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'I'he present commun icat ion fnrrns part of a SPJ'ips of studies on 
tropical sprue in Porto Hieo carried out at th e School of Tropical 
Medicine with the object of establishing if possible the factor or 
factors concerned in the production of the disea se.' 

The prominence of in test inal disturbances in the common picture 
of the disease, early suggested the possibility of a bacterial infeetiou 
localized somewhere ill the alimentary tract, and various investigators 
have made bacteriologic studies of the stools of sprue patients in the 
hope of discovering the etiologic agent. 

'l'hin," isolated a number of miero-orguuism from sprue stools and 
remarked on the apparent scarcity of Bicol! among them. Castellani 
described 11 "FlexllCr-like bacillus" which he isolated from the feces 
of three eases presenting sprue symptoms and who se sera agglutinated 
the organism, Musgrave isolated B. coli in pure culture from the 
heart's blood, but it is quite possible that the organism may have 
heen merely a secondary invader. Faber in an autopsy performed 
in Copen hagen isolated a disploeoeeus from the intestinal mucus, the 
per-iton eal exudate, and th e heart 's blood hilt th e organism proved 
to he nonpathogenic for guinea pigs. Justi found in the stools a 
Gram-positive bacillus whi ch was cultivated later hy Beneke and Un
germann, hilt no data regarding the pathogenicity of the organism 
for animals was ever published. 

Baln- found a scareity of B. eoli in the stools of nine sprue cases, 
In one instance he isolated in pure culture a dy sentery-like Gram
negative. non -motile bacil lus eulturully similar to the dysentery 
bacillus hut not agglutinated by the patient 's serum or by polyvalent 
anti -dysentery serum. A (Iram-positive diplococcus was isolated in 
f01l1' of the cases , This proved to he either Streptococcus [ecalis or 

J. 'fhe r('mninj!1~ papt'r~ of thi s series nl rv udy lJllh1i ~I1('d or in IJ r ('~8 al' t Iisted ill t.he' 
appr-mb-d hihliogrftph >". 

: Qur)h~l1 Iroru Bahl", 
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Sf I'C[J/ ON}(' ('Il S brenis. Bahr also no ti ced an undue preponder ance of 
Gra m-posit ive bacil li ill spr ue sto ols . 

In HJ1 4 Di st m;o reporte d 11 sCll rc ity of Bicoii in sprue stools bu t 
many organi sms of t hp lavt is aerogr-nes and Friedlander groups . 
~ Ch ll e l'lIl lllJ n lind F ollmer in 1!)17 isolated from the feet'!\ of a eas e 
of sprue a di p th er oid bacillus which ag-glutination t ests showed to be 
f~l o~ely allied to the xerosis bacillus. In 1926 Gore in a bacter iologic 
srudv of 200 feces from persons in Ceyl on, including 47 cases of 
clinical sprue, reached the conclusion that the aerobic bacillary flora 
of sprue stools resembles that of dysentery stools." In view of these 
inconclusive reports it seemed to us worth while to investigate the 
problem further; and to this end a study of the aerobic flora of 
the feces in sprue has been made. We have at the same time tested 
the blood of sprue patients for' immune agglutinins for organisms of 
the dysentery and related groups. 

VI. A STUDY OF THE AEROBIC FI..oRA OF THE STOOl,S OF SPRUE CASES 

Procedure: 
T'lu- st ool W l1:-; plant ed Il l" SOO Il nf t !'r pll,<salll.' (IS nossihle. '\ lle·fi . 

nite amount (approximatelv 0.5 zm.) both for soft and liquid stools 
was taken . and tlris WIlS emulsifi ed in 5 c.c. of normal saline and 
allow ed to stand fOl' 15 minu tes . The super nata nt fluid was th en 
plated on each of two plat ed of Endo. )'[cConkpy . Levine eosine
methylen e blue. an i! blo od ajza r nla tes ( p H 7.6), If muc us was 
present in the stool. shreds were nicked. washed three times in saline. 
and Spf'i!('d on one half of the nlates, the re maining hal f heine !'l{'('0('('1 
with th e superna tant fluid or the original emulsion. Th e nl at es 1\'1'1'1' 

incubated 24 hours. Th e colonies W P1"(' th en studied an i! 20-30 were 
nicked in each ease and seede d 0 11 tuhos of Rnss{\ll's double sucar . 
The Ol'ganism s obtained were th en stu d ied as to morphology. motil ity. 
Gram stain, hemolvsi« or eolorati on on blood agm' merlin and their 
behavior on various ear bohvdr ates and other differential media, All 
organisms suspect ed of bel onsrine to tI ll' Sa1111onella 0 1" Eberthella 
croups were tpsten with the corresponding 81'1'11 . No attempt WIlS 

made to cultivate .veast budding fun vi. hnt '....111.'11 these developed 011 

the mNlill l\f;p(l (p H 7.4 to 7.fi ), thev \\"1'1'1' studied and iden tifi ed. 

Pindi'll.gs i 
Table 'J shows th e findings in the feces of 20 sprue patients with 

a detailed account of an organisms isolated from each stool, Table 
TI shows the finding in stool of normal control cases. 

'Quoted trom Pairle)' , l>lackie " al. 
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RESULTS OF BACTERIOLOGICAL EXAMINATION OF FEOES FROM 
Si'BWl CA$EJ3 

. :-----J:- ' ~ I.:l~l~ ; G J~!~l~'l,i!~i~I~,~:~C ~ ~i~ 
Eschenchia eolt . ,I.. ' 1 " "I " . I~ I+l·-;-I . T .' I, "·.1-· . .I.. + -;-[
~, h . hi . 1 ' I~ , ' ' +' ' I ...L • ...L+ ...L ...L ...L I rsse enc a commumer . . ", . 7 ' 17 "I" 1-;- 7 1'" -;- 'I ' I' .. .. ' ! ' · .. 
Escherichia aeldt laotici. "" • 'I:" ',' ., " 1+" ' ''+ 'It '.' +t++ .. " .. 
Aerobacter llerogenell. . . . .. . . . . . T +\+ + '1" -r-r .. 7 -to " I ...... 
Laotobl\cilluil acldophllu~. • . , . ' 1+ .J: , , . +..,'1" ... , ., .. ,., .,' ". 
Aloalili'lnes t'ecalls .• .. ""., .... ,•. , , .. , . . , •. +.. '. " .. .. ... ..m; + 
I, sell domonas aerui\'1nc.R.... . " I " .. .. '.. , .. T, " " " ,,I" .. .. ,,, I ' .. 
Eberthella ben1ontenills. . . . . . .. . , .. ,I" " .. "I" ...... " " " " "I' 
Eberthella dispar. , , . , . '1" .,"" " " .. .. ... ... ." " . + " .. 
Eberthella ceylonensls , , . , + " " ..!" • • • • , .•• , .' • • • • • • • • • • • • . . • • • . • • 
l<~berthella pyogenes " 1.. +. ,,:.,... .. ".. .. 
Klebsiella pneumonllie 1•• 1. '1" .,' , , . ." . ,.. " " + 1" ., 
Streptococcus recalls 1.. .. .. -r I \ " . 

1 1~taphylococcus auerus +,+ '1" ·1· · . '+ .. 
~ta.phylococclls albus '1+1" -:- .. + I·'1" -:- . 
St~phylococus CitTU~H;' " " , , .. _ .. [ + ',' 1' .. 
:\hUTOCOCClI;; nu rnn ttar-nm . . -- j .. " :-t ' .. 1.. 1·· ······, ''i''I' '' 
Vihrio * .. .. . .. . .. .. .. " .. ·i.. -- .1.. "I''1" ! " 1-+ .
1 
Monilia Jl.silu~i~ ll.ohf~lI·di.. , .. '1. '1+" .. "," I" .. "," --I" , :" . 
:\Iycooerma Itqnetaclens ' . + .. " I , " ,.. " . '1" . \ \.. 
Bacillus snhtilh;.... .. ." , ++1..1.. 1..1" 1+1" ,, -+ .. 
Bacillus simplex " " " .1 +1 + .. " '. I .. 
Ilac~Jlns rluereneens ",,, I , . ;- .. \ \ -1"1.. 1 .. 
Bael1lns rlavus + .'1'''1-- "I'" " ""I' i ..
Bac~llns p~e~ci()tettlniCl1l'L .• ..!.. ' ,.·1·· '1+'" i.. "I" .. 
nac~llns ~111 ...atus , . " ·1·'1+ " .. "I" ..d.. " "I" " ," .. " I " 

1Hael1lus Illsus , .. " " , " " , " .. I " , " 1' " I" '''. '' " ,+, " 1" 
• Short. curved rods, aetivclv mot ih ami at times ill short ('hains, aerobic, 

Cram-positive. Xo aei ,1 01' ",as production ill allY l':l I'!lo!l,n 1ru t" Il'l',lia. 110 lique
f lu·tion of ~elatin, 110 iudol JlTOdLIl'tiOIl, IiU bro\\'lIillg of 11'11"0) :,,·('t:lt(' ag-ar, Jill 

d'lWgC ill litmus milk. Wh it» "oft growth UII uga r slnut«, Ih·li '~a.t,· pcll iele Oil 
top of liquid merlin. X oll ·patlJ(Jg'('ilit- fur gllilll'a pigs. 

TAHLf: 11 

RESULTS OF BACTERIOLOGICAL EXAMINATION OF FECES FROM
 
HEALTHY CONTROLS
 

__ _ - 1 :- -=-I ~ ~~~'-~J~J~I~;~ !2 1~!~ i I 5 1~ ~1:~'19;~ 
Col j.aeTo~cn~~ IHUll" . . . .. - .'++r+- -t +- +1+1++ +1+ -l-l+ 1+ + + +t+ +1+ 
Pr....lens valerfae . . . . , . . .. . . .. '1"" .' 1+" ·1 " I" "I" 
Rtaphylaeocclls lIuren" . ... ..' .. . .. +" .... .. "',, .... . 
StaphylacoccnsaJlms· · ··· ·· · ,· · ·· · · · · , · · · · + ·· · I··! . , 1 1,, : .. 1 • • • 

l~herthenaBlkaleeens . . , .. , .. " +1 ., ··1'..1 ' I.. r .. • . , .. "' . 

I~berthel\a pyogelles " . . . . " . . .1+" 1 ,, " " 
I<~berthellll am bigun .. " " + . ... " ... .. .. 

1 
I . .. ; .. " 

Salmonella schottmullert +. .. ., " 

_I, .. 
Pseudomonas lI.orug-inos8 +- +- + , .' . 
Flavobacterium uurunttacum , -H. '1' "I"'""".., .. 
.~fonil~Ii'l,UifiCBnsb·: · ·b·":I·I:·I " " " I·· ·· ···,' "1+1" +" i" + ,
:spore earmg aero Ie &1'1 I 1 7 .. " I", I" ,' . 1.. " .. 

j 
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Discussion: 
The result" obtained fL'OIn th e baetericlogic examination of th e 

stool of sprue patients W ('1"(' compa red with those pre viously obtained 
by t he author [rom a study of normal feces ill connect ion with a 
bacteriological study 01' dysentery in POlio R.ico. No marked dif
ferenecx W CI'I' oltS!'1 vt-r], T h» find iug,.; of ,_,/{'IO(III... ;II ,I :< fI";'{O/J!' il "8 

in two cases of sprue can be ex pla ined by t he fact that these patients 
were on a s t r ict milk diet and had taken aeidophilus milk. Our 
experience in regard to the presence of Bicoli in the feces of sprue 
cases does not coincide with t ha t of ot hers. \Ve were able in every 
case to isolate with relative case organisms belonging to the Coli 
(Escherichia) group. In i),) p CI' cent of the stools aerobic spore 
hearing Gram-posirive motile bacilli were present. 

Organisms belonging to th e Eberthella group and resembling 
cult 1l1'1IlIy lind morphol ogit-allv d ysl'lIt ( ~r~' hac :II i hill di Ifl'I' ing ~('I 'O 

logically were encountered ill some instances. However, similar 01'

ganisms were also found ill the cont rol cases. No true dysentery 
bacilli were found in lilly of t he cases examine d. Staphylococci, 
st reptococci and various ot her organisius were encountered in some 
of the stools. 

VII.	 AGGI.UTI J'INS IN 'I' HE B LOOD OF SPRUB PA.TJEN TS TO ORGANISMS 

OF TIlE COI.o~ ·TY I·JIOlI>-Dn:~;~Tr;RY GROUl' 

Thirteen antigens were prepared as Iisted below , using th e tech
nique of Dryer. Hleveu of the antigens were tested against homo
logous sera an d all against normal human and ra bbit ser a in different 
dilu tions, The following is a list of t he organisms and th e number 
of st rains used in each ease in prepari ng the ant igen , 

Ant igens ~CJ. of St.rainl 
ElJcrtlll'll u dyseuteriae l:-lhiga . . .. 4 

!·;hel·tl wlln I'll nHl.,·sPlltHilll' F'lexu er ~ 7 
B bl'rthdLa para .lyscuterlae Hi ss B .__. 3 

!';lw rll ll'lIl1 l'aru d~'sl' IlI Cl'ill l' ~lt. Desert , __.	 1 
[~h el'thl'll!l pa ra .lvseu t eri nc HOIIII(' A	 ~ 

EI'erllll,I!:, Imrlld."Sl'll te I'i Ill' 8011U(' E . 1 
Ebortholln typhi., '2 

t' :l hnOllt;lla scb ot t.mnlleri	 . :i 

Su hnuuel ln 1': II' Jlt~'1' hi .__..	 1 

S:l llJ1ont>J1 ~t suipr-st it'er , .________	 2 

Sa lmuru..Ua lllltt.1rit id is _.. -  - - - -  - -  - - - - - - - - - - - - - ~.• 
Escln-ru-hin ..nli -t 

Ba cil h l!! Ji I'O l t' U>L . . _ _ _ __. -1 
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'I'eclinique: 
The microscop ic slide metho d was routinely used, being checked 

ill all positive or suspicious eases h!' the test t ube macroscopic t est. 
The dilutions of serum used for the micro scopic test were 1 :15, 

] :30 and 1 :60 and the results were read after one hour at 37°0. 
With the test tube met hod the dil utions used were ] :10, 1 :39, 1 :60 
and] :120, 'I'he tubes were pla ced in a water hath at 37°0 , for two 
hours an d then pl aced overn igh t OTl t ilt' il' t' hox . T he next morn iuu 
results were read and recorded. Specimens of blood from 25 cases 
of spr ue and of 33 normal in d ividuals p icked at random were tested. 
'I'he 25 cases of sprue were divided into wry severe, moderately 
severe, mild, and recovered cases. 

Jl'ind'ings: "l 

All final results arc re corded ill Table Ill, The results obtained 
from the ruicro seop ie t est am i tlw uiieroseopie test tube methods. 
were practically the same. 

T.\RU: In 
FINAL RESULTS OF AGGLUTINATION TESTS 

.<;berthell a d y scnte rlu e S h i J{a , . . , .. . " ". , , . , , . , . o 1I 
ml"nthell" pll rarlysenteriae Ff e x n er . , . " . , . , ' " " ' , (J II 
1.:hLlrthella paradysonte!'ine lIi s s . lt . , .. , , . , . , . " " . CI (J 

E herthella p u radysan t er la e Son ne .\ , , " " " " " " " " " " ' " II CI 
l~ bcrth ollR paradys entHriae ~ " nne B , " , . . , " " ' . ' , , . . , , . , , ' . ' . ,. CI II 
(';herthella pa rud ysonterine M t De s ur t , " . " " . . " . " " " , o 0 
Salmonl!lIlL en teritidis , . . ' . . , ., " ." . " . . ' , , . Ii a 
Salmonellll sn ipes t itur . , " . . " .. , . , . , , ' ' . , , , , ' " , . .. , . , . , , " , II 0 
Salmonella p u r u t v ph}. . ' " ' , . , . , . . . . , . , ' , . . . . . . . . . . , ' . . . . , " 12 5 
Salmol",ll" scbuttrnu ll ert . ' , " " "" " " '" " " ' " " "" -I tJ 
1':lJurthella typhi. ", , '" . . . ' . " . .. , ' . Ii ;1 
l~s cherl chiR co li. .. , " . ' . . ' , . , '" . " . " " ' " :16 sn i 
Bacillus protens . . . , , . . ' " , , . , ' . . , . . o 3 

Discussion: 
Com par ing the r-esults obtu inerl ill th e sprue ('as ps with those 

of th e control , one finds very slight differences. In h0t11 series there 
were cases in which agglutinins for ty phoid or paratyphoid bacilli 
were present ; hut this can he explained on the basi s of previous 
at tacks of the disease and prophyla cti c vaccination , Specimens of 
spr ue blood showed in two instances agglutinins for B. enteritis and 
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B. suApestifer but at the same time the blood agglutinated paratyphoid 
bacilli in even higher dilutions. It is therefore reasonable to assume 
that the agglutinins for B, enteritidis and B. suipesiife» were only 
group agglut.inins. No absorption tests were made. In no casl'S did 
we rind agglntin ins against any of the dysentery bacilli . 

Summary and Conclusions: 
'I'he results obtained from a bacteriologic study of the aerobic. 

flora 01' the stools (It 20 sprue eases U1HI from a study of agglutinins in 
the hlood or 2;) sprue eases fat' organism» of the eolon-typhoid-rlysen
tery group art' presented, No attempt has been made to investigate 
the intestinal fungi. 

The findings ill sprue cases <;'1.0 not diffel' markedly from those of 
normal controls. 'I'he aerobic bacterial flora in stools of sprue cases 
is varied and eonsists of organisms of the Escherisehia (coli) and 
Al~l'uhactt'r (aerogencs ) groups, spore hearing aorohi« hacill i, IlUiI 

at times organisms of the Eberthella, Alcaligines and other groups. 
In no case did we find agglutinins for dysentery bacilli in the blood 
of sprue patients. 

I wish to express my thanks and appreciation to Dr. Charles 
Weis~. for his valuable aid and advice, to ])1' . B. K. Ashford, 1'01' 

identifying the fungi encountered during the work, and to Miss G. 
Monge for technical ,assistance. 
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