
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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