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Salmonelliasis in Infancy and Its Diagnosis 
By E. HOHMAE CHE and C. A. PELUFFO 
From the l nsii tu!e of JJ!/yicllc of .I/olll eridl'lJ, l icpnblir: of U fIIljll(l!/ 

1. I X 'l'H OD UCTI O X 

N l-\OV K\I .Ilfo;H , H) :~4 , 'lye began sys te ma t ic invcstigu.tions" on the 
etiology of what is sometimes va gu elv kno wn as " Summer 
diarrheas of infancy." 'Ve arrived a t the conc lus ion t ha t 

" shigello sis" (bacilliurv dysen tcry ) constitutes approximutely :30 per­
cent of the cases in whi ch t he sy m pto ms present them selves as ac ute 
inflamma ti on in the intes tinal mu cosa . 

In d ifferent successive publications, " we have di scu ssed shigellos is 
in M on te video and the part it plays in di arrhea s of infan cy. In the 
course of t hese investiga t ions (1n :~5 ) we ca me across species of the 
gen us Sa lmo ne lla in the feces of some ch ild re n and, realizing that 
these bacteri a are the m ost com mo n agents in adult enteritis ("foo d 
poisoning" ) , we resolved upon systematic st udy of the part played 
by them in infantile dysentery. In 1936 we m odified th e methods 
we habitually used in fecal exam ina t ions, which had for their chief 
ob ject the isolation of dysentery bacilli a nd adopted , after various 
exper ime nts , the procedures of isolation and classification of the 
sa lmo ne llas. 

In accord with our findings it is evident (at least , in M ontevideo) 
that the salmon ella gro ups play a role of gre a t importance in infan t 
pathology-much mor e so than in adult in fection s. In the literature 
we ha ve found cas ual menti on of the detection of salmo ne lla in cases 
of different types of in fantile di seases. The major ity of these cases 
are intestinal , bu t many a re "ext ra-en te ric," scpticem ias, abscesses, 
bronch opneumonias, meningitis, a r t hr itis, pleurisy , pveloncpluitis, 
etc . In a recent publ ica ti on dealing wi th non-intestinal localizations 
of the salmo ne llas, R amon Gu erra , P eluff'o and Aleppo" ci te numer­
ou s ex ta nt cases in th e litera ture. 

In ad ults, sa lmo ne lla in fec t ion of ani m al origin may be due t o 
accidcn L, su ch as the ingestion of con tam ina te d food; in ch ild re n, 
esp ecially in nursing in fants, the illness is ende m ic a nd, although an 
increase in cas es is not ed in th e s um me r, they a re met with the yea r 
round. 

Believing that diagnostic method s arc of fund amen tal importance. 
we shall describe th ose used hy us, es pec ia lly t he procedure foll owed 
in se rolog ica l classi fi ca ti on. 
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2. D1AG"OSTIC ;\U3TIIODS 

At the presen t t ime t he diag nosis is based on t he isola t ion of th e 
salmo ne llas tak en from the difl crcn t orga ns or excreta of pu tien ts , 
espcc ially from feca l mu t ter . The ind irect meth ods, such as the 
determina tion of spec ific agg lntinins in the se ra of t he pa tien ts muy 
be used as a uxiliary help an d pr incipally , in our op in ion, as a d iffe r­
cntia tion between the ca rrie rs an d the infect ed ; bu t successfu l 
determinat ions can be ar r ived at only if the type of salmo nella is 
recognized . 

Isolation . 
" 'h en one is dealing with the isola tion of sa lmone lla in the feces or 

in other mate rials contaminated with d ifferent spec ies of bacteria 
which gro w eas ily on culture medi a gene ra lly used for suc h purpose 
(lactose-litm us-agar, l\lacConk ey , E nd o, etc. ) only exce p tiona lly is 
success a tta ined , and that is when t he sa lmo ne lla are pr esen t in la rge 
quanti ties. If one inocul ates a large amount of ma teri al t he colon 
bacilli overgrow all other orga nisms an d, fur th ermore, the prot eou s 
some times invades the plates. Ther efore, medi a must be selec ted 
which will in hibit the growth of thi s spec ies . According to our expe­
rience the best is that of K ris tense n, Lester and J iirge ns, mod ified 
by Kauffmann. Fur thermore, in using t his medi a which may be 
thick ly seede d, we find t hat t he method of enrichme nt gi ves vastly 
supe r ior resul ts. The t echniqu e which we usc for direct inoculation 
ami enr ichmen t is as follows: 

Dir ect Lnoculaiion , 

The med ia of Kristen sen , modifi ed by Ka uffma nn- " is prep ared as 
follows : To one liter of t he med ia is added and mixed 10 grams 'of 
Heid el's pe ptone; Liehig 's E xtract, .~ grams; N aCI, :>grams ; lactose, 
] 5 grams : ph en ol red, 40 c.c.: agar, 25 gra ms . Adjust th e pH to 
7-7.2, and add t o t he resultant medium , before pouring it on t o 
differen t plates, 1.5 c .c. t o eac h lit er of liqu id solut ion of H oechst 's 
brilliant gree n sta in a t 0.5 perce n t. The formula of the solut ion of 
ph en ol red is as follows : Phenol red, ] gram; soda, N/ 10.40 c.c. ; 
dis till ed water , 4HOc.c. 

In place of Heid el's peptone we have used that of de Wi tt e," and 
for brilli an t g reen, that of Griibler, with th e sa me res ults . "'e 
usually ad d 10 percen t saccha rose 1.0 th e med ium , and the n adjus t 
th e proportion of lactose to t he same concc ntrution . The addi lion 
of saccha rose el imina tes some of th e colon bacilli which develop in 
t he media, and wh ich ferm en t this ca rbohy d ra te bu t not lactose , in 

twen Ly-four hours. I n orde r to avoid the prod uction of g lucose, the"rsolution of sacc harose mu st not be heated. e use distilled water 
heated to boilin g point for several mo men ts , and when the te mpe ra­
ture ha s dropped to (lOa C., we add the saccharose and, immediately 
on it s dissolu tion , we add 20 percent chloroform t o ens ure ste rility. 

' Vith th e exception of a few types kn own to be extre mely difficult 
(S. abort us cq ui, S. typh i suis and some othe rs) th e spec ies develop 
well in th ese medi a. The colon ies arc red , circu lar, convex, t rans ­
paren t , wit h even borders. The pr oteus are inh ibi ted th ough, occa­
sionally, when the ir number is very great, t hey may prod uce ve ry 
fine colonies, almost in visibl e, and chiefly recognizable by supe rficial 
zones of red on th e medi t;. The maj ority of the col i are inhibited and , 
if th ey develop , produce opa que colonies, ye llowish gree n in color. 
The pyocy uncus, frequen t in t he pu s of the ear and so me t imes in 
ph uryngcal exuda tes, develops well in this medium, and it s colonies 
might be mistaken for those of the salmone llas. l n ge neral, th ey ca n 
be recogni zed b v the ir flatness, irregular borders and, a t times , a 
met nllic shce n ; othe rs area dirty red , inclin ing to d ull gray . When it s 
dev elopment is marked , t he pyocyune us may be identified by its 
cha racterist ic aromatic odo r, but sometimes it s colonies are like 
those of sa lmo ne lla and may give rise to errors if sa lmonella is co­
existe nt . 'Ve have had success at differen t times in isola ting th e 
first from th e la tter by using pla tes p oured with glucose-litmus-agar, 
because the pvocv an cus does n ot ferment the glucose in twen ty-four 
hours. As to the dysentery bacill i and Proteus morgani (Mo rgan's 
bacillu s) , thev do not develop in Kristensen 's mediu m. 

For direct inocul ation with sus pected ma terials we use one plate 
of Kri s ten sen 's medium and ~~ to 4 of glucose-lit mus-agar, or a similar 
medium, wi th ou t inhibi tives. This combina tio n is of value becau se 
some colon ies of sa lmone lla are at times totally or par tially inhibited 
in Kristensen's medium. On the other hand , thi s medium is con­
ven ien t for the isolati on of shigellas . 

Kristensen 's mediu m must be t hick ly in ocul ated , usin g a platinum 
loop, and s treak ing th e whole medium with out fresh addition. A 
reading sho uld be made every twenty-four hours. If proteus develops 
on the glucose-litm us-agar pla tes, we do no t directl y pick those 
colonies developed in Kristensen 's medium , eve n th ough th ev pre­
sen t the character ist ics of sa lmonel la and appe al' sepa rate. 'We 
prefer to take 1:> to ~o of th em , mak e a suspe ns ion of phy~i ol ogieal 

sa linc , and transplant ag a in on one plate of Kristensen's medium and 
two of lact ose-li tmus. The reason for th is procedu re is that, al­
th ough th e proteus are inhibited in Kristensen 's medium , th ey 
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often remain a live, and if one pick s th e co lon ies un der t hese cond i­
t ions one obta ins conta m inated cultures . The plates wit ho ut in ­
hibit.ives thus se rve as a con t ro l, and for t h is rea son we always star t 
with the t ranspl an ted co lon ies whi ch th ey co n tain . 

Enrich.meul, 
The procedure of cho ice is , in our opnuon , tha t described by 

Kauffruanns-? under th e name of " method of en ric h me n t co mb ined 
with tetra th ionu te ." The me d ium K , used as a base, is prepared as 
foll ows :10 

(a) Ori ginal tct rath ionate: Pl ace in a receptacle ;50 gra ms of 
cha lk (ca rbona t e of calcium) and sterilize in the a utoclave. Ad d 
noo c .c. of ster ile, p lain h ro t h, and t he n 100 c.c . of hyposulphitc of 
sodi um (st erilized by au toclave) , ;')00 grams of hvposu lphitc of 
sod ium plus 1 lit er of wa ter. Add 20 c.c , of solu t ion of iodide-iodine 
(iod ine, 20 gra ms , potassium iodide, 2:3 gra ms, wa ter, c.s. p. 100 c.c .) . 
I sc asepticallv for this medium must not be heated. 

(b) M edium K. T o ] ,000 c.c. of the or igina l so lu t ion of tetra­
thiouate add 10 c.c. of liquid so lution of brilliant g reen at 1 percent, 
and .50 c .c , of sterilized ox-gall. Divide t h is into s terile tubes to t he 
q ua n t ity of 10 t o 15 c .c . to a t ube, shak ing continuous ly to a void 
sed imentat ion of the cha lk . Preserve sterility, leaving the test t ub es 
severa l days in the in cubator a t :37° C . 

The test tubes co n tain ing t he med ium K m us t be tho ro ug h ly 
st re aked with the material t o be exa m ine d . F or fecal exa m ina tion 
take a piece of m a terial th e size of a pea , or an eq uiva len t amount or 
more if liquid or mucou s materials arc t o be dealt with. F or isola­
tion. wh en Lhcy are rem oved from the medium K , we usc t wo plates 
of Krist en sen 's medium and one of lactose- litmus-agar, which we 
then inocula t e after one t o five days of en r ichmcnt at :37° C. It is 
ad visable t.o re-trun splan t, for as we have a lready sa id, proteus 
develops well in the K me d ium . 

As an exa mple of the va lue of the met.hod s of isolation , we re­
produce the results wh ich we have ob ta ine d with the lise of :384­
positive tests in ch ild ren and adults, excl us ive of S. typhi. 

It appears eviden t tha t if we had used th e direct inoculation only 
we should have oli tu inc d 108 positi ve results , 01' it may be th at the 
enr ichme nt is supe r ior in proportion of :1.;5 :1. It is u o tcworLh v tha t 
in ;5 cases on ly did we have success h v direct inocul ation. If we 
co mpare t he r~sult s obta ine d by incuba l.iou of t he medi um K d uring 
one to five davs, we sec that the to tal posi ti ves were resp ec t ively 
:31 0 and 2no. ~\ t. presen t we ca nno t offer any explana t ion for t his 
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un expec ted result i.c ., why it sometimes ha ppen ed that the sa l­
monell as, presen t for t wen ty-four hou rs , di sappeared fr om t he 
medium . The en t iein g hy pothesis of t he existe nce of the bacte­
riophage migh t exp lain the fact, but various tes ts to discover it 
have alway s fa iled . It is possibl e that the co-exis te nce of other 
bacteria which develop in the medium K , espccia ily the py ocyaneu s , 
ca uses the lysis of the sa lmone llas . As to the resp ecti ve value of the 
two m ethod s of proced ure, it. is to be n oted that in sp ite of th e fact 
th a t the t ot al resu l t of positives at twcn ty- Iour ho urs is su perio r t o 
tha t obta ined a t. five days, there a re 6.5 cases in wh ich the first was 
negative a nd the second, posi tive. One m ust add th a t t hese cases 
were in th e majority carrie rs or convalescen ts . 

F Ol' reasons of co mparison wi th the medium K we use the en rich­
m ent medium Sele n ite or the m edium "1"" of I~eifson .lI l p to the 
present th e results we h ave ob ta ined with it are s imi lar to those 
ob ta ined with the medium "K" and , as far as S , ty p h i is concerned , 
th ey are supe rior, if for isola tion K ris ten sen plates are used , and not 
th ose with desoxyeh ota te-ci tmte, recommended bv Lei fson. This 
med ium, do uh tless exce llent for th e isolat ion of s h ig~ ~ lIas, a nd wh ich 
we believe to 1)(' supe rio r to that of Kris tensen for t he isola tion of 
S, typhi , is not app ro pria te for sa lmo ne llas, I n recen t tes ts we have 
u.sed eithe r medium , in orde r to cheek results, ob t ai ning in 2n posi­
tive eases onlv 24 in Kristen sen's med ium, 4- in both, and one nezu­

tivo in it and positive in desoxychotate-citrate. The types of sal­
monclla wer e: 17 tvphi murium ; :~ ne wpo rt ; 2 unutum : 1 monte­
vid eo ; 11)['('d eIlY; lB . pam typhi; lmunch en , and 1 panama. 

( 'lussijication , 

Bi och emical properties: The limi tation of t he ge nus Sa lmonella. 
was £01'. ma n," years ba sed on hioch cmienl properties , cspcciully on 
th e ac tion on ca rbo hyd l'a Ics. Buehanan (I nIH) attribu ted to the 
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ge n us th e pr operty of fcrmcn ti ng glucose with th e prod uetion of ac id 
and gas, hut not lactose . Castellani and Chalme rs dofiucd th e ge nus 
as " Ierm en ti ng glucose co mplct cly, hu t no t lactose; pa rtia lIy or 
totnllv manito!' as well as other carbo hy d ra tcs, and does not coag u­
late .;l illc " According to Bergey'" (1O:a) th ese properti es limit th e 
gcnus: ". . . form s motil e or immotilc. Onc meets wit h th em in the 
intestinal tr act of animals and in va rious types of acu te inflamatory 
processes. They attack numerous carbohydrates with the produc­
tion of acids or acid and gas, but not lactose, nor sacc harose, nor ,
sa licin. Usua lly they do not produce acetyl-meth:d -earbono l." 

In 1!)~H) th e Subcom mittee of th e Sa lmone llas of th e Interna ­
tional Society of :\ ricrohiolog~,I :l admitted th e neccssitv of sero logical 
crite ria for group limitation, ad opting the definition of Bruce " 'hite 
(1021» . In accord with this definition is understood : 

An extensiv e group of ~ram -n egative bacilli, non-sporulating a nd
 
se rologi cally related, .. They do not ferment lactose nor saccha rose, do
 
not congulatc milk nor liquefy gela t ine nor pr oduce ind ol, a nd a ttack
 
glucose genera lly with production of gas, but not always . All the kn own
 
spec ies arc pathogeni c for man, for an imals, or for both.
 

Only the species which possess antigens of the gr oup can be con ­
side red, therefore , as true sa lmo nellas, and it is a foregone conc lu ­
sion that th e bioch em ical properties adapt th em selves t o those ad­
mitted bv the same. The case of S. cern ) illustrates this cr iter ion . 
This typ«, which we isolated in 1n ~Hi, 14 possesses all the biochemical 
properties of th e salmon ella s : it is agglutinated , moreover , bv some 
agglutin-serum of the gro up, of low titration (especia lly soma tic 
sera cnr ra u), but does not ab sorb in an appreciab le degr ee th e agglu ­
tinins of th ese sera. Although it appears probabl e that il. mav really 
pertain to th e group, we keep for it these sy mbo ls, X\'IIlr, I, and we 
de signate it tcntutively " Bact . cer ro" in th e hope of finding a type 
which, possessing th e same an t igens, may also cont ain othe rs ul­
rcadv recognized am ong th e salmone llas. I :, 

The bioch em ical properties of the salmone llas ca nno t be defined 
with complete accurucv : however, as was done in 1!) ~~.t., K ristensen 
and Kauffma nn If> oht.aincd varieties of S. cas tbourne which produce 
indol . In J!)~ n Knufbnunn " isola ted from til(' s t ra in of S. ana tum 
vnriet.ics which ferment lactose, even th ough verv slowly ; and, last 
of all. we recognize various types of salmonella wh ich liquefv gela­
tine: S. dar -es-salaa m, .Iordu n, IS S. uho rt.us bovis, Kaufl'mann, I ~ a nd 
S, schlc -isshoim , Kaufl'ma nn and Tcsdul .:" T aking these new findin gs 
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into account, th e Sa lmonella Subcommit tee"! mod ified its defini ­
tion as follows: 

"They do not. ferment sacchurose , nor coagula te milk, and rarely 
ferment lactose. liquefy gela t in or produce inrlol, but attack glu­
cose . e tc ." 

In renl itv, in pr op ort ion to th e increase of our knowledge, it 
become s more d ifficul t to defin e d early wha t should be exacted as 
demarcat ion of th e precise limits of th e genus : howev er , we beli eve 
that for th e presen t th er e is no othe r way hut to fix its bounda ries 
arbitrari ly in th is manner . T oday we know that sp ecies exist which, 
th ough they possess the antigens of th e sa lmo nel las, behave like 
colon-b ucilli in resp ect to th eir properties in fermenting carbohy ­
drates. suc h as th ose s tudie d b,v Gard in 1!) ~H) , ~ 2 whi ch possess 
antigens 1. :~ , and.:> of th e non-specific phases . Kauffmann and 
others, more reccntlv , have also isolated s t ra ins of coli which possess 
not on ly Hugellur, but also somatic antigens , nlreadv recognized in 
the speci es of the genus Salmo nella . 

It mav be di sputed as to whether these spec ies may be con sidered 
as salmonellas or colon bacilli, i.e. whether one sho uld emphas ize th e 
value of th eir ser ological or of their bioch emi cal criteria . In our 
opinion no definite an swer is possibl e at th e present. If we accep t 
the pr oposition that the inclusion of a species in a genus depends 
upon it s possession of the an tigens of the group, we shall arrive at an 
unsatisfactory conclusion , for we know from what Schut ze" demon ­
strated in 1928, that a spec ies which could not he cla ssified hy a 
hu ct oriologist as a sulmo nellu-e-P . pseudotubercul osis rodentium­
possesses t he soma t ic antigen s of the salmo ne llas of Group B. On 
the other hand, th e st ra ins of colon ba cilli already mentioned. which 
arc related to t he sa lmo nellas hv possessin g common untisrcns " b n . , 

possess other charucte rist ics als o, If we cons ide r th em as I;eing 
inc luded in the group , th e existence of th ese new antigens in other 
coli will oblige us also to includ e th ese am ong th e sa lmone llas, and 
t hus we shall probublv a rr ive, ste p by step, at. enumerating sa l­
monellus, for th e greater part if not all, as a colon-hacilliary spec ies . 

Taking a ll th is in to account, it is possible that th e fut ure will 
prove this mod e of procedure to be th e most logical. In reali ty, to 
undcrs tund the g<'nus, it is necessa ry to note that the pathogenic 
action is an important matt er , and it is possible that. th ese colon 
luu-il l: with salmonella antigens. about wh ich we have lit tle or no 
infor ma t ion, mnv 1)(' eit her quite as pathogenic as a re salmone llas or 
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I ""
 perhaps a re a phase of transition between th ese and th e sa prophy t ic 
co lon bacilli . 

'Ylw tev er may be the value attribu ted to bio-ch emical prop er ties 
for th e limi tation s of the ge nus Sa lmonella, its stud y is funda mc n tal 
for determination of type, whi ch is, in t he last ana lys is, t he high est 
interest in practi ce, 

Some types , with ide ntical serolog ical formula, are di flc rentiut cd 
by ce r ta in bi o-ch emi cal p roperties ; S . ga llinarum and S. pullorum 
are di s t inct fro m eac h othe r been use among othe r prop erties the 
former does n ot produce gas or I-FS ; S. cho lera suis and S. typhi su is 
are also di stinct from each othe r becau se t he latter fermen ts arabin­
ose and treh alose. FOI' reasons of co nc iseness we are not list ing th e 
b io-ch em ical p roperti es in the species of th e genus . The las t p ubli ca­
ti on we kn ow of in which they have been summa rized is t hat of 
T esdal, 21appearing in 1!l ~~8 . 

I n the course of our in vcstigation s we hav e proceeded to ve rify the 
cla ssification , st udying as a first cons idera t ion whether the sus ­
piciou s colonies possess t he funda men tal gro up properties , As we 
sa id befor e, we scpa rntcd the isolat ed colonies on p la tes of lactose­
litmus-agar, which we pi cked in to t ubes of saccharose-lit m us­
broth. Thus, in twenty-four hours we elim ina te d by fermen tation 
of this hvdru tc of carbon eve rything whi ch did not be long to the 
group, " Ie inocul a ted th e remainde r in the litmus broth (with bell 
for gas) with lactose, glucose, and ma nitol, as well as on sim ple aga r 
slan ts, Pringsh eim medi um (for the in vestiga ti on of ind ol), and 
agar of aceta te' of lead (I-PS) , At presen t we add a t ube con tai n ing 
Simmo ns medium, to whi ch we add ur ea. The devclopmen t of t hc 
urea with change of the medium to b lue permits differentia ti on of th e 
proteu s from th e sulmo ne llas, wh ich exe rt no action on it. 

Before proceeding to the se ro log ica l dctermi nu lio n of t he type of 
sa lmo ne lla, we test a ll the co lon ies we ha ve ob tained , whatever t hei r 
bi och emi cal properties m ay be, in the presen ce of a poly valent 
al )"(Tlutinatinl.! serum con ta ining agglutinins for a ll the antigens,

bb ' .' 

so matic and flagella r, of th e sa hno ne llus. ' Ve usc the qu ick est 
agglutina ting process, usin g as an tigen a t hic k sus pension of the 
bacteria to be t es ted in ph ysiological sa line . " 'e pl ace a thick drop 
of polyval en t se rum on a g lass slide and t hen ano t her of eq ua l vo lume 
of th e sus pe ns ion . I t ca n be read in a few mom ents, and permits us 
to exa mine a great n umber of co lon ies in a sho d : tim e. If th e aggluti­
nation is positive, we proceed to study a ll th e bio-ch emica l and 
serological p rop er ties of t he isol ated strai ns . 

D etermin ation of se ro log ic type. At present, t he identification of 
th e sa lmo ne lla types is based on th e method s of agglu t ina tion , which 
a llows the re cognition of th e g"J'OUP an tigen s presen t, design ated by 
specia l sv m lio ls accord ing to t he sc he me of K nufl'munn and White. 
The soma tic a n tigens are design» ted by H oman numbers; th e spec ific 
flagella tes (phase 1 and ph ase 2) by small let te rs , and th e non -specific 
flagella tes (phase 2) wi th Arab ic le ttering. 

'Ve reproduce the present plan as ap proved b.,; t he Sa lmo ne lla 
Subcomm ittee in 10:W;2;' 

• 
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2 
:3 
4 
5 
(j 

7 
8 
I) 

10 
11 
12 
1:3 
H 
1;'j 
If) 

17 
18 

S, jial'{ltyphi B
 
.s. aVOIlY
 
S. ty ph i murium 
S. stalll ey 
s. hcidelben; 
S . chester 
S, rcadiru; 
S. derby 
S. essen 
S . bud«pest 
S. V1'(///11enbllr!! 
S. bi,~ pebjerf/ 
,'i. uliort n« cqui 
S. uborlu« oris 
S , uhortu« hori» 
S . brcdency 
S . «ch!ci,~sh e i 11/ 

I V, v 
tv, v 
1\', (v) 
1\' 

(I) , I V 

I Y 

1\' 

1 \ ' 

1\' 

1\' 

I V 

d 
r 
C, h 
c, Ii 
I, g . .. 
go, Ill . . . 

g, t . . . 
I, v 
a 

c 
I, 1\', XX Y II b C, 11, X 
I , 1\', XXV II I, V 1, 7 . . . 
1\' , X XVII b. ;00; , 2 

1, 2 . 
1, '2 . 

. C, II, X 

1, 5 . .. 

C, II 

C, II , x 
c, II , x 
1, (j .. . 
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II-A ntujen. 
Type ()-A niiqeu 

Phase 1 Phase 2 

Group E 
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T Il E K A UFl".\I AXX-WIIlT E 8 <;111';'\11.; ( W:W-('olllillued) 

tt .» utioen 

1!l 
20 
2 1 
22 
2:3 
2· ~ 
2....) 
2U 
27 
28 
29 
:30 
:31 
:32 
:3:3 
:34 
:35 
3 (j 
:37 

Typc (I-Autiqen 

Group C 

S. paratyphi C \"I . VII (vi) 
8 . cholcrue su i» 'I 
S . typh i sui» 
S. tho11/PSO/l 
S . ci rchoto 
S. oran ienbu rij 
S . ]}()IBC!all/ 
S . /)(1 rcilly VI, VlI 

S . mikauxishim« r 
S . niout ecideo 
S . oslo 
S . amersfoort 
S. brueuderu.p J 
s."""PO,' )S . kottb u« 
S . boeismorbifican VI , \"III 

S. nutenchen. 
S. nurash ino 
S . glostmp 

I'I/(/.~ e I 

c 
(e) 

c 
(k) ,. 
Ill, t. .. 
I, v 

Y 
y 
g, m , S .. . 

a 
d
 
c, h
 
e, It
 
c, h
 
r
 
d
 
It 

z,o 

1, U.. , 
1, 7 . . . 
1, (i . .. 
1. 5 ... 
1, 7 .. . 
1, 2 .. . 
1, ;i ... 
1, ;i .. , 
1, li . .. 
1,7 .. . 
1, 7 . . . 

z(i . . . 

1, .'L . . 
1. 5 .. . 
1.5 .. . 
1, ;i . . . 
I. 2 . . . 

C , II 

1. ;i .. . 
c , II 

c, n , x 
c, 11, x 
c, 1\ 

1, 2 ... 
1, ;i . . . 
1,5 .. . 
1,2., , . 
e, 11, x 
c , n 

;i O 
51 
;i'2 
;i3 
;i-! 
5;i 
;iU 
;ii 
.is 
;ifJ 
(;0 

(jl 
(j':2 

x, london 
S. gire 
8 . anatu m 

" 1/1uen xter III , x , XXVI' . 
S. nybory 
S . am uqer 
S. zanzibar 
S . .~h{III[I{lII i ...
8. newington 
8 . «elandia ~ III , X " 

.'i. nell' brunsicicl...J 

.~ . .<e!lfle /lhery ~ I , III, XIX 

S . niloese 

Furth er Groups 

I, v 
I, v 
c, It 
C, It 
C, h 
y 
k 
d 
c, h 
c, h 
I, v 
g, S , t . . . 
d 

co).) 
(l-! 
!i;i 
(Hi 
(ii 
liH 
(i!) 

70 
71 
i'Z 
i:3 
7.J. 

,,,. aberdeen 
S. ]laona 
.'-'. trorth i I/ylo/l 
•c..; . uichita 
,Ii. CII rra u 
.'i. ondcrst epoort 
.'i. h/'illl:nyfo.<s 
x. ga111111a ru 
x. !.'irILl'e 
S . kent uclq) 
S. TIl inn csota 
.'1. tel-arir 

1, 2 .. 
1, li .. 
z . . . 

1, 7 .. . 
I. ii . . 
C, II, X 

1, 7 . . 
1, 2 .. . 
7,(i .. . 
C, n, x 
e, 1\ 

Xl 

XIII , XXII 

I, X li i, XXIII 

I, XIII , XXIII 

VI, X IV, XXI V 

[ I j, V I, XI", xx\' 
X \'I 

X\"l 

XVI! 

[ \'I II I, xx 
XXI, x x v r 
xxvrtr 

z . . 
I, w 
d . . 
Y 
C, h 
b 
d 
h 
i 
11 
y 

C,) = These unt igcn « lIlay fail. T hc only Ll-unt igens to he specified in t his way , a re th e 
a ntlgl'n,; c a nd k whose ah .-e 'I<·(' results in t he two non-specific vm-innt s most impo rtu nt in 
I,,·,...l icc, viz . S" ! lfIfJlld !(l I'!",!"rat>-","i., vur . k ll /lzclU!or! a lHl S. ./holfl/''''''/I var . berlin , 

[ I = Only pa rt of I he O-antigl'n pre sent . 
. " = Especially s t rongly abbrevi ated form ulac . 
.\ s t h i ~ S,·heme .is rua inly intended for pruct icul use in t hc determ ina t ion of sero logica l typ es, 

only aut Ig('U'; of dl:lgnost ic imp ort anee 1,,1\'(' been included in th e uhhreviut ed formulae. 
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The most practical method of proceed ing with the iclcn t ifica t ion of 
the se rolog ica l type of sa lmone llas co ns ists of using rapid agglu tin a ­
ti on , In prep a ri ng t he agglu tina ti ng se ra, depri ved of par t of th eir 
agg lu ti nins by saturation to t he exte nt th at t hey agglu t ina te one sole 
factor( . it is easv. ' t o recosrnizc in a few minutes whi ch of th e so matic. , b 

and flagellar an tigen s the s t rain under s t udy possesses, and co m ­
paring th e resul t obta ine d with th e sc he me of Ka uffmann .and 
'White, one can make identifica t ion with sufficicnL ac cura cy for all 
practical purposes. I t mus t be recorded th at t he pl an c ited d oes not 
include the co mplete ant igen of the sa lmo ne llas, bu t ra th er the 
sim plified fo r m, the lesser an ti gen s being om itted; and for this r eason 
it is necessary to ac q u ire certa in facility in th e interpretati on of t he 
partial reaction s, due t o t he presence of t hese an t igens . 

(a) So matic sera . F or the prep aration of so matic sera we inject t he 
rabbi t in tra ven ou sly with a cult u re of twcn tv-fo ur hour prcparn ti on 
in broth , hea t ed to 100 ° C fo r t wo hours, to destroy the flagellar 
antige ns . If one employs the "0" strain , this hea t ing is no t neces ­
sary . One can em ploy one 01' another of t he types includ ed in t he 
sche me, bu t it is indispensibl e to be assured previ ou sly that the 
stra in used is of an "S" form . For th is we use t he reaction fro m rapid 
agglu t ination in the presen ce of a so lution of t rvpa flavine, 1 :.500 in 
di stilled water; th e " R" forms give an in stantan eou s agglutination 
in thick cl um ps . The for m "Vi" of S . typhi and so me n on-specifi c 
phases of salmone lla in for m " S" so metimes agglut ina te ; but in this 
case t he cl u mps are fine, which permits di ffer entia ti on fr om the 
" I{" forms , 

T o ob ta in pure so mat ic factors, one sa t ura tes t he sera, adding 
t hem to a hea vy bacterial sus pe ns ion of th e t ype desired, 'Ye usc 
for ty-eigh t hom cu lt ures in aga r, and co llect t he baci lar mass by 
sc raping it off wi th a wid e spatula . This me tho d is preferred be­
ca use th e dilution of t he se rum is avoided , ina smuch as when t he 
bacteria arc co llected, sus pe nd ing t he m in sa line sol u Lion ma kes 
dilu ti on inevitabl e. Phen ol is ad ded to t he mixture of se ru m and 
bacilli up t o a final dilution of 5 per cen t and incubated for six hours 
at :n ° C., and eigh te en hours at room tempe ra t ure or in the refrig­
era tot' , The se rum is sc pu ru tcd by ce nt r ifugation, and by slo w 
agglutina tion we avoid t he di sappearance of t he desired agglu tinins 
a nd , as a p reserva tive, we add glycer ine to t he amoun t of 40 percen t . 
Alth ou gh wh en thus t re a ted the se ra remain sta b ile at room tempera ­
t ure for a long tim e, it is wise to keep th em in a refrigerator so tha t 
th e stre ngth of th e agglu t ina t ion shall no t va1'." .26 

It: is importan t to ob ta in co m plete absor p t ion without traces 
be ing left, and for this onc must ob ta in a supe ra b undance of bacilli. 
As the ncccssury q ua nt ity cons is ts of a g reat m ass of ba cilli , wh en 
the vo lume of ser um t o be sa t ura te d is co us idc rab le, we em ploy as 
recepta cles for th e cult ure alum in um crys ta llizing units :)0 ce nti­
meter s in di ametcr, covere d with ga uz«, co lton and paper , 

'Ve so w th cm , co llecting the sus pe nded bacteria in :W c .c , of di s­
tilled wa ter . After forty -eight hours the water eva porates co m­
pl etely and t he sc rap ing produces a pasty mass of ba cilli, The 
s ta ndardi "a tion of a good so ma t ic crude se ru m shou ld not be low er 
th an ]/ 1,280, measured by s lo w reaction , After sa t ur a t ion, it is 
ofte n possible to dilute th em 1'0 1' use in rapid agglutination bu t , in 
ge ne ra l, it is advisable to usc dilu t ion s in wh ich agglutina t ion is 
almost instan taneou s . 

The nccessnr y fac tor may be ob ta ined by follo wing this pl an: 

Factor S erum S atu ration »ui:S" 

Parul.yphi A ( I , 1I , X II)I Pnratyphi A, val' . Durazzo ( II , xu)
II Paratyphi A, val'. Durnzzo En teritidis ( IX , x u )
 
III, XIX Sen fte nberg (I , III, X IX) P uratyphi A
 
1\' Heading (1\' , x n ) En teritidis
 
V T yphi m urium (1\', v, X II ) Derb y ( IV, X II )
 
VII Cholera suis (v r i - vn ) Cholera suis (n 2 , \"II )
 
\ '1 2 Cholera suis ( \"1 2, vr r) Cholera suis (vr ., \"I I )
 
vu
 Om niellberg ( \"I , \"I I) M ucnchc n (VI, \'III )
VIII N ewp or t ( \"I , \"III ) Paratyphi C ( \"I , vn)
I X GallinanrIll ( IX , X II ) T yp h i muri11111 
I X. XlI Ga llinar ulIJ ( IX , XII)

vi T yphi ( IX , \'i )
 Ga llina n lln + T yphi C'R")
X Anatum (rrr, X, XX \"! ) Newington (u r, x v) + Minn esota 

( X X I, XX \"I )
 
XI Aberd een ( X I )
 

XIII , XX II P oon a (X " I , XXII )
 

X IV, XXI\' Carruu (v r, X I \ ' , X XI \ ' )
 P a ra typhi C ( VI , VII ) 
X \ , Newington Ana tum 
x vr Gaminum (x vr)
 
X VII Ki rk oe (x vn)
 
X VIIl CeITo ( X \"I lI )
 +++ .. 
XIX Senf te nbCl'g Paratyphi A + Newing ton 
x x Ken tl!cky (vn r, xx) Newpo rt (vr, \"III ) 
XX I Minnesota Anut. um 
X XI, X X\"I iH innesota 
XXlI J'oona 'Vo rthington ( I , x rrr, XXItl )
XX III " 'orthington Parutyphi A + Poo na 
XXIV Car rau Ond crstep oor t ( I , \ '1 , X IV, xxv)
X XV Ond erstepoOl'l Parutyphi A + Canal! 
XX\'11 Br edcn ey (I, 1\', X XV It) Derby (I, IV, xu)
X XVlIl Tel-aviv 
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(b) Flagellar se ra . Fl agellar se ra are ob ta ine d from rabbits by 
rep eated intrav en ou s in jection s of twen ty -foul' hour cultu res (in 
broth 0 1' sa line) wi th 5 percent Iormol . Us ua lly it is su ffic ient t o 
make three injection s of 0.15 , 1, and Q c .c , at in tervals of three or foul' 
days. The s t andard ization of a good flagellar se ru m sho u ld not be 
less than 1 :20,000, ca lcu lated by slo w agglu t ination and readi ngs 
after foul' to s ix hours sub me rs ion in a water bath at 500 C. 

It is importan t t o use actively motile s tra ins, ac q uiring t hese bv 
means of frequen t mi croscopi c exa m inat ions of the hanging drop . 
thus assur ing ourselves of an ub undu ncy of flagellar antigens . Al ­
ways, wh en possibl e, select mo no p has ic types, but wh en the a n t ige n . 
the se ra of which is to be prepared , d oes not exist exc ept in biph usic 
t ypes , it is d esirable to chose a strain which ha s a tc ndcncv t o ret a in 
t he p hase so ug h t for. For this, one must ma ke the isolation of the 
co lonies on pla t es of agar and pi ck Ir oiu 10 to 1.5 of them on agar 
s lan ts af ter twen ty-fou r hours incubation . Then perform the rapid 
agglut inat ion with t he agglu t inat ing se ra for bo th phases, and se lect 
one which agglutinates on ly with t he phase so ug ht 1'0 1' . Hepcat this 
process se ve ra l times until it is ce r ta in that a t least no percent of th e 
co lon ies ob tained remain in this phase, a nd inocula te them iu tubes 
of broth to be used I'm rabbi t injection s , Even under suc h co nd i­
ti on s, and wh en th e chosen st ra in agglutinates only with th e se r u m 
of a determined ph ase, its in jection gc ne ra llv produces agglutinins 
for both phases. Therefore , it is ad visable t o sa t ur ate t hese se ra , 
d epriving them of t he so mat ic agglutinins. T o d o this, it is preferable 
to usc st ra ins which hav e the sa me so matic a nd flagellar co m posit ion 
in one of the phases, whi ch permits t he usage of a lesser quantity of 
sat urat ing hacteria . If one, for exam ple, sa tura tes a n anti -p aratvphi 
13 se ru m in phase 1 (agent b ) , with S, typ hi murium in ph ase 2, t he 
so ma t ic and flagellar agglutinins of phase 2 are absorbed at t he sa me 
time. 

The mon ophasic st ra ins whi ch possess only one flagellar an t ige n, 
as 1'01' exa m ple, S. ty phi, d o not offer difficul ti es for cla ssification ; 
but wh en one has to d o with mon op hasic types of a co mplex flagellar 
com pos it ion, it is d esirable to a rrange t he pure "sera agen ts;" pre­
pared by saturation in the sa me m urmer as a re th e somat ic. The 
di s tinction , for exa m ple , between S, di blin (gp) and S . restock (gp u) 
is easy, wh en regulated h,\, se rum "u ." So me hiph asic types nrc 
eas ily class ified, whi ch d em onstrates t hat a definite antigen ex is ts 
in on e of th e phases. The flagellar se ra " ()" and "7" permi t th e 
differentiation between the types S. lond on a nd th e type S . give. 

For these rcusou s it. is pr efcruhle to work with pure Iactors not-

S alllwnelliasis in I nf ancy and Its IJia!lllo:;is 

withstand ing th l.l t th e.usa gc, of total Hagellar sera has th e advantage 
that t hey co n tniu residual Ia ctors not included in th e pl an , whi ch 
~Il ay be very useful as means of recogniti on of th e relations h ip exist­
IIIg between a new ty pe and a kn own salmo nella. 

W e Ita ve em pl oy cd t he following se ra: 

A !lent Serum S atl/ rated with 

a P arntyphi A 
b P uratyphi B, VaJ', Juvu 
c Paratyphi C (p hase 1)
d T yphi 
ch 1\cwpo r t (p hase 1) 
cn l\Iikawasima
 
cnx
 :\ mcrsfoort 
f DCI'by
fi{ Derbv 
fg t Bcrt l ~ 
gm Enteri t idis 
gills l\ionte\'ideo 
gp Du bl in 
gP\l Restock 
gq l\Ioscow 
gst Scnftc nbe rg
It Eastbou rne 

P aratyphi A, heated to 100° C 
Typhi murium
 
C holera su is, va l', kunzcndorf
 
East bo urne
 
Muen ch cn (phase 2) 
Bu reill y (phase 1) 
Gam inara (phase 1) + S, orunicnburg 
Essen + Budapest 
Brandcnburg 
East bo lll"Ilc 
Eastbou l'llc 
Barcill v 
Eastb~urn e 
E astbourne 
Eastbouruc 
N iolese 
D ar-es-salaam (phase 2) 

I :l)'phi muriurn (phase 1)°P arat,yphi B (phase 2)
k I hompson (p haso 1) Cholera suis, va l'. kunzcndorf
h· Lond.on (phase 1) A nut um (phase 2) 
III Oran ~en burg Scnfte n berg + Berta + Bareilly
mt Ora me n bcrg Hareillv 
II D ar-<;s-salaam (phase 2) E ast.bdurne (phase 1) 
p Dublin 
q l\foseo l\" 
I' H eid clh ~~ rg (phase 1) 
S l\ion ~e \'ldeo 
t Oralllenlmrg 
u Hostoek 
v P an ama (phase 1) 

Enteritidis
 
E n t.er itidi s
 
P :u'atyphi' H (phase 2)
 
Orallienburg + enterit id is
 
Mon tevideo + enteritid is
 
Dublin
 
DaJ'-es-sal aam (p hase 1)
 

w Dar-e s ~salaalll (phase I) Panama (phase 1) 
x 
y 
Z 

Z I 

Z ij 

ZI O 

Z J2 
1, .... .q 

I, :l .. 
1, ;'j .. 

1, (j .. 

I . . 7, 

All1 e~' slo ort. (phase 2)
 
I~a redly (phase 1)
 
I,oona (phase 1)
 
C.elTo
 
K entuck y (phase 2)
 

Glostrup (phase I)
 
Sehleisshe im
 
Pyralyphi B (phase 2)
 
.Pi cwpo rt (phase 2)
 
C holera su is, Val' ,
 

K ullz endorf
 
Anu l.um (phase Q)
 

Caminara (phase 2) 

l\Tika l\"asima (phase 2) 
Thompson (p hase 2) 
Lond on (p hase 2) + P oona hea ted to 100° C 
Cerro, heated to 100° C 
T yphi rn urium (phase I) + Thompson 

(phase 2) + K cnt.uckv heated to 100° C 
M ikawas imn (phase 2) -+ Muenchen 
Ahorl.us bovi s (phase I) 
Ahony (phase 1) 
C hes te r (phase I) + Glo strup 

lVlonlev ideo 
C hes le r' (phase I) + Au utum , hea ted 10 

100° C 
Ame l'sfoo rl (phase 1) + H v il.Lingf'oss 
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. I" I' , . , ." ,, ~ " " G" mdI n on Icr to 0>1 t.a m agg ut .inat ing actors '':2,' ":~ , ;J , >, 

"7" in a pure state, it is nece ssary to saturate respective se ra with 
mixtures of the rem aining phases " 2," for n-lutionships not m en­
ti on ed in t he plan exist between them . 

(c) T echnique of se ro log ical classification . To prove rapid agglu­
tination, we em ploy a g lass pl ate of 2;3 x :50 cen t imete rs, divided by 
lin es 1 t o 2 m. ill wid th , in squa res of 2 x ':2 centimeters. 

\Ve begi n by d et ermining the so ma t ic group to which the s t r a in 
t o be cla ssified bel on gs, whi ch we already kn ow from a previous t est 
a <T<rlutinates with a • se rum . To d o this, we d ep osit abb poly valent 
thick d rop of eac h of the so ma t ic agents a long one row of sq ua res, 
writing with a penc il fo r glass writing in th e sq ua re immediately 
above t he sy mbo l co rrespo nding t o the agent used. \Ve add fr om 
:~ t o 4 c.c. of ph ysiological saline t o th e culture on the agar slan t , 
which provides a sufficient ly t hick sus pe ns ion for a dcv elopuien t. 
which is good. W e then d ep osit a drop of sus pe nsion on eac h drop 
of se r um and mi x t hem with a platinu m needle, ge n tl y shake the 
glass pl ate, and make the r ead ing within a few minutes. In this 
man ncr one can determine the so ma t ic gro up t o which th e st ra in 
belongs, t o a su fficien t degree to determine the exist ing flagellar 
antigen s in the sa lmone llas bel on gi ng to the same gro up, thus avoid­
ing t he t est of t he st ra in in t he presen ce of a ll t he flagellar se ra . Once 
one of the colon ies oh t ained fr om th e pa ti en t is classified , we can 
exa mi ne t he res t of the colonies-gene ra lly fr om 15 t o 20-test ing 
them on ly in t he presence of t hose sc m whi ch have give n positive 
uggl u tin a ti on s, The process need s to he rep eu ted only wh en m ore 
th an one type of sal monel la is encoun tered, or wh en a new type is 
found. 

:3. I 1\ F AXTI L E SAL?>lOXE LLAS 

R esu me of our expe riments . 

H ere we are referring t o th e cases wh ich we s tudied during t hc 
period between June 1, I !):W a nd l\lay :n, I !HO . 

During t hese four ycurs we stud ied '2,141 ch ild ren wh o ca me, for 
th e 1JI 0sl: par t , from th e hospital s of Montevideo and wh o ranged in 
auc UJ> to t welve vea l's. 'Vi th out previ ou s selection we exa m ined th e 

b " 

feces of th e hospitalized ch ild ren, whatever migh t have been th e 
illness for whi ch they wer e hospit ali zed , and wh ether th ey had in ­
tes ti nal symp to ms 0 1' not. In those cases in which we found sa l­
m on ell a in the feces, and h OIJl th e yea r J!) :H). on, we practiced a 
svstem a tic se ries of cult ures of b lood , urine, phurvn gcul cxud a tc, 
I;'US fr om t.he ca r (whe n pr escn t) , ce rch rul-sp inu l fluid (whe n menin-

Sa /mo/lel! ius i.~in ! lIf WII:lI ulid Jt.~ f) ial/llosis 11 :'i 

ge a l sy mp to ms were presen t) , and al so agglu tina tion reaction with 
t he se ru m of the patien t in th e presen ce of t he sa lmo nel la or sa l­
mon ellas m e t with. The totalnulJl oel' of exa m ina t ions was 5,7!l8 . 

In '2G(j children (or H. 14% of the cases in ves t iga ted ) we isolated 
one '" " ":" species of sulmo nolln. In all , 28 7 families, a mo llg which 
the foll owmg ty pes were di s tributed : 

S. ty p h i murium, 117 : S. newpo rt, G7 ; S. montev ideo, '24; S . 
an:lt.um , ~ 7: S. derby , lG ; S. ol'H n ienb urg, 10 : S. paratyphi B (o f 

. animal lH'lglll), 8 : S . b redcnev, (>: S. muenc hon, :5; S. cho lera s uis 
(va l'. kunzcndorf') , :~ ; S . panam a , 2; S. muen ster, '2: S. minn esota, 2; 
S. senftenbel'g, '2; S. ches te r, '2; S. ume rs foort, ~ ; S . newing ton, 1: 
S ..carn~ u , 1 ; S. ~am i na l'a , 1. w, found al so a s tr a in of a new type , 
s t ill bein g stud ied, whi ch we arc ca ll ing S . nr echuval etn, th e ao­
breviutcd fo rm ula of whi ch is IV, (V.), u-T.7.. ... 

T ogether with sa lmone llas we found in 10 cases dvsen te rv bacilli 
(8 Flexncr, 1 So nne and I " Boyd 88") . F ive ti mes t he'y were fou nd t o 
coexist in t he feces . The res t Were di stributed as foll ;ws: Sah no ne lla 
in the feces and dysen t ery bacillus in th e urine, 1: sa lmone lla in the 
ph aryngeal ex udate and dysen te ry bacillus in the bl ood cult ure, 1 ; 
salmone lla in bl ood cultu re and dysentery bacillus in vaginal ex ­
udate, 1: sa lmone lla in the feces and dvsentery bacillus in pharyn­
geal exudate, 1. In a la t er case we isolated (d u ring th e life of th e 
p atient) sa lmonella in t he feces, in t he pu s from the ea r , the urin e, 
and the blood: at autop sy, sal monel la in th e sp lee n and blood and 
dysentery bacillus fro m t he lung. 

In 15 cases we isolated m ore t ha n one type of sal mo nel la fr om
 
th e same patient; 12 cases had tw o types; I had three: 1, four; I,
 
five: we have recentl v obser ved more d eta ils of t hese cases, showinc
 
associa t ion of variou s sa lmo ne llas . b 

The materials in whi ch we found the sal mo ne llas men ti on ed were 
di vid ed t hus: feces , 2(j!): mine, I!): blood , 15,: p haryngeal ex uda.te, 
12 : pus fr om the CHI' , 10 ; ce re b ros p ina l flu id , 2; peritoneal pu s, 1. 
l~ must be obser ved that the to ta l of en ulJlera ted stra ins (:~28) is 
h.,gher than t lu- total of t he types met with , whi ch we ha ve j ust m en­
ti onorl (Q~7) . Th is apparen t co ntl'(ll liction dep en ds on wh ether, 
"~h~'n we Isolated Irom the patient th e sa me type or sa lmone lla in 
d iffi-rcn t ma teria Is, we eOlls idel'ed it as th e sa me species 01' n ot. 

In rei a t ion to th e mon th s of th e year, our cases were dis tribll ted as 
follows: In .JallllaI'Y, .~ !l : F ebrUaI'\ ', 28 : Alm 'ch 4!)' '\ 1)1'1'1 "4· '~ 'l 'l\r 8'1 . . . . , , ... , .J, ( . , ,~ ,. 

• UIl (', 11 : .Jllly, G: Au gu st, 8; Se ptem be r, ;3; Octob er 8' November 
20 ; Dl' eemb('l', 40. . , , , 
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examinations proved nega ti ve for bo th bacteri a , we classified the 
. I f" k " case m t ie gro up 0 un nown ca uses . 

The relative importance of t he et iologic factors mentioned as a 
ca use of infantile mor tali ty by enterit is is sho wn in t he following 

t ab le: 

illortalityfrom Inf ant ile Enterii i» 

S kif/ella Causes Sa lmo /lella 
Un known 

Case« Deaths % (lases D eaths % Cases Deaths %Ayes 

0-1 40 14 30,43 70 32 45 .71 157 47 2!l.2 9
 
4~~ 10 23 .2;3
]..I.14. 27 ;34 2;3 .!l2 21 3 

~3 ()1- 2 
0 20 1 5.00 10 3

2-:3 11 0 
0 0 8 1 12.;30 

0 19 ~3-12 11 0 

A ngiuas lind Otitis . 
In numerous cases of infan til e sa lmo nellias is we have observed the 

l)l'esence of a red an gina , gene ra lly with out exudate. " 'e made 11 

bac te r iological exam ination of the ph aryngeal sec retion in 74 cases 
in which we had previously detected a salmo nella in the feces, urine 
or othe r materials. Twelve t imes we found sa lmo nellas in the 
pharyn geal secretion: S. typhi murium , 7 ; S. montevideo, 2 ; S. 
cho lera suis, val'. kunzcndorf , 2; S. amersfoor t , 1. 

According t o th e intestinal involvemen ts we class ify 6 of these 
cases as ente ritis, 5 as simple diarrheas, and the rest as sept icemias . 

The su ppura ting otitis med ias as complications of infantile 
salmonellias is are quit e frequent. 'Ve exa mined the collected pu s 
from the externa l aud ito ry cond uit, af te r punc turing t he typanum 
in :30 cases, isola ting sa lmo nellas in 10 of them. In 2 cases the 
pharyngeal secretion was also positive on exa mination; !n t h~ re­
ma ind er , nega ti ve. The types of sa lmo nella were : S . t yphi murium, 

8: S. montevideo, 1 ; S . newp ort, 1. As to the pictures of intestinal 
cli n ical sy mptoms, they were : four en te rit is; five simple di arrheas ; 

one septicemia . 
.Meni ngitis. In two cases of men ingitis, both fa tal, we isolated 

S. typhi murium fro m the cereb ros pinal fluid. In one of th ~~m t~ 1C 
meningeal localization appeared as a complicat ion of sep tIce nua . 
In the othe r case, we di scovered pulmonary t ube rc ulos is at autopsy. 

Sep ticemia». \Ve practised hematological examination in SO cases, 
isolating salmo nellas in 10 . I n.~ cases the cl inical picture was t!Iat of 
sep ticemia; :3, pure forms, without localization ; one accompaJlled by 

So lmonelliasis ill Inf ancy and Its J) iagnosi .~ Il9 

enter it is, and t he othe r, by simple diarrhea. In the remaining cases 
th e development followed an irregular course, and in some t he re 
were signs of t ravelling ba cteraemias accompanying different locali­
za ti ons; 3 presented en te rit is and 7, simple diarrheas. In another 
case, however, we found no localiz ation which could expla in the 
finding of sa lmonellas in the blood . 

Urine Exu min aiiou , 'V e made a ba cteriological exa ruina tion of 
th e uri ne in 71 cases and isolated salmone llas in 19. The types were: 
S. typhi muriurn , 10 ; S. montevid eo, 3; S. newport, 2; S. cho lera 
su is, var. kunzendorf', 2; S. der by , 1. In one case we isolated S . 
typhi muriu m and S. mon tevid eo together. The clin ical pictures 
were : ente rit is, 1 ~3; s imple di arrhea , 2; sep t icem ia , ~ 3. Tn a nother 
case onl." the urinalysis showed positi ve resu lt, app aren tly withou t 
any localization of the salmo nella . 

Other Localiza tions, In a recen t pu blica tion, D el Campo and 
Ale ppo27 mention clinical obse rvation of a case in which a suppurat­
ing peritoni tis set in as a sequel to an apendec to my. From th e peri ­
ton eal pus, S. typhi murium an d a st ra in of co lon bacill us were 
isolated. The agg lu tination reactions were positive for S. typhi. 
murium (II , 1/u40 ; 0-) and nega ti ve for the s trai n of colon bacillu s, 
which led us to suppose that the ca usal agent was th e sa lmonella. 
F ollowing drainage, the ch ild recovered. 

CO:-:C L USIQ:-:S 

vVe have co nclude d that infan tile infect ions produced by sa l­
mon ellas a rc very fre quent in Uruguay, for we have enco unte red 
them in 12.U percent (2ou cases) of t he 2, 14 1 child ren up to t he age 
of twelve yea rs which we have st ud ied . 

At present, human salmone lla infect ions 01' animal or igin ar c 
pructicallv sy no ny mo us with "food poisonin g." However , in the 
case of child ren , we do not conside r the express ion appropriate, for 
such infections differ in many respects fro m t he in fection s of ad ults . 

The Schoo l of Kiel ha s the merit of having obse rved and tena­
ciously def ended th e epide miologica l and pathological differences in 
human infections by sa lmonella, accord ill" as to whether th ev were 
of human or of animal origin . Since 1902 ~ and during t he following 
years, Fischer , Muller, Bitter, and Wagn er , of the Inst itute of 
Hygiene of he University of Ki el, developed a series 01' works on 
th eir obse rv a t ions , classified in concepts called " T he Ki d D octrine" 
which is at present ac cepted (tho ugh not always by this name) by 
all authors who interest thems elves in this subject. 28 
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The sa lmonellas of animal or igin, of which at that time S, typhi 

murium (or B. enteritid is brcslavi cnsis, as a uthors ca lled it ) (:o ,ul~ 1 
on ly be recogni :r.ed with rcasonuhle uec uracy , and th e S, ente n tHhs 
(B. enteriti d is Giirtner) possessed slight viru lence for h uman, he­
ings. For thi s reason , the di seases origina ted hy th ese orgallls llls 
see med more like an intoxicat ion t han a real infection , an d so th ey 
were given the name of "alimen ta ry intoxications" (N llhnl/ ill eher[l ~r-

l11l1[1-food poisoning), , , 
The sy m ptomato logv of the cl in ica l pic ture is ver v eha raetel'lst.lC : 

it begins ab ru pt ly a fter (j to 12 hours incubati on (r arely longer ) , wl~h 
frequent vomiting, numerous repeated stool movem ents, up t o 40 in 
twen tv-Iour hou rs; colic, te nesmus, a weak and ra p id pu lse, cyanosis, 
and un ab sence of red spo ts . The illness is located in the digesti ve 
tract. There is frequ en t , gastric ca ta rrh, c h ie ft~· in th e pure t oxic 
type, and sometimes wit h purulen t gastrit is, inte ~l se il:flam ma t ion, 
and small hem orrhages in t he intestines, especially in th e large 
intestine. The mesenter ic ga ng lions and the spleen gene ra lly, ap­
pea r of nor mal size, t hough sometimes slightly en la rged . The 
process general ly co n tinues for four 01' five duys, occas ionally u,P to 
ten and con valescence is rapid. Complications are rare, espec ially 

, I ' 
sept icemia, which gene ra lly appears in fa tal cases a few hours iefo re 
death. The mort alitv is low, accepting genera lly the percentage 
which osc illa tes between 1 a nd :~ , an d accord ing to Giutner, death, 
wh en it occurs, always t akes place within six days of the onse t. 

T he salmonella infections of human orig in (the originators of t he 
Kid D octrine allude espec ially to S. pa ra typhi B) a rc very d ifferen t 
to th e ab ove, and the clinical picture is often confused with tha t of 
ty pho id . The pe riod of incuba tion is from four to six d uvs, and th e 
ueuc m l onse t is slow and progressiv e. In some cases, to whose pat­
~ern is attributed t he presen ce of a grea t number of ba cteria found in 
contaminated food, t he cl inical picture begins ab ru p tly as in ali­
menturv intoxica tion , and with profu se di arrheas. H owever , this 
is the e~ce pt io n, and when it occ urs the evolut ionary process becomes 
typhoidal after t he first few days, occasionally after a peri od of 
normal temperature and ab ated 01' vanished in testinal sy mpto ms . 
Gonerallv nei th er vomi tin g nor di arrhea. are obse rved, but on the 
other ha'nd , th er e are, as in t yphoid , red spo ts and sp lcuo mcgu ly ; 
al so, as in typhoid , th e localization in Pcycr's pa tches is th e rul e, and 
complications (abscesses, e tc.) a re by no means rare. 'The re is also, 
usuallv ba cill emi a, an d th e mean duration of the disease is ab ou t 
three weeks. Morta lity is va riable, according to diffnent authors, 

b ut acco rd ing to un ani mous opinion it is grea te r than in food poison­
ing and, lastly, according to Giirtne r, death usually int er ven es 
between the second and four th weeks. 

Th: e p i de mi? log~' of t he two forms- ga s tl'Ointesinal and typhoi­
d:II-IS, accordi ng to th e Kid Schoo l of th ought, as different as its 
pa th ology . In the firs t, th e cases arc or a lime ntary orie in and due 

, 1:> 

to, the conta mi na t ion of di ff'erent food products, especially mea t , 
With salmo ne lla of animal or igin. The cases appear, conse quently 
as outbreaks, a ttacking a va r iable number of peopl e who have ea te n 
th e same food, and who arc s t r icken simu ltaneo usly on th e same or 
the followin g da y , Intcrhumun con tagion is pra cti ~all y nonexis tent, 
and persons who are in contact. with , or who nurse pa tients, remain 
un affected . Human "carriers," if t hey exis t, are ve rv rare , Accord­
ing to Ga rtne r, no case ha s been ab solutely proved , and Savage29 
sha res th is opin ion, beca use all demonstrations go to show that 
c? nva!esec n ts d o not elimina te ba cill i in t he dej ecta for a longer 
tune t ha n from t hree to foul' weeks, On the ot he r hand , acc ide ntal 
carriers are probablv freq uent eno ugh amo ng sub jec ts who, af ter 
having disp osed of the inf ected food , show no sy mp to ms , Typhoid 
cases do not gc ncra llv occ ur sim ulta neously, but succeed eac h othe r 
one after unothe r, through very ra pid human contact from th e sick 
to the sound, P erman cnt ca rriers are frequent. 

F rom th e bacteriolog ica l poin t of view, lastly, the Schoo l of Kicl 
insisted on characteris tics which permi tted differ entiation between 
th e agents of the t wo synd romes . It ha s been dem onstrated t hat the 
adm inis t ration of live buctcria per os to t he ra t produces a fa tal 
sept icemia in a few days, if t he salmo ne lla g iven is S. typhi murium 
or S. en te i- id it is, hut, on t he othe r hand , S. parutyphi H. is hurrulcss 
th us adm inistered. And , reversely , th e first two ba cilli produce in 
man the sy mp to ms of alime nta ry intoxication , but not th e typhoid 
synd ro me; whil e S, parutvphi B . whe n administ ered to man produces 
a typhoid sy nd ro me of so grea t a virule nce that it dem ons trates th e 
gene ra l invasion of the organ ism. 

The othe r remaining methods cm ployed bv the or iuinators of th e 
J~i pl Schoo l of th ough t 1'01' th e identification (:f t he thl ~ e types, espc ­
c iullv the production of tltc " m uco us burrier " hy th e S, para ty phi B., 
t lld a~' han -l ost a g reat par t of thei r sig n ificance, becau se the auul vsis 
of th e 'hn t igcn ic receptors, ba sed on agglutination , is mu ch more 
c:~s~ ' and uccura Ic, and has permitted the recognit ion of the existence 
~l f numer ous types of sa lmo ne llas whose identification was formerly 
tmpossihh-. ' 
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There is no doubt tha t, as th e D octrine of Ki e] now maintains, the 
human adult is highl y resistant to sa lmonellas of ani ma l orig in, not 
only to S. en te rid it is and S. typhi murium-to which it speci fically 
refers-bu t a lso to the numerous types which have been idcn Iified 
lu tel v in ulimeu turv intoxica tions. In the human spec ies the ill­
nesses produced b,\' "tile sa lmo nellas a re only accid ental , compa rable 
to wha t occurs when one ingests by acciden t some tox ic subs tance, 
and there is no dou b t tha t it is necessary to ingest a cons iderable 
qunnt.i ty of sa lmo nellas to produ ce sy mptoms . "'e kn ow of severa l 
cases in which co nta minated food was tak en withou t producing anv 
illness. Also, it has been recently obse rved that scverul peopl e have 
partak en of the same meal, and only those who cons umed large 
quunt.ities of the infected material presented symp t.oms of int oxica­
tion. 'Ve have dem onstrated in a personal expcricuce " puhlish ed in 
]n:w that th e ingestion of S. typ hi murium in doses of 2, 000, 000 to 
4,000,000 of live ba cteri a produced in 4 out of ':5 persons only a light 
fever without diarrhea, or dia rrh ea without fever : onlv one of our 
subjec ts had a high fever and bowel movem ents of 15 to 20 daily, 
for two days. The sa me doses of heat-killed ba cteri a occasioned lI O 

symptoms a t all in an other five persons. 
Our obse rv a tions on infantil e sa lmone llias is are not in accord with 

the D octrine of Ki d because, in children, espec ially in t hose under 
one year of age, it is not possibl e t o distingui sh syn d romes of typhoid 
from gastro intestinal d isorde rs by cli nica l or epide mio logical in­
vestigati ons only . The inf ant ile suhuo ne llias is appear in one form or 
anothe r, and the lower the age, t he less ma rked the differen t iation 
becomes. " 'e bel ieve then t hat the Doct rine of K iel , exact eno ugh in 
genera l terms as far as adul ts ar e conce rned, ought to be completed 
and corrected when it refers to child ren, and ta ke into account t he 
etiologica l conce p ts which , becau se they orig ina te d in 0 111" city, a rc 
coming to be kn own as t he D octrine of M ontevideo. 

Let us conside r, in th e first place, th e path ol og~' of t he. in fantil e 
sa lmo ncllinsis . The beginning is frequently slow and progr ess ive, as 
in typhoid forms, and although it. sometimes begin s as in alimentary 
intoxications with vomitings and diarrh eas, there ar c gene ra lly 
premonitory sy mpto ms. e have seen cases tha t began with so re "i
throat, caused by salmo nella infection, or with a fever of apparently 
inexplicable origin , and only a fte r a few days did th e attacks of 
diarrhea se t in. Once thi s sets in, one notices that th e loculizution 
corres ponds to th e lesions in th e colon, as occurs in bacillary dv scn­

ter v, an d not to t he marked sy ndro mes with th e liquid diarrheas of 
ali mentary in toxication. 

The duration of the illness is habitually longer th an in ad ults , for 
it lasts three or four weeks, so t ha t it seems, as one may expect, th ere 
exist long, d rawn-ou t forms. On the othe r hand , th e lesions a re not 
exclusivelv enteric. but there may exist ex tra-i ntl'sti nu l loca l i~a tions 
as a lrea dy men tioned , Also, in t he infan t , enterit is is not alwavs a 
n~cessat·y sy mptom: cases are seen with sore throats, otitis, septice­
nu us, ctc ., produced by sa lmo nel las, witho ut diarrheas. Last of all, 
mortali ty is m uch grea te r than in a limen ta ry intoxications, because 
it rises to :Hl percent in cases of ente rit is during th e firs t year of life. 

As to t he cpidc mio logv of in fan tile sulmo nellias is, it is also differ­
en t from tha t of a limen tary intoxication. These cases do not come in 
epide mics, but spo rnd icallv, and can appear in a family , an isolated 
gro up of childron, espcci al lv in nurselings, when th eir pnrcn ts and 
th e elde r child ren remain heulthv. 

T o sunuunrizn : In ch ild ren the salmo ncllias is present all th e 
charac te r istics of true infectio n , man y of the m ha ving much in com­
mon with typhoid forms, espec ially th e fac ility with which they are 
contracted . "ie mu st reaffirm th e fac t which we have em phasized, 
and that is t hat the child, espec ia lly in t he first year of life, is very 
susce p tib le to sa lmo nel las of an imal orig in, much mo re so tha n the 
adult. The susce ptibi lity of young ind iv idua ls to t he sa lmo nellas 
is recogni zed in many spec ies of an imals . For example, the sus ­
ccpti bilitv of chickens rcccn tl v ha tched to white dia rrhea ca used by 
S, pu llormn, in comparison with the im mu ni ty of the hen ; and the 
epide mic infiu cnz u of pn eumoen teritis cha rac te r in ca lYes, ca used bv 
S. ente ritid is, whereas ad ult cat tle remain immune . . 

Owin g to this suscep tibi lity of children to sa lmo nellas it is certnin 
that th e in fection may be produced as a conse quence of the ingestion 
of a reduced number of liv ing bact erin , and from thi s, th e epide mio­
logical co urse of th e disease. " 'ha t , at present, is impossibl e to 
det ermine, is th e or igin of th e infection , 

Let us say , in clos ing , that con tra ry to the findings in adults we 
believe th e fad to be demonsLr'ated that sulmonc llias is in infants is 
a.n infee;tious, con tag ie.l\IS disease, and presents all t he sy mpto ms and 
s igns of a true infection, with PJ'()gl'l~ s si v e course, difl'erent loculizn-
I ions and a high mortality, . 


