IMMUNOLOGICAL INVESTIGATIONS ON TROPICAL SPRUE
IN PORTO RICO

VI. A STUDY OF THE AEROBIC FLORA OF THE STOOLS OF UASES OF
TROPICAL SPRUE

VII. AGGLUTININS IN THE BLOOD IN TROPICAL SPRUE FOR
ORGANISMS OF THE COLON-TYPHOID-DYSENTERY GROUP

By 0. Cosrs Manpry, M. D, C.T. M,
From the School of Tropical Medicine of the University of Porto Rico under
the aunspices of Columbia University

The present communication forms part of a series of studies on
tropical sprue in Porto Rieco carried out at the School of Tropieal
Medicine with the objeet of establishing if possible the factor or
factors concerned in the production of the disease.*

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

Thin,” isolated a number of miero-organism from sprue stools and
remarked on the apparent scarcity of B.coli among them. Castellani
deseribed a ‘‘Flexner-like bacillug’’ which he isolated from the feces
of three eases presenting sprue symptoms and whose sera agglutinated
the organism. Musgrave isolated B.colt in pure culture from the
heart’s blood, but it is quite possible that the organism may have
been merely a secondary invader. IFaber in an autopsy performed
in Copenhagen isolated a displococeus from the intestinal mucus, the
peritoneal exudate, and the heart’s blood but the organism proved
to be nonpathogenic for guinea pigs. Justi found in the stools a
Gram-positive baeillus which was cultivated later by Beneke and Un-
germann, but no data regarding the pathogenicity of the organism
for animals was ever published.

Bahr found a scareity of B.coli in the stools of nine sprue cases.
Tn one instance he isolated in pure culture a dysentery-like Gram-
negative, non-motile bacillus eulturally similar to the dysentery
bacillus but not agglutinated by the patient’s serum or by polyvalent
anti-dysentery serum. A Gram-positive diplococcus was isolated in
four of the cases. This proved to be either Streptococcus feealis o

1The remaining papers of thiz series alrendy published or in presg arve listed in the
appended bibliography.
* Quoted from RHahr.
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Streptococcus brevis. Bahr also noticed an undue preponderance of
Gram-positive bacilli in gprue stools.

In 1914 Distaso reported a scarcity of B.coli in sprue stools but
many organisms of the lactis aerogenes and Friedlander groups.
fSehuermann and Fellmer in 1917 isolated from the feces of a case
of sprue a diptheroid bacillug which agglutination tests showed to be
glogely allied to the xerosig bacillus. - In 1926 Gore in a bacteriologic
studv of 200 feces from persons in Ceylon, including 47 eases of
elinical 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 heen 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 Stupy oF THE AErRoBIC F'LORA OF THE STOOLS OF SPRUE CASES

Procedure:

The stool was planted as soon after passaze as vossible. A defi.
nite amount {approximately 0.5 gm.) hoth for soft and liguid stools
was taken, and this was emnlsified in 5 c.e. of normal saline and
allowed to stand for 15 minutes. The supernatant fluid was then
plated on each of two plated of Endo. MeConkey, Levine eosine-
methylene blue, and blood agar plates (pH 7.6). Tf mmecus was
present in the stool, shreds were picked, washed three times in saline.
and seeded on one half of the plates. the remaining half being seeded
with the supernatant fluid of the original emulsion. The nlates were
incubated 24 hours. The colonies were then studied and 20-30 were
picked in each case and seeded on tubes of Russell’s double suear.
The oreganisms obtained were then studied as to morphology, motility.
Gram stain, hemolysis or coloration on blood agar media and their
behavior on various carbohvdrates and other differential media. All
organisms suspected of belonging to the Salmonella or Eberthella
oroups were tested with the corresponding sera. No attempt was
made to eultivate veast budding funci, but when these developed on
the media used (pH 7.4 to 7.6), thev were studied and identified.

Findings: _

Table T shows the findings in the feces of 20 sprue patients with
a detailed account of all organisms isolated from each stool, Table
IT shows the finding in stool of normal control cases.

? Quoted from Fairley, Mackie et al.
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TABLE I

RESULTS OF BACTERIOLOGICAL EXAMINATION OF FECES FROM

SPRUE CASES

[112 a;|4[d;'rj7 8|9 m:lll'w'lahualmu 18 19,20
Escherichia ¢oli.............. e _|T el .‘--I-—_—'-i—l—;-!-{- HE
Kscherichia ecommunier...... SR R T -|-f-r_..—-,—'-,—_-}-’| L4
Escherichia acidi laotiei.. ... );l colae ) :-',-....|+}.. |+
Aerobaoter AGTORENEE.. . ..v - o ofe el v g el »r-:—-%- Hi
Laotobacillus acidophiing....[.. - | e 5! [ ARYSTEL R e el M) A
Aloaligines fecalis.......ooon i ool fn bl deadebr s el
Pseudomonas aeruginosa........L..[ ... ], AR || e
Eberthella bentontenais..... A i e R 0 Y I O 1 I B
Kberthella dlapar............ ‘ U i 05 9 R4 1R i
Eberthella ceylonensis..... oo (4 0 ] 1S B e [ i o :
Eberthella pyogenes ......... 145108 R ) T (P U B I PO B A O
Klebsiella ppeuamonise.... ... i . . ojeafocfoe]onodoabin oo o e oo
Streptococeus fecalis.. ... ’ - A+ A i
Staphylococeus anerus..... ...+ +i.. > ! L.
Staphylocoecus albus ........ S ST -+ | -+
Staphylococus eitreus.. ... | o] A& i
Micrococcus aurantiascam. .. |.. / ) e v S = 3 00 o o L) o 8 i) Bt R B =
Vibrio * .. S d MIE Aol RGO i o 0 4 S L s o O [+
\Ionllla]lh}|ualbubhfmd1 e LR e N (0 L2 e (G b |
Mycoderma liguefaciens ..... '——|| | P L |
Bacillus subtilis....... I CE S B N B B - '-i—:.. A4
Bacillus simplex....... DR TS B o ot o RECH (P04 PR s P P R e e et
Bacillus fluerencens............ ..0..0 .. .| .|+ . A P AR N S A
Bacillus flavas............... = oSO Al o O b ‘ I| [l
Baecillus pseudotetanicus....... ..l ‘ || o R A o [ e e
Bacillus volgatus.............. .. | Y B s 0 1 8| AR R N
Bacillns fisus. ..............b..0 40l I l 1 !‘r ;la,ll

* Bhort curved rods, aetively motile and at times in short ehains, aerobie,
Gram-positive. No acid or gas produection in any carbohydrate media, no ligue-
faction of gelatin, no indol production, no browning of leail avetate agar, no
change in litmus milk, White soft growth on agar slants. Delicate pellicle on
top of liquid media. Non-pathogenic for guinea pigs.

TasLe 11

BRESULTS OF BACTERIOLOGICAL EXAMINATION OF FECES FROM
HEALTHY CONTEOLS
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Staphylacocens aureus. ks

Staphylacoccus albns........ .. "
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Discussion:

The results obtained from the bacteriologic examination of the
stool of sprue patients were compared with those previously obtained
by the author Irom a study of normal feces in connection with a
baeteriological study of dysentery in Porto Rico. No marked dif-
ferences were ohserved. The findings of Lactobacillus avidophiles
in two cases of sprue can be explained by the faet that these patients
were on a strict milk diet and had taken acidophilus milk. Our
experience in regard to the presence of B.coli in the feces of sprue
cases does not coincide with that of others. We were able in every
case to isolate with relative case organisms belonging to the Coli
(Escherichia) group. In 55 per cent of the stools aerobic spore
bearing Gram-positive motile bacilli were present.

Organisms belonging to the Eberthella group and resembling
cilturally and morphologically dysentery bawlli but differing sero-
logically were encountered in some instances. However, similar or-
ganisms were also found in the control cases. No true dysentery
bacilli were found in any of the cases examined. Staphylococei,
streptococei and various other organisms were encountered in some
of the stools.

VII. AgeLuTININS IN THE BLoop OF SPRUE PATIENTS TO ORGANISMS
oF THE (0LoON-TyprHOID-DYSENTERY GROUP

Thirteen antigens were prepared as listed below, using the tech-
nique of Dryer. Eleven of thé antigens were tested against homo-
logous sera and all against normal human and rabbit sera in different
dilutions. The following is a list of the organisms and the number
of strains used in each case in preparing the antigen.

Antigens No. of Btraing
Eberthella dysenteriaze Shiga _________ SApia -~ 4
Eberthella paradysenteriae Flexwer_____-_ 7
Eberthella paradysenterige Hiss Ro________ e OB
Kberthella paradysenterine Mt. Desert._.__________________ 1
Eberthella paradysenteriae Sonne A. 3 RN
Eberthella paradysenteriae Sonne B___________ 1

Eherthella typhi__ _. : Bl e St e R et Tl o
Balmonella schottmulleri . ____ . ____

Siglmianieltn parabyphic. T oot s e Sy 1
Salmonella suipestiter.____________ 2
Sadmonedld axdmrtidin o ok 0 e LB S i 9
Escheriehia eoli . .. _ 4

4

Baclasspradenns. oo LDl R e e



216 PORTO RICO REVIEW OF PUBLIC HEALTH AND TROPICAL MEDICINE

Technique:
The mieroscopie slide method was routinely used, being checked
in all positive or suspicious eases by the test tube macroseopic test.
The dilutions of serum used for the microscopic test were 1:15,
1:30 and 1:60 and the results were read after one hour at 37°C.
With the test tube method the dilutions used were 1:10, 1:30, 1:60
and 1:120, The tubes were placed in a water bath at 37°C. for two
hours and then placed overnight on the ice box, The next morning
results were read and recorded. Specimens of blood from 25 cases
of sprue and of 33 normal individuals picked at random were tested.
The 25 cases of sprue were divided into very severe, moderately
severe, mild, and recovered cases.
Findings: ]
All final results are recorded in Table I1I. The results obtained
from the mieroscopie test and the microseoplic test tube methods.
were practically the same.
Tarre IIT
FINAL RESULTS OF AGGLUTINATION TESTS

5=
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| ==
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&= |
| |
Eberthella dysenteriae Shiga . .... ... ... ... ... . o, G = 0
Ebarthella paradysenterige Flexper ... ... . .. .... ............| 0] 0
Kberthella paradysenterine Hiss-R ..... e S R SR R S R B
Ebherthella paradysenteriae Sonne A . ..... e e A el TN e i 1] 0
Eberthella paradysenteriae Sonne B...... .. e e A Ry b 1y 1 0
Eberthella paradysenteriae Mi Desert...... .............. i B 0 0
Salmeoenelln enteritidis ........ =, Gl e ot SR P e S 1 SR
Salmonella suipestifer.. ... ...... ..., Al R e U i e 0
Salmounellaparatyphi....oviiioiniiiinan e, A ket o M e 5
Salmonella schottmulleri . . ........... AR U N I N o R 4 6
Bherthella EFPhY. v dos y difeeales iw v B b e o M 100 ot Bn T 8 5
Escherichia coli........ ey W R I RS R womismiera taraninl| B0 [ BOGE
Bacillus proteus ..... ..... ... . .. R SN el ORI T S L | 3

Discussion:

Comparing the results obtained in the sprue cases with those
of the control, one finds very slight differences. In hoth series there
were cases in whieh agglutinins for typhoid or paratyphoid baeilli
were present; but this can be explained on the basis of previous
attacks of the disease and prophylactic vaccination. Specimens of
sprue blood showed in two instances agelutinins for B. enferifis and
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B, suipestifer 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. suipestifer were only
group agglutinins. No absorption tests were made. In no cases did
we find agelutinins against any of the dysentery bacilli.

Summary and Conclusions:

The results obtained from a bacteriologic study of the aerobic
flora of the stools of 20 sprue cases and from a study of agglutinins in
the blood of 25 sprue cases for organisms of the colon-typhoid-tdysen-
tery group are presented. No attempt has been made to investigate
the intestinal fungi.

The findings in sprue cases do not differ markedly from those of
normal eontrols. The aerobie bacterial flora in stools of sprue ecases
is varied and consists of organisms of the Hscherischia (eoli) and
Aerchacter (aerogenes) groups, spore bearing aerobic baeilli, and
at times organisms of the Eberthella, Alcaligines and other groups.
In no case did we find agglutining for dysentery bacilli in the blood
of sprue patients.

I wish to express my thanks and appreciation to Dr. Charles
Weisgs, for his valuable aid and adviee, to Dr. B. K. Ashford, for
identifying the fungi encountered during the work, and to Miss G.
Monge for technical assistance.
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