea  involved 
makes it im practical even  to think about the e rad 
ication  of plague in th e se  roden ts  even if one 
could forget the illuminating story connected  with 
at tem pts  to e ra d ica te  plague in the California 
ground squirrel.

While it appears  b io log ica lly  and economically  
impractical to e rad ica te  wild-rodent plague, there 
is no reason  why good preventive m easures  should 
be neg lec ted .  E xper ience  with plague in th is  
country has dem onstrated  tha t ep idem ics usually  
begin a fte r  dom estic  roden ts  have become infec
ted  and wild-rodent plague becomes important then 
for two rea so n s :  f i rs t ,  it is a  cons tan t  potentia l 
source  for the infection of domestic  rodents in 
urban communities which are located  in the v ic in
ity of plague foci; second ,  it will continue to 
cause  iso la ted ,  s in g le ,  widely sc a t te red  c a s e s  
of human plague.  T he infection of domestic ro
d en ts  can lead quickly to  human ep idem ics .  The
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Figure 3

H O S P I T A L  0  A Y S

occurrence of h u m a n  c a s e s  in fec ted  by wild 
rodents does not lead n e c e s sa r i ly  to  ep idem ics 
un less  the patient deve lops a secondary  plague 
pneumonia and s t a r t s  a pneumonic epidemic.

The single c a s e s  of human plague of wild- 
rodent origin are handled bes t  by educat ing  phys i
cians to  recognize the d is e a s e  when it occurs 
and s ta r t  treatment early .  T h is  en hances  the 
p o s s i b i l i t y  of recovery and p r e v e n t s  the 
development of pneumonic s ig n s .

The prevention of the transm iss ion  of wild- 
rodent plague to dom estic  roden ts  can be accom 
plished b es t ,  not by efforts  d irec ted  ag a in s t  wild 
rodent foci, but by programs of dom estic-rodent 
control. By combating domestic  roden ts  with every 
possible  m eans,  their  numbers can  be kept down 
to a point a t  which they will not be capable 
of supporting an ep izoo tic  of p lague.  T here  are 
effective means of eliminating  su c h  ep izo o tic s  
that may occur in dom estic  roden ts :  DDT, com
pound 1080, ratproofing, g a rb a g ed isp o sa l  m ethods,  
and good community housekeeping  methods should  
be able to  w i p e  o u t  a plague ep izoo tic  in short 
order  s h o u l d  o n e  chance  to gain a  foothold. How
e v e r ,  a n  o p p o r t u n i t y  will be m issed  if effo rts  are 
not m ad e  t o  e l i m i n a t e  the p o ss ib i l i ty  of such  ep i 
z o o t i c s  b y  e s t a b l i s h i n g  permanent dom estic -  
r o d e n t  c o n t r o l  p r o g r a m s  in all Western c i t ie s  
w h ic h  a r e  a n y w h e r e  near known p lague foci.

T h e  future program of the Western Communicable 
D ise a se  C enter  Laboratory fo llows these  general 
p r inc ip les :  ( l )  Surve il lance  over the eastw ard
spread  of plague; (2) Promotion of domestic  rodent 
control programs; (3) E ducation  of the medical 
profession in early  recognition ,  early  d iagnos is ,  
and early  treatm ent m ethods; (4) C ontinuation  of 
plague re sea rch .

At the p resen t time, su rve il lance  over the 
eas tw ard  spread of plague is being limited to the 
ea s te rn  boundary of the known infec ted  territory; 
th a t  is ,  to  those  S ta tes  which lie between North 
Dakota and T ex a s  in c lu s iv e .  Domestic-rodent 
control is being promoted ac t iv e ly  in Washington, 
Oregon, Idaho, Montana, Colorado, Utah, New 
Mexico, and Wyoming. It is  hoped tha t  the scope 
of th is  ac t iv i ty  will be ex tended  in the future 
until there is effec tive coverage in all S ta te s  with 
known plague foci. The educa t ion  of the public 
and of the m edica l p ro fess ion  is  being promoted 
ex ten s iv e ly  so  tha t knowledge of the epidem i
ology, d ia g n o s is ,  and treatm ent of plague will 
become common knowledge. S tud ies  on al l  p h a s e s  
of plague prevention and control w ill be continued 
in the hope tha t  more effec tive methods w ill resu l t .

P lague  may have been one of mankind’s  worst 
enem ies ,  but the knowledge and the too ls  now 
p o s s e s s e d  should  make it a far l e s s  formidable 
opponent in the future than it h a s  been in the pas t .

899065 0  - 50 - 2
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CARL O. MOHR, Sc i en t i s t  (R)

Plague  is a rodent d i s e a s e  which a f fec ts  man, 
ca u s in g  a high dea th  ra te .  Three hundred and 
thirty-eight of the 520 reported c a s e s  in the  United 
S ta te s  through January  1950 have re su l ted  in 
dea th .  The d is e a se  is caused  by a bacterium 
ca lled  P asture lla  p e s t is  and is  contracted  com
monly from three d i s t in c t  sou rces :

a .  D irec tly  from domestic ra ts  (figure l)  or from 
the b ite  of one of their  f lea s  (esp e c ia l ly  of 
the oriental ra t  f lea ,  a  s p e c ie s  peculia r  to 
dom estic  ra ts ) .

b. D irec tly  from certa in  native rodents  of the 
f ie lds  and woods or from the b ite s  of their 
pecu lia r  s p e c ie s  of f lea s .

c. From persons  in whom plague has  a ffec ted  
the resp ira tory  trac t  and is thus  t ran sm iss ib le

F i g u r e  1# D o m e s t i c  r a t s :  C h i e f  s o u r c e  of  h u m a n  c a s e s
o f  p l a g u e  in  t h e  U n i t e d  S t a t e s .  F r o m  l e f t  t o  r i g h t :  b l a c k  
N o r w a y  r a t ,  b r o w n  c l i m b i n g  r a t ,  b r o w n  N o r w a y  r a t .  N o te  
t h a t  t h e  c l i m b i n g  r a t ,  a l t h o u g h  s m a l l e r ,  h a s  a  t a i l  r e l a t i v e l y  
l o n g e r  t h a n  t h e  N o r w a y  r a t s .

by sputum droplets .
When contracted  by way of sputum drop le ts ,  

plague is  referred t o a s  “ pneum onic.”  When present 
in dom estic  r a t s ,  it is referred to a s  “ murine,”  
and when p r e s e n t  in native wild roden ts ,  a s  
“ sy lv a n ”  or “ cam pestra l” * p lague. It is t r a n s 
mitted from native roden ts  to dom estic  r a ts  and 
from th e se  ra ts  to  the native roden ts  by f lea s .  
When acquired by human beings from murine or 
cam pestra l so u rc e s ,  it may r e su l t  in pneumonic 
infection.
PROGRESS OF SPREAD OF PLAGUE

E xper ts  d isagree  to  some ex ten t concerning the 
origin of plague in North America. Some bel ieve 
tha t ,  s in c e  it is a d i s e a s e  of s im ilar  rodents  in 
A s ia ,  it must have ex is ted  among native wild 
roden ts  in North America for many cen tu r ies .  They 
point to the fact tha t ,  though inves tiga to rs  bel ieve 
tha t plague drifted slowly eas tw ard  from a  point 
of introduction in California  about 1900, those 
inves t iga to rs  did not conduct their  surveys in such 
a way a s  to  prove the ir  belief.

O thers believe that plague w as introduced from 
the  Orient by way of infected  r a t s  brought in on 
sh ip s .  T hey  point to the fac t th a t  it was s o  intro
duced into Hawaii and the Gulf C o a s t  S ta te s ,  as  
well a s  into other par ts  of the world, and that it 
a f fec ts  ce r ta in  native rodents  in a way which 
would be expected  only of a d is e a se  completely 
new to them.

Whatever the c a s e ,  plague among wild rodents  
now is d is t ribu ted  widely in the United S ta tes  
(figure 2). Various s p e c ie s  of Dative wild rodents  
and their  f lea s  are known to be in fec ted .  However, 
only a few of th e se  rodent-f lea com binations or 
“ te a m s”  are capab le  of supporting p lague. P erh ap s  
the bes t  known of the n a t iv e  wild rodent-flea com
bina tions capable  of harboring plague are those 
of prairie dogs, California ground sq u ir re ls ,  and 
certa in  s p e c ie s  of wood r a ts  or pack ra ts .  Sage
brush vo le s  and ce r ta in  s p e c ie s  of meadow mice 
are probably equally  important.  In the Haw aiian

* T h e  t e r m  “ c a m p e s t r a l "  i s  p r o b a b l y  m o re  a p p r o p r i a t e  t h a n  
“ sy lvan**  I n a s m u c h  a s  r o d e n t s  o f  t h e  p l a i n s ,  p r a i r i e s ,  a n d  

f i e l d s  a r e  m o r e  c o m m o n l y  I n f e c t e d  t h a n  t h o s e  o f  w o o d s .
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Figure 2
MURINE AND CAMPESTRAL PLAGUE IN THE UNITED STATES

MURINE PLAGUE AND 
CAMPESTRAL PLAGUE

CAMPESTRAL PLAGUE

Is lands ,  a sem idom estic  s p e c ie s ,  the Hawaiian ra t ,  
and its peculiar f lea s  cons ti tu te  a p r  i m a r y  
reservoir.

CAMPESTRAL PLAGUE CONTROL
Since plague w as f irs t  recognized  in 1900, only 

about eighty c a s e s  have been reported a s  having 
been acquired through handling of native  wild 
rodents or b ites  of their f lea s .

It is impractical to control plague among native 
wild rodents or their f lea s  su ff ic ien t ly  to prevent 
occas ional c a s e s ,  a lthough dusting  with DDT to 
control f lea s  and poisoning of wild roden ts  is 
feasible in limited, heavily  used a re as  like school 
yards and parks.

Generally the bes t  way to avoid infection  is  to 
avoid handling native wild rodents .

MURINE PLAGUE CONTROL
Over e ight hundred human c a s e s  have been ac 

quired from domestic r a t s ,  mainly through b i te s  of 
the oriental rat  f lea s  which p ara s i t ized  them s ince  
plague f irs t  w as recognized in the United S ta te s .  
About half  of these  occurred on the mainland and 
half in Hawaii.

The danger of acquiring plague from domestic

ra ts  depends  partly on the degree of a s so c ia t io n  
of persons with r a t s ,  and partly on the s iz e  and 
d is tr ibu t ion  of o rien ta l  rat  f lea  populations inhabit
ing th e se  roden ts .  A general abundance in any 
given locali ty  of at le a s t  one orien ta l rat f lea  per 
ra t  usua lly  is  regarded as  the minimum required to

support plague among domestic r a t s  and thus to 
c a u se  cons iderab le  danger to humans. In New 
O rleans ,  for exam ple ,  the general midwinter level 
of o rien ta l  rat  f lea population w as  about one and 
a half per ra t  during the plague y ea rs .  During the 
summer, the level was over four.

In the United S ta te s ,  no plague outbreaks or 
c a s e s  due to b i te s  of the oriental rat  f lea  have 
occurred where the midwinter temperature is  lower 
than 45°  F .  (compare figure 2 with figure 3) or 
where the mean re la t ive  humidity a t  noon in July 
is  l e s s  than about 60 percent (compare figure 2

with figure 4). N e v e r th e le s s ,  in c l im ates  where in 
summer the rat f lea population ex c e e d s  one per 
ra t  desp ite  a  lower winter popula tion ,  some danger 
conceivably  can e x i s t  and must be guarded aga in s t .  
A s tudy of oriental f lea  populations on dom estic  
r a t s  ind ica tes  tha t  the danger may be considerab le
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where the re la t ive  humidity is above 35 percen t.
T h e  f lea  population, and the danger as  w e l l ,  is 

g rea te s t  in moist,  warm c l im a tes ;  ra t- f lea  c a s e s  
have occurred in Honolulu, T .  H.; S ea t t le ,  Wash.; 
San F ra n c isc o ,  B e rk e le y ,a n d  Los A n g e le s ,  Calif .;  
Galveston  and Beaumont, T e x . ;  New O rleans ,  L a . ,

and P e n sa c o la ,  F l a . ,  and in P uer to  R ico  (table 1). 
Infected dom estic  r a t s  a l s o  have been found in 
T acom a, Wash.; in V entura ,  Marin, and Contra 
C os ta  C oun t ies ,  C a l i f . ,  and in Kaui and Maui 
Counties  in Hawaii.

In P ac i f ic  C oas t  S ta te s ,  p lague has been r e 
duced to a minimum among dom estic  ra ts  by an t i
ra t  san i ta t ion  and poisoning. By such  reduction 

of rat and rat-f lea populations the re ,  the p o s s ib i l i 
ty of infected r a ts  being introduced to east-bound  
commerce is  d ec reased .  Nine Western S ta te s  now 
have c o o p e r a t i v e  S ta te -F e d e ra l  p r o g r a m s  
to prevent local plague outbreaks.

T here  is  now in p rogress  in the Southeastern  
S ta te s  a murine typhus control program with the 
purpose of keeping down dom estic  rat and rat-flea 
populations for the ultimate object of reducing 
the number of c a s e s  of murine typhus .  T h is  pro
gram involves applica tion  of DDT dust  for control 
of f leas ,  back- lo t  and a l ley  s a n i ta t io n ,  ratproofing, 
food-es tab lishm ent s a n i ta t io n ,  and finally p d so n -

T a b l e  1

HUMAN PLAGUE OUTBREAKS IN THE UNITED STATES

C it y Date
No. o f
C ases
R eported

No. o f  
D eath s

San F ran c isco ,  C a l i f . 1900-04 120 114
San F ran c isco ,  C a l i f . 1907-08 186 92
S e a t t l e ,  Wash. 1907-08 3 3
New O rleans ,  La. 1914-15 31 10
Oakland, C a l i f . 1919 13* 13
New O rleans ,  La. 1919-21 25 H
P ensacola ,  F la . 1920 10 4
G alveston , Tex. 1920 18 12
Beaumont, Texas. 1920 14 6
Los Angeles,  C a l i f . 1924 41 34

T o ta l 461 299

ing for the control of ra ts .  By such  reduc tions  of 
ra t  and f lea  popu la tions ,  the likelihood is reduced 
of implantation of plague from westward a re as  
even  should  infected  r a ts  be transported  eas tw ard .

By keeping the dom estic  rat an d ra t - f le a  popu la
t io n s  at a minimum loca lly ,  t ransm iss ion  from 
native  wild rodents  to human beings by way of 
domestic  ra t- f lea s  can be held to a minimum.

A  u m a n i ¿ e a ¿ e ¿

M i tice an

CARL O. MOHR, Sc i en t i s t  (R)

o  n t c á t i c

Rodents  and their  e c to p a ra s i te s  are h o s ts  of a 
number of d isease -p roduc ing  v i ru ses ,  r i c k e t t s i a e ,  
and bac te r ia  which affec t man, generally  in pro
portion to the degree to which the rodent hos ts  
a s s o c ia te  with man. Some of these  d i s e a s e  organ
ism s are transm itted  d irec tly  by the rodent through 
contamination of man’s food, w ater ,  and quarters 
through infected  urine and f e c e s ,  and some by 
biting . Many are transm itted  from rodent to man 
by their e c to p a ra s i te s .  In some c a s e s ,  rodents

simply appear to be the host  of an ec topa ras i te  
which is  the rese rvo ir  of the d i s e a s e .

Dom estic  r a ts  and mice* bring ec to p a ra s i te s  
and d isease -p roduc ing  organisms c lo se r  to man 
more cons tan t ly  than do the rodents  of the f ields 
and woods, and therefore are respons ib le  for a 
large number of such  i l l n e s s e s .

* R a t t u s  n o r v e g i c u s ,  J f a t t u s  r a t t u s ,  a n d  Mus  m u s c u l u s
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FLEA-BORNE DISEASES
Plague  and murine typhus are two of the bes t  

known d i s e a s e s  of domestic roden ts  t ransm iss ib le  
to  human be ings ,  partly because  of the high death  
ra te  caused  by the first and b ec au se  of the long 
i l ln e s s  induced by the second .  House mice, a l 
though found infected , appear  to be unimportant 
a s  h os ts  to these  d i s e a s e s .

Before adequate rat control m easures  were 
p rac ticed  in the United S ta te s  and p o s s e s s io n s ,  
ou tbreaks  of plague occurred in S ea t t le ,  Wash.; 
San F ra n c isc o ,  Oakland, and Los A ngeles ,  C a lif . ;  
Galveston  and Beaumont, T ex . ;  New O rleans,  La.;  
P e n sa c o la ,  F la . ;  and Hawaii and Puerto  Rico. 
The to ta l  number of reported c a s e s  in c i t ie s  on 
the continent was 460 odd and the number of re 
su l t in g  dea ths  was 299. In Hawaii over 400 c a s e s  
of plague were reported through 1949.

During 1945, the number of reported murine 
typhus c a se s  tota led  5,179 on the mainland and 
106 in H a w a i i .  Many c a s e s  p r o b a b l y  were 
unrecognized.

The dea ths  and i l ln e s s e s  caused  by these  d i s 
e a s e s  have prompted ex tens ive  control m easures  
which are responsib le  for the low inc idence  of 
th e se  d i s e a s e s  today: fewer than a thousand c a s e s  
of murine typhus and only one murine-based c a se  
of plague in Hawaii in 1949.

T here are a number of other d i s e a s e s ,  taking a 
l e s s  v io lent toll in s ic k n e s s  and dea th ,  tha t are 
not so well known, partly  because  rodents  are not 
the so le  rese rvo irs  and partly b ec au se  of the 
milder nature of the d i s e a s e .  In toto, however, 
they ca u se  cons iderab le  i l ln e s s .

High on the l is t  of th e se  is  the group of ali- 
mentary-tract d i s e a s e s  of both domestic  ra ts  and 
mice. T h ese  include the feces-borne d iarrheas,  
c a u se d  by various bac te r ia  of the genus Salmo
n e l la ; tapeworm infec tions; and the urine-borne 
lep tosp ira l  jaundice or Weil’s d i s e a s e .

SALMONELLOSIS
Salm onella  enleritid is  and ty  phi -murium* are 

two bac te ria  which occur commonly in mice in all 
par ts  of the world. No animal, a c c o r d i n g  to 
Cameron (2) has more favorable opportunity of 
infecting  human food with its  droppings than the 
house mouse (figure 1). Numerous ou tbreaks of 
a c u te  g as tro en te r i t is  (food poisoning) in human 
beings have been a t tr ibuted  to the contamination 
of food by mouse droppings.

• T h i s  b a c t e r i u m  a l s o  i s  k n o w n  a s  S a  I n o n e  I la a r r  t y c k r

IF i glire 1» H o u s e  m o u s e  ( Mus  m u s c u l u s ) ,  b e a r e r  of S a l m o 
n e l l a  ( f o o d  i n f e c t i o n )  o r g  a n  i sir;  s a n d  l y m p h o c y t i c  
c h o r i o m e n i n g i t i s .  — C o u r t e s y  E a r n e s t  P .  W a lk e r

It is ,  unfortunately, d ifficult to determine what 
percen tage of c a s e s  are ca used  by contamination 
of food by ra ts  and mice, s ince  contamination of 
food is caused  a lso  by f l ie s  and unwashed hands 
and by f lesh  of unhealthy anim als.

Edwards and co-workers (3) record S. typki-  
murium and S. en ler i t id is  a s  common in domestic 
r a ts  and mice. S', en ler i t id is  is the more common. 
It is a lso  common among turkeys,  from which 
humans a l so  may acquire it.

While culturing flea fec es  to determine the 
p resence  of p lague infection , Eskey  (7) d iscovered  
th a t  a  number of rat f leas  were excreting  S. enter-  
i t id is  which they apparen tly  had acquired  from 
blood s tream s of mice in fested  with th is  organism. 
Although other s p e c ie s  of f leas  had previously 
b een  infected by feeding them on enteri tid is-  
in fec ted  mice, the laboratory workers had not been 
ab le  to infect healthy mice with the infected  f lea s .  
E s k e y  and his co-workers were able to transm it 
Salmonella  o r g a n i s m s  by the bite of infected 
orien ta l rat f lea s  and Northern rat f lea s .  In one 
in s ta n c e ,  t ransm iss ion  was obtained by feeding 
f le a s  on a mouse which i tse lf  was infected by the 
b i te s  of infected  f lea s ,  dem onstrating tha t the 
infection  can be transm itted  from mouse to mouse 
by f lea s .

Although house mice in nature seldom have f leas  
in any great number, the same mode of trans
m ission  may occur among ra ts  which do have great 
n u m b e r s  in the milder c l i m a t e s  with high 
hum idities .

i la jna  (8) found Salm onella  in cu l tu res  from 
47 spec im ens  of human blood and concluded that 
the re  was reason  to believe that certa in  of these  
organisms may ca u se  sep ticem ia  (blood poisoning), 
l ie  found S. typhi-murium  p resen t in two “ r a t s ”  
anil in 31 “ m ic e ,”  probably domestic s p e c ie s ,  but 
d o e s  not s ta te  how many of ea ch  of th e se  he
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examined. He a l so  found S. en ler i t id is  and S.anatum  
p resen t in one “ r a t”  each .

E sk ey  concluded that the two common fleas  
found on r a t s  in the United S ta tes  may play an 
important part in the d issem ina tion  of S. enter-  
i t id is  among rodents  and tha t human infection might 
be contracted  d irec tly  from the bite of the f lea s  or 
from infected  flea feces  contaminating food.

Prevention  of infection ,  according to Hull (12), 
c o n s is t s  in the use of meat products and eggs 
from healthy  animals and birds and i n the pro
tection  of food su p p lies  from contamination by 
ra ts ,  mice, and f l ie s .  It is  poss ib le  tha t b i te s  of 
f lea s  a l so  should be avoided.

Innumerable s ing le  c a s e s  due to t ransm ission  
by mice and ra ts  probably occur in the United 
S ta te s ,  s ince  most food-handling es tab l ishm en ts  
tha t  have not been ratproofed are infested  by one 
or both of these  dom estic  rodents  during a part of 
the year. The great majority are infested  all of 
the year.

LEPTOSPIRAL JAUNDICE
Human in fec t ions  of lep tosp ira l  jaundice are 

caused  by contamination of food and water by 
urine of infected an im als .  This  d i s e a s e ,  a lso  
ca lled  Weil’s  d i s e a s e ,  is  reported a s  seem ingly  
becoming more common in North America (2). 
Mice and roof ra ts  apparently  are not a s  much 
infected  a s  are Norway ra ts ,  which commonly 
bear the organism. Of 197 Norway ra ts  examined 
from various d i s t r ic t s  in Honolulu, 9 were found 
infected ,  the sp iro ch a e te s  being presen t in large 
numbers in the kidneys and excreted  in the urine 
(1). S tudies  in various par ts  of the world have 
indicated  tha t  about 10 percen t of domestic  ra ts  
harbor the ca u sa t iv e  organism (12) but th a t  adult 
ra ts  living in s e w e rs  have been found 45 percent 
infected . In C h icago , to c i te  a summary by Hull, 
from 3 to 52 percen t of the ra ts  examined were 
found infected; in New York, N. Y., from 17 to  22 
percent;  in N a s h v i l l e ,  Tenn . ,  10 percent;  in 
Albany, N. Y., 40 percent;  in Baltimore, Md.,7 
percent;  in Washington, D. C .,  24 percen t;  in 
San F ra n c isc o ,  C a l i f . ,  33 percent;  in R ochester ,  
N. Y.,  38 percent;  and in Detroit, Mich., 16 per
cen t.  Although these  p e rcen tag es  vary greatly  due 
to location and time of y ea r  and with variable 
s i z e s  of sam ples ,  they do show w idespread  and 
ra the r  high ra te s  of infection .  P e rso n s  working in 
wet or damp prem ises are infected most commonly. 
Of the 73 c a s e s  tabu la ted  by Hull,  there were 8 
sew er  workers, 6 f ish cu t te r s ,  10 swimmers, 3

abatto ir  workers, 2 ea ting -p lace  operators , 1 
bu tcher ,  1 sa lesm an  in a meat and vegetable 
market,  and 1 who lived in a ra t- in fes ted  home.

AMEBIASIS AND TAPEWORM INFECTIONS
The  se v era l  animal p a ra s i te s  tha t  affect ra ts  

are not of great ep idem iological importance (12). 
F ood  contaminated by rat droppings neve r the le ss  
may contain eggs of the ra t  tapeworms and dwarf 
tapeworms.

LYMPHOCYTIC CHORIOMENINGITIS
In five of six  homes of p a t ien ts  ill due to

lymphocytic choriom eningit is ,  inves tiga ted  by
Dr. Armstrong of the P ub lic  Health Service , accord
ing to Hull (12), house mice a l s o  were found
infec ted ,  su g g e s t in g  tha t poss ib ly  the p a t ien ts  
had acquired  the d is e a s e  from the mice. In the 
s ix th  home, only two mice, both uninfected, were 
found, but the home previously had been overrun 
by mice.

Suspec ting  tha t  house mice might be primary
rese rvo irs ,  one w'orker, according to Hull, obtained 
369 of these  mice from 78 sc a t te red  homes in 
Washington, D. C., in order to determine to w'hat 
degree they W'ere infected .  One mouse of every 
five examined was a carrier of the choriomenin
g i t i s  virus. At le a s t  45 percen t of the homes in 
which the mice were taken  had in fec ted  mice. 
In Boston, other workers found only 8 percent of 
108 mice were carrie rs .

Other le ss  ex tens ive  s tu d ie s  also have shown 
tha t the d is e a se  is  most common among persons 
who have had d irec t and indirect contac t with 
house mice prior to i l ln ess  (12).

According to a memorandum from the CDC Epi
demiologic S erv ices ,  lymphocytic choriom eningitis  
is  not a nat ional ly  notifiable d i s e a s e ,  i. e . ,  the 
Division of P u b lic  H ealth  Methods and the National 
O ffice of V ita l  S ta t i s t ic s  do not req u e s t  the S ta tes  
to submit f igures on the inc idence  of th is  d i s e a s e .  
However, some S ta te s  in some yea rs  have t ra n s 
mitted such  figures to Washington, and they have 
been included in footnotes to e i ther  the quarterly 
or annual prov is iona l summaries of incidence of 
no tif iab le  d i s e a s e s .  In the f inal summary of inc i
dence of notif iable d i s e a s e s ,  published  annually  
in a supplement to P ublic  Health R eports ,  f igures 
on lymphocytic choriomeningitis  have been omitted. 
T ab le  1 shows the figures subm itted  by those 
S ta te s  which gather da ta  on the d i s e a s e  and which 
chose to transm it them to Washington.

Although the number of reported c a s e s  in the
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Table  1

REPORTED INCIDENCE -  LYMPHOCYTIC CHORIOMENINGITIS

S ta te s 1949* 1948**
..............

1947** 1946** 1945** Total

111. , _ _ _ 2 2
I n d . 2 1 - - - 3
I owa 1 - - - - 1
Maine - 1 - - - 1
Md. - - - - 6 6

Ma s s . 2 19 6 4 4 35
Mi nn . 5 1 5 - 2 13
Mon t . 1 _ _ _ — 1
R. I . _ 5 _ _ 5
T e n n . + 18 11 13 21 31 94
Utah - - - - 1 1

TOTAL 29 38 24 25 46 162

* So ur c e  of  d a t a :  Q u a r t e r l y  summar ies  of  n o t i f i a b l e  d i s e a s e s ,
P u b l i c  H e a l t h  R e p o r t s .

** So ur ce  of d a t a :  P r e l i m i n a r y  a n nu a l  summaries  of  n o t i f i a b l e
d i s e a s e s ,  P u b l i c  H e a l t h  R e p o r t s .

+ I n c l u d e s  c h o r i o m e n i n g i t i s  u n d e f i n e d .

United S ta te s  is small,  the d es ira b i l i ty  of keeping 
prem ises  mouse-free is  ind icated .

Although infection  v ia  the resp ira to ry  trac t  is 
su g g e s ted  by early  symptoms, other poss ib le  
rou tes  of infection may be contam inated  food or 
contamination through the skin or membranes. 
P re s e n t  recommended means of prevention are 
construc tion  of homes with a view to making them 
mouseproof and reduction or el imination of mouse 
in fes ta tion  in quarters frequented by man.

HISTOPLASMOSIS
A fungus organism ca lled  H istoplasm a capsu l

atum  a lso  has  been found in Norway ra ts  in Loun- 
doun County, Va., (4,5,6) and in sou thw es t  Georgia 
(6). Although th is  d i s e a s e  affec ts  human beings,  
the  s ign if icance  of the  ra t  in the epidemiology 
of human c a s e s  is  not yet apparen t ,  accord ing  to 
Emmons. The d is e a se  is so poorly known in human 
be ings  tha t it is  d iff icu lt  to es t im ate  the number 
of c a s e s  occurring annua lly .  It is  p o ss ib le  tha t  
r a t s  and human beings both may acquire infection 
from some common source or tha t  the ra t ,  being 
c lo se ly  a s so c ia te d  with human be ings ,  may height
en the chances  of human infection by d issem ina ting  
the  infecting bodies of the H istop lasm a  organism. 
Dogs, however, a l s o  bear the d i s e a s e  organism.

RICKETTSIALPOX
During July  1946, a pecu l ia r  d i s e a s e ,  la ter found 

to be a mouse d is e a s e  transm itted  by house-mouse

m ites  (Alloderm anyssus  sang
u ineus)  opcurred in a middle- 
c l a s s  housing development in 
New York C ity .  An investigation 
of 80 c a s e s  during the succeed ing  
10 w eeks showed tha t  the d i s 
e a s e  resembled chickenpox and 
th a t  i t  is mild (9,10,11). This  
d i s e a s e  is known only from New 
York City  but the house-m ouse 
mite is known to lie d is tr ibu ted  
sp o t t i ly  over the United S ta te s ,  
having been found in Salt Lake 
C i ty ,  Utah; T u cso n ,  Ariz.; Ur
bana, 111.; Ph iladepliia ,  P a .;  
Ind ianapo lis ,  Ind.; Boston, Mass.; 
and Washington, D. C. (15).

T h e  mite is troublesome as  a 
bite r  even though it may not be 
in fec ted .  It ha s  been found on 
both dom estic  ra ts  and mice, but 
i t  appears  to be p r i m a r i l y  a 
house-mouse pa ra s i te .

A re la ted  s p e c ie s  (L ip o n y s su s  bacoti), the 
trop ical rat mite, i s  a l so  a troublesome biter when 
it becomes common. It has  been found capable of 
transm itting  r icke t ts ia lpox  from mouse to mouse in 
the  laboratory (14), but appears  to be a poor vector 
and is not known to transm it r icke tts ia lpox  other 
than under ideal laboratory condit ions .  It is much 
more common on domestic r a t s  than  on domestic 
mice. Apparently , th is  mite is  not important in 
transm itting  murine typhus from ra t  to rat or from 
r a t  to man. However, it c a u se s  most severe derma
t i t i s  when it b i te s .

RAT-BITE FEVER AND HAVERHILL FEVER
O ccas iona l ly  the b i te s  of ra ts  are followed 

by a fever, due ei ther  to infection  caused  by a 
Spirillum (minus)  or a Baci l lu s  (S treptobacillus  
moniliformis).  R ecen t ly ,  a ca se  of rat-bite fever 
in Montana was noted under c i rcum stances indi

ca ting  that house mice were responsib le  (13). A 
ch ild ,  b itten by a house mouse, became ill with the 
d i s e a s e  in an area where she had no contac t with 

r a ts .  A high percen tage of the house mice in the 
bu ild ings  in which she was bitten were infected 
with the sp ir i l la .

The bites  them se lves  are ,  of course ,  painful, 
par t icu la rly  those  of r a t s .  In poor housing  sec tions  
of c i t ie s ,  children and h e lp le s s  adu l ts  frequently 
are bitten severly  and som etim es k illed.
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SUMMARY
Domestic ra ts  and mice are known to harbor a 

cons iderab le  number of d ise ase -p ro d u c in g  organ
ism s or infected e c to p a ra s i te s ,  bringing them into 
the homes of man. Few  s tu d ie s  have been made to 
determine w hat percen tages  of such  d i s e a s e s  a s  
sa lm o n e l lo s is ,  l y m p h o c y t i c  choriom eningit is ,  
toxop lasm osis ,  and others are transm itted  by 
dom estic  r a ts  and mice; but the fac t  that they do 
transm it them, along with the known vec torsh ip  
of plague and murine typhus by rat f lea s ,  adds up 
to  the fact tha t  these  rodents  are too dangerous 
to be allowed in the homes of man.
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yldetLL l-Lei in iPlaĉ ne : i S t  a h e d

VERNON B. LINK, Senior Surgeon,  and FRANK M. PRINCE,  Medical  Entomologist*

In addition to its f ield  work on p lague ,  the West
ern Communicable D ise ase  Center  Laboratory 
carr ies  on plague re se a rc h  a c t iv i t ie s .  One of the 
more in te res t ing  types of rese a rch  is concerned 
with t ransm ission  s tu d ie s  in which the vector 
e f f i c i e n c y  of f lea s  is s tud ied  under varying

condit ions .
Ogata in 1897 (1) brought forth the theory that 

f lea s  were involved in the spread of plague among 
r a t s .  Simond in 1898 (2) supported th is  theory 
experim entally ,  but assum ed that f lea  fec es  were 
r e sp o n s ib le  for the t ransfer  of the organism from

* W e s t e r n  C o m m u n ic a b le  D i s e a s e  C e n t e r  L a b o r a t o r y ,  S a n  F r a n c i s c o ,  C a l i f .
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d is e a s e d  to healthy r a t s .  The Com mission for the 
Inves tigation  of P lague in India, working from 
1905 to 1916 (3), proved beyond a doubt tha t the 
rat and its  f leas  were the common rese rvo ir  and 
vec tor  in plague ep idem ics .  However, they  did 
a t tac h  undue importance to the role played by 
depos it ion  of f lea  feces  during the p rocess  of 
biting and subsequen t  rubbing into the sk in  by the 
v ic t im s ’ sc ra tch ing  efforts .  Bacot and Martin in 
1914 (4) dem onstra ted  the ab ili ty  of infected  f leas  
to transm it P asteure l la  p e s t i s  by feeding them on 
the shaved  abdomens of ra ts .  They  f irs t  observed 
the “ b lockage”  of f lea s  by m a sses  of plague 
organism s.

In f le a  t ransm ission  rese a rch  
a t  th is  labora tory , unique methods 
have been developed for the  study 
of the f lea  in determining its 
ef f ic iency  as  a vec to r  of plague.
Laboratory albino mice, u se d  a s  
the  host  animal, are bred in the 
animal house  in quan t i t ie s  su ff i

c ient to provide severa l  thousand 
every w inter.  After the young 
mice have reached an age of 
approxim ately 4 w eeks,  they are 
separa ted  accord ing  to sex  and 
p laced  in s tock  cages .  When mice 
are  used  in experim ents ,  they 
are transferred  to an individual 
quart ja r  which is provided with 
s a w d u s t ,  drinking w ater ,  food 
p e l le t s ,  and an iden tif ica tion  
record.

F l e a s  to be used  in expe r i
m ents  e i ther  are ra ised  in the 
laboratory or are obtained in the 
field from wild rodent so u rces ,  
brought to the laboratory, and 
p laced  in numbered t e s t  tubes,  
one f lea to each tube. F l e a s  
s u b s i s t  on animal blood and 
ex h ib i t  a pecu lia r  preference 
for blood from a particu lar  host.

T h is  resu l t  of host adaptation  
is  so  spec if ic  that the en to 
m olog is t  usua lly  can t e l l  from 
what host the flea was taken 
when the f lea  is identified. C e r
ta in  fleas  will feed on almost 
any a v a i l a b l e  warm-blooded 
h o s t ,  whereas o thers  have been

known to s ta rve  to dea th  before they would feed on 
man or laboratory anim als.

In the f lea  transm iss ion  s tu d ie s ,  f lea s  first are 
given an opportunity to feed on a normal alb ino 
m ouse. T he  abdomen of the mouse is shaved  with 
e lec tr ic  c l ippers .  The mouse then is placed in a 
white enamel pan and induced to enter  a p las t ic  
tube which has a hole cut in the cen te r .  When the 
mouse is in the tube with his shaven  abdomen 
over the hole, a rubber s topper  is  placed in each  
end of the tube to keep the mouse immobilized. 
The tube then is placed upside down on a grooved 
wooden block with the m ouse’s  abdomen exposed
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through the hole in the tube. The 
f le a  then i s  taken from its te s t  
tube by removing the cotton 
plug and up-ending the tube onto 
the mouse. The flea ordinarily 
w ill  s e t t le  down and feed on the 
m ouse .  By the u se  of a hand 
le n s  and a pocket f lash l igh t,  
the a t tendan t can se e  whether

the feeding flea is  taking blood 
into h is  stom ach. The record 
of d e ta i l s  of the feeding are kept 
on a card p r e p a r e d  for each 
ind iv idual f lea .  After f leas  have 
fed, s e le c te d  spec im ens  are 
removed from the mouse, placed 
in a drop of water on a micro
sc o p ic  s l id e ,  and covered with 
a cover s l ip .  The flea then can 
be examined under the m icro
sc o p e  to check on the quantity  
of blood taken and for the purpose 

of making se r ia l  photographs.
Albino mice to be u se d  a s  

rese rvo ir  hos ts  for the infection 
of f lea s ,  are inoculated by the 
su b c u taneous  in jection of 0.1 
cubic centim eter  of a 24-hour 
tryp tose  broth c u l t u r e  of P. 
p e s t i s .  In 24 to 48 hours af te r  
in ject ion ,  most of the mice will 
be moribund and have a terminal 
se p t ic em ia .  T h is  is checked 
by snipping off the tip of the 
ta i l  and making a blood smear 
which i s  s ta in e d  and examined 
for organism s. F r e q u e n t l y ,  
there a re  a s  many organism s 
a s  red blood ce l ls .  If the smear 
show s  10 or more bac il l i  per 

oil-immersion field , the mouse 
is  sa t is fac to ry  for use  a s  a hos t .  
F l e a s  are  placed en m asse  on 
th a t  mouse in a ja r .  After they 
have fed, the f lea s  are removed 
from the ja r  c o n t a i n i n g  the 
m ouse by m eans  of a suction 
tube and placed in their ind i
vidual t e s t  tubes.

On succeed ing  d ays ,  each  f le a ’s 
f e c e s  are cultured in order to 
determ ine whether or not the flea
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Sanita tion ,  had au topsied  four of the ra ts  found 
dead, made sm ears of the enlarged g lands and 
s p le e n s ,  and found organism s iden tical  to those  
s e e n  on the s l id e s  from the human buboes .  Animal 
inocula t ions  had been made with both human and 
rodent material for final c o n f i r m a t i o n  of the 
d iagnos is .

T h is  presumptive confirmation of the d ia g n o s is  of 
human and rodent plague was su f f ic ien t  to warrant 
the full implementation of “ O perations P e s t ”  and a 
te lephone ca l l  was made to the Western CDC Labo
ratory to carry out the other procedures  of the plan.

PROCEDURE NO. 2
Mobil izing Manpower and Equipment.  During the 

afternoon of May 18 the s ta ff  of the Western CDC 
Laboratory had been get t ing  together the equipment 
which would be taken to Bay C ity ,  and es t im a ting  
the su p p l ie s  and manpower n ec es sa ry  to dust  the 
entire  ci ty , se t  up a l a b o r a t o r y ,  in it ia te  rat 
trapping, carry on a poisoning program, inaugurate 
permanent ratproofing, and ins t i tu te  an t ira t  s a n i ta 
tion. A liberal e s t im ate  of 50,000 build ings in th is  
c i ty  of 150,000 inhab itan ts  (including 40,000 r e s i 
dences  and 10,000 b u s in e s s  e s tab l ish m e n ts )  w as 
u sed  a s  a b a s i s  for ca lcu la t ing  the quan t i t ie s  of 
equipment, supp l ies ,  and manpower to be required. 
B a sed  on the a n t i t y p h u s  program in Southern 
S ta te s ,  it w as e s t i m a t e d  that an average of
0 .5 man-hours would be required to trea t  each 
building with 3.5 pounds of 10 percent DDT dust.  
It was ca lcu la ted  tha t 448 men divided into 14 
groups of 32 men each ,  under the d irection of 
14 supe rv iso rs ,  could dus t  the entire  c i ty  with 
175,000 pounds of DDT in 1 week. T h ese  crews 
would need two t r u c k s  each (28 trucks with 
drivers)  to transport men, equipment, and DDT.

A telephone ca l l  to a w ho lesa le  supplier  in 
U top ia’s la rges t  city  resu lted  in a promise of 
immediate shipment of one carload (40,000 pounds) 
of dus t  which could be expected  on the afternoon 
of May 19. Additional ca r loads  would be forwarded 
until  the fifth and la s t  w as del ivered  in Bay City 
not la ter than May 21.

It was dec ided  tha t s ince  large numbers of dus t
ing cans  could not be obta ined on short notice, 
DDT dust  would be d is t ribu ted  by hand, each duster  
carry ing  a 10-quart bucket of dust.  A te lephone call 
to a factory  in Utopia resu l ted  in the acqu is i t ion  of 
500 ga lvanized  pa i ls  which were to be delivered in 
Bay City by truck on the afternoon of May 19.

The Medical Officer then ca lled  the Commanding 
Officer of nearby F o r t  Manson, explained  the

epidemic s i tua t ion ,  and made arrangements for 
the Army to provide 28 t rucks ,  with drivers, and 
the se rv ic e s  of 448 en l is te d  men for a period of 
7 days  in order to dust  Bay City with DDT. The 
Commanding Officer agreed to have the d e ta i l  in 
Bay City at 8 a.m. on the morning of May 20.

The following personnel of the Western CDC 
Laboratory  were flown by an Air F o rc e s  plane to 
Bay City on the evening of May 18, toge ther  with 
equipment to s e t  up a plague laboratory: medical 
entom ologis t,  a s s i s t a n t  medical entomologis t,  
medical bac te r io log is t ,  medical techn ic ian ,  s a n i 
tary engineer,  and adm inistra tive  officer.

In addition to the above, 14 Western CDC rodent 
control s p e c ia l i s t s  on duty in nine Western S ta te s  
were ordered by te legram to fly to Bay City on 
May 19. T h e se  men, e s p e c ia l ly  trained in domestic  
rodent control methods, were to carry out d irec t 
superv is ion  of the 14 dusting  crews.

F in a l ly ,  te legram s were se n t  to the four Western 
CDC mobile laboratory units  conducting plague 
su rveys  of wild rodents  in Oklahoma and K ansas .  
The eigh t men w'ere instruc ted  to depart for Bay 
City  on May 19 with the ir  trucks and equipment 
and to arrive on May 22. T h e se  e x p e r i e n c e d  
hunters  and trappers  of both dom estic  and wild 
roden ts  were to be used to supplem ent the regular 
Bay City Department of Health ra t  trapping force.

PROCEDURE NO. 3
Informing the Publ i c .  At 10 p.m. on May 18, the

Utopia State  H ealth  Officer ca lled  in rep resen ta 
tives  of the local new spapers  and the national 
news a s so c ia t io n s  for a p ress  conference.  He 
s ta te d  tha t  he had reques ted  epidemic aid from 
the P ub lic  H e a l t h  Service b e c a u s e  of the 
o c c u r r e n c e  of s ix  c a s e s  of su sp e c te d  human 
p lague .  He sa id  tha t a m edical officer of the 
Western CDC Laboratory  had flown to Bay City 
and accom panied him and the Bay City  Health 
Officer to se e  the s ix  p a t ie n ts .  The ten ta t ive  
c l in ic a l  d iagnos is  now had been confirmed. In 
addition, a presumptive d ia g n o s is  of rodent plague 
had been confirmed on four r a ts  found dead in the 
neighborhood where the s ix  p a t ien ts  res ided .  As 
a re su l t  of these  confirmations, “ Operations 
P e s t , ”  the P ub lic  Health S erv ice ’s  emergency 
an tip lague program had been put into effec t to 
a s s i s t  the hea lth  au tho r i t ie s  of Bay City and the 
S ta te  of Utopia. He told the reporters tha t the 
en tire  city  was to be du s te d  with DDT sta rt ing  
the morning of May 20, for which the Army gener
ously  had provided the m a n p o w e r  and trucks
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required. He s ta ted  th a t  about 30 additiona l Public  
H ealth  Service experts  had been ordered to pro
ceed  to Bay City  at once to a s s i s t  in superv is ing  
the operations.  About 20 of these  would arrive by 
p lane by noon of May 19 and the remainder would 
arrive a few days la ter,  b ecau se  they were bring
ing field-laboratory trucks.  He sa id  tha t during the 
next few days fu ll - sca le  trapping and poisoning 
a c t iv i t ie s  would be in s t i tu ted ,  and eventua lly  the 
p resen t permanent ratproofing program would be 
expanded. He sa id  bubonic plague caused  swollen  
g lands in the armpit and the groin and occas iona lly  
plague pneumonia. All persons with such  swollen 
g lands should report to a physic ian  immediately. 
P h y s ic ian s  should su s p e c t  any pneumonia until 
it was proven not to be p lague.  Since f lea s  spread 
bubonic plague, the city was being dusted  with 
DDT to kill any infec ted  f leas  and prevent more 
persons from becoming in fec ted .  After the f lea  
popula tions were reduced, the ra ts  would be elim i
nated  wherever p o ss ib le  by trapping and poisoning. 
He sa id  tha t  the public should  not become unduly 
alarmed, that more c a s e s  probably would occur 
before control m easures  were effec tive ,  but that 
modern treatment of plague was ex ce l len t .  The 
s ix  known pa t ien ts  a lready were being trea ted  with 
su lfad iaz ine  and s treptom ycin ,  and al l  had good 
chances  for recovery . He exp ressed  a d irec t appeal 
to the public for cooperation with the an tip lague 
fo rces ,  e sp ec ia l ly  in the dusting  opera tions.  
F in a l ly ,  he s ta te d  he w as  appointing the CDC 
Medical Officer as  h is  rep resen ta t ive  in charge 
of al l  operations.

PROCEDURE NO. 4
Acquis ition  of Quarters for Of f i c e s ,  Laboratory,  

and Operat ions.  By the time that the five other 
persons arrived from San F ra n c isc o ,  arrangements 
had been made for office and laboratory space  in 
the Bay City  Department of H ealth  and for the 
temporary use of a large, p r ivate ly  owned ware
house to function a s  a base  of opera tions ,  s torage 
of supp lies ,  and garaging v eh ic le s .

PROCEDURE NO. 5
Es tab l i shment  of the P lagu e  F i e ld  Laboratory. 

A laboratory for entom ological and bac terio log ica l  
exam inations was s e t  up May 19 in the space  
provided at the Bay City Department of H ealth .

The entomological a c t iv i t ie s  were to include 
iden tif ica tion  and c la s s i f ic a t io n  of all ec topara
s i t e s  removed from the ra ts  obta ined; determi
nation of f lea indices  (both the percen tage of ra ts

with f lea s  and the average number of f lea s  per 
rat)  af te r  dusting  opera tions .  Ind ices  before d u s t
ing were to be obtained from the previous Bay 
C ity  Department of Health rat trapping records.  
T h e se  ac t iv i t ie s  were to carried out by the CDC 
entom ologis ts .

The bac te rio log ica l  a c t iv i t ie s  were to co n s is t  
of confirmation of the d iagnos is  of human and 
rodent p lague. R a ts  were to be combed free of all 
e c to p a ra s i te s  which would be identified and then 
inoculated  into guinea p igs .  All r a ts  then would 
be au topsied  for gross  and m icroscopic exami
nation of t i s s u e s .  T h e se  a c t iv i t i e s  were to be 
carried  out by the CDC medical bac te rio log is t  
and techn ic ian .

PROCEDURE NO. 6
Organization of the Dust ing Program. Bay City 

a lready  was divided into three d is t r ic ts  to ta ling  
28 se c t io n s  for purposes of rodent control. T hese  
arbitrary d iv is ions  were u ti l ized  by ass ign ing  one 
crew of 32 men, two trucks with drivers,  and one 
supe rv iso r  to each  two se c t io n s .  Large maps were 
made of ea ch  sec tion ,  showing block ou tl ines ,  and 
were distributed  to each superv iso r .  E ach  morning 
the crews were to assem ble  at the warehouse, 
t rave l  to their  r espec t ive  se c t io n s  on the trucks, 
and proceed with the dus ting  opera tions .  E ach  
man was to carry a 10-quart pail of DDT which 
was to be refil led  at the truck whenever n ec essa ry .  
DDT was to be sprinkled  liberally  by hand over 
the floor space  of every building. In s e le c te d  
build ings with ev idence  of rat runs, DDT was 
to  be distributed  freely wherever ra ts  might be 
expected  to trave l.  E ach  superv isor  was to be 
required to keep an accura te  record of al l  build
ings dusted  by recording the add ress  in the corre
sponding block on his se c t io n  map. At the end of 
each  day, th is  information was to be turned in at 
headquar te rs  and recorded on the m aster  map of 
the city . All dusting  operations were to be under 
the d irection of a CDC san i ta ry  engineer.

PROCEDURE NO. 7
Organizat ion of Trapping A c t iv i t i e s .  The regular 

trappers  of the Bay City  Department of Health 
were to continue trapping a l l  s e c t io n s  of the city 
a s  in tens ive ly  a s  po ss ib le .  Their  efforts were to 
by supplem ented by the e igh t P ub lic  H ealth  Ser
v ice  trappers who not only would help trap in the 
c i ty ,  but would make a sample survey la ter of the 
wild  rodents  in the a d jac en t  rural a reas  surround
ing Bay City. T h e  rat trapping was to be under the
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d irec tion  of the Bay City  Department of H ea l th ’s 
Sanitary  Engineer.

PROCEDURE NO. 8
Organization o f  Po i son ing  Campaign.  The 10

p e s t  control com panies in Bay City  were asked  
to  provide seven  men each  to be used  for a period 
of 1 week in a m ass rat po isoning  campaign. 
T h e se  experienced men were to work under the 
d irec tion  of the crew supe rv iso rs  in d is tribu ting  
po ison  after DDT dusting  had been completed in 
each  block. Red squ il l  w as  the poison of choice  
for the res id e n t ia l  a r e a s ,  while compound 1080 
w as  to be used throughout the b u s in e s s  d is t r ic ts  
and wherever the hazard to human be ings  could be 
carefully  controlled.

PROCEDURE NO. 9
Organization of  Antirat Sanitat ion A c t i v i t i e s .

Suggestions were made to the Department of Public  
Works for i m p r o v e m e n t  of garbage co l lec tion  
methods. Garbage co l lec t ions  were increased  
from once a week in the re s id e n t ia l  a reas  to twice 
a  week. In the downtown b u s in e s s  d is t r ic t ,  co l lec 
tions were inc reased  from three tim es weekly to 
once a day.

The Department of P ub lic  Works a lso  took over 
the respons ib il i ty  of organizing a demolition squad 
which was ava ilab le  upon ca ll  from the sec t ion  
supe rv iso rs  to tear  down and des troy  any s u s 
pec ted  outs ide rat harborage. However, many rat 
harborages were removed by property owners them
s e lv e s  following su g g es t io n s  made by the s e c t io n  
supe rv iso rs .

PROCEDURE NO. 10
Maritime and Railroad Control  Measures .  The

F ore ign  Quarantine D ivis ion of the P ub lic  Health  
Service was requested  to a s s ig n  an officer and 
crew for the purpose of HCN (hydrocyanic gas) 
fumigating and dusting  DDT on every sh ip  which 
s a i le d  from Bay City . One exper ienced  rodent- 
contro l operator was a s s ig n e d  to work with the 
railroad and trucking com panies. He a s s i s t e d  in 
in spec t ion  of railroad ca rs  and trucks leaving the 
c i ty  and, with crews provided by the various 
com panies concerned, d irec ted  the DDT dusting  
of a l l  w arehouses ,  freight depo ts ,  and departing  
ca rs  and trucks.

PROGRESS OF THE EPIDEMIC
On May 19, s ix  more c a s e s  of bubonic plague 

were reported. Three of these  were c a s e s  which 
had  read the newspaper accoun ts  that morning and

had gone to phys ic ians  because  of sw ollen  g lands 
in the armpit or groin.

On succeed ing  days the following numbers of 
c a s e s  ten ta t ive ly  were d iagnosed: May 20, 8; 
May 21, 10; May 22, 6; May 23, 12; May 24, 10; 
May 25, 11; May 26, 7; May 27, 15; May 28, 9; 
May 29, 7; May 30, 1. One of the c a s e s  reported 
on May 25 prove to be pneumonic p lague. At first,  
it  w as thought tha t the pa t ien t  had primary pneu
monic p lague b ec au se  no buboes were evident.  At 
au topsy ,  it was d iscovered  tha t he had enlargement 
of the sa c ra l  and iliac lymph g lands which could 
not be felt c l in ic a l ly  but which had led to a  fatal 
secondary  plague pneumonia. B ecause  the man 
w as  not se rious ly  ill a t  f irs t ,  he had not been 
ho sp i ta l ized  for the pneumonia. He even tua lly  
transm itted  p n e u m o n i c  p lague to three other 
members of h is  family, to two v is i to rs ,  and to 
h is  family physic ian .  T h e s e  s ix  secondary  c a se s  
accoun ted  for nearly  half  of the number of c a se s  
reported  on May 27* T h is  unrecognized bubonic 
plague ca se  was the only fa ta l i ty  of the epidemic. 
No c a se s  were reported after May 30. B ecause  
the majority of c a s e s  were bubonic plague t ran s
mitted by f le a s ,  the b lanketing  of the city  with 
DDT eventua lly  c reated  a s i tua t ion  where no f lea s  
were left to transmit the d i s e a s e .

The DDT dusting  of the city  proceeded  accord
ing to plan. A to ta l  of 171,410 pounds of 10 per
cen t  DDT in pyrophyllite was d i s t r i b u t e d  in 
48,964 build ings in 6 Vi day s .  The f o l l o w i n g  
figures show the bu ild ings  dus ted  by days:

Days B uild ings
Lb.
DDT

May 20 6 , 2 41 2 1 , 943

May 21 7 , 3 5 0 25 ,725
May 22 7 , 2 1 4 2 5 , 24 9

May 23 8 , 8 7 2 31 , 052

May 24 8 , 5 4 0 2 9, 890

May 25 8 , 3 1 2 2 9 , 02 9

May 26 2,435' 8, 522

Total 4 8 , 9 6 4 171,410

An additional 9,332 pounds of DDT were used 
during the period from May 20 to June 19 inclusive 
in dusting  DDT in outgoing sh ip s ,  railroad cars, 
and freight t rucks .

TRAPPING RESULTS AND FLEA  INDICES
From the records of the Bay City  Department 

of H ealth ,  previous flea ind ices  for May and June
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showed an average of 3.2 and 4.6 re sp e c t iv e ly  
per rat.  In previous yea rs ,  r a t s  had been about 
83 percent Norway ra ts  (Rattus  norvegicus) ,  and 
17 percent climbing ra ts  a s  follows: 11 percent 
R attu s  rattus ra ttus , and 6 percen t R attu s  rattus  
a lexandrinus . T hese  proportions remained about

the same during the control campaign. The flea 
popula tions usua lly  had been  about 95 percent 
Northern rat f lea s  (N o so p sy l lu s  fa s c ia tu s ); l e s s  
than 1 percent were oriental ra t  f lea s  (X enopsy lla  
cheopis) .  However, during the 6 months prior to 
the epidemic, a  co n s is te n t  r ise  in X. cheopis  had

been noted until it rep resen ted  
about 25 percen t of a l l  f lea s  
recovered. During and immedi
a te ly  following the epidemic,,
X , cheopis  predominated in the 
a rea  where most of the c a s e s  
were reported .  Day City ,  there
fore, p o s s e s s e d  two flea sp e c ie s  
known to be good vec tors  of 
p lague,  with the most eff icient 
vec to rs  of plague known pre
dominating in the infec ted  area.

R a ts  had been trapped in Bay 
C ity  a t  a rate  of about 10 per 
day prior to the epidemic. T h is  
work was expanded so tha t be
tween May 19 and June 19 in
c lu s ive ,  the numbers in table 1 
were obta ined.

The DDT dusting  exhibited  a 
marked e f fec t  on reduction of 
the numbers of f lea s  per rat and 
eventua lly  was respons ib le  for 
the dramatic reduction of p o s i 
tive ra ts  found as  w ell a s  in 
numbers of posit ive  flea pools .
T h e se  reduc tions  roughly par
a l le led  the reductions in human 
c a se s .

The big in c rease  in ra ts  ob
ta ined s ta r t ing  on May 23 repre
sen ted  the additiona l trapping 
efforts  of the eight S e r v i c e  
trappers  who arrived on May 22, 
plus the r e su l t s  of the poisoning 
campaign which w as begun on 
May 21. In addition to the ra ts  
l is ted  above ,  more than 300 mice 
were ob ta ined , none of which 
were p lague-infec ted .

During the la s t  week of an tip lague a c t iv i t ie s ,  
from June 12 to 16 in c lu s iv e ,  the four Service 
mobile f ield  crews made a survey  of the rural 
a r e a s  around Bay City and sho t or trapped 342 wild 
an im als ,  most of which were roden ts .  Of th e se ,  
13 ground s q u i r r e l s  (C ite l lus  columbianus),  
12 white-footed deer  mice (Perom yscus  mani-  
cu la tus) ,  and 4 chipmunks (Eutam ias minimus)

were found to be p lague- infec ted  or harbor plague- 
infected  f lea s .  The p resence of plague in th is  rural 
a rea  ind ica tes  tha t the d is e a s e  in the domestic 
roden ts  of Bay City might have originated from

T a b l e  1 

RATS TRAPPED AT BAY CITY

Date
Rats

Obtained
Rats 

Found Dead
Flea  Index 

(Av. Per Rat)
P la g u e -p o s it iv e

Tissue Flea  Pools*

May 19 15 6 5 . 2 7 4

20 20 7 4 . 9 8 12

21 22 8 6 . 4 10 14

22 24 4 5 . 7 6 15
23 102 3 5 . 6 5 20

24 100 2 5 . 4 4 16

25 118 1 4 .6 2 12

26 115 0 2 . 2 0 10
27 119 0 1. 4 0 8

28 48 0 0 . 6 0 6

29 57 0 0 . 3 0 2

30 63 0 0 . 2 0 0

31 42 0 0. 1 0 0

J u n e  1 51 0 0. 1 0 0

2 59 0 0. 1 0 0

3 54 0 0 . 0 0 0

4 52 0 0 . 1 0 0

5 47 0 0 . 0 0 0

6 41 0 0.  1 0 0

7 48 0 0 . 0 0 0

8 39 0 0 . 0 0 0

9 42 0 0 . 0 0 0

10 32 0 0 . 0 0 0

11 29 0 0 . 0 0 ■ 0

12 31 0 0 . 0 0 0

13 25 0 0 . 0 0 0

14 27 0 0 . 0 0 0

15 26 0 0 . 0 0 0

16 20 0 0 . 0 0 0

17 19 0 0 . 0 0 0

18 18 0 0 . 0 0 0

19 12 0 0 . 0 0 0

Total 1,517 31 42 119

‘Fleas from individual rats were inoculated separately.

23
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the wild rodents  in the territory around the ci ty .
On June 20, Bay City  w as dec la red  to be free 

of plague and a l l  P ub lic  H ealth  Service ac t iv i t ie s  
were completed, leaving the long-range ratproofing 
program to be carried on by local effort.

SUMMARY
A plague epidemic of 109 human c a s e s  has  been 

desc r ibed .  Of th e se ,  102 were bubonic, 1 was 
bubonic with a secondary  p lague pneumonia, and 
6 were pneumonic. All but the bubo-pneumonic 
c a se  survived b ecau se  of early  d iag n o s is  and 
prompt t r e a t m e n t  with s t r e p t o m y c i n  and 
su lfad iaz ine .

Antiplague efforts c o n s i s t e d  in the use of 
10 percent DDT dust  in pyrophyllite as a city-wide 
app l ica tion  to a l l  bu ild ings ,  trapping, poisoning, 
and antirat san i ta t ion  m easures .  All outgoing 
sh ip s  were fumigated with HCN, and a l l  outgoing

s h ip s ,  railroad ca rs ,  and trucks were dusted with 
DDT. The number of human c a s e s ,  ra ts  found 
dead , pos it ive  roden ts ,  and the f lea  index all 
show ed a dramatic drop beginning about the time 
tha t  the DDT city-wide dusting  w as completed.

CONCLUSION
Modern an tip lague control m easures  have demon

s t ra te d  tha t a plague epidemic can be terminated 
in short order. Modern methods of treatment were 
e ffec tive  in sav ing  the lives  of over 99 percent of 
those  who were aff l ic ted  with the d is e a s e .

* * *

(T h is  purely f ic t iona l account o f  how a plague 
epidemic ivould be handled today represents the 
planning efforts o f  the Western CDC Laboratory  
in antic ipation that the above s itua tion  may occur  
in  the future in some Western c i ty .)

— lotne  ^ t e v e u t i& n  a n d  C^'& nt’c c/

C o m m u n i c a b l e  D i s e a s e  C e n t e r ,  P u b l i c  H e a l t h  
S e r v i c e ,  F e d e r a l  S e c u r i t y  A g e n c y ,  F e b r u a r y  1 94 9 ,  

PP- 29 3  + x i v .

T h is  manual, a work which has  been needed for 
some time, appears  to have accom plished  two 
o b jec t ives .  The f irs t  of these  is  the bringing to
gether in one volume the w ealth  of information 
on rat-borne d is e a se  prevention and control accum
ulated  over the years  by public health  workers. 
The second  is the p resen ta t ion  of th is  information 
in such a way tha t  it could be used read ily  for 
training of public health  workers in this  field. 
The manual is  not the work of any one individual 
but is  the cooperative effort of a number of experts

and i l lu s t ra te s  the des irab i l i ty  of th is  method of 
approach in dea ling  with the controvers ial a sp ec ts  
of the su b je c t .  Also, before publication the manual 
was submitted for review to prominent au thori ties  
including members of F edera l  and State agenc ies ,  

a s  well a s  to certa in  in te res ted  rep rese n ta t iv es  of 
na t ional  commercial o rganiza tions ,  and construc
tive su g g e s t io n s  from these  sources  were in te
grated into the text.

A most p rac t ica l  and log ica l  approach has  been 
made in the p resen ta t ion  of the sub jec t  matter 
with a view toward making it a s  useful a s  poss ib le  
to health  workers. The manual is d iv ided into 
e igh t  integral p ar ts  or s e c t io n s ,  each  of which is 
written so tha t it may be s tudied  independently;
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however, various s e c t io n s  may be combined as 
n e c e s sa ry  for training purposes .  T h is  has  resu l ted  
in some repetit ion  of m ateria l which, however, 
i s n e c e s s a r y  in a manual of th is  type.

The value of the manual i s  enhanced greatly  by 
the i l lu s tra t ive  m ateria l which appears  on a lm ost 
every page and inc ludes  photographs,  line draw
ings,  char ts ,  maps, ta b le s ,  diagrams, and p ic toria l 
iden tif ica tion  keys .  The an t ic s  of “ R oscoe ,  the 
R a t-R idder,”  help break the monotony of s c ie n 
tif ic p resen ta t ion  often common to such  manuals; 
yet ,  a t  the same time, they em phasize  v isua l ly  to 
the reader cer ta in  important p r inc ip les  which other
w ise  might be m is sed .  Well s e le c te d  re ferences  
are found at the end of each sec tion  for those 
ind iv iduals  who may have the need or opportunity 
to delve more deeply  into each sub jec t .

The firs t  two s e c t io n s  of the manual p resen t 
b as ic  bio logical information. In the f irs t  sec tion  
the epidemiology of rat-borne d i s e a s e s  is  d is 
c u s se d .  Murine typhus fever  and plague are covered 
in deta i l  a s  to et io logy, d iag n o s t ic  p rocedures ,  
treatm ent,  source of infection ,  mode of t ran s
m ission ,  immunization, p reva lence ,  and d is t r i 
bution. T hose  d i s e a s e s  of le s se r  importance — 
s a lm o n e l lo s is ,  hemorrhagic jaund ice  or W eil’s  
d i s e a s e ,  rat-b ite  fever, and t r ic h in o s is  — a lso  
are given due considera t ion .  F o llow ing  this  is a 
s e c t io n  on rat hab i ts  and c h a rac te r is t ic s  which 
is  e s p e c ia l ly  inc lus ive .  Both s p e c ie s  of r a t s ,  the 
Norway and roof ra t ,  are compared as  to spec if ic  
identif ication  and as to d is tribu tion ; hab i ts  such 
a s  food p references ,  mating, burrowing, climbing, 
and migration; and c h a ra c te r is t ic s  such as  life 
cyc le ,  reproduction, behavior pa t te rn s ,  s e n s e s ,  
and ag i l i ty .  T h is  sec t io n  is  concluded with a 
d isc u ss io n  of the fac tors  which influence the 
degree of ra t  in fes ta t ion ;  the principal factor 
em phasized is  the ava ilab il i ty  of food.

Section III covers  the p r incipal  s te p s  to be 
taken in the o rganization  of local programs on ra t
borne d is e a se  contro l .  The firs t  s tep  c o n s is t s  of 
determining d i s e a s e  p revalence and d is tr ibu t ion .  
T he  re la t ionsh ip  of the program to other health 
a c t iv i t ie s  is  pointed out. T he  s iz e  and type of 
program, whether it is aimed at ra t  or ec topa ras i te  
control, or both, train ing  of personne l,  public

re la t io n s ,  and a recommended rat-contro l ordinance 
are the chief  su b je c ts  covered in th is  sec t ion .

S ec t ions  IV through VII are concerned primarily 
with control m easures  aimed direc tly  at the rat.  
The importance of san i ta t io n  to rat control through 
the proper s to rage ,  co l lec t ion ,  and d isp o sa l  of 
refuse  is  s t r e s s e d .  The types  and s i z e s  of con
ta in e rs  for s to rage ,  the proper method and fre
quency of collecticn , and adequate  refuse  d isp o sa l  
by inc inera tion ,  sa n i ta ry  land fil l ,  and garbage 
grinding are d is c u s se d .  The two se c t io n s  dea ling  
with the ratproofing of bu ild ings,  both ex is t ing  
and new s tru c tu re s ,  have been handled admirably. 
Many de ta i led  i l lu s tra t io n s  are contained in these 
s e c t io n s ,  and one does not have to qualify as  an 
expert to follow the d irec tions  given. The sub jec t  
of c o s t  es tim ation  which is certain ly  not a simple 
or ea sy  ta sk  for the un in it ia ted  is d e a l t  with very

adequa te ly .  Rat e r a d i c a t i o n  and poisoning 
log ica l ly  follow the sec t io n  on ratproofing, and 
the in te r re la t ionsh ip s  of the two programs are 
pointed out. The various methods used in rat 
erad ica tion  such a s  fumigation, poisoning, and 
trapping, together  with the advan tages ,  d isad 
v an tag e s ,  and p recau t ions ,  are taken up in de ta i l .

T he  la s t  se c t io n  of the manual covers ra t  ec to
p a ra s i te s  and the ir  control.  The more common 
f le a s ,  lice, m ites ,  and t ic k s  found on r a ts  are

descr ibed  and their  b io log ies  and hab i ts  are d is 
c u s se d .  Very useful p ic to r ia l  keys are given for 
the iden tif ica tion  of the f lea s ,  l ic e ,  and mites.  
T h e  greater portion of th is  sec t io n  dea ls  with 
the control of rat e c to p a ra s i te s  by means of DDT 
d u s t ,  the p lanning of dusting  opera tions,  appli
ca tion  of the dus t ,  equipment used,  and the keep
ing of adequate  reco rds .  The sec t io n  is  concluded 
by a d isc u ss io n  of eva lua tion  of a DDT dusting

program in terms of the changes occurring in the 
inc idence  of human typhus,  r a t  typhus, and rat 
e c to p a ra s i te s ,  together with the proper methods 
to be used in such de term inations.

T h is  work is more than ju s t  a manual; i t  is  a 
sourcebook, as well a s  an operational guide for 
a l l  those  who are concerned with the su b je c t  of 
rat-borne d i s e a s e s ,  their  p r e v e n t i o n ,  and 
the ir  control.

F. Earle Lyman, S c ie n t i s t  (R)
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MANUSCRIPTS PUBLISHED
Dent, J .  E . ,  Morlan, H. B . ,  and H ill,  E .  L .:  E ffe c ts  

of DDT dusting  on dom estic  ra ts  under colony 
and field cond it ions .  Pub. Health  Rep . 64(21): 
666-671 (1949). '

E sk ey ,  C. R . ,  P rince ,  F .  M., and F u l le r ,  F.'  B.: 
T ran sm iss io n  of Salmonella  ent.eritidis  by the 
ra t  f leas  X en o p sy l la  cheopis  and N o so p sy l la  
fa sc ia tu s .  P ub . H ealth  Rep. 64(30):933-941 
(1949).

Hayes, W. J . ,  J r . ,  and Simmons, S. W.: The b en e 
f i ts  and hazards of in s e c t ic id e s  to public hea lth .  
Advances in Chem. S er ies .  No. 1: 56-60 (1950).

Morlan, H. B .,  H ill ,  E .  L . ,  and Schubert,  J .  H.: 
Sero log ical  survey for murine typhus infection  
in sou thw est Georgia an im als .  Pub . H ealth  Rep. 
65(2): 57-63 (1950).

Skaliy ,  P e te r ,  and H ayes ,  W. J . ,  Jr . :  T h e  biology 
of L ip o n y s s u s  bacoti  (Hirst; 1913) (Acarina, 
L ip o n y ss id ae ) ,  Am. J .  Trop. Med. 29(5): 759-772 
(1949).

MANUSCRIPTS CLEARED FOR PRESENTATION
AND/OR PUBLICATION
Andrews, J . M. :  How the Communicable D ise a se  

Center  can serve the western  s t a te s .

Douthirt,  C. H., and Link, V. B.: P lague — I. 
Epidem iology.

E c k e ,  Dean H., and Johnson ,  Clifford W.: Sylvatic 
plague in Park County, Colorado.

Eng le r ,  H ershe l :  Methods of municipal w aste d i s 
posa l  in re la t ion  to rat control.

G a ines ,  T .  B .,  Sumerford, W. T . ,  and Hayes,W . J . ,  
J r . :  The non-toxic ity  of urine from ra ts  poisoned 
with 1080.

H e ss ,  A. D.: Some recen t developments in the con
trol of animal rese rv o irs  and vec to rs  of d i s e a s e .

L ink, Vernon B .: P lague in North America.

Link, Vernon B .: P lague  in the United S ta te s .

Mohr, C. 0 . ,  T ish ip ,  Victbr, and Good, N. E .:  
R e s u l t s  of the DDT dusting  program for the 
control of murine typhus fever in the sou th 
ea s te rn  s ta te s .

N icholson, H. P . ,  and Vetter ,  M. H.: A le tha l  trap 
for capturing sm a ll  mammals with their ec to 
p a ra s i te s .

Simmons, S. W.: A resume of rec en t  developments 
on in se c t ic id e s  and roden tic ides  at the U.S. 
P ublic  Health  Service Laboratory, Savannah, 
G a.

c 2 > c  y , t a i n

L is te d  below are train ing co u rse s ,  sponsored  by 
Serv ices  of the Communicable D ise a se  C enter,  
to be held during the ensu ing  months of th is  y ea r .  
Furthe r  information on the cou rses  may be ob
ta ined  from the B ulle t in  o f  F ie ld  Training Programs 
i ssued  by the C enter.

TRAINING SERVICES
1. ENVIRONMENTAL S A N  I T A T  IO N FIELD

TRAINING, September 25 to  D ecember 16, 1950.

Tw elve  w eeks .  Amherst, Mass.

2. FIELD SURVEY AND E V A L U A T I O N  
METHODS FOR MEASURING Q U A L I T Y  OF  
HOUSING ENVIRONMENT, October 9-14 and 
Decem ber 4-9, 1950. One w eek. A tlanta,  Ga.

3 .  FIELD SURVEY AND E V A L U A T I O N  
METHODS IN HOUSING SANITATION, Septem
ber 18 to October 20 and November 13 to December 
15, 1950. F iv e  w eeks .  A tlanta,  Ga.
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4 .  RAT-BORNE DISEASE PREVENTION AND 
CONTROL,  October 2-20, 1950. T hree  w eeks .  
A tlan ta ,  Ga.

5 .  ENVIRONMENTAL S A N  IT A T  10 N FIELD  
TRAINING. September 11 to  December 1, 1950. 
Tw elve  w eeks .  Buffalo, N.Y.

6 .  A D V A N C E D  TRAINING COURSE FOR  
STATE S A N I T A R Y  CHEMISTS PRIMARILY 
CONCERNED WITH WATER P O L L U T I O N  
INVESTIGATIONS,  October 2-13, 1950. Two 
w eeks .  C inc inna ti ,  Ohio.

7.  ORIENTATION COURSE FOR LABORATORY  
PERSONNEL IN THE E X A M I N A T I O N  OF  
SEWAGE, POL LUT ED  WATER, AND INDUSTRIAL  
WASTES, September 11-29, 1950. Three w eeks .  
C inc inna t i ,  Ohio.

8.  G E N E R A L  SANITARY ENGINEERING  
FIELD TRAINING (Specia l course for newly com
m iss ioned  engineer  officers of the U. S. P ub lic  
H ealth  Service),  September 18 to December 8, 
1950. Tw elve w eeks .  Columbus, Ga.

9 .  ENVIRONMENTAL SANITATION F I E L D
TRAINING, September 18 to  December 8, 1950. 
Tw elve w eeks.  Denver, Colo.

10. FIELD SURVEY AND E V A L U A T I O N  
METHODS FOR M E A S U R I N G  QUALITY OF 
HOUSING ENVIRONMENT. October 23-28 and 
December 11-15, 1950. One w eek. S y racuse ,  N.Y.

11. FIELD SURVEY AND E V A L U A T I O N  
METHODS IN HOUSING SANITATION, October 2 
to  November 3 and November 20 to  December 22, 
1950. F ive  w eeks .  Syracuse ,  N.Y.

12. SPECIAL TRAINING IN RODENT CONTROL,  
September 11-22, 1950. Two w eeks .  T opeka ,  Kans.

LABORATORY SERVICES
1. LABORATORY DIAGNOSIS OF BACTERIAL  

DISEASES, Par t  1, G enera l B a c t e r i o l o g y .  
September 11-22, 1950. Two w eeks .  A tlan ta ,  Ga.

2. LABORATORY DIAGNOSIS OF BACTERIAL  
DISEASES, P ar t  2, General B a c t e r i o l o g y ,  
September 25 to October 6, 1950. Two w eeks .  
A tlanta, Ga.

3. LABORATORY DIAGNOSIS OF ENTERIC  
DISEASES,  P ar t  1, Introductory E n te r ic  B acteri
ology, October 9-13, 1950* One week. A tlan ta ,  Ga.

4 . LABORATORY DIAGNOSIS OF ENTERIC  
DISEASES,  P a r t  2, Advanced Enteric  Bacteriology, 
October 16-27, 1950. Two w eeks .  A tlan ta ,  Ga.

5. LABORATORY DIAGNOSIS OF PARASITIC 
DISEASES,  P a r t  1, In te s t in a l  P a r a s i t e s ,  September 
18 to October 6, 1950. T hree  w eeks .  A tlan ta ,  Ga.

6 .  LABORATORY DIAGNOSIS OF PARASITIC  
DISEASES,  P a r t  2, Blood P a r a s i t e s ,  O ctober  9-27, 
1950. Three w eeks .  A tlanta,  Ga.

7. LABORATCRY DIAGNOSIS OF RICKETT
SIAL DISEASES,  November 6-10, 1950. One week. 
A tlan ta ,  Ga.

8 . IDENTIFICATION OF MEDICALLY IMPOR
TANT ARTHROPODS,  November 13-24, 1950. Two 
w eeks .  A tlan ta ,  Ga.

9. VIRUS ISOLATION AND IDENTIFICATION  
TECHNIQUES,  November 13-17, 1950. One w eek. 
Montgomery, Ala.

10. LABORATORY DIAGNOSIS OF INFLUENZA,
November 20-24, 1950. One week. Montgomery, 
Ala.

11. LABORATORY DIAGNOSIS OF T UBE RCU 
LOSIS, December 4-15, 1950. Two w ee k s .  A tlanta, 
Ga.

B y S pec ia l  Arrangement:

LABORATORY DIAGNOSIS OF MALARIA, two 
w ee k s ,  A tlan ta ,  Ga.;  LABORATORY DIAGNOSIS 
OF VIRUS DISEASES, two to  four w eeks ,  Mont
gomery, A la.;  and PHAGE TYPING OF SAL
MONELLA TYPHOSA,  one week, A tlan ta ,  Ga.

VETERINARY SERVICES
1. LABORATORY DIAGNOSIS OF RABIES,

November 27 to  December 1, 1950. One week. 
Montgomery, Ala.
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Warfarin p resen ts  a completely new approach 
to the control of commensal roden ts .  It w as  dis* 
covered by Link and h is  s tu d e n ts  (3,4) who la ter  
recogn ized  i ts  roden tic ida l  p o te n t ia l i t i e s  (5). The 
m ateria l is  ac tua lly  3-(»i-a c e t o n y 1 b e n z y l)-4- 
hydroxycoumarin. It w as known for some time as  
compound 42 or W.A.R.F.-42. Under these  names it 
r ece ived  experim ental reg is tra t ion  and w as te s te d  
ra the r  ex tens ive ly .  In June  1950, i t  w as reg is te red  
for general use ,  and in the sam e month a common 
name, warfarin , w as  adopted for it. T h is  paper 
at tem pts  to portray our p resen t knowledge of how 
th is  new material f its  into the over-all picture of 
r a t  control.

Warfarin ac ts  by inhibiting the formulation of 
prothrombin and by ca u s in g  cap illary  damage. Both 
ac t io n s  favor the production of hemorrhage, and 
an im als  k illed  by warfarin  die from blood lo ss  and 
shock .  B leeding may occur in any part of the body. 
The d is tribution  apparently  is  determined largely 
by chance ,  and very minor trauma which under 
ordinary c ircum stances  would be harm less .  In ra ts ,  
hemorrhages are observed  beneath  the sk in ,  in 
m usc le  se p ta ,  within m usc le s ,  in the in te s t in e s ,  
in the lungs, or re troper itonea l ly .  Any one animal 
usua lly  show s hemorrhage at a s ing le  point or, a t  
m ost ,  a t  a few po in ts .  B e ca u se  of the b leeding, 
an im als  po isoned  by warfarin gradually develop 
pallo r  and w e a k n e s s .  A few of them show external 
b leed ing , but in most of them the ac tua l  hemor
rhage is  not apparent.

Warfarin differs from all  p rev ious su c c e ss fu l  
roden tic ides  in tha t i t  must be consumed on se v era l  
s u c c e s s iv e  days in order to kill ,  and it produces 
no acquired  bait  re fu sa l  (bait  sh y n e ss ) .  T h ese  
c h a ra c te r is t ic s  make it se lf-p reba it ing  and adapted

to  r e s id u a l  control. On the  other hand, they make 
it a s low roden tic ide .

R eports  already pub lished  show tha t  warfarin 
may be used  su c c e ss fu l ly  for the control of mice 
a s  well a s  Norway and roof r a t s .  Early reports by 
Crab tree  (1) and Schein (6) showed tha t control 
could be ach ieved  with rather  high concentra tions 
of warfarin in bait  and su g g e s ted  baiting  p ra f t ic e s  
and sc h e d u le s  which were e ffec tive .  H ayes and 
G aines  (2) showed tha t  the m ateria l w as effective 
ag a in s t  Norway ra ts  at lower c o n c e n t r a t i o n s  
(0.05 milligrams per gram or 0 .005 percent).  Thus  
far,  control of roof ra ts  has  been ach ieved  with
0.25  milligrams warfarin per  gram of bait.  Actually , 
the low est concentra tion  of poison in ba i t  which will 
give e ffec tive  control under ac tua l  field conditions 
has  not yet been determined for any of the com
m ensal  rodents  of public  hea lth  importance. How
ever ,  i t  is  p o ss ib le  to obta in  control by the con
cen tra t ions  ju s t  l is ted .  Furthe r  experimental work 
n ee d s  to be done to determine the lower limits of 
e f f e c t iv e n e s s .  B a i ts  contain ing  lower concentra
t io n s  of po ison  would be somewhat cheaper  and 
p re se n t  s l igh tly  le s s  hazard  to man and domestic 
an im als .  However, the c o s t  of f in ished bait con
ta in ing  0.1 milligram of warfarin per  gram of corn 
meal is  only $8.25 per hundred pounds** and even 
with higher concentra t ions  of poison (0.25 milli
grams per gram) no ac tu a l  d ifficulty  with toxicity 
to man or domestic  an im als  has  developed yet in 
sp i te  of rather  ex ten s iv e  f ield  t r ia ls .  What prob
ably will determine whether warfarin can be used 
economically  a s  a roden tic ide  for public health  
pu rposes  is  not the cos t  of f in ished  bait but the 
c o s t  of pro tec tive  bait s ta t io n s  and the cos t  of 
labor of those  who ac tua l ly  carry out the po ison

♦ F r o m  T e c h n i c a l  D e v e l o p m e n t  S e r v i c e s ,  S a v a n n a h ,  G a .

♦ ♦ B a s e d  on  $ 4 .0 5 i  t h e  p r e s e n t  c o s t  o f  100 p o u n d s  o f  c o m  m e a l  t o  t h e  g o v e r n m e n t ,  a n d  $ 2 .1 5 »  t h e  c u r r e n t  c o s t  p e r  p o u n d  
o f  0 .5  p e r c e n t  f o r m u l a t i o n s  o f  w a r f a r i n  In  5 - p o u n d  l o t s .
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ing program. So far, the experim ental work has  
been done using pro tec tive  s ta t io n s  for al l  bait  
p lacem en ts  that were a c c e s s ib le  to children or 
domestic  an im als .  Even the s im ples t  s ta t ion  co s ts  
about $1.30, provided new material is  used and 
labor is es t im ated  a t  current pay  s c a l e s .  T h u s ,  
the c o s t  of m ater ia ls  for in it ia l  po isoning  for a 
s ing le  es tab l ishm en t has  been es tim ated  at about 
$0.46 for f in ished ba i t  and $11.23 for  bait and 
s ta t io n s .  Further  work will be nec es sa ry  to deter

mine whether the use of many or a l l  bait s ta t io n s  
may be d isp e n sed  with. In the meantime, warfarin 
i s  effec tive for the contro l of commensal roden ts  
and is  econom ically  f ea s ib le  under certain  cir
cu m stan ces .  On farms and around private r e s i 
dences ,  s a t is fac to ry  bait s ta t io n s  may be impro
v ise d  of scrap  m ateria ls  a t  e s se n t i a l ly  no cos t .  
An 8- or 10-inch board 2 or 3 fee t  long p laced  on 
edge and nailed  ag a in s t  the wall and floor a t  about 
a 45° angle to form a tunnel makes a good s ta t ion .  
On sh ip s  that do not carry children a s  p a s se n g e rs ,  
no bait s ta t io n s  are required if the poisoned bait 
i s  c o l o r e d  and each  p l a c e m e n t  is  marked 
“ P O I S O N . ”  Similarly, in w arehouses  and certain  
other bu s in e ss  e s tab l ish m e n ts  where it is p o ss ib le  
to  warn a l l  personnel th a t  have a c c e s s  to the 
building, it may be p o ss ib le  to d ispense  with bait 
s ta t io n s  and simply use colored ba i t  and prominent 
warning s ig n s .  Even where it is  n e c e s sa ry  to use 
ba i t  s ta t io n s ,  it may be f ea s ib le  economically  for 
rodent control un its  ei ther  of governmental agen 
c i e s  or of commercial p e s t  opera tors  to inves t  in a 
s to c k  of bait s ta t io n s .  T h e se  s ta t io n s  a re ,  af ter

a l l ,  quite durable and, if po isoning  should be 
carried  out over a period of months and y ea rs ,  
then the init ial  c o s t  of the  s ta t io n s  can be con-

s id e re d  a part of the long-time operating  cos t .
At the presen t time, then, warfarin offers a form 

of re s id u a l  rodent control previously  found im
p o s s ib le .  T h is  control may now be ob ta ined  a t  a 
rea sonab le  c o s t  under certain  condit ions .  Further  
exper ience  is  needed  grea tly  to determine whether 
it is  f ea s ib le  econom ically  to use  warfarin under 
the  general c o n d i t i o n s  ex is t in g  in p u b l i c  
health  work.

R EFE RE N CE S

( 1 )  C r a b t r e e ,  D.  G. :  R a t i c i d a l  p o t e n t i a l i t i e s  of 
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t H d t i O H i l

CD C ’s cooperation with other coun tr ies  has  been 
pointed up again, with the Western CDC Laboratory 
a t  San F ra n c isc o ,  C a lif . ,  a id ing a C anadian  pro
v inc ia l  health  department in June of th is  year.

The Saskatchew an P ro v in c ia l  Department of 
Health ,  D i v i s i o n  of Communicable D ise a se ,  
sought instruc tion  in P ub lic  Health Service field 
methods for a crew doing survey work on t ick s  and 
p lague-infected  wild rodents .

When a Western CDC Laboratory field unit w as

v e g e t a t i o n

operating in Bottineau County, N. Dak., June 18-30, 
the Saskatchewan f ield  unit spen t 2 days s tudying

the methods used by the Service .
P e rso n n e l  of the Saskatchew an u n i t—rep rese n ta 

t iv e s  of the University of Saska tchew an  Department 
of Biology — were ins truc ted  in hunting, trapping,

m ass  fumigation with cyanide ,  c o l lec t in g  ecto
p a r a s i te s ,  animal au topsy ,  patho log ica l  s igns  of 
p lague ,  record keeping, and m ailing of spec im ens .
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AUDIENCE
P ro fess io n a l  public health  and p e s t  control per

sonnel and other groups involved in rodent control 
(positive ly  re s t r ic ted  to th e se  groups).

CONTENT
I. Introduction: E ffe c t iv e n e s s  of 1080. P re p a ra 

tion of 1080 water .  Manufacture of 1080. P lac in g  
poison cups in buildings.

II. Propert i es  of compound 1 0 8 0 : A. F avorab le  
properties : (1) Ready ac ce p ta n ce .  (2) E ffective  
overwide range of concentra tion .  (3) No la s t ing  
to lerance developed. (4) A cts  quickly. B. P rope r
t i e s  with both good and bad a s p e c ts :  (1) Extremely 
toxic. (2) 1080 is  absorbed  rapidly in the gas tro
in te s t ina l  trac t .  (3) It is  chem ically  s ta b le  and i s  
not vo la ti le .  (4) It is  highly s o l u b l e  in water. 
C. Unfavorable properties: (1) It re sem bles  certa in  
common foodstuffs  in appearance .  (2) I ts  dus t  
f loats read ily  in the air.

III. Preparation of  1080 water: Safe s to rage for 
stock  1080 is  n e c e s sa ry .  1080 poison label should 
appear on everything contac ting  1080» Steps in the 
p reparation  of 1080 concentra te  are shown. All 
appa ra tu s  must be w ashed thoroughly after use . The 
sm all  ja rs  of 1080 concentra te  should be carried to 
the  field shop by private carrier or in person.

IV. Po i so n i ng  rats with 1080 water in cups:  The 
rodent control k it  for use with 1080. P repar ing  
1080 water from concen tra te .  Crew member arriving 
at the building where 1080 w ill  be u sed ,  af te r  
employees leave for the day. Approved types of 
cups .  Choosing locations and p lac in g  1080 cups . G a t h e r i n g  r a t s  p o i s o n e d  b y  c o m p o u n d  1 0 8 0 .
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DATA: F ilm str ip ;  35 mm., Sound, Black and White; Length: 73 F ram es ;  Time: 15 Minutes

GRAPHIC FORM: P ho tographs ,  Drawings
PURPOSE

T o  aid  in teach ing  the proper tie s  and use of the 
powerful but dangerous poison for rodent control: 
1080 or sodium fluoroace ta te .

F i l l in g  the cups .  C ups to be p laced  near fresh rat 
s ig n s  such  a s  t ra c k s ,  droppings, gnawings, and 
harbo rages .  DDT to be used  if typhus is  su sp e c te d .  
C ups not to  be p laced  where food may become 
contaminated by them. All u te n s i ls  used in putting 
out 1080 to be w ashed  thoroughly after the cups 
are p laced  and f il led .  Danger no tice  to be d is 
p layed  in consp icuous p la ce .  R a ts  drinking 1080 
w ater .  Crew member re turning early  next morning 
before em ployees .  Cups and dead  ra ts  being picked 
up. S cenes  at the cups show ing dead r a t s .  Hunting 
for dead  r a t s .  D isposa l  of dead ra ts ,  used  cups ,  
and surp lus  1080 in i n c i n e r a t o r .  Washing up. 
Structure and use of permanent s ta t io n s .  Checking 
on remaining in festa tion .

COMMENT
By il lus tra t ing  the favorable and unfavorable 

p h y s ic a l  and chemical p roperties  of 1080, and by 
showing approved and sa fe  methods for i ts  use , 
th is  f ilmstrip  should aid rodent control personnel 
both in following the p resen t  p rocedures  for kill ing 
ra ts  with 1080 and in d e v e l o p i n g  even better 
techn iques  in the future.
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