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INTRODUCTIOU 

' 11h e h;_u-1a.11 :ric~::uttoial d is0c.1.se s constitut 0 .::.. vo:r 

int e:r \3Stin6 group o.t' in.:.:\.,ct i ons . 1'hei:r h il:itory dates 

b~c~ to antiquity , but it has been only in the past 

three or fou:r dec ades that t hese diseases have . through 

exp erimental wor k and r esearch , been r e co gnized as 

constituting a new group of infections . 

Desp ite the vas t amount of invest igation tha t has 

been done in t h e past few years , it is sur :nising to 

note t he l a ck of general lmowledge that exists con ­

c erning the riclcet ts i al dis0aue grou.g Cf.:, 3. \'Jhljle , 

'l'herefore , it H the ::_·urpoS·'.3 o:~ this paper to ~<1 r e~cnt 

ge neral sr:.rve:v of the ·1or0 t"l_1 0rt e.nt htirnu:1 r ic':etts ial 

disea:::es \"J i th the thought in :1ind of perhaps obtaining 

a better understi~uding of these disao.ses . ·1 tr~ the 

expe ri enc e o :'.: tl:e :ia.s t war still fresh i n onr memory , 

vrn can rei.:,..dil;f s ee where t h0 need .Zo:r a better 1..mder ­

st anding and .~owled ge ol the rickot~sial d i su~Lub 

x ists . 

Tnere h as br;;en no attc;m:i t me.de to cover the blibject 

of ric~ettsial d. i scases con::., letely in t he pres ent a tion 

of t h is i.Hf;_J e:r • Daer.. r ic:rn tt si ul a. i S;:.;c,..se in i tself 

const it utes a la:rge eno ugh fi e ld on which a pape r of 

this kind may be w:ri tten. .:.s a co nsequence , the references 
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used constitute only a f:rc;.,ction of the l't!Search wo:rk 

done on these d.isec.1.ses . The refer ences cited a:re more 

or less selected so that the r.10:re i mpor tant research 

and experimental inv es tigations a:re includ ed in the 

discussion of the diffe rent di se&s es . Liuch of the 

e~rly and i mpo rtant investiga tions on some of these 

ric~ettsia l diseases has been written in fore i gn 

languages ; this i 8 especially true of tsutsugamushi 

where almost all of the early wo :rk was done by J apan ­

ese investigators . Conseq_uently , in ma1:ing reference 

to th ese .foreign investigat ions , it has been necessary 

to cite the various 3nglish art icl es in which a S';JYL"!la r y 

of the wor lr r1ay be found . 

In the discussion , only the ric~:ettsial dh;ease 

which best represents each - sub - division of this g rou.p 

of infe ctions is desc:rib{.,d . Trench feve:r ic aloo in­

cluded in the pu})e:r aL a ric,:ettbic..l ctisec;.,Le , &lthoLl.gh 

sorne investigators are not :..,1.1.ti::,~·itid t:n~t it is a true 

:rickettsial infection. 
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_.I CKETTS u~s 

In speaking of rickettsial dise ases , it first 

becomes necess ar y to define what we me an by 3icketts i a . 

This is not an easy mat te r , f o:r rre.. ny di ffe r enc es of 

opinion still exist as to the decisive crite ria which 

determine the incl usi on of any mic:ro - orgEin i sm in this 

class. However , there ar e cer t ain ba sic c ommon charac­

teristics which lead one to believe t ha t t h ere docs 

actually exist a special genus of micro-orgm isms that, 

for the pres ent , mus t be set aside in a class of their 

own, -sepa r a ting them fro m t h e tr u.e bacte.ria on the one 

hand a nd f.rom the ultramicroscopic virus agents on the 

other. such is thei.r sta t us at the present time. 

Ric~ettsia i s t h e generic name appli ei to extremely 

minLl.t e gram-negati ve b ::>d i es wh i ch a. .r e f ound in certain 

a r thr:>.l.Jods. Thi s m:.me was s ugges ted by da Rocha- Lima 

(92) (174) in 1916 for these bacteria-like organisms 

which he had found in the bod i es of lice . The term 

Rickettsia p:ro wazeki was g iven to thes e organ i sms in 

honor of Hovmrd Taylo:r 3icketts , v.t. o died in 1910 of 

t yphus f ev e:r in u exico City while investigating its 

etiology; the speci f ic designa tion prowa zeki was added 

to pexpetuate the name of another investigatox , von 

Prowazek , who gave his life in the study of the same 

disease. 
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As mentioned previously, the exact n atur e of these 

bodies a :re st ill in q ues tion . Some obse:rve:rs sug gested 

tha t the rick ettsia s a :r e unusual , bizarre fo:rms of 

ordina ry ba cter i a . Oth er s t h i nk t hat they a xe small 

inanimat e bodi es wi: ich a ri se as a :resul t of t h e di s ­

int egr a~i on of the red b lood cells (175). However , the 

ma jo:rity of the mor e i mpo rt ant inves tiga tors firmly 

believe tha t they are living micro-orga nisms which are 

capable of mul tipl ica tion and c an be pathogenic for 

both man a nd animals. 11.lthough not defi n itely es ­

t abli shed , t h i s l a tt er view seems t o b e th e mos t logi­

ca l theory , a nd i s t he one which is s1....pno rted by t he 

greates t amount of experimenta l data . 

s to morphology and s t a in ing , the ricke t ts i a l 

bodi es a r e f oun d to be small cocco-bacilla r y forms , 

and may a lso appear either as cocci or as sh ort ba cilli; 

long fil amentous forms h ave been r eport ed . They occur 

singly , in pair s , a nd oocauionally in l arge irregular 

clumps or mas ses in which no p ar tic ul ar pattern is 

di s cernible . Their measurements a re usually within 

0 . 3 to 0 . 5 mu in length and 0 . 3 mu in width ; hor1ever , 

b a c i ll a r y a nd f il am entous forms may be as long as 2 

mu ( 92). The pa t hogenic forms of rickettsia prolife:rate 

only intr acellula rly and a:re usually observed within 

the cells, pa:rticu.J. a:rly those of mesothelial origin 
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such as those that line se rous c avities . Some parti ­

cula :r s pecies of :ricke ttsi a ap,} ear only in the cyto­

plasm of the cells while others a r e definitely intra­

nuclear . The organisms axe non- encapsulated a nd non­

mo tile . All human pathogenic rickett s i as a re s a id to 

be non- filterable except for the :ricke ttsi a of n,, n 

fever ( 39) • 

These o:rgs.n isms truce a very poor stain with the 

usual aniline dyes , but a:re readily stained a reddish­

pur ple \vi th Giemsa . Cast aneda ( 27) devised a buffered 

methylene-blue stain and saf:ra nine counte:rstain which 

s t a ins ric ke tt s i as a l i ght blue; the coccus and cocoo­

b acilla xy forms g ive even sta in , but bipola r staining 

of b a cilla ry forms a re quite frequent . 

The rickettsias closely :resemble t he filterable 

virus es in as mu ch as t hey have not been c ultivated in 

the absence of living c ells. Several of the ~athogenic 

rickett s i as are grown on both the u a lal plasma-tissue 

c ul t u res and in the var ious modi f ic ~, t i onB of Hai tla nd' s 

tissue Ty rode media; they a r e a l s o cultured on the 

chorioallantoic memb r ane o f the c hick embryo . Besid es 

these me thods of cultivat ing the riclcettsias , t he re are 

several more :recently i mproved ways . Cox (35) has 

p rod uced large n umbers of rickettsias by inocula tion 

of the orga nism directly into the yolk sac . Zinsser 
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and his co-workers (183) have recently devised the 

method of using inocul ated minced embryonic chick 

tissue spread ove:r the surface of Ty:rode solution­

serum aga:r , which prodmes la:rge numbers of rickettsias 

after a few days' time. These 1 atte:r t wo cultural 

methods are especially importa nt since it affords a 

means of producing lar ge amounts of material f or ex ­

perimentation and preparat ion of vac cin es from the 

rickettsial organisms. 
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CLASSIFICAT ION 

Not only i s the ·r el a. tionship of r icke tts ias t o 

bacteria and viruses not clea r , but a l s o the :r el a tion 

of the species of Ricketts i a to one another is still 

somewhat obscure . Up to the present time , only the 

immunologica l rela tionsh i p of the p~tho genic rickettsias 

have been worked out to any degree of s a tisfa ct ion. 

However , t his me t hod is not altogether satisfactory, 

since t wo of these diseases , Typhus and Spotted fever , 

although distinct ep idemiolo gica lly and i mmunologically, 

do not produce cle arly di ffe rentiated agglutinins ; in 

addition nQ." fever is sa id not to agglutina te any of 

the knovm strains of P:ro teus x. nevertheles s , it seems 

best to accept the i mmunological c:ass ification of the 

ricke tt s i a s, f or t he :p resent at least , until fu t u re 

investigations can prov ide a better and more sound 

basis f or class i f ica tion of this disease gr oup . 

The di seases of man wi th v1hich species of Ricke t ts i a 

a re ass ociated may be divi ded into four sub-divisions: 

Typhus , Ro cky 110 untain Spotted Feve r , Tsutsuga.mu.shi , 

nd "Q.n }!,eve r , the l a tter being a r elati vely new addition 

to t he rickettsial group of di seases . Tr ench Feve? also 

has often been classified as a r ickettsi al disease 

since it is lous e borne , and ricke t tsias hav e been 
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described in l i ce and t heir fe c es which subsequent ly 

have infected volunteers . Therefore , it wi 11 be in­

cluded with a brief discussion in t h is paper . 

In addition to the rickettsio.1 diseases already 

named , human diseases which belong to t his same g rou 

have been described in r.1any sections of the wo rld . 

~hese diseases have o=ten been given local names or 

names suggestive of s oo.e ou tstb..r ding char.'.:cteriGtic . 

few of them have al:ready been identified \vi th or had 

a clo se relationship shown t o one of the four well ­

defined members of the gr ou}J • 

rhe Rocky 1.:oill.1 t:.in SJotted feve r sub- division is 

not so cle ~:rly deline ~ted as ye t , but includes , in 

addition to Roc.zy :Jountain s~Jo..,ted fev0:r , other iden­

tic,:.l or SiL1il,_, r t ick- boxne dis eases . .'...mong these we 

h&ve the ~o - c__J_led Sao ?&.-ilo exanther:w.t ic typhus of 

3razil , vk:ich was found t.J be an ext?cmely virulent 

form of s9otted fever wLich i s trunsmitted by the tick, 

mblyomma cajenneuse . Both Parker (127) (129) (130) 

and Dyer (47) have sho\•m that the Sao Paulo o:rgmism 

c:ro ss-imnuni zes com-) le tely with wes tern spotted f eve:r , 

and t hus concluded that these two diseases a re identical . 

Rocky Mountain spotted fever has also been Llentified 

in Columbia , where it was originally described as 

Tobia feve:r . 
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Wievre boutonneuse or Marseilles fever is anothe:r 

tick- borne disease which was f ir s t descri bed b y Connox 

and Bruch (5) ( 68 ) in 1910 , and which differs clinica lly 

f rom the spotted fever o f the Western hemisphere in that 

it exhibits distinctive lesions at the sites of the tick 

bites and r 1..ms a brief and mild clinical course with low 

mo rtality . Its hereditar y tick vector is the do g tick , 

Rhipicephalus sanguineus , and the a nims.l :reservoir i s 

the dog . The i rruJ.unological studies of Badger (5) and 

those of Hass and Pinkerton (76) h ave established the 

generic :relat ionship of fievre boutonneuse with the 

group of spotted fev e rs . The Kenya typhus of East 

J .. frica is indica ted by Bal fo u:r , .Anderson , and. ? ijper 

and ] a u (133) to be identic a l with f ievre bo utonn euse . 

Davis and Pa:rt:er (40) , however , have shov,n f i evre 

boutonneuse to be less clo sel y r e l ated to s;,o tted feve r 

than Sao paulo typhus . 

The re was a v a riant of Rocky Hountain spotted 

feve r f i rs t described by 3eimann (140) in Minnesota 

which was at first t h ought to be a tl'an sit i onel type 

between s1J ot ted fever and mu.rine t .fphus , but was la te:r 

sh own by i mmunolog ic a l and pa t ho log ic al s t udy to be­

long J i st inctly to the sp otted feve r g roup. 

The exa ct position of the South African tick fever 

in :relat ion to the spotted feve:r g ro up is not very clea:r . 
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Pijpe:r and Dau (1~2) (133) , in :reporting this disease , 

point out its similarity to the tsutsugamushi disease 

in as much as there is a local lesion at the point of 

infection with associated :regional lymphadenopathy; 

it is a mild disease with practically no mortality. 

These workers have designated the tick larva of the 

mblyomma heb:raeum as the transmitt ing vector . The 

imr.:i.unological rep o :rts p :resented by Pi j :pe:r and Dau is 

somewhat confus ing in as much as they repor t cross ­

immunization with the local epidemic louse t yphus and 

the sporadic mu:rine typhus of Sou th Africa . At present , 

it is impos~ible to state definitely whether this in­

fection is more closely rel ated to the spotted fever 

or to the tsu ts ugamush i group; this can be clarified 

only b y f ci.:rther study. 

In addition to the aforementioned diseases , there 

a re the tick fevers , which a:re pos sible varieties of 

the S.fX)tted fever group , :reported f rom the Tanganyika 

region in Africa, from ~thopi a , and from the Belgian 

Congo . However , these specific infections have not 

been studied sufficiently to attempt a precise classi ­

fication at this time . 

The Typhus fever sub - division of rickettsial 

diseases constitutes a gro up of r ather clo sely relat ed 

affections m ic h occur in various parts of the world . 
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In this g:roup , two t ype s are gene:cally r e cognized : 

one , the :Buxopean t y_p e; the other , the murine type. 

The Eu:ropean type i s the cl as8i c epidemic f orm of 

t yphus of world wide occuxrence . As the disease exists 

today , however , it i s mostly found in endemic form 

t h:roughout the world . The widespread typhus ep idemics 

a s found described in the pages of h i s tory of pas t 

centuries a re noticeably absent today with the advent 

of modern medical knowledge in mnt:rol , vaccination , 

and the trea t ment o f the diseas e . Endemic areas of 

Eu:rop e a n typhus are found in Sout h 2as tern Europe , 

:Russia , Pol ,:;nd, Bal kans , n or th Af:rica , I reland , Italy , 

Spain, Turkey , Egyp t , and Et hop i a , as well as i n China , 

South Africa , South Ame rica , India, and the Phil i pp ines 

where it prob ably exists together \Ji t h rnurine typhus . 

ll mild form of lous e-b o:rne Eux opean typ hus was described 

in t he United States (New York City) by Natban E . B:rill 

(18 ) in 1898 . The investigat or re0ognized i ts :rather 

close sirnilarlty t o the classic-.c:u:ropean t Y})hus , but 

believed it to be a separate disea oe; as a result , the 

n am e "Brill ' s disease" origi n at ed . '11his diseas e was 

regarded for a long period of years as a separa te en­

tity unt il Zi nsse r an d Cast aneda (181) in 1933 showed 

the disease , on t he basis of both experimental and 

ep i demiolog ical evidence , to be louse- borne and identi ­

ca l vd th European typhus . 
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Murine typhus is very clo sel y rela ted to European 

typhus (97) (182) . This disease , vfuich prevails in the 

Southern United St ates and in 1:iexico , was long assumed 

to be a mild form of the louse - borne European t yphus . 

,ri.S will be sh own later , murine typhus was fauna_ to be 

a definite disease entity and associated with rats; 

it was through t h is association with rod ents that the 

dise~se ac~uired i ts descriptive name of murine typhus . 

a more complete discuss ion of the association of these 

two dise ases will be found l a ter in the paper . Hurine 

typhus a lso occurs elsewh ere in the world and is known 

by several different names. The urban typhus of Malaya 

or 11 shop t yphusn, as describ ed b y Lewthwaite und co­

\torkers (103) (105) , has been shown to be distinct 

from the tsuteugamushi and the spo ttea fever g roups 

and was subsequently classed a s murine typhus . The 

mild form of t his disease which exists in the redi­

terr a nean xegi on is known as Toulon ty1)hus ~ and othe r 

infe cti0ns s-, 1 ch as g os cow t yphus m1d 1.~an c huri an. t ynhus 

are a ll mu:rine t ;7.phus , identica l or nearly so •• ith the 

t ype f ound in the Unit ed :__ t .J.tes a1a. 1:exico . 'Ehcse t wo 

typ es of t~rphus fevers thus constit ute t h is sub-group 

of ri czett s1 al d i seas es . 

In the Ts ut sugamush i sub-division of rick ettsial 

diseases , we fin d several d. isea.beS wh i ch are identical 
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o:r a:re closel y r el a t ed to the t ype d i se~se of t h is 

g:roup, .Tsutsugn.mushi disease of Japan . The mite f eve:r 

or Mi j tekoo:rts of Suma t:r a i s ident ic ~l b oth i mmu.nol og i­

c::..lly and cl"inica l ly with tsutsc..ga□ushi disease (102 ). 

:rh:rough the recent inv esti gs,t i ons of Le\Jthvmite and 

Savoo:r (100) (101} (102) (104) (106), the rural o:r 

sc:rub t yphus of !.'Ia l aya has prov en to be im□unolog ically 

i dent ic al '.'.11. th tsu tsugamushi disease al though a con-

s ide:rab ly milde r diseas e; it also lacks t he initial 

escha:r a nd :regional l ymphadenopathy f ound in the latte:r 

diseas~ . The pseudotypho id fev er of Deli ( Sumatra) , 

as des c:ri bed by Schuffne :r ( 1 55) , wa.s found to be a 

variant of t hi s d i sease . In Aust:r~lia , in 1910 , Smithso n 

(161) described a disease which :rather closely :reser1b led 

t suts ugamush_i; this disease becume known as Mossman 

fever , i n additi on to 8uc1 ... othe:r synonomous rn.:mes as 

col.StJ.l fev er and pseu.dotyphoid. Subseq_uent investi­

gators (Pries tly and Fielding ( 139) and Cilento (30)) 

l ate:r si:iowed it to be a variety of t sa.tnugamushi. From 

these few diseases Vihid1 we have _po int ed out as being 

i d entica l, or relatively so , with tsutsugamush i diseas e, 

we can begin t o see the :ratb.e:r wi de geo graphica l d is­

tribu tion of t h is disease . In addition , it has been 

describ ed in most of the South ?aci f ic i s l ands a nd 

ma inlands incl uding ·.iormosa , ?escadores , Indo-China, 
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:Philippines , Borneo , Cel ebes , Java, new Guinea , Bu:rma. 

India , Ceylon, and other snaller isolated islands and 

island groups . Recently Heaslip (79} :reported a series 

of fifty- four c ases from ~ueensla nd Australia in which 

he concluded tha t ts utsugamushi vmi.:, •Jr esent in that 

region. Due to the :rather extensive military ope rations 

in t his wa r, many smaller islands in the South Pacific 

have undoubtedly been found to be harboring the disease 

(158} , but are as ye t unreported. 

The sub - division of n Q." feve:r is a much smaller 

group than the p revious ones , and a t the p resent in­

cludes only the t wo t yy es of nQ." fever , the !une:rican 

and Lustralian var ieties . For the most par t , these two 

seem to be identic al except f or a fer✓ minor differences 

which \n ll be pointed out . A further and more complete 

discussion of " Q.n fever will follov1 subsequently . 
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'/EIL- FELIX REACTION 

char a cter i s tic of this gro up of diseases , with 

the exc eption of " Q_n fever , is the pxod uction i n pat i ent s 

of agglutinins f or t he X stra ins of Prot e us bacillus ; 

t h is is known as the Weil - Felix rea ct ion . Thi s reaction 

has attained extrao rdinary importance in the diagnosi s 

of t yphus fever and conside r able signi fi cance .:o r the 

dif::eren ti at ion of tl: e Eoveral g :ronps of Ricl:e t ts i a 

i nf ection . The t hree mos t i mportant var ieti es of 

.Pr ot eus ba cill i i n use at the pr esent t i me a r e tho se 

known as OX 19 , OX 2 , and OX K. ~insser (180 ) gave 

a short summar y of the h i story o f the development of 

th ese pu!ticular strains as f ollows : 

" In 1915 , :·1 eil and Felix cul t i va t ed from the urine 

of a t yphus p~t ient in Ro umania an orga ni sm belonging ' 

t o the prot eus group . This ba cillus , X 1 , was agglu­

tina t ed by the s er um of the pati ent and by . t hose of 

n ine other t yph us cases in dilutions of 1 - 2000. In th e 

same ep idemic t hese i nves tigators again cultiva ted a 

p rot e u.s , X 2 , with aggl utinat ing proper ties similar to 

t h e f ixst one . I n the followi ng y ear , they obta ined a 

t h ird strc.in of p rot eus , wh ich they called X 1 9 , which 

had the Jroperty of being agglutinated by t yphus ser a 

in t i t exs much higher than t hose observ ed. v1 i th X 1 a nd. 
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X 2 . With t h is organism, they we:re able actually to 

make diagnoses of typhus fever at stages of the disease 

so early that X 1 and X 2 wer e not ye t agglutinated . 

In subsequent studies of the antigenic structure of the 

various p roteus ba cilli , Weil und Felix di ~sociated thei:r 

organisms into the ''H" and non t ype s . .Anti- se:r um pro­

duced with the "O'' f o:rms agglutinated its homologous 

tton form in small , g r anular clumps but the "Hn form in 

h:_eavy flakes . In :reactions VI i th t yphus serum, the 

p roteus agglutina tions corresp onded to the "O" type . 

Subsequently the same investigators found tha t the "O" 

agglutinogens we re more type specific than the "H" , and. 

by means of the "O'' varia nts , OX 2 and OX 19 , could be 

differentiated . Since that time t he OX foxms ha ve been 

generally used fo r typhus diagnoses . " 

There is another st r a in , the OX Kor OX Kingsbury, 

which is an antigenic varian t derived from the original 

X 19 cultlll'es . This strain was supplied in 1921 to the 

Bland. Sutton Institute by the :National Type Culture 

Collection as a typica l proteus X 19 , and was t aken to 

t he Straits :-: ettlements by A. N. Kingsbury in 1923 . It 

was used by Fl etcher and Les sl a.:r ( 63) in 1925 in inv es ­

tiga tions which 1 ed to the disco very of the nature of 

the endemic tllopical f evers of Malaya . Comparison o:f 

the K strain with ei6ht cultures of X 19 f rom va rious 
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sources :revealed that it differed from these in agglu­

tination and absorption tes ts and in certain cultural 

properties . The K strain was the only one wh ich agglu­

tinated with the blood of the tropical cases . 

There have been many theories pr_o posed to explain 

the Weil- Felix :reaction , but nothing definite has been 

proven up to the present time . Several investigators 

have explained the x_eaction by asf:iuming that the p:roteus 

bacilli :represent dissociation forms of rickettsia. . 

Others have proposed that ri ckettsia forms and pro teus 

bacilli are ph ases in a cycle wi:1i ch also includes an 

ultramicroscopic virus . There is no experimental evi­

dence to justify these theories . Castaneda an d Zia 

(26) (29) . in 1933, had found that the p:roteus bacilli 

and typhus o:rganisms contain a co mmon antigenic factor , 

probably a carbohydrate ; in subsequent work , Castaneda 

(25) found that a soluble specific factor , precipitable 

by antisera and by hun:an typhus serum, could be ex­

tracted both from the murine ri cke ttsiae and from 

p roteus X 19 . He proposed that this soluble specific 

substance was prob ably of a po lysaccharide nature . 

Otto (180) expl ains the We il- Felix reaction by wha t he 

calls "para- agglutination" . By this is meant that the 

organisms develop ugglutinability as a consequence of 

contact 1.vi th typhus p atients ; the organisms under the 
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• 

environmen tal conditions of the typhus infe cted body 

a cquil'e new recepto:rs wh ich Otto calls "pa:ra- xeceptors 11
• 

Thes e latter t wo theories have experimental work and 

observations on which they a:re based . 

J1.l tho ugh the Wei1•- Felix agg lutina tion reaction has 

p roved to be g_ui te r eli ab l e as a l a bo:rato:ry aid in the 

diagnosis of t yphus fever and the other ricket tsi as , it 

is by no means an absolute criterion (6 2) . one of the 

main difficulties that has been encount ered by most of 

the workers us ing t he Weil - Felix reaction in t he i:r in­

ve s tigations is t he diff iculty in maint a ining t he ir 

strains at a uniform standard of agglutinability. 

Anothe r difficulty that may arise and was just r ecently 

brought to the attent ion o f the investigatoxs by Felix 

(64 } is the failuxe to :recognize that two different 

types of agglutination curves may occur for the same 

dise ase . Th is workex showed that in the routine diag­

nosis of cases of lo u_s e- borne typhus by the Weil- Felix 

reaction t wo differen t typ es of c u:rve of aggl utination 

format ion was pres ent . One type is characterized by 

the early appearan ce of the agglutinins , h i gh maximum 

tit ers, and the persistence of a r aised titer f or a 

long time af t er recovery; in the second t Y11 e , the agg lu­

tinations appear comp arativel y l a te in the di sease , 

re ach only l ow titers, and di sappear early during 
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convalescence . rt is easy to see whe re confusion 

might ar ise in diagnosis of such cases i f the worker 

had no knowledge of these t wo t ype s of agglutination 

curves . s 11 elix ( 64} so aptly states . nrn order to 

der ive full advantage from the use of the d. iagnostic 

test , it is clea rly essential to p ay due a ttention to 

t he distinctive features of t h e t wo t ype s of reaction 

c urve" . 1~n'.Jther common and importan t source of e:r:ro:r 

in the '1/eil-Felix :rea ction is the "Hn agglutination 

with Proteus X strains , s ince t h is aggl ut ina tion has 

no s i gni f ict..nce in the diagnosis of typhus, as has 

been pointed out p revious ly , an : the occurrence of nnn 

agglutinins in norma l human sera i s not uncommon . rt 

mus t a lso be remembered t hat the Yleil - Fel ix r eaction 

is by no means one hundred per cent infallibl e , be­

cause the r e have 1)EerJ known cases of t y:;_J hus fev er where 

the OX 19 titer w~s s o low t hat it ~~s not diagnost ic, 

and, likewis e , cases of scr ub typhus have be en s t udied 

uhere the OX K agglutination did n ot develop a t any 

time d uring the c ou rse o f the di secs e or convt.lescence . 

·;1eil , Fe l ix, and others have sho~1n tht:.t tne serum 

of pa.ti en ts infect eL: wit h an;f membe r: of the t y_:.)hus group 

of d i seases dev elops agg lutinins fo:r one or mo:re of 

thes e st r a ins of OX p:ro t eus . he differences in the 

6gl utinat ing ef:f"ect of ser um on t he th:ree st:rains , 
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therefore , can be used to classify the diseases of the 

t yphus group into br oad se:rologic types . The tite:r of 

aggl utinins in the blood of a pat i ent suffer ing f rom 

one o f these infections inc reases as the disease p:ro ­

g :resses and decreases ;_u.ickly during convalescen ce , 

usua lly disappear ing ent irely upon recove:ry . The Weil ­

Fe lix :re action , ther efo re , is an indication of a ctive 

infection, and cannot be use d t o subs tan ti a t e a dia.g­

nos is of pas t infecti on with a :ric.:rettsial disease . 

The Weil- Felix roo.ction with OX 19 occurs only in 

ep idemic and murine typhus (an d as sociated varia nts) 

and not in the spotted fever or tsuts ugamush i g :ro ups . 

However , some inves tigatoxs (137) maintain th at Rocky 

JJountain s:9otted fev e :r agglutinates OX 19 to a.n equally 

high tite,r , and thus makes it impossible to diffe r ­

entiate one from th e other by means of th i s t es t al one . 

In tsutsugamush i and asiociated varia nts an OX K agglu­

tina tion is commonly obtained , and since this s t :ra.i n 

is not agglutina ted in :rising titer by a.ny other known 

disease , its pr esence is of diagnost ic signi f ican ce (65) . 

None of the Proteus X strains are agg lutinated in " Q," 

fev er or Trench fev er . Conce:rning OX 2 agglutination , 

Plotz and co - wo r ker s (137) remarked that "wh ile the 

presence o f a high OX 2 aggluti nation i s suggestive of 

.. ,oc ky Eounta in spott ed fev e r , a di agno sis based on this 
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test alone is not p ossib l e ; in this disease , the OX 2 

tite:r may occasionally be equal to o:r highe:r than the 

OX 19 titer , bu t the:re a :re othe:r ins tances wher e the:re 

is no OX 2 agg lutin ation wha tsoeve r ".. 

• Felix ( 64) , one of the o:ri g im..l discove:re:rs of 

the 1.7eil - Felix · re a c t ion , has made a pxovisional classi­

fication of the typhus g:r oup of feve:rs by p lacing the 

various types of diseases in g:ro ups according to thei r 

:reactions with the P:roteu s OX st:rai ns ; it is as follows : 

Type OX 19 : 
Classical ep idemic t yphus , Taba :rdillo 
(Mexico ) , Br ill ' s dis ease ( U • 8 • A • ) , 
-!)nder:i.ic t yphus of U. S . A . , and .Aust ralia , 
Gree c e , Sy:ri a , 1'.~anchuria, !Jalaya ( sho 
t yphus) , Indi a , Burma , Philippin es , 
Toulon ( f ievre nautiq_ue , rrawaii , etc . 

Type OX K: 
Ts utsugamush i fev e r of Japan , For mos a , 
Halaya , and Dut ch ·tast Indies . 
s c :rub typht..s of 11'.i:al a.ya , nut ch 3as t 
Indies , India , E1 :-cench- Indo- Ch ina , &1 d 
..t1.US tralia . 

Type Undetennined: 
Spotted feve:r of ~ocky Eountain-, 
Spotted f ever of .Caote rn U. S . A., 
Sao Paulo t yJhus , Fiev:re b outonneuse 
(Medi t e:r:ranean ) , .. ':?ie v:re exan t hematiq_ue 
of I:Ia:rseilles , ?ebb:re e :r:r utiva (Italy) , 
Tick b ite fever of South Afr ica , South 
n.f:ri cL.n typhus,, Ti C.t(- bo rne typhus of 
India , Kenya , etc • 

rnhe ', ieil - Felix t est should. be :rega:rded as "pf)S i tive" 

when a :rise in tite:r has o ccurred after examining two 

or ino:re s1)ecimens ta::en during the course of the diseas e . 
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It is safe :r to :foll ow t h is :rule tha n to a ce ept any 

single titer as b e ing rositive . Felix p oints out that 

in us ing t h e Weil•Felix reaction test one must be sure 

that the patient has not been xecently inoculated with 

t yphus vaccine and i s not a n ative of an endemic area . 

Oth e r wi se , " f~ l se posi t i ve" t es t s ~nay resu lt . 
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TYPHUS ?EV'BF* 

Typhus fever has been one of the great pestil ences 

of history . rt probably has £.illed' more ·_1ersons during 

periods of wars and famines tban has any other 1isease . 

Hirsch ( 81) wrote of t yphus feve r as fo:il ows: 

"The history of typhus is \i/:r it ten in those da:rk 

pages of the wo:rld 's story which tell of the g:revious 

visita tions of' mankind by v1a.:r , famine, and mise:ry of 

eve:ry kind . In every age , as far b~ck as the historical 

in~uire:r can follow the disease at all , t yphus is met 

with in association with the saddest misfortunes of the 

populace; and it is , therefore , a well g:ro unded surmise 

that the nume:rous 2es tilences of wa:r and famine in 

ancient times and in the L'iildle Ages , which are known 

to us , had included -cyphus fever as a p rominent figur e 

among them." 

Thucydides gave a :remarks.bl e account of the plague 

of "' .. thens which l ast ed from 4 ()0 B. C. to 428 -s . c . Many 

his to :rians and epideoiolo gi sts believe that the disease 

*Because of the close similarity ot the epidemic and 
the endemic (murine) types o f ty-,:_)hus fever , these two 
diseases -..-..111 be discussed t ogether , their main differ­
ences being largely epi demiologic with variations also 
in the immunologic observ ations and reactions produced 
by the infection in l aboratory ani:rrE.ls . These differ­
ences will be discussed later . 
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responsible fo:r this pestilence was t yphus fever . 

complete Jowett trarn lati on of t his plague apyea:r s in 

C:rawfu rd' s ":Plague a nd Pestilence" ( 36) . However , 

perh~ps the earliest known :reco:rd of typhus fever was 

.L ound in an Italian ma nuscript ( 179 ) , "The Cronica 

cavense" , in the year 1083 . Its account reads as follows : 

"In the year 1083 , in the unnas tery of La Cava 

(near Salerno) in the months of August and. September , 

the:re spread a severe fever with peti c uli- and parotid 

swellings , in whic h one sees clearly the differen ce , 

which is found from the pest , a fever of a different 

kind and- in t his case - accompanied by petec i1ial spo ts . n 

Another early mention o f t yphus fever is made in 

the year 1096 in a chronicle of Bohemia by Hagecius . 

However , it is to Girolamo Fr a cas torius (164) 

that we are indebted for desc:ribing the f i:r st epidemic 

o f typhus fever that c an be readily recognized as such ; 

his a cc urate a cco un t of the epidemics occurr ing in 

Italy from 1505 to 1530 a re found in his treatise on 

communi cab le disease , 11 De Contagi onen , publ ished in 

1546 . 

Soon afte r this , t yphus became q_uite widespread 

over Eu:r ope , the ep id emiolo gi c records of the eighteenth 

century reve aling th a t there was scarcely a year in that 

pe:ri od in which g :r ea t or smal 1 typhus fever e l) idemics 

di d not oc c ux • 
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In brief , there are f our peri od e special l y dis ­

t ingui shed by the more gene ral outbre ak and prev aJ. ence 

o f t h i s disease . The f ir s t period began about 1690 

and e nded ab out 172 0 , and par t i c ula.:rly i nvolved AU.S t r i a , 

Ge rms.ny , a nd Hungary . During this ram e pe riod , Ire ­

l and had three severe ep i demi c s , t wo having sp read to 

England and s cotlaid . The yea rs 1734-1744 co mp rise the 

second pe riod when cen txal and Eas t ern Euxope \'Jere in­

volved . This was mostl y a war pest ilence in compa ny 

with dysentery a n d t yph oid fever . In the third p eriod , 

from 1757- 1775 , we find t y:9h us sp ringing up either out 

o f the t u r mo il of the s even Year ' s Viar or the vm:r be­

t ween En gland and Spain . .At the saT!le ti me , a seve re 

famine occ urred in Europ e wh i~h produced fav or able 

conditions f o r the disease t o s p r ead . The fourth per ­

iod was ushered in b y th e :sevo l utionary wars in "7 .r ance , 

l asti ng from 17 90 t o 1815 . Th is was by fa:r t he severest 

epidemic p e riod of t Y}Jhus i n the eit,h teen th c eu t1.,. .ry , 

and 1Nas spread all over ..;1... ro pe~ involving ev en those 

popul a tions r er.:io te 1y r ano vcd fr om a reas of mili ta.ry 

concent r a ti ons . I t i s inte:reoting to note th at of all 

the g :r eat wa rs of wh ich the re i s r e cord, the ",mer ican 

Civil War and the :sir anco - P russian Har i n 1870 a re the 

only on es in which ep idemic typhus feve:r did not have 

a ~r ominent pl a ce . 
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or the Uestern Hemisphere , the earliest infor­

mation as to the occurrence of t yphus comes from Mexico 

and. Peru. Acc-ording to the perfectly :rel i able state­

ments of Fr ancesco Br avo, t he d i sease ·which he speaks 

of under the name "tabardete n, t hen cur ren t i n s·oain , 

broke ou t in Uex ico in 15~0 on imp ort s.t ion fr om Spain 

follov1ing the Spani sh Conquest . ? iza rro began the 

com.:.uest of Peru in 1526 , and typhus 'fever soon appear ed 

in the h i gh l ands of Sout h and Central Amer ica . 

Typhus came to th e Unit ed s t a tes and cans.a.a much 

later th an to Uexico , and in those countries it has 

never attained the sam e importance as in the l a tter or 

on the continent of Europe . This disease wa s imported 

int o Canada about 1847 wit h the f irst great wave of 

Irish. i mmigrat ion , al. t ho ugh sporadic cases had occurred 

among t he immi gr ents s:in ce 1659 . Several ti mes during 

the ei2:-.h teenth and nineteenth centuries , t yphus f ever 

had appea red in the seaport s of the United s t ates . 

Philadelphia had it s last r ~}orted e pidemic in 1883 

and NeYI Yor~::: in 1 8 93 . However , fo :r some rma c coun t able 

:r eason , ep i demic t yph us has ne v er es t abl i shecl a n en­

demi c fo cus i n ei ther Canada or the Unit ed ~t a t es . 

Ep idemic ty~hus fever i s tran:::rnitted. f rom )e :rson 

to pe r son by t.'h.e human bod,{ lou.se , ? ed i cu l us v es timenti. 

Ni co 11 e , Conte , and Conseil ( 174) i n 1909 p roved , by 
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exp eriment , t hat chimpan zees could be in f ect ed with t h e 

d isease by t h e injection o f a S'"'l<-Ul amo unt of blood f::rom 

a human cas e in t he a c t i v e ct :_1g e of t h e di s ea:..::e . They 

then inf'ected monkeys an d p r ov ed t hu.t it co 1.,.l d be txan­

smi tted f rom monkey to monl:0y bj1 b i to s o .f t h e infected 

body louse. This r.r o:r k wa s confirmed in the United $ tc:l.tes 

in 1910 by 3 icketts and 1/ilde:r (150). From th0 wo:rk 

of Goldber ger and ....,11derson (164) , _ it s eems clear that 

t h e h ead louse , 2ediculus c ap itis , may transm it the 

disease under exp erimental conditions. Its importance 

in the spread of the disease is not establi shed , al­

though it is not regarded as an impo:rtan t vectol' . 

Epi demic typhus fever is caused by the Rickettsi a 

p:rowazeki. .Al tho ugh there had been so me investigation 

on the etiology of this dis ease , n o outstanding v1 ork 

had been done up to 1910 . .At t hi s ti ne , Howard Riclrn tt s 

and his co-wo rkel', Rus sell Wilder , we re stu dy ine; typhus 

fever at f ir s t hand in IJexic o City. In J.. ·o :ril of that 

year they reported the discovery o f a s hort , non - motile 

b~cillus in the blood of t yph us c as es (148 ) . However , 

these experiments we re interr up ted by Ric :ketts ' un timely 

death on Uay 3 , 1910 . This did not halt the investi ­

gations f o:r the eti olo gi c a .oent o f typhus , b ut h is 

discove :r y s ee med to stimul a te other workers to confi:rm 

his findings . Soon ? ro wazek confirmed Ric~etts ' 
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observations , but he , too , died of typhus . Da Rocha-

Lima , who likewise cont :ract ed typhus but :recovered , pre ­

sented convincing evidence that the organism described 

by Ricketts was the cause of typhus feve.r ; he isolated 

the o:rgm1ism from the bodies of lice taken from typhus 

fever patients . In honor of these two investigators 

who gave their life in the st udy of the dis ease , da 

Rocha- Lina named the etiologic agent, Ri cke t tsia 

prowaz eki (92) (174) . 

Most of our present da y knowl edge concerning mu:rine 

typhus has been t.rie res ult of extensive study of Amer ican 

'lo rkers in Southern Un ited St ates and Mexico . In the 

latter co'J.Ilt:ry , the disease is mov1n as 11 taba:rdillo 11 

( 119) . 

In 1913 , J . E . Paullin (131) , of Atlanta , Georgi a , 

gave the fir st descxipti on of murine typhus in the 

So,.i.th . Other :reports soon followed in the next few 

yea:rs , Charl otte, North Carolina, and Galveston, Texas , 

.reporting cas es in 19+4 and 1916 :respectively . In 1923 

Maxcy and Havens :repo :rted a number of cases in Alabama 

in which the imnunologic and se:rolog ic findings wer e 

identica l with epidemic -cyphus . Three yeaxs later 

vraxcy's (111) important epidemiological observations 

showed no evidence of louse t:rsnsmissi on in the disease , 

and thus sugges ted that some other insect vector was 
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the transmitting agent . His work also diSclosed that 

most of the cases occurred among food handlers , and he 

thus concluded that the reservoir in nature is the 

common rat (112) . The next adv ance was mu.de when Dyer , 

um:reich , and Badge r (55) :recovered the rickettsia from 

:rat fleas removed from :rats wnich had been trapped at 

a t yphus focus ; they wer e able to establish a strain 

of the organism and to produce the disease in laboratory 

animals . Mooser , Castaneda , and Zinsser (121) had iso­

lated a. similar :ricke ttsia from the brains of :rats 

trapped in Mexico City . rt was certain from these ex­

periments , therefore, that the r a t was the imp ortant 

:rodent :reservoir as was proposed earlier by Maxcy. 

Dyer (46) has .reported woodchucks, house mice , meadow 

mice , and white footed mice to be susceptible to in­

fection with murine typhus ; however , the p ossibl e role 

that these :rodents play in the extension of this disease 

is unknown . 3"urther 1<\IJ:rk by Dyer and co-workers (52) 

(53) (54) and Hooser and co - workers (120) established 

the :rat flea , xenopsy lla cheopis , as the transmitt ing 

agent . other species of the rat flea (57) (120) as wel l 

as the :rat louse , Polyplax s~inulosus (122), have been 

found to be capable of t:ransmi tti116 the disease f .rom 

rat to rat experimentally , and thus a re potential vectors 

in nat u:re . Thus a definite ep idemi ological cycle of 
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:rat - flea- :rat and :ra t - flea- man was established f o:r 

mur ine t yphus and t aba:rd illo . Othe:r ins e cts like the 

bedbug and a n umbe:r of v ar ieti es of ticl:s , al t hough 

they could ha.rbo:r the organism fo:r a shor t tine unde :r 

experimental conditions , were shovm to ha v e no pa rt in 

t:ransm i ss ion . 

Since the firs t :re po.rts of murine ty phus in Geo r g i a , 

l a b ama , and North Carolina , there has been an extension 

o f the disease t hrough t he other southern s t ates (167) 

(115) . It is a lso b eco ID.ing a se rio us problem in several 

o f these states , and is now reported to be spreading 

into ru ral areas in re c en t years (8) (16) . Recognition 

o f the disease in other parts of t he United St ates has 

occurred , c as es being r epor ted r ecen tly f rom Iowa (67) , 

L:isso u:r i ( 31 ) , Ohio ( 165), District of Columbia ( 166) , 

and Cali fornia ( 72) . Since muri ne typhus became v.rell 

known in the Uni ted States , it has been f ound in many 

par ts of the v1o rld , its d i stti buti on having been men­

tioned previously . 

, The organ i sm responsible for ttis diseas e is the 

same, except for v ery slight variations , as that of 

epid emic t yphus , mmely ::Hckettsia p:ro wazeki . However , 

the organism rray be found :referred to in various arti ­

cles as Ri clcettsia p:rowazeki mooser or Ric,::ettsia 

moose:ri ; t.his nane is added in honor of Dr . H. l11oose r 
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who contr ibuted so much tow ard the study of this disease 

in Mexico a nd the United States . 

Besides the epidemiolog ical differences which have 

a lready been pointed out, e-pidemic and murine typhus 

also differ in the resul ting xea ctions ,...-,,hich occur vvb.en 

l a boratory anirrals are infected by each type. The mu:rine 

strains produce in gJinea p i gs a shorter , no:re i:rreg c'Qer 

feb rile xe action than do the classical epidemic strains . 

In addition , the murine strains characteristically ~1ro­

duce a i:,welling of the testi cles of male guinea p igs , 

an edema of the subcutaneous tissues of the scrotum, 

ard a marked e:rythema of the overlying skin (117) (1 10) 

(135) . This xeaction is quite _definite and usl:~lly 

appears \;i th the fever and dif:;a.p i0 ~rc in four or i' ive 

days. J'u.rther d iffe:reuces in other species of animals 

have been noted by var ious wo r kers (118) . The ep i demic 

strain produ ces a n inappa r ent infection in :rats an d 

cannot be :r.win tai.ned in mouse passages , whil e the mu:rine 

s train p rod uces a fever in :r ats and can be naintcined 

indefinit e ly through p us sage f' r o ,.:1 m;use to mo use . 

Clinically , mu.rine tyJhUB -10 1:- G not cl i·ffe:r a:;_)J:re­

ci ab l y f :rom the ep iclemic type , al t hough the fo:rmer :runs 

a somewhat .milder co u:rse . Because of the similarity 

only the clinical featu r es of epidemic t yphus will be 

discussed . The mos t frequently :r e::;i o:r ted pe riod of 
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incubation is eight to t we lve days , but the period 

va ries f:rom five to fifteen days . The onse t of the 

illness rro.y be l)r eceded by one or two de.ys in which 

t:1e pa tient nay hav e 80me malui se , headache , anorexia , 

and occasionally nausea . In most c ~ses the disease has 

an ab:rupt onset v.Ji th :rap idly rising feve:r , :repeated , 

though mild , chills, and headache . The fever rises 

steadily during the following days, usually :reaching 

the maximum of 105° F by the end of the fi:rst week . 

1.10 :rning remissions of fever occu:r . The feve:r generally 

falls by :rapid lysis afte:r about two wee.rs . Headache 

is a p:rominent s:vmptom, being severe and q_ui te diffi­

cult to relieve, and often is the chief complaint of 

the patient . Prostration and cardiac weakness ar e 

common findings from the onset , but are g enerally more 

pronounced in the second week . Constipation is the 

gene:ral rule . Hen tal dist:Jrbances varying from con­

fusion , restlessness, insomnia , and irritabil ity to 

delerium generally ap_.?ear at the end of the first we ek . 

Epistaxis is freg_uent . There may be indic<-Lti ons of a 

slight upper respiratory infection. 

The most char acteristic feature of this rickettsial 

disease is the skin e:rup tion which 6.p.J_Jea:rs f:rom fo ur 

to six days after the om, et of the illness . The tash 

consists of ro se- :red rnacules and pa pules which disappear 
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on pressure at first, leaving stellate :radiations , 

but later b e co me petechial and tend to remain despite 

pressu:r e . The erup tion is' fi:r st not ed about the flanks 

o:r in t h e a..""1Cilla, and then :r ap idly sp reads to involve 

the b a c k , chest , and upper abdomen . rt ver;; :rarely 

extends to the face , but is seen on the hands and fe e t 

although not common . The eruption rra.y last from a few 

days to a f ew weeks . In severe c as es there maybe 

hemorrhag ic. :rashes whic h a:re accompanied by hematur ia , 

hematemesis , and melena . These cases have a ve:ry p oor 

p rognos.is . 

nothe:r quite prominent feature of this diseas e 

is the cardiac weakness wh ich develops d m:ing the course 

of the disease . AS mentioned p::revi ously , it commences 

with the onset of symp toms , but becomes moxe p r onounced 

the second week . Physical ex:aminati on o f the ca rdio ­

vascular system revea ls weak heart sound s acmmpanied 

by a r ap id , weak pulse . The blood p r ess~ e is found 

to :run quite low. During convalescen c e , b:radyca:rd i a 

is fre quent . In sev e re cases of ep idemic typhus wi th 

\118. rked cardiac ~eakness , gangr ene of the extremities , 

esp ec i ally the to es , may develop . 

There are no character i st ic blood f indings in 

epidemic o:r mur ine typhus . The white cell count varies 

f rom one indicat ing a moder a te leucopenia to one of a 
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mild le ucocy tosis of 12 , 000 to 15,000. Albuminu:ria is 

usual ly present during the disease, but disappears du.r ­

ing convalescence . 

Br onchit is and bronchopneumonia are the outstand­

ing complications e ncountered in t yphus fever . Infec ­

tions of the parot id and submaxillary gla.nds are not 

infre~uent co mplica tions and should be guarded against . 

Otitis media and masto iditis occ u:rs , as in other in­

fectious diseases , \vi t h some freg_uency . Thro mbosis of 

large arteries occurs , peripheral as well as abdomi nal 

vessels being affected . Hith recovery , there are no 

unfavorable after - effects in individuals V'filo have ex­

hibited marked cardiac weakness . Recovery once assured 

is us u ally complete and seg_uelae are absent . 

The fatality rate for e_p idemic typhus varies from 

twenty to sixty pe:r cent in different areas , most of 

t h e fa t al cases (ei ghty per cent) occurring in tho se 

perso ns over fifty years of age . The f a talit y fo:r 

□urine typhus in the United St a tes is below five per 

cent , generally running t wo to three p er cent. 

The es s ential patholog ic lesion of ep idemic typhus 

is the focal injury of capillaries and art er io les 

characterized by endothelial swelling , pr olif e:ra ti on , 

and necrosis with thrombosis , and by nodul a r p e:r ivascul a r 

exuda tion of lymphocytes , plasma cells , and □onocytes . 
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Sue n lesions £-:re mo st fr eq__uent ly found in th e sl~in , 

heart , l arge blood vessels. :ci dneys , adrenals , t es tes , 

and especially the brain . In the latter the f orma tion 

o f srra. 11 p.ericap illary nodes of mi crogl i a. , e speci ally 

in the cerebral cortex , are v er y c haracter is t ic ; these 

are commonly knovm as t yphus nodules. In mur ine t yphus , 

howev er , these histopatholo gic f indings occu r i n a much 

milder degree . 

Di e.gnos is of ep idemi c t yphus fever r.a8.y be very 

difficult at times . ::? ri o :r to the app earance of the 

:rash , signs and symptoms of typhus are so s imila:r to 

many other acute infections that dif fe:ren tial diagnosi s 

may be impossible. ualaria and :r elapsing fever may b e 

excluded b y examinG.tion of blood smears for the pa r as it es . 

Pneumonia roo. y cause some d i ffi culty i n t he early stages 

until characteristic :pneumoni a sym.:,>toms appear . Typho i d 

feve :r is qu ite di fferen t in its mode of onset tha n ep i­

demic typhus , lfild usually there is no d i ff iculty in the 

differential diagnosis when a. good h i story i s ob t a ined . 

In S:> me cases , blood cultures and Hidal tests may hav e 

to be :resorted to . Probably the most i mportant method 

of diagnosing ep idemic typhus from other di seas es is 

th e positive Weir- Felix I' eacti on whi ch the dis ease g ives . 

The typhus :rickettsias p :roduce agglutinins against the 

OX 1 9 and OX 2 s tra ins of Proteus baci llus , the titer 
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usually :reaching its height during the second week of 

the disease and convalescence . o mentioned befo:re , 

the Weil- Felix :rea ction has no practical value in diffe:r ­

entia ting e i the:r :rtocky Mountain spotted feve:r o:r mu:rine 

typhus from epidemic t yphus . The Weil-Felix :reaction 

is positive in both diseases . Although ~here a:re some 

differences in the agglutina tion :reactions to the OX 19, 

OX 2 , and OX K strains of the Proteus bacillus , they 

are not sufficiently constant fo:r the pul'pose of differ ­

ential diagnosis . In rmny instances , it is necessary 

to resort to animal inoculation and to c:ross-im.munity 

tests . Recently a specific complement fixation I"eaction 

for mu:rine typhus , by use of an anti gen prepared from 

xickettsias g:ro \'ll in the yo lk sac of developing chicl<: 

embryos , has been :re lJO:rtec'_ by 13engtson (10) . She states 

that the test is specific when deeling only with Rocky 

Mountain spotted f cve:r and "~" fever cases . a certain 

amount of cross-fixation :resulting vii. th se:ra of epi ­

demic typhus cases . Castaneda (28) had been experi­

menting with co mp lement fixation some f iv e years earlier 

and had po inted out at that time t:te possibility of its 

use as a specific test fo:r typhus . Howevex , his pro­

cedure never bec ame popular . 

No specific t:reatmen t has proven o f v alue . Many 

of the moTe rec en t chemotherapeutic agents have been 
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used with little success ; in seve:ral cases there has 

been evidence of ha:rm f:rom them . Convalescent human 

serums and serums f:rom h orses inoculated with :rickettsia 

have been tried without convincing :results . A hyDer ­

immune :rabbit serum h as been desc:ribed and the resu.lts , 

in a small series of cases , indicate it nay be of thera­

peut ic value . Treatment should be directed toward 

supporting the patient and eliminating , as fo.:r as possi ­

ble , the sources of exhaustion until s pontane ous :re­

covery can occu:r . Recently vtoodwa:rd and Bland (176) 

stressed the importance of using intravenous fluids 

and plasma in the treatment of typhus c ases as a means 

of g:reventing dehydrat ion and aiding the body in the 

elimination of increased nitrogenous wastes through 

kidney excretion . ?he :relief of severe headaches may 

nece ss itate the use of codeine or n o:rphine at times . 

Th e bowels should be 1:ep t o p en 1.'.ri th enemas or mild 

laxatives and retention of urine should be guarded 

ag~inst . Digitalis i s contra- indic a ted in typhus fever 

unless there are definite signs of cardiac failure . 

Cardiac de:n:essa.nt s b.:re to be avoided . :::{est , ,..uie t, 

end <-cod nursinc_: [~re all re~ uirements in trestr1c.lnt of 

ty)hus fever . 

Ve.ccines of Vb-rious t ypes have beon p:repar ed for 

i ~munization agEiinst typhus fever . ~ ttenuation of the 
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living :rickettsias by heat or by addi ti on of such sub ­

stances as bile , as well as partial neutr alization by 

convales c ent serum, has b e en used (66) . ow ever, the 

dangers inherent in the use of a v ac cine containing 

living ric.i::ettsias as sh0wn_ b:r the fact that att:::..c:::s 

of t he disease ha v e been produced by i 111culation with 

such vaccines h ave , for the most :pa:rt , prohibited their 

m: .. e in vaccine _._1:ce_;_J~:n .. tions . Sev0rdl p:re)'-•:retiJns have 

been made which utilize :ric.:0ttsi as j:illec, J.l2UE>llJ bJ 

solLLtion of fo rr:JE~ldehyde or 2h enol. One of them , that 

of Weigl (178) (180) , appa:reutly gives good immunity , 

but unf ortunately it cannot be produced on any ve:ry 

large sea.le . Its p:roduction consists of infecting lice 

?er :rectum wi th sus pensions of living :rickettsw.s and 

allowing the lice to feed on immune persons; after a 

few days t he louse inte~tines axe dissected out and 

1n·e1n. .. red ~s a treated S..£pension , \,hich is used as t h e 

vaccine. ietween one hundred and t \JO ht,ndred lice a.re 

needed to prepare vaccine enough t o im~~niz e one pe rson , 

and a large skilled staff i s needed t o superintend the 

inoculat ion . TheEe facto r s ne c essarily make the co s t 

of the vaccine hi2h and impractical fo r gene r a l us e . 

~~ second sou:r ce of rickettsias for the preparation of 

vaccine of killed or gan i sms is the yolk sac of the de ­

veloping chick embryo afte r it s inocul ation with t yphus 
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:rickettsias ( 35) . Vaccines made f:rom killed :riclcettsias 

secured f:rorn the lungs of int:ranasally infected mice , 

:rats , or :ra bbits have also been :p:r epa:red ( 66) . The 

vaccines of killed ri ckettsi as at p:r esent in use give 

good results when tested in animals,, but no adequate 

field tests in the prese~ce of ep idemic typhus have as 

yet been made . The present method of vaccination used 

is a series of three initial inoculations followed by 

a booster dose every few months when in a. typhus fever 

a:r ea . 

Epidemic typhus can be cont:rolled by t he destruction 

of lice . In a campaign against this disease , measures 

should be t aken to include all persons in infected dis -

tricts . This can be done only by house to ho use in-

s:pection , with :remova l of patients to hoi:.. p ituls a nd 

disinfestation of all contacts , their clothing , and 

houses . Clothing and bedding can be disinfested either 

by heat o:r by chemical means , that iS . by new louse 

powders . The oont:rol of mur ine typhus , from the pr e ­

sent kno.,vledbe , should be based on the c ontro l of the 

:rat populat ion--by t rapping , p oisoning, and rat proof­

ing . Of these meas~res the last is the only one that 

may be considered as of some pe.rIIE.nen t value . Trapping 

and p oisoning must be continuous to be of any practical 

value , and must necessarily be supplemented by an attack 
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on the rat's home and feeding places by r a t proof 

constr uction of buildings and ships . 
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ROCIT MOUNTAIN SPOTTED FEVER 

J;.S the name implies , Rocky Eountain spotted feve:r 

was first :recognized in the 3ocky uountmn section of 

the United States . The ea:rly history of the disease 

presumably beg ins with the Indians living in this area . 

lritchie and Pa:rsons (116) g ive an a cmunt of an old 

Indian chief of t h e Flathead and Nez Pe rce tribes in 

Uontana who told ato u.t the visit of evil spi.rits in 

certain areas du:ring the spring of the year which 

caused much si c..m.ess among the tribes ; t h is was , in 

all probability, Ro cky Yo untain spotted feve:r . However , 

the first ) Ublished record of the disease was made in 

1896 , in an annual r ep ort tJ t he Surg eon General by 

w. n. ·,7ood, (162) an a :rmy surgeon , who revievrnd the 

clinical data on cases submitted to him b y ei ght Idaho 

_.:_1hysici ans; these men , at this ti □ e, :regarded sp,) tted 

fever as a distinct new disease encity of an unl:::nown 

origin . ~ year lb.te:r a complete clinical. descripti on 

of the disease as it occur:r:ed in Idaho was g iven by 

1.~axcy (162) . In 1902 I.1cC ullough (162) desc:ribed a 

more virulent foxm of the infection in western Hontana. 

In the same year , Wilson and Chovming (172) , wo rking 

under the direction of the I,: ontc:121b. State Board of Health , 

m~d e some i mportant laboratJ:ry and field investig a tions 
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on th is dis ease . In t heir :research v-10 rk , they found a 

pi:roplasma in the blood o f man and. rabbits infected with 

Rocky Mountain spotted feve:r; it was thro Uf..h these find ­

ing s that they advanced the theory that the dis ease ·was 

a piroplasmosis , and suggested that it was tr ansm itted 

by the bite of the infected wood tick . 

p until 1906 , th.ere he d not been too much expe:ri­

mental wor k done on Roe1ey ¼ountain s_potted fever , and 

very little, if any , definite lmow ledge conce:rning the 

disease ha d ueen learned . In J~p:ril of 1906 , Howa:rd 

Taylor 3icketts arrived in 1:assoula, :tiontana,, on the 

invitation of that ~tate to extensively study the di ­

sease; the :results of his studies have added moxe valu­

able information concerning this condition thi;:.n any 

other investigator , and bave l a id the foundation for 

future and more extensive laborato ry studies. Duri ng 

his first yea r ther e , Bicketts s i.;.ccessfully established 

a strain of the disease in l ab ora tory animals (144) 

(146) , and transmitted the disease from an infe ct ed 

gu inea p ig to another uninfected guinea p i g by means 

of ticks (147) ·. In his work· on the relationship of 

the woo d tick t o ]ocky Eoun t ain s p otted fev e r , he was 

able to danonstr:J.te tile presen ce of infe ct ed ticks in 

natu.:re (141) (145 ) , and showed tha t the cs.1.,.sative agent 

co uld be t:r ansf'e:rn;d from one generation of ticks to 
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another by means of an infected female passi ng the 

dis eaue t o her young thtough the egg (14 1). Ric 1eetts 

a lso worked out the co mp lete life hi s tory o f_ the wood 

tick dur ing h i s s t udy of the transmitting agent (142) 

( 14 5) • 

In 1909 Ricketts (143 ) described the micro - organism 

whic h he t ho ugh t was the causa tive agent of Rocky 

Hount a in spotted. feve r and wh ic h wn.E subseq_uently to 

b e known as Rickettsia :rickettsii. His original des­

c:ri pti on was a s foll ows : 

" Since th e sp :ring and. summer of 1906 , boa. ies re­

fe r:r ed to as diplococcoid bodies and sometines short 

bacillary forms have been ~oun d wit h ~onsiderable con-

tancy in t he blood of gtdnea p i gs md monlceys which 

we re infected wi t h 3ocky Hount a in spo tt e d fever . The 

form mo s t com :only fo und i s tha t of uvo somewhat lan­

ceolate c hroma.t in-staining bodi es , sepa:ra ted by a sl i ght 

amount of eosin- staining substu.111..:e.n 

Several years JL.ter Holbach ( 173) described 

rickettsia- li~e micro -o rgmisms fo und in humans , labo ­

r a tory animals , a nd ticks su ffe ring f rom ~o cky r.1ountain 

spotted fevex si mil ~r to those originall y described by 

Rie¼etts; ';/olba ch na.med them j)er:rw.centroxenus xic kettsii. 

Subseq_ue nt investigat ors, Nicholson (1 24) . Becker (9), 

and Hayash i and Takeuchi ( 78) confi :rmed 3 ic£ et ts an d 

·aolbach' s findings . 
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'b out the time of the discovery of the causative 

organism (1908) , HcCalla (162) published the results 

of an expel'iment in which a wood tick was removed from 

a Spotted fever patient and v;as &. llo wed to bite two 

human volunteers who subsequently became ill with the 

disease . Thus the disease was st. cc essfully re:9:roduced 

through human transmission , this being the only su.ch 

experiment on record. 

Rocky Uountuin s,otted fever , when first identified , 

was thought to be limited to the northwestern mountain 

sections of the :Jnit ed stt. tes ,. and , fo :r nany years , was 

believed to oe confined to t nose states lying west of 

the I.i:ississipp i l'ive:r . However , in 1930, the geo­

g r aphical limits of the disease wer e widely enlarged 

when Rumreich , Dyer , aid Badger (6) (152) , incidental 

to a typhus survey in the ea stern states , discovered 

the eastern type of spotted fever . Subsequen t exper i­

mental 1.>,0rk showed the weste:rn and eastern types to 

cross-immunize completely , but the lt;.tte:r runs a some ­

what milder course and has a lovye r mo rtaJ. i ty than the 

western type ex c ep t f or a fev1 exceptional cases (168) . 

Most observers believe these t wo disease ·types are 

entirely identica l , the eastern ty!)e being only a less 

vir ulent variant of the ·:✓ estern Rocky n ountai n sp otted 

fever (1 7 ) . Since the time o f definite ident i fication 
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of the disease in states out side the original ly known 

a rea. . new states or sections of states have been added 

to t h e known distribution of the diseaEe ea cn year (37) 

(94} (95) (160) . ;.t present , study of suspected cases 

has shown that the area of distribution includes fourty­

one states . Five of the New _England ste. tes --Maine , New 

Hampshire . Vermount , Connecticut . and Rhode 1sland--

have not as yet been reported as having a c ase of Rocky 

Mountain spotted fever; in the 1Udwest onlr Michigan 

and 'vl isconsin are not known to be infected (49) . There 

are two areas in the United States , however . that account 

fo:r 9~"0 of the total number of reported cases , 65 .st 
occurring in the 1:ountain and ?ac i f ic states an:l 27 . 41 

occurring in the South .i,.tJ.antic g roup (74) . 

A.s we have shown by the early wo :r :c s of Ricketts , 

the t:ransmi tting a g ent of Rocky Mountain spotted fever 

was found to be the vood tick. nerrw.centor andersoni 

( o:r occidentalis , as 3icketts l::new it) . However . 1{ayel' 

(11 3 ) in 1911 mowed t l1 rough experimental transmission 

th at this dise as e could a lso be spread by the dog tick , 

De:rrnacentor variabilis , a close :rel ative of the wood 

tick . Later Dyer and his associates (51) :reported the 

se.me findings in their investiga tions of the eastern 

type of Roc:t.:y lv~ ountain spotted fever . 1 tho ugh s eve:ral 

species of ticks a.!e known to be cap able of transmitting 
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the dis ease experimentally, the t icl::s Der:macen tor 

ande:rson'i and va.:riabilis are the only two species bit ­

ing man in which the disease has been fom1d n~turally 

present. l.. third tick , the rabbit ti ck , Haerophysalis 

lepo:ris palustr is, has been found to be naturally in­

fected , but this species does not bite man; howeve r, 

its imp o rte.nee is po inted out because of the ::cm.rt it 

plays in preserving and sp :reading the disease in natu:r e . 

Clinically Roc.zy g:ountain spotted fever shows con­

siderable variation . Attacks range f rom mild ambulatory 

and abortive f orms to f '1lmina.t ing infections with early 

fatal termination ( 89 ). The incubat ion _period va xies 

according t o the severity of the case , the more severe 

infections running fxom tv..o to five dc.ys and the milder 

ones from three to fourt een days . A prodromal peri od 

of two or three days is c;_ ui te co mmon , and is charac ­

terized by mru.aise , chilly sensations , loss of appetite , 

and irritability . The actual onset of the disease is 

quite sudden and is marked usually by a ch ill . The 

symptoms most often co mplained of are severe general 

pains referred to the bones , muscl es , bacl: and joints 

(partic J.larly in the calf nus cles , large j•Jints , and 

ltunbL.r :r egi on o; the baclr) , marked malaise , and severe 

_,_ ron~al and occ i :;>ite.l h0udaches . These me..y be accom­

panied by sweating , nosebleed , nau.s ea and vomiting, 
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injection of the c onjuncti vc::.e , and _Jhotophobia . J ollow­

ing the ch ill , the tempe:ratu:re :rises fai:rly :rapidly and 

:reaches 102° to 104° P by the second day; it continues 

to :rise g :r a dilally to a IIJE,ximum of 104° to 105° F . In 

very sevc:ce c c:.oes tempe:rutJ. res of 106° to 107° F have 

been recorded • .b.llothe:r common characteristic of th i s 

disease is the -o :resence of cyanosis , the face assumi ng 

a :rather typical dusky flush . ~uite often the spleen 

is palpable . :Restlessness and insomnia are a ccompany­

ing distressing features; a severe hyperes t hesia may 

be present . 

The t yp ical :rash &p~eu~s usua].ly on the t h ird to 

fifth day of fever , ma:king its ap)ea r an ce .Zirct on the 

wrists , ani.::le8 ancl ot..c~;: . then on t:te forehead , e.:rms , 

legs , ch es t and abdomen . Qccus ion:.i.l l y t his :ra Gh is 

')receded by a mottled a.ppea:r unce of the skin . The 

eruption is in the form of rose colored mac u..les one 

to four o:r five mm . in diameter UbJal ly , but papulax 

forms i::.ometimes occur; these mac J.l es soon be co me deep 

red o:r pur ple and increase in size . Early the spots 

disappear on digital pressure . cutaneous and sub­

c c..taneous hemo:r:rht.geS occur f:r eq_uently in severe cas es . 

7:1he:ra &.re no sig11ificc.11t pathoiog ic ch[..n0 e8 i n 

the blood outside o f a moderate leu coc y tosis . The 

white cell count usually does not exceed 15 , 000 but 
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may be 30 , 000 . Occasionally there is a l euc openia. 

relative mononucleosis is usual . ?he erythro cy te 

count may be belov1 or slightly above normsl . 

The histopat:r1olor ic p icture of Rocky Mountai n 

spotted fever r esenbl es , in may respects , that of typhus . 

Th e early stage of this cutaneous rre.nifestation con­

sists of a prol i feration of the end othelial l ining of 

the small vessels foll owed by thrombosis, e ither mural 

or occluding . Later , tyJ? ical manifest a tions of phle-

bi tis and gangrene maybe p resent. cons ide:rabl e 

degree of perivascular infil t:r a tion occurs , but the 

per ivascu.J. a r nodules so distinctive of t yphus do not 

develop . I.Iinute focal lesions of the cen t:ral nervous 

system resembling those seen in t yphus , but a ccompanied 

by more conspicaous infarction of arterio l es , are com­

mon in cases which surviv e more than twelve days . The 

riLht sid e of the heart is co:nr1only dilate c1 , but the 

myocardiu:i;n shows no p athologic chanees . 

The most common complica tions found in 3o cky Moun­

tain spotted .fever a.re lobar , bronchial or hyp ostatic 

pneumonia, hiccough, phlebitis , gan grene , hemorrhage 

from the nose , intestines or kidneys . Iritis, acute 

nephr itis, and hemiplegia occasionally occux . 

The clinical diagnosiEl of Rocky Mountain spotted 

fever is often diffic u.lt; particul.s.rly i s this true of 
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the very mild attacks and the :rap idly fatal attacks of 

the fulminating type . History of a tick bite or ex­

posure to such bites in areas where the tick is especi ­

ally prevalent followed by the appeara nce of the symp ­

toms mentioned above usually is enough to establish a 

diagnosis in most cases . However , since Rocky l{ountain 

spotted fever and murine typhus both occur in some 

twenty- five stat es , the pr oblem of different ial diag­

nosis often arises . The outstanding clinical difference 

between these two diseases is in the development and 

distribution of the rash . ..H tines animal i noc ulations 

and cross - i mmunity t ests may be necessary to decide 

which disease is en count-ered (134) . Th e Weil- Felix 

:reaction gives no aid in differentiating Rocky Mountain 

spotted fever f rom the typhus fevers . AS Wc:l.S pointed 

out before , on large nllillb ers of cases it has been noted 

that agglutinins f or Proteus OX 2 occux more frequently 

in the Spotted fever cases than in the typhus cases , 

but since they do occur in endemic or murine typhus , 

the above finding i s of no help in the individual case . 

Recently, however , Plotz and his co - workers (136) have 

devised a specific complemen t fixation test in which 

a specific spotted feve:r antigen has oeen p:repared 

f:rom suspensions of rickettsial organisms cultivated 

on agar tissue cul tu:res. By means of this test 
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differentiation between Rocky 1:ountain snott ed fe ver - . 
and othe:r :rickettsial diseases i s pos s ible . 

With ~o cky !.io untain spotted fever as with the 

othe:r :rickettsi al diseases , ther e is n o speci f ic trea t ­

ment of pr oven v a lue . The newer ch emicals- - sul fanila­

mide , sulfathi azole , sul fad iazine, penicillin, and 

maph a rsen--have a ll been tried . Edmm1ds (58) claims 

i mp :rovement of a case using peui cillin inject ions, 

while Bake·:r (7) has us ed neosalvarsan dis s olved in 

aQueous metaphen solution intravenously with apparently 

g ood clinica l :result s . However , t hese :reports have 

not been confirmed by any further investiga tions as yet . 

The experimental use of sulfas in treatment of spotted 

fever in both guinea pigs and r abbits increas es both 

the severity o f t he in fec tion and the death rate ; in 

clinica l c ases , th e sulfas have been shown to be in­

effective and occasi onally makes the pat i en ts worse . 

Another very rec e nt :report has been pub lished by Rose , 

Duane , and Pi s che l (151) in wh i ch they cla im pa ra- amino­

benzoi c acid t o be a spe cifi c chemotherapeutic agent 

in the tre a t ment of J oc lcy I.Io unt a in spotted feve:r . 

Ba:rli e :r exp e:rimen t a.l work. by Hamil ton , Plotz , and 

Smb.del (73) , and ;..ni g$tein andBadet (3 } has shown de­

finitely tha t this agent will inhibit th e g rowth of 

rick:ettsias in egg cultures and is effective agains t 
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spotted feve:r in guinea pi gs infected vii th the disease . 

Yeomans and co- worke rs (177) claim almost identical 

results on louse - borne tyJhus in Cairo, Egypt . F oweve:r, 

since t his is the only clinical :re port in which this 

chemical agent bas be en used , there must be furthe r con­

fi:rmation before it can be accepted as a specific agent 

in the treatment of Rocky 110 untain spotted fever . 

So, for the 1Hesent , we must conside:r the best 

treatment of this disease to be symptomatic and suppor ­

tive . Good nursing care , avo i dance of mental o:r phys i­

cal exert ion , ma intainenc e of fluid intake--particula:rly 

of pl asma and whole blood in association with glucose 

and saline solutions (7 5) --and relief of headache and 

other g~1eral body pains by ace tylsalicyli c acid, co­

deine or mor ph ine. T:r eatrnent on a conse:rvative basis 

bas been found to be the most successful . Inject ion of 

conva:J..escen t serum as well as tran sfusions from immune 

donors have both been used in tbe t:reat~en t of this 

disease but without any a.efinite beneficial :results . 

Prob ab l y the most effective method of o revent ion 

is the exercise of "9erso11S.l ct.re . Known infected areas 

should be avoided esp ecially during the tick season . 

Those peop le such as lumbermen , surve;vo:rs and the like 

who must visit si..ch infested areas should frequent ly 

exanina theix clothes b.ni bodi ~b ior ticks . Special 
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ca:re must be obse:rved in rer:1oving ticks from the :._Je:rson 

or pets ; the safest r:1ethod is to use snall forceps or 

a Jiece of paper l_,3ld in the finge:rs while removing the 

ticks . Of oo Luse . the washing of hands is very impor­

tant es1Jecially after handling ticl::s. 

vaccine for use againct spotted fever vms developed 

by Spencer and 2a:rke:r (163). and is now prepa:ed by the 

nni ted c t a.tes ?ubl ic Health Se:rvico r...t re.nil ton , 1·onto.na . 

rrhe vaccine is injected in t--10 dos 1.:;s o= :.: cc . euch .s t 

an interval o f five a.Eiys . either' subcutL.neously or int:ra-

1..mscultt.rly. This protects the major ity · of persons agains t 

the less virulent stru.ins , but tha averuge person is 

only partially protected against the highly fo.tal type 

of Roczy 1.:ountain sp o tted fever . The maximum degree of 

p:rotection is usually only :retained for one yea:r at the 

most . Since va ccines cannot be _produced in sufficient 

q,uantit i es fo:r wholesru.e v accina tion, only t hose persons 

whose occup a tions or play expose them to the ticks should 

be vaccinated . Other methods such as poisoning of :rodents , 

clea:ring away and burning of brush or infected a:reas , and 

dipping of stock have all been done in an attempt to re ­

duce the tick population . However, there is very little 

evidence that much has been accomplished by these pro­

cedures in the way of limiting the disease . 

-52 -



TSUTSUGAI,1USHI DISEASE 

This diseas e was uppar ently well known in ancient 

times in China . Li Shih- Chen (63} cites the description 

of Keh- Hung in his Choo- ho - fang (third centuxy A.D. ) in 

which an accurate account of the clinical symptoms of 

the disease appears , as well as a description of a minute 

red insect , the sha- shi , to whose bite he attributes the 

disease . This is assumed to be a :reference made to the 

trombiculid larva , which \'Jill oe discussed later as the 

transmitting agent . ~nothe:r early Chinese reference is 

a medical book written in the Sei era in the sixth cen ­

tury whi ch mentions tsuts ueamushi e.s a s&nd louse . This 

insect was described in de t ail by Lishiting in "Honso 

I:omokun written in the sixteenth centuxy . :'he ec..rliest 

description of tsutsugamush i found in the !Ji igata pre ­

fecture was written by Rakuju Hashimoto in 1810 ; nine 

years l ate r Genkii Ohtomo similarly described it in the 

~kita p re fecture (93) . It is interesting to note that , 

al tho ugh the disee..se was , no doubt, in existence in 

Sou.th China in the early centuries , it is not to be 

found anywhere in China today . 

~he first scientific :reports of tsutsugamushi in 

modern times were t hose of Palm (82) , a medical mission­

ary , in a letter to the Edinburgh Medical Society , and 
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of Baelz and Kawakami (63) in 1878 . Their reports re ­

vea led that the disease had been known f o:r Jm;,ny yea rs 

to the Japanese physic ians on Honshu i sland of Japan , 

being restricted almost ent i:r ely to the :1ood :i_1l a ins of 

the Omono , Shina.no , and Uogami :rivers . The~r a lso re ­

ported that the natives o f th e area tho ught this d isease 

was caused by the bite o f the al{amushi ( t:rombiculid larva) . 

The early investig£-tions on tsllts ugamushi disease 

were concent:r&ted on the stJ.dy o f its etiology . raany 

th eo ries have been ) :ro_posed to uccount f or the ca usa­

tive agent of t h i s disease . Baelz at ii :rst proposed the 

mite transmission the ory , but l ate r rejected this in 

favor of a mi asma.tic theory . In 1893 Kitasato described. 

a small body in the red co:r :puscl es of a patient suffe:r ­

ing from t his disease whi ch he t ho1....6ht was a plasmodium . 

Tamm had hypothesized a p rotozoan pa rasite as the 

causat ive agent , but later (1904) rejected this theory 

in favor of a pro t eus which he had identified at th e 

site of the insect bite . Two year::; llj,ter he d i.Eca:rded 

this theory a lso , and st&ted that the diseaBe was caused 

by a toxic substance o:r enzyme elabo:rated by the sali­

vaxy glan ds of the aks.mushi larval mite . In 1912 , on 

the basis of several years ' investigation , Ogata set 

fo:rth a s·chizomycetic hypothesis f or tne etiology of 

tsutsugamushi . Zi tashimo. and Hiyaj ima have s1...ggested 
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a yeast - like organism Vfilich they found on the body of 

the e.kamushi and have named "Chlamydomyces akamushin 

as a possible etiological agent of this disease . Thes e 

and several other theo:ries had been proposed to explain 

the etiology of tsutsugamush i (93). 

~ltho ugh rwny of these and other investigators un­

doubtedly had been wo:rking with ri-ckettsias unknowingly , 

there was not much investigation done on this organism 

as t he etiologic ugent until recent years . The organism 

was p:robably first observ ed , however , by Hayashi in 1908 , 

but it was not until 1920 (77) that he describ ed the 

organism and named it "Theileria tsutsur.amu.shi " . In 

1928 Ogata (63) found a non - filterable , pleomor phic , 

g :r am- negative organism vln ich he named. "Ric::e ttsia t s utsa­

ge..mushin; he later concluded t his to be identic&l with 

that described by Hayash i • .n.ltho4sh the8e investigators 

had contributed muc:t. towa:rd establishinb the rickettsia 

as the etiolo€9, c a6 ent of this cliseuse , it was probably 

the experiments of Uagoya and co - wo rkers (63) that con­

clusively confirmed this etiology . In 1930 they pro­

posed the name "Ri ckettsia o:rien talis" for the organism 

wit h which they had been wo :rking . This causative agen t 

has , in addition to the other names , been called 

"Rickettsia nipponica" by Sella:rds (159 ) and 11:::Uckettsia 

akamush i" by K:awamura and Imagawa (2). These have all 
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been relegated to synonymy , the name "Ric ze ttsia t s u­

ts ugamushi" being co mmonly a ccepted today as the s t an ­

dard t e r minology. 

As we mentioned previo us ly , the early Chinese 

literature as well as the Japanese folklor e h a d asso­

ciated tsutsugamushi disease with tromb iculid larvae 

long before the advent o f s cienti f ic investi gations . 

3aelz and ~awaKruni in 1879 firs t pro posed the mite 

theory ·o ut soon rejected it. Thirteen years JD. te:r this 

theory was revived by Tanaka who attrib uted the disease 

to a min ute red mite . By 1920 the investi gat ions of 

~~i tashima and Hi ya j ima ( 93) , Hayashi and co- wo r~ers 

(63 ) , .iCa\,amur a (9 3 ) and oth ers had not only demonstra ted 

the life c ycle of Tromb iculid akamush i , but a lso had 

i mp lica ted t his species as the vector of tsutsugamushi 

diseas e . The exper i ments of Zavmmu:ra ( 93) in 1918 a lso 

established the fact that the eti olo gi c organ i sm i s 

t r anani tt ed from one gen era tion of mi tes to the next 

via the ova·. Th e larval foxm of the mite g enus Trom­

bicule i s , to dat e , the only mite ]mown to be definitely 

associated n i th t su tst..gamush i disease . Several species 

of t:rrombicula, a r:d even va riant s of one species , may 

b e vectors i n different localities . Walsh am Z:euken­

s ch rijver (63) have reported Tr ombi cula deliensis to 

b e the vector in the Dut ch East Ind ies , and Heaslip (79) 
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has implicated the same species as a vector in northern 

.:.ustralia . Gunther (63), on the basis of his epid.e ­

miologic observa tions, has sugpes ted Trombicula hirst i 

as the vector in New Guinea. Various other species of 

Tr ombi cula , namely fletcher i and minor , or varia nts of 

these species , have oeen suspect ed as v ectors of the 

d:is ease among dif:fe:rent isl and gro ups in the South 

?acifi c during Wo rld Wa:r II ( 2) . 

Very little relia ble information on the na tural 

xeservoir hosts of the rickettsi as has been :reported 

to date. This is a field in which considerable inves­

tigation is needed before the problem of :reservoir hosts 

is solved . In J apen, the field vole, !1ic:rotus montebelli 

montebelli , has definitely been established a s a re­

servoir host since it has been pos s i ble to de monstrate 

its n a tural infection vJith Rickettsi a t su tsugamushi . 

Various species o f wild rats ha ve be en suspected as 

hosts . Hayashi (6 3), Sambon (1 53 ), and ::awamura (93) 

h ave all suggested that va rious b i rds may have important 

roles in the e ::pidemi olog;7 o f t h i s diseme . 0unther lists 

some seven t een hosts of the larval mit e , incl uding the 

bush fowl , parrot_,.. b andicoot, and wild p ig. Hovrnver, 

definite pro of of the c y cle nee es sary for tr ansmission 

of t he disease has not been estab lished in any of thes e , 

thus leaving much to be done b efore t he c omp l t:it e 
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epidemiology of tsutsugamushi disease is known • 

Clinically , tsutsuga.mushi resembles t yphus and 

spotted fever , but is chara cterized by one or more small 

ulcers or escha:rs which a:rise at the site oi the insect 

bite followed by regional and general lymphadeni tis . 

~his disease generally has a prod:romal period last i ng 

fr~m one to five days in which the patients usually com­

plain of chilliness, malaise , dizziness , headache , back-

::.:..che , insonnit.. , c.-norexia , and o:r;bit a l , retro- orbital , 

u.nd s..ipra- orbitul pL in . To wa rd the end of this period 

the re may be a low grade fever . The onset of the acut e 

febrile stage is generally gradual and ins idious , ex­

hibiting only an accentuation of the p:r odromal symptoms . 

The febrile Jeriod is characterize_d by a. high remi ttent 

.Levvr \1:;1ich las t s 011 the a.ve:rage o-: ~ourteen to eighteen 

d[.ys , subsiding by l;ysiB ; it is diurnal in charr;.cte:r , 

rangeing :Crom 101 ° ::1 in the morning to 104° to 105° F 

in the af ternoon and evening . The pulse rute is pro -

po :rtiona tely incr cased and ave r ag es about 104 per minute . 

Between the fourth and ei gh th days of illness a macular 

or maculo - pa.p a.la:r :r ash develops , d iocp_p eu.r ing usuul ly 

by the t en th or twelfth day . There is no p:ru:ri t i s or 

other sensory changes accompanying the r ash . The d i s ­

tribution of the :r ash is generally more prominen t over 

the back , chest , and abdrimen , v1h i le the extremities 
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ere leas t affected . The r ash often assumes a light 

broi.,m , d:r~r appear an ce as it r :radually disappears (15) 

( 108) • 

.?hysi c al exam.in 2tion of pe.tients ill wi th tsutsu ­

gamushi r eveal marked .weaz.:ness and le.ssi tude associated 

with a non- concern a ttit ude . Besides the x~sh ~nd the 

gene r alized lymphadenopu.thy , t h e s pleen may be found 

to be f itm and tender upon pal:pation . Tympani tes may 

develop during the febrile stag e . ocular findings suc.h 

as hyperemia of the conjunctiva e , subconjunctiva l 

hemorrh ages , eng org ement of retinal veins ~ edema of 

the disc and retina , and retinal hemo:r rhuges are occa­

sional ly found in t sutsugamu.sh i disease ; however , there 

apparently is no perm~nent loss of visual acuity after 

recov e r y (61) (126) . There may be tinnitus , bilateral 

deafness , and eve n minox involvenent of the cochlear 

system during the c ourse o f the disease , but those clear 

up comp l etely dur in " the conva1esc en t per iod als o ( 61) . 

Trach e i tis , pha:ryngi tis , and bronchitis ·associated with 

fine scatt ered r ales t h ro ughout both lu.ngs occasionally 

a re found . The development of muscul ar t wit chings , 

c l onic convu l n ions , carpopedal SJ.)9-Sm , delerium and coma 

appear in the la. to stages o f the illnes 8 and mt1.y end in 

death . The inc uoution per iod for th is disease varies 

from f ive to fourteen days in mo s t c ases (157) . 
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The ulce:rated lesion , the eschar , is usually on the 

lo\'1e:r ext:remi ties , in the inguinal r e gion , in the axilla , 

or about the waist , the moist areas seemingly being the 

choice spots; these ulcers :repres ent the site of attach ­

ment of the vector . They usually form during the incu­

pa tion pe riod a nd vary in size fr om one mm. to one cm . 

in die.meter . On examination the· eschar cons i sts of a 

single r a ised round or ova l l es ion .vi t h a. b l a ck adherent 

center surrounded bye clou dy :red a reola . About eighty 

pe:r cent of the cases reveal eEchars . 

Following the acute stage o f the disease, a pro ­

lon ged p e:riod of convalescence i s advised . The Army 

a nd Navy d octor s in .. lor ld :7ar II ust.:.ally :r eY.uired that 

fo ur to s ix months should elaps e befo :ra t he patient 

re t u.med t o full active duty (1 54) (156) . 

The blood picture in uncomplicated cases oft 

tsugamushi disease :r e vea ls a leucocyte count within 

normal limits o:r perhaps a leuco pen i a . r:'he :red blood 

count usually Bhows a secondary anemia , the count v a ry ­

ing between 3 , 500 , 000 and 4 , 000 , 000 cells . Sedimentation 

rate r a nges f rom f i fteen to fifty mm . pe r hom by the 

Wint.robe method . U:rine analysi s ic negative in un­

complica ted cases of t he disease (108} . 

Complications o f v arious sorts occ ur du:ring the 

cou :rse of t hi s di sease (107) , the ca:rdiovas cul a :r system 
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being the nost c ommonly invo 1ved . The compl ications 

vary from tachycard i a to comp le te reripheral vascular 

failure , incl uding congestive he&.:rt failure , Je ricar ­

ditis with effusion, development of v arious heart mur ­

murs . hypo tension an d p ulmonary emboli . It hac been 

a common f inding aoong pat i ents r ecoverin 6 from the 

disease to find a. persictent tachym ... rdiu upon sl i c::ht 

exer tion for several mo nths following :recovery . 2 lectro­

ca.xdiog l'aph tra cings have b een run on l arge series of 

such :patients to determine if there might be uny per ­

me.nent damage to t he hea rt a.nd vas culcr system. Benjami n 

and co - workers (14) , Levine (98), and other workers (1 ) 

h ave shown the electrocardiograph t o be escontially 

no:rmci. l on su ch patients , t hus revealint no damage to 

t he heart . The tachycardia Dnd other s i gns of ;; oor 

response t o ex er cis e and changes of p osture du.ring 

conve.lescence are explained by Ievine to be due to the 

poor pe ripher a l vc:.sctilu.r t onus :rather than e:.ny card i a c 

involvement . 

Br onchopne urnon i a was f o -;u1d t o be the rno st co rnmo n 

_pulmon.'.:ry c omplicu. t i on in tsutsuga:nushi di seaG e , it 

h aving occu:r:red in nine pe r cent of &.1 1 the pati ents 

i n one se ri es . Les~ com.~on are pleural effusion , emJyem-, 

a nd :ra :r ely lob a r a tel ecto sis . In a ver y f ev1 cases 

b:ronc 11i a l asthma oo mpli ca te s the _) ict u:r e , the patients 
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not previously expe riencing a.ny as t hma tic attacks . 

Very r a r ely , i solat ed c ases o:f hepatitis , Eplenic 

infarcts , thro mb ophleb iti s , and trans i ent per i phe ral 

neuritides have compl icated t he course o f this disease . 

However , t he ma j ority of fatalities that r esult from 

this infection a :r e due t o circulat o:ry failure o:r pneu­

monia , the othe:r complicat ions causing a ve:ry small 

portion of the dea ths . The mo rtulity r ate varies f rom 

t wo to ten p er cent , althoug'h in certa in a rea s , especially 

Japan , a fifty p er cont dea th rate has be en r eported . 

The ge neral p a t h olo gi c p i cture i s a vasculit i s 

and a per i v asculitis of the smaller blood v essels , 

p:rincipally of the skin , eyes , lung s , hear t , and brain . 

Surrounding the v essel s a re a cc umul at i onE of l)lasma 

cells , monocytes , and lymphocyt es YJ i th damage to the 

suxrounding cells in severe lesions . Ther e may be focal 

edema and interstiti al infiltr ation of round c ells . 

Thrombus forma tion i s not ed in some o~ the ca~illaries . 

he b r a in s h oi:JS pex iva so LUa:r in:fil t ration of mon ocytes 

and e a rly r es~ltan t gliosis , t his fo r mi ng the so - c a lled 

t yphus nodule . This :;iatholo g~· occ -1 :rs mo:r e frequently 

in the )ons and medc.lla and als o t he ce r obe lla:r p or -
. .L 

tions of th e b r a in. In some cu.ses , the lungs ha v e shown 

swelling of the e. l veo l a :r walls and an ex udate of mono ­

nuclear cells . :red ce lls . an d plasma • .ee techia l 
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. hemotrho.ges a r e 4.uite co mmon i n t he h ea :rt , lungs , 

k idney s , and a limenta r y tt a ct . 

In e ndemic a :r eas whe re t s ut sugamush i i s known to 

exist , a ny f eb:rile illness sh ould b e c~*efully s tudied 

b efore t h is dis eas e is excluded in a diffe:r entia l diag­

nosis . Becaus e of the frequent co - existence of ma laria 

a.ud t s ut sugamushi , freq uent blood s mea rs should be 

examined to ex clude rro. l a :rial par asites . This rickettsial 

diseas e i s di ffe r entia ted from t yphus a nd 13potted fever 

ma inly by mea ns of t h e positive agglutina tion in a 

mode r at ely h i gh tite r with OX K st r ain of Pr o t eu s ba ­

cillus in t h e Weil - Felix re a ction . Al so t he char a cte :r ­

istic esch ar ·and r eg ional o:r fene r a l l yr::i~hadeniti s of 

t su t sugamushi a re d i agnost ic ai ds . I n a t yp ic al c a ses 

of t his diseas e which show a l ow agglut inat ion t i te r 

f or OX~ and absen c e of t he pr imar y lesion , snimal 

i no culat ion , c ross - im 1uni t.,· tt.n., tL , and other spac i a l 

l &bon;to :r y otudi es m&.y 1Je :reg_ 1.:;. ir ocl. to Gbtc..b1.i~h th e 

diagnos i s . 

I n t sutsugamushi , t.s in the o~he:r ricke t tsi ti. l 

d i seabcS , the:re i s no :::pec if' ic the r upy . I n gene:r u.l , 

t he tr ea t ment s he uld be SJ'lll)_.) t Jmat ic and sapJo :rtive , 

the p rincipl es being i dentica l v1 i t h t h o se emp loyed in 

o t h e r r i c.t::e t tsi a l di seas es . Th e sulf onami des h ave no 

p l ace in the t~et. t ment of t6Llt8Lgamachi. St rict be d 
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:rest and ~i.: i e t u.re ecEen tial . .,. spec i a l high p:rote in 

a nd h i gh vitamin diet i s required , a n:l g ood a dequate 

nursing ca re is i mportant . Very often the support and 

gene r al ca re t hat the patient :receives in th e first 

t wo we eks , especi ally , [is a very i mportunt facto r in 

the f in al outcome . Di~i tali s is abs ol utely cont r a ­

indica ted ex c ep t f or c 1... :r d i&. c fa il ux e , c1.nd then the 

result s 9:rove disup)o inting . Oxyg~n therapy may afford 

some :r elief . Blood pl asma and v a somotor stimulants 

a re o f spe ci a l help in cases of :;_Je ri:phe:r a l vascular 

failur e wi thout cong estive het..r t f!:!.ilure (44) . 

Vacci n etion i s of no v Llue in tsutsuga1:1ushi in as 

much as no eff icient va c ~ine has b e en !)I epared age. inst 

this dise as e . Since t here is no cross-immunity betwe en 

this and other sub - d i vis ions of the :rickettsia 1 dis eases , 

it is not expec ted tha t vaccine s against t yphus or 

s potted feve r will be of any v al ue agt..in s t t su ttugam1...sh i . 

7e:r y r e c ent inv es ti gations by ne l l a nd Plotz (60} ha ve 

Sh o 1.vn. in experiment a l animals that an a ctive i m'1uni ty 

c an be deve:J.oped following infection with ts utsugamushi , 

but , as ye t , no I):rogx e ss toward a ctively , o:r pass ively , 

i mmunizing humans aga in s t t:h i s disease h b.s been ma de . 

.2:revention of the disease n a tu:r a lly cent ers about 

t he erad ica tion of the mite and avoidance of it s bite 

by protect ive clothing and chemica l sprays . The Army 
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and Navy in '.7orld Wa r II used these :9revent ative measures 

quite extensively in an attempt to decreas:e the numbel' 

of casual ti es :resulting f rom ts ut s1..t.gamushi. ':;:he fight ­

ing men v,ore clot l1 ing i rninegm ... t ad 'ii ith dimethyl phthala te 

and othex c rten ic&ls (90) (138) , and wo:re tight legg ings . 

D.D. T. powder and other insect :repellents we:re used . 

camp sites were carefully selected and , when p ossible , 

were cleared by natives . The kuna i g rass , in which the 

t:rombicul id l arva mite and aniriB.l reservoi r hos t, such 

as the rat , are found '(109), , was 011-t and burned . The 

hospi tal a:r ea.s , the bar racks , and paths were us lli.1.l ly 

sanded and soaked with Jetroleum oil . All of these 

measures wexe done in s n at tempt to eradicate the mite 

and its habitat (156) (170). Sleeping on the g round 

as prohibited . Of cours e , ext ensive rat po i soning and 

trapping programs were instituted to contl'ol , if no t . 

destroy , the natur a l :r eservoir h ost~ o::· thi8 disease . 

·rhe f i ghting men , es:iecif..11:t thoLe i n patro l s &ni such , 

were instr uc ted to c are ful ly examin e th emselves f o:r 

mit es . With the ins ti t ut irm of ti. 11 of these ~".'l :reventi ve 

and protective measures , a. dramatic decreb.se in the 

number of n e\·1 cases resulted ( 1 23 ). 
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"Q," FEVER 

llf"lll fever was first describ ed as a separate and 

dist i n c t entity in 1937 by Derrick (41) in Australia . 

This investigat or showed that it had certa in :resemblanc es 

to the typhus group . but was distinguished f:rom it pa:r ­

ticula:rly by the absence o f the characteristic r ash 

and by the consistently negat ive Heil - Felix reaction 

with Proteus b a cillus . His investigati ons fmther 

sh owed that mo s t o f th ese c ases occurred in iueat wo rkers , 

abattoir workers . and dai rymen . and thereby sugges ted 

cattle o:r pi gs as a :r ese:rvoi:r of infection . Bur ne t and 

reeman (21) , wo :rking at the same time on t hi s new di ­

s ease entity , succeeded i n isolating the causat ive or ­

ganism from l aboratory auin:als infe ct ed by inociltla tion 

with human se:ra obta ine d f rom patients ill with 11
"' " 

fever ; the or gan i sm was isola ted as a :rickettsi a. vifu. ich 

was found only in intracy t opl asmic a ccumu.l ations . Li ke 

all true rict:etts i as , it failed to g row on standard 

bacteri oloFO. cal med i a. , but was cultur ed on med i a con­

t a ining tissue cells (19) . n.r . n e :rric k (42') proposed 

the name Ri ckettsi a burneti f or the new or gan ism in 

honor of Dr . Burnet who d i scovered it . 

The f ollowing year Davi s (3 9) and Cox (33) . while 

wo :rking nea r rrine t: ile Creek in Yontana , i solated a 
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filte:r - passing rickettsi a f:rom the Ro cky Mountain wood 

tick , Derrre. c ento:r ande:rso ni . This same infectious agent 

was isola t ed some t welve years earli e:r by Uog uchi ( 125) 

from the wood tick , an:l it was noted at that time that 

guinea pigs which :recovered from infection by t h is 

agent we:re not i mmune to sub sequent infections v-fith 

the organ i sm of spotted f ever and vice versa . Howeve r , 

no further \Vo:rk was :reported U) to th e time of Davis 

and Cox ' s report. The ricke tts i a i so l a. ted in t h i s 

case was de signated Ricke tts i a diaporica by Cox (34 ) . 

This disease was first 1:novm as Hine l'ile fever , b ut 

no w is generally termed ... illlerica n "Q,n feve:r . "~ls o, in 

1938 , ?a:r:::er and Davis (128) sue ceede d in t:r unsmi tting 

the disease exper i mentally by tick . The f irs t case of 

hurran i nfection in the Unit ed States resulting f rom 

t his disec.se was re p orted by Dyer (45) . This was 

apparently a laboratory infe ction a c~mred by a membe~ 

of the staff of the nationa l Institute of Health whi le 

he vi si t ed a few days at t h e Publ ic Heal t h l ab or a tory 

in Hamil ton , Hontana , as the organi sm i s olated f rom 

h i s blood was found to be the causativ e agent of Ame:r i­

c an n~n fe ve :r . A few years l a t er an outbreak of pneu­

monitis occ ur red arr:on g employes o f the Nat i onal Insti ­

tute of Hea lth in Wash ing ton, D. C. (83 ) , and the ba c­

t e riolo gic s tudies carr i ed ou t by Dyer ( 56) :revealed 
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the causative organism to be the Tic1:ettsia :res:)Onsible 

fo:r ''Q. 11 feve:r . Subsec .. u.ently , cases othe:r than lab ­

o:ratory infections were soon observed in the United 

s tates (80} . 

With the almost simultaneous discovery of thes e 

two similar disease entit i es in different countries , 

investigations we :re begun to dete:rmine the :relation-

ship , if any , that existed between AIDe:rican and Aus ­

t:ralian n<>1.n feve:r . Several workers h a d suggested such 

a relat ionship earlier , but it was not established def­

initely until Burnet and ]reemen (20}, '1:vhile working 

in Australia , showed that the two isolated rickettsial 

organisms were immunolog ica lly indistinguishable; they 

suggested that both t ypos be included in th e same species . 

Subsequent wo :rk by Dyer ( 50) and other \JO rlcers ( 12) 

confi:rmed these findings . Guinea ~ig exp eriment a tion 

has sho\~1 , howeve:r , th a t the .American lT !""'1 Tl 
"I:, fever i s a 

mo:re vir ulent t ype of infe ction than the Australian 

v ar iety ( 22 ). J;.t the same time cr:oss-immunity tests 

were performed in which the :rel at ions h i p of n Q, 11 fever 

to other :ric~:ettsial di senses we..s deter r::iined; the re­

sults of these exp eriments revealed that t here was no 

c;;Vidence of any i rnounolo gica l relationship between 

this new disease and the other ric~::ettsioses tested 

(23) . 
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The t:ranani tting agen t of n<l" fevo:r has not been 

definitely proven . itlthoagh the causative organ i sm 

has been isolated from ticks caugh t in J.IontE:.ne , t i ck 

bit es have not been proven in h urmn cases . s:1he:r e i s 

also evidence tha t 11 J." fever may be transmitted from 

man to man without the agency of ticks . Thus , the :rol e 

of ticks as the t:r ansm i tting agents :for ,lmer ican n,, n 

fever still :remains obscure . s we h£.ve mentioned 

previously , most of the case s in Australia hc.ve occur :red 

in people who have cont act v1ith cut ~le or :.1 i gs . This 

suggests a reservoir of infect ion in these animals with 

a blood- suclcing pa:rasi te as a ve ctor . .h tick, Haemo ­

physaJ.. is humerosa , has be en suspected but never uro ven 

as the transmitter of t:he disease . Various anirnc.ls of 

the bu.sh areas in ...... ustral.ia have osen investigated as 

reservoirs of infection in natu:re . B~ndic oots (59) 

were shown by De:rt ick and co - workers ( 43) to be involved 

in the n atu:r&. l cycle of rrQ," fever ; se:ra t aken from 

these aniIIB lS 1noduced infections in J.a.bo:ra tor y ani ­

n1t.. ls • Hor1 eve :r , as in .,..me:ri ca , the true tr ansmi tt ing 

a.gen t or agent s have not been detennined . 

Clinically , 11 -cl" fever is chaxact 2:rized b y a sud.den 

acute onset . The outsthnding symptom is a gene r al i zed 

headache ; it is severe and persistent , and is , in most 

ca ses , the chief complaint . The patients also run a 
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mild feve:r (100° to 101° F} vmich may last f:rom a few 

days to three o:r foci:r wee~s . The puls e :rate is com­

paratively slow, in most cases not exceeding ninety 

per minute . Chilly .sensations and chills , mala ise, 

sweats , joint tenderness , pa in in the eyeballs , and 

nausea a nd vomiting often accompany the fever and head­

ache . ?hysical signs a:re very sli ght or even absent , 

the chief finding being a pat chy pneumonitis generally 

detected only by x - r ay ; this sign is especially cha:rac ­

teris tic of the .hmerican v a:r iet y of 11 Q." f ever ( 96) • 

Ho :rash is present as in other :ricke tts i a l dis eases ~ 

and as we men tion ed elsewhere , there is no agglut ination 

of any of the strains of ::?rot eus b a cillus in the Yleil­

Felix :reaction . The blood picture is usual ly one of 

a slig-ht leucocy tosis . Recovery f rom the dis ease is 

usual. Derrick (41) , in his series o f ca ses in ~us ­

tralia, :r ep orted no fatal ities . 

J;.s in the t:reatmm t of the othe r :ric.i.rettsial di ­

seases , there i s no specific therapy for "Q.11 fever . 

The treatment is enti:rely symptomatic and supportive . 

Maintenance of body fluids and ohlor ides , as wel 1 as 

an ade Q.aa te diet int ake, a:re es sential aids . In as 

much as the disease i s :r ath e:r mild and s elf- 1 i mi ting 

and no comp lications have be en :reported , the:re seems 
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to be no special demand fo:r addit i ona l t:reat1:1ent out ­

sid e of that mentioned above . 

Beng tson (13) has pr epared vaccines against nQ," 

fever which are quite effective in prev enting the in­

fection in laboratory animals, but , as yet , no human 

vaccines have been reported in use . She has also d e­

vised a complement fixation test which is specific fo:r 

IT (\ " fever , and i s consequently of velue in the diagnos i s 

of the disease (11} . 

With the close of Horld wax II , we can now expect 

to find fu rther investi gations into this new and oppor ­

tunity- filled field of research , the epidemiology of 

II r, II fever being especially in need of further study . 
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TRE.UCH FEVER 

Trench fever , elso known as Five Ds.y fevo:r and 

!folhynia.n fever , is ge nerally thought to have first 

occurred during \/o:rld War r . B:oweve:r , Si:r Arthur Hurst , 

in a recent a:rticle (86) , believed that the dis ease had 

been endemic in parts of Poland for many years p revious 

to this time , but was :regarded by the physicians there 

~s a form of malaria or influenza . rt was also known 

in the sev·enteenth cootury as '?ive Day fever according 

to a passage in the German poem , 111:e ister rsengrimusn 

(171) . rn 'addition , reference to a. 11febris g_uintana" 

appeared in Russian lite:rature a century or more ago , 

and 1.:oldavia fever nas described by Dehio as having 

occurred in the 3usso- Turkish war in 1877 which no 

~oubt was trench fever . The first kno~n Ge:rrn~n clini­

cal observations on trench fever were made by His in 

February , 1916; he gave it the name of "febri s wol­

hynica11 , having obsexved it first among German soldiers 

in the Yolhynia province in ?oland (86) . Txench fever 

fir st up peared in the ::.rr ench a.ni British a:rmies in 

"" :ranee and 7'1'.Jnd.ers in 1915 , p rob ably having been con­

veyed by louse infes ted Ge:rrn3Il s old.i a:rs coming from 

the eastern to the western front . rt rvas :first noticed 

by Graham ( 69) i_n B:r i ti sh troops in the summe:r of 1915 , 
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an:l also by Hurst in Salonika in the latte:r pa:rt of 

the same year . Grah'-'-m (70) (71) wo.s the i'i:rbt to :recog­

nize the specific nutu:re oi the dise&.se , but was followed 

shortly afte:rwa:rds bJ Hunt and Rankin (85) , vmo gave 

a mo:re complete clinical report of the disease than 

did G:r abam. rt was in their paper that the name "T:rench 

fever" first ap_pea:red , having been adopted from the 

soldiers in the trenches who first used the te:rm . 

nothe:r g:roup of investigators , ucuee , Renshaw , and 

Brunt (114) , about this same time (1915) , began their 

study on the essential pathology of the disease; they 

were finally successful in t:ransn i t ting the dis ease 

firom man to man . 

In 1916 it was shovm by Topfe:r (32) and later 

confirmed by Arkwright and c o- \.7orlce:rs ( 4) , Jungrmnn 

and .::.:uczyns1d. , and Munk and da Rocha - Lima (32) that 

lice which had fed on tr ench fever patients cont1;:.ined 

v ery large ei_uant ities of :ric..r.ettsia bodit;S ·in the mid­

but . Da Roche- Lima fo -md that the...,e oodico uere lying 

on the s J..rf~ce o~· the epithelium ( extracellulu:r) and 

were not in tJ.l1 int:racelluls :r position like the Rickett­

Si a p:rowaze:;ci in tYJ.)hus - infe cted lice . ~hese earlier 

investigations , in addition to l ate r confirmatory evi ­

dence , establisL, ;or the 1J:r esent at l east , the extra­

cellular ric::::ettsia, to Hhich the name Rickettsia 
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~uintana is assiened , as the causative orgwiism of 

t:rench fever . Since "'o:r ld 1'lar I, trench fever had 

disappeared , and op portunity f or in tensive stud7 had 

not been present until its reckrrence , on a much smaller 

scale however , with the pr es ent wa:r . .AS a r esult, its 

true rel ationsh i p to the other :rickettuial infections 

is not yet Kno-vm . 

The metLod of t:r1.-illf:,L1ibbion of thh; diSl:c:,.be remL.ined 

unienown w.1til 1916 vvii en , throu'--h the experimental i.rn:rk 

of Runt and I.IcNe e ( 84) , evidaice was _presen ted that 

suggested the body lou.Se as the t:r : ns11i tting agent . This 

was collaborated b J tl:e • .. ork of 1-{ u:rst (8?) (88) in 

Salonika. ,·Lo li;re \vise prod'J.C0d suggestive evidence in 

f avor of louse t:r ansn ission . Nearly two yea:rs elapsed 

before the systematic exp e:r iments of the American Trench 

:?ever Commission in l!1rsnce and the British Tronch 1!,ever 

Commission in London showed conclusivel :; that the body 

louse trans mi tte ~ the disease (169) . .About t his same 

time navies and ~Ieldon ( ~8) :::J!oV"•-'d theb')dy louse to 

be the tr ansn i tt ing agen t by subjecting themselves to 

lice which had fed uiJon trench feve r patients ; t 1.ey 

became ill with tren ch feve r t welve day s afte r exposure 

to the lice . In additional invest:igati on on the tran -

mitt ing agen t , Byam and co-wor.:.rnrs (24) found that the 

inf8cted l ice muot be crlllihed and scn,, tci.:.ud into the 
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skin b,efore the dise t,se could be contracted. 

Clinic .:J. ly , trench fever i i:. ch -:... :r ~~cte:rized by 

pt...:roxysms of fever ·which tend to occur u t regular in-

t e rvals (usually four to f ive days) , the intervening 

period be ing a_:?y:retic , by local pa ins partic ularly of 

the shin bones , by an e.rytheretous rash , and by en­

la:reraent o f the sp leen. It usually begins v1ith an 

abrupt onset without premoni tor.1 symptoms , but rre.y 

occasionally be prec eded by a feeling of mala is e a 

day or two before . Th e •ec.:rl i est comph int is gene rally 

a severe f:rontal or :ret:ro- orbi tal he2.da.cr e vk ich ii:; 

:rapidly foll owed in a few hours by :;:iain in the lumbar 

:region o f the back, g r aduall:17 ext cmdin ,-· do wn into the 

legs a .::·ter two or throe d ays . Th e fever that o ccurs 

in t h i s d isease TDB.Y be one of th:cee t.y7pes (91) : 

1 . The first type i s character ized by 
paroxysms of fever lastin6 one or two 
days and recllrr ing at inte:rv.J.lS of four 
to six days; the inte :n:1ission usual ly 
l asts about f ive dey s . These pa:r oxysms 
may uurnbe:r up to a dozen or so . 

2 . The second may be an undulating t yp e 
of feve r , the v1aves :recurring with a 
:pe:ri odici ty of four to ten days . 

3 . Rarely , the t hi :rd ty::_1 e fever may 
Simila te t ypho i d . 

The feve:r us udlly :ranges f :ror,1 102° to 104° F . In 

the early stages o f the disease , pa ins occur in various 

parts of the body, but later on t hey tend to localize 
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in the shin bones , which is an i m~ortant diagnoet ic 

feature of trench fever . ':1he Eeverity of the pain in 

the tibie. caused tho soldiers to no.me it 11 s:i.:in-bone 

fever 11
• The char act er is tic rash us ,J.al ly !..!.p_;,ou rs du:r ing 

the fi:rst tnenty - fou:r to _·or t y -eight hours , c:.nd there-

fter comes and goes with the fever . It is pr esen t in 

the ra?.jority of c..:i.:c.es , being usuuJ.ly macula :r in type , 

\ti th occasi onel ec. ses sho\'Iing .£a pules . Th e dist:ributi on 

i s generally over the lower thorax and abdomen . En­

l cr6ement o f the spleen is observ ed in forty to fifty 

pe :r cent of the ca ses . nausea and vomiting may occur . 

Occasionally herpes l ab i alis accompanies the disease . 

lthough ca ta:rrhal irritation of the uppe r .resp iratory 

tr act may occur , it is :r arely severe . The patient 

occasional ly com]?lains of profuse sweating and lacri ­

mation . The blood :::_;ictnr e is cbaract s rized b;.r a leu.l:o ­

cytosis v.ihic h :ree.ches 25 , 000 to 70 , 000 :.:t the height 

o~ the 2.tts.ck , ~.nd whic:·: iE fo:::.:::.ovrnd by norM&..l ranges 

du:r ing the int e :rvals . The dif fe.renti c.1,l co ~t at the 

height of e..n attc.c:: f;:iows a pronounced deviation to 

the left ':J i th e.n increaue in the lymphocytes end mono­

cytes . Eosinophils are often absent in the paroxysms , 

but are increased in the intervals . The incubciti on 

period of trenc h fever vari es from five to twenty- five 

days . Belaps es are ~ ui te frequent in t:rench feve:r , 
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and they are ~:rone to occur s ev er~l weeks o:r several 

months after apparent :recovery . 

The pathology of trench fever i s not very well 

known; fortunately for the :9atients and unfo rtunately 

for the patholo gists , no :,ost mo rt cm stuaies hP.ve been 

made since the disee.se is never fr.tl,.,l . Eecalcs tul:en 

fr om the skin during their a.11::;,earance hc.vc sh own no 

specific changes . 

Diagnosis of trench fever in epi de"YJ.icr:: is read i ly 

rn::.l.d e on the basis o:: the syn_ptomc..tolo 7 mentioned above . 

Of pr im e i mpo:rt,J.nc e is tho behavi"r o.: the :[ever to ­

gether with the c:1a:re.cteristic pains in the tib ic. 0.nd 

lo 10r spine . In the di:Cfer 0:rtic..l dic.gnor.3if3 , tLe typhoid 

type of trench fever i s differentiated from true typhoid 

fever by the Jrescnce of a negative aidal re a ction in 

addition to the characteristic moderate leucocytosis 

i n contr as t to the le uco pcn i a. of typhoid. Relaps ing 

fever and Ill[',laria are best ruled ou t by examination 

of blood smears for their specific etiologic e.gents . 

... 1.s rnenti -Jned 2revi0usly , tne '"leil - I'el i x reaction is of 

no i rn_:;i ortmce in the d.io.gnosis of trench fever since 

ther e h as been no teport of ag zl ut in ':ltion of any of 

the X stl! ai ns of Proteus b u.c illus by s e:rt..rns of t:r en ch 

£eve:r pf.tients . 
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Tren ch fever he;..:;, no rr.o rt 3l i ~, , bnt the 1no:rb i d i ty 

rete is high during eJ idemics a.s vrns shorm du:ring World 

'.7ar I . At that time, it 'Nas c alc uJ.a ted that an a rmy 

of one million men would lose 45 , 000 cas ualti es from 

trench feve.:r , and that e i gh ty to ninet y per c en t of 

them would be unfit f or duty for a t least three months 

and the rest f or six months ( 86) . ,AS yet no :reports 

have been :r ece iv ed f:rom the p r esen t wa r , but it is 

anticir)ated t hat the morbidity rate i s very much lower 

d ue to · the chan ge in type of wa:rfure and better Jcnow­

le dg e concerning louse co ntr ol and eradication . 

There exists no specific or well-es t abli s hed 

tx eatment aga ins t tr ench feve:r , and the various d r ugs 

a nd ch emicals nsed up to. date ( saJ. va:rsan , t1.er cury , 

u inine , methylene b lue , salic;:rlates , sulfas) have not 

changed or shortened t he cou:rse of the a. iseaEe . r o 

serum ·trcutment has ev er been tried as far: as :re ports 

in t he li t or:... t xr e :ceveal . Of c ou rs e , sym_;i t oma tic 

tre a.tmen t is indic __ t ed . :? r olonged bed r es t , g ood diet , 

and hyc ienic surroundings are also in order . 

?revention of the disea.:..,e is pr ima:rily a ei_ uestion 

o f effici ent etaiication of body lice . Wi th the a d ­

vent of D. D. T. powde:r and othe:r che micals as highly 

efficient delo us ing egents , t her e is a good p ossibility 

that txench fev e r may be eliminated entirely . 
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CONCLUSION 

i7 e have pointed out the i mpo rtant strides that 

h av e been taken in the l ast few dec ades towar d com­

plet ely understanding t~e ri~kettsial diseases both 

individually and as a gro up . However , there is still 

mu.c h invest i gat i on to be done before a l l of the true 

facts cone erning the :r icket tsias ar e .kno\vn . 

These diseases provide a g:re~t opportunity in the 

field of r esea:r ch f o:r both new and ex}_Jerienced inves-
\ 

tigato:rs . The t herape usis of rickettsial diseases is 

an especia lly i nviting fie l d f o:r experiment at i on e nd 

resea rch in as much as n o specific therapy exists for 

any of the ricke'ttsial infections . r:uc h also remains 

to be done on t he epidemi ology of these di seases . 

lso , because of the inc:reasing i "·P10:r tance whi ch 

th e ric}cettsial dis eases are assuming , as bes t ex ­

emplifi ed b - our ex,eriences with them in '1/orld Vlar II , 

it i s i mJortant that we have , at leas t , a speaking 

lcnowledge of these di s eases . If a step toward the 

better und8rstanding of these diseases h~s been a ccom­

plished through the p r esentation of this pape r , then 

its p ur pose wi ll have been fulfilled . 
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