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In conducting the research reported hare, the investigators
edhered to “Principles of Laboratory Animal Care" as estab-

iighed by the Hational Society fox Medical Research.
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ABSTRACT

Thirty rhesus monkeys were given purified staphylococcel enterotoxin B
eerogenically, A method for celculating the dosape 18 referenced., Twenty-
two animals responded with emesis and/or diarrhes within 5 hours after
exposure, S died spontaneously, and 21 were sacrificed sequentially up to
7 days after exposure, The only pathologic lesions attributable to the
chailenge were severe pulmonary edema (with resolvieg 75,4 -us exudate
in ope animal sacrificed at 7 days), edematous enlargement of the tra-
cheobronchial lymph nodes, and vacuolar nephropsthy, presumably of
hypokalemic origin, i{n one instance. Alveolsr capillary block from
pulmonary edema seemed the most important coszs of death in nine animals.
Eight challenged and two control animals ri.wined symptom-free and showed
none of the above lesions postmortem., Other possibie mechanisms of death
are discussed. The abser ¢ of significant lesions in the gastrointestinal
tract strongly suggests that enterotoxemia occurred, and that emesis and
dierrhea may have been caused by toxic injury to appropriate areas in the
medulls and pons,
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Enteritis resulting frem the 1n§_g§:£on or injection of ptapityloggffai
enterotoxin had beenr studied in man and in exgerimental animsls,
This report coscerns the cliinical picture and pathologic aliteraticus im
monkeys exposed to & highly purified anterotoxin by aercsel izhalation.
This route has not, to our koowiedge, been used by cther investigetors.

I1. MATERTALS AND METHODS

Thirty~two clinically well, tuberculin-negative, young aduit rhesus
monkevs of mixed sex with a mean body weight of 2.93 kg and (standard
deviatior £ 0.46 kg) were housed two per cage for 12 to 14 weeks prior
te use, Juring the holding periocd they were fed commercial monkey chow
and giveu yater ad 1ibitum, Dailly obgervation showed no diarrkea or
other manifegiations of illness.

THirty wonkeys were exposed for 4 minutes to aerosols of a highly
purified preparation of enterotoxin 8*° 1in a modified Henderson apparatus
enclosed in a ventilated cabinet system according to the methods of
Roessler and Kautter.'® The toxin was purified from culture filtrates
of §ta§ﬁ;10cnccua aureus, strain §-6, by Dr. E.J. Schantz, using a modi-~
ficati of the procedure deecribed by Bergdoll., Tha toxin was at least
99.5% pure and contained no detectable lysins of any type.

A dye tracer technique was used to estimate the concentration of
enterotoxin in the serosol. Uramine (fiucrescein sodium) at a concen~
tration of 20 pug per cc was incorporated in the enterotoxin solution
and gerosolized by the Collison spzay device. The cloud was sampled
continuously during the 4~minute exposure of the animals, using short~
astemmed all-glass ippingers containing water. GSipce the dye and the
enterotoxin are water~soluble, the concentration of the dye in the
impinger as measured- inca fluorometer¥ is indirectly a wmsasure of the
toxin concentration. Using a diflution of the spray sclution as a standard,
and knowwing the rate of aerosol flow through the impinger, doses for the
exposed monkeys can be estimated. To getemine the dosz per kg of body
weight, the method described by Guvton ® wag used. The caleculsted inhaled
dose range of euterotoxin administered to the monkeys veried from 17,0 to
59.6 ug per kg with a mean of 34.7 ug per kg.

% Photovolt Corporation, New York.

Previcus page was bighié, therefore not £iimed. 5
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Following exposure, the moskeys were maintained in open wire cages and
observed continuously for clinical responses for 5 hours following expcsure.
Theresfter, 'all animals were observed four times daily, particularly for
diarrhea, vomiting, depression, and death, throughout the entire cbserva-
tional period.

The remaining two animals were mot challenged with: enterotoxin but
were placed in the same room with the exposed monkeys to serve as environ-
wental room-controls.

Twenty animals were sacrificed in random groups of four at 12, 24, 48,
72, and 96 hours .fter exposure by intracardiac injectionas of pentcharbital
sodium, supplemented on occasions with an intravenous injection., One animal
was sacrificed 7 days after challenge and the two room~-controls on the 8th
day., The remaining nine aniuals died betweea 48 and 72 hours after cxposure.

Complete necropsies were performed immediately after euthanasia or as
soon a8 poosible after post-exposure death. At necropsy, total lung
weights were determined, and the presence or absence of pleural effusion
wag recorded (Table 1), The tissues were fixed in buffered formalin and
stained routinely with hematoxylin and eosin. Occasionally acid-fast,
Gomori, periodic acid~Schiff (PAS), and Sudaa IV stains were also employed.

III. RESULTS

A. CLINICAL OBSERVATIONS

As indicated in Table 1, 19 of the 30 challenged animals responded
with emesis, 7 with diarrhea, and 4 manifested both of these signs. Eight
of the challenged animals failed to respond clinically., The two contxol
animals aiso remained symptom-free.

The duration of diarrhea or emesis did not exceed 12 hours, and in most
instancegs recovery was complete within 5 hours., The average nuzber of
episodes of emesis or diarrhea was two and one respectively.

_ The g2ris? of tive between expusure to entsrotoxin and the onset of
clinienl responee varied £iom 68 to 260 minutes, with an average of 150
ninutes.. - -

Nine animals died, and of these tha exact time of death was recorded
for animsls numbered 14 through 17. The remainder were found dead on the
moraing of the second and third days atier exposure. These animals were

~sribund when lest ¢bssrved on the previous evenirg; comszquentiy, they
could have been dead for a maximum of 11 hours (Table 1).
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TABLE 1. EFFECTS OF ENTEROIOXIN B AEROSOL ON RHESUS MONKEYSZ/

b,
c'
é’

it

L

b

!

0

A

X. ¥resent; ~, sboents +, minimal; 4+, moderate; 4, marked.
Found dead,
Control.

Sacrificed(S)
Monkey Clinical Resgomse-l?-/ or Died(D), Pulmona Pleural
Yumbez Emesis Diarrhea hours after exposure Edema Effusion
1 X - 12 8 - -
2 X - 12 8 - -
) - - 12 8 - -
& X - 12 s - -
5 - - 24 8 - -
6 - - 24 8 - -
7 - X 24 8 - -
8 - X 24 8 - -
9 X X 48 e/ -+ 3 ce
10 - - 48 8 - -
11 X - 48 8 ++ 7 cc
12 X - 48 8 - -
13 - - 48 8 - -
14 - - 53D At 4 ec
15 - - 53D <~ 5cc
16 X - 58D S an 10 cc
17 X - 60 D At 20 cc
18 X p 72 D&/ - -
19 X - 72 p¢/ +H 3 ce
20 X X 72 D& i -+ 16 cc
21 - X 72 D% R -
22 X < 72 8 + -
23 X - 72 S -+ -
24 X - 72 8 4t -
25 X - 72 8 44+ -
26 X X 95 8 it -
27 X - 96 8 + -
28 - - 96 § A x -
29 X - 96 5 -+ -
30 4/ X - 158 8 4+ -
31= 7 - - 192 s - -
324 - - 192 5 - -
8. Ezposure time 4 pdnmtes.
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B. PATROLOGIC ANATOMY
1. Grosg Observations

The rrincipal gross morphologic changes were found in the thoracic
cayity. When pulmonary edemc was present the lungs wure qulte heavy, firm,
deep red in color, and the cut surface exuded coploue, pink; frochy flsid,
The tracheobronchial tree contained fluid of » similar characrer. The
ratic of lung welght t¢ body weight in the 19 animale with edematous lunps
was 20.3 gm per kg with a standard deviatica {§.D.} of 3.3 compsred wich
9.9 gm pey kg (5.0, 1.9} in the experimental monkevs w ghcvt edems and
7.8 gm per kg 8.0, £3.2} in sacrificed normal monkeys. The hilsy lvmph
nodes were edematous and enlarged. Pleural effusion wes zeen in =i
animals, mainly {n those with marked pulmerary edema, The fluvad w=
straw-colored, and contained cospulated mevrnes of fibrin., The volume
varied from 3 to 2% ce,

clsar,

The gastrointestingdl tract showed only infestation of the colon
with the “.arvae ot Oesophsgostemum opp. The mucesa was clean and did not
exhibit epy evidence of sicughing.

The remsining ovgans wers not remarksble except for enlargesent of
toe adrensl glandz in moet ipstances and edems of the mesentsric lymph
nodes.

2, Microscepic Obsevvatices
8, LUNEE

The most aignificant and consistent morphologlic change observed
was the presencze of pulmensry sdewms, The fluid was eozincphilic and rich
in fibrin. Peribronchiel and perivascular sdemsz waz marked,

Edema was found in snimkls studied at 48 hiurs, g-d in most of
thaese necronsied theresftsy (Table 1). In the animals that lived less than
%6 hours, the edema fluid vae relatively cell-free and homogenecus {(Fig. 1).
In animals sacrificed at or after 96 nours, many plum macrophages containing
pale PAS=ponitive materisl ware noted {Fig. 2). Fat stains were negative,

In the wonkey sacrificed at 7 dzyz, a similer fluld was present,
but wany alveolsr gductg 2nd air sacs comtained a fibrinsus praeipitate
{Fig. 3} often sesocizted with the formstion of syncytial gilant cells
{Fig. %),

o weron
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Figure 1. Typicai Field of Lung Tissue Showing Marked Puimonsry
Edema %{n the only 48-Hour De.th, Stained with
heratoxy lin and ecsin. 90X

Figure 2. Edems Fluild inm Leng Tissur Containing Numerous Plump
Macropheges with Vacuolatud Cytoplaem in a 96-Hour
Seerifice. Homstoxylin sw ecsin. 320X
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Regolunion of the Felmonary Sdeaa in Lung Tissue ia

Hall~Estebiished by 7 Daye. MHesatoxylin and eosin, 90X

= SEynificatien DanmeStating - -
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b, Gastrointsztinsl Tract

Tha changes noted were fdenticail in hoth Lhullﬁﬂgﬁd and control
snimals and consisted of mederate to haavy infiltration of the mucosa and
. submuzogs of the stomach,. duodenum, Lisum, and colom with lymphocyte and
plasma cells. The nidl of infestation oV the colon with Qaegophsgostomom
ware charactevized by szubmucogal areas of heswrvhapge and necrosis rimsed
. by a cellar of lymphacytes aad giant cells,

¢, Other Related Lesions

The lymph nodes, esmecially those of che trachecbronehial
group, showed adems and marked hyperplusis of the Lvepbooytic elsments.
These vesponses were seen in most animals, Including ome of the controls,

The kidneys of 1l of the animals, including the twe controls,
rhowed varying degrees of hy4?e; ic degeneration of the comvoluted tubules.
Por cthe wost part the changes were seen in the superficial corticzl tubules,
One monkey (numbe: 17) showed vscuciar nephvopathy compatibie with hypo~
kalemia (Fig. 5). This same animel showed acuce tubular necrosis, as 4id
monkey number 11

Figure 5, Kidney Tisszue Showing Vacuolar Nephropathy of Prontiwal
Convoluted Tubules in the 60-Hour Husth. Homarcgylin
and eosin. 33Cx
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d. leajons not Rslated to Enterotixin

Leslons coneiderad on ghe bagis of pravisue chaarverione'” to
be unreiated to the exparimental chsllenge were "idiopathic” sveasrditds,
the formation of sultinuclested hapatic paremchymal ceils, inffltrstion of
the gastrointestinal tract with lywphocytas and plesns s¢ilz, and infesta~
tion with nemstedes; adremsl cortical hyparplaeia, god zalivary glaod virue
inclusion bodies (n the kidnays., A perivenal gesoulses wax nsted in sonkey
unumber 8 and & periadrenal asbecass inm wroakey number 13, Roth of thess
latter lezions sre of unknown etiology.

The enlarged adrenals szen grossly were reflscled by hypssplasis;

principaily of the gome faaciculita.

Morphologic changes iz the ecentzal nervous sysism ¥aTe BOSEeT
and contined to the lenticular nuclsd in thrae animsle (nusbers &, 28,
aud 32). These changes conalsted of focal collectimms of oligodandroglial
celis snd other round cells., Sections of tha poma 3nd sedullia were act
remavkabia, ]

This experiment was undertaken to determdne the moevphcicgic respousss
of animsls to serogenically introduced staphylisconceal emtarotezin; to oup
knowledge, this hed not been previcusly describad. )

Previous studies have besen primcipally concerned witk the physielegic
aspects of enterotoxemis with lgttla in thae vey af descriptive morphelogy
szcept for the work of Prohasks” and Warren, % Botk praduced fatal enters~
colitis in chinchiiles by the oral sdministraticn of entevobozin, Lo ths
latter experiuemi ihé dagisc of gurity of the entsrstuxis prapiyetica
varied cmnlder&?}y and all preparations producad emterccolitis. Horve
recently, Warren  has produced acuts entsritis sz w2ll a3 lssions believed
to resembie regional entaritis in the dog, using the Maydl swisrostomy,

¥. "al human cases of staphylecoccel food polsoning are rare and the
availie ‘e remt:aawitk complots pathologls axamization ehowed diffsveat
patterr . Weed's asses exhibited pulmosary edems with fogel siveoler
hemorth: 2s. The gastrointestinal f{ract was mot semtioned. Yha report
of Derli ;7 wss supevently confined to & gross axaminavion of the gesire-
intestinz trect, whers cvidenca of inflsrmeiion was found. The eass
reported - Blschman meost probably origizated ae & csse of food poisoming,
but the & .epasy findings were wmore consistent with psevdomsthrancuc
enteroco? {s,
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PAImrfO using gestroscopic blopsies, folilowad the worpholegic changss
ascomisry to intoxicsl!-m with staphylococesl onterctoxin. The histopatho-
lszic changas wore tramsismt in that necrosis was confined to the super-
ficial portions of the wucoss &nd vastovation was cumpleze in 92 hours..

»

Soms splr & in the axperiment deasoribad hers spparently toleratsd th )
prasence of + imondry edeme despite the sigaificsnt degree of imvelpssant. Y
This imprasz = {s bued on the obgervecion that ths gacrificed anissis,
although subde 4, &id mot show evidence of respiratory embarrasspsni cven o
immediately pric- to the tims of the saerifice, Ona can oply speculste
how iong these en.. "la would heve tcisrated the presence of the edema. ==
On the other hand, ail ths animals that died were woribund for saverasl S
heure Ssfors desth, snd while woribund they appesred to experisnce some -
reap:{rs\sm gistress. In these mimels posaibls mechanizme of desth BTN
includs aiveciar cspillary block fron the pulmovary ~dems, slestralyts =
{abalance, and & direct toxic injury vo the respirstovy cemter, :

»

Tae michaaties by which enterotoxir prduces pulmoniry edemz i3 not ) t
compietely kao¥n but is wost prebably mediated through the vagus nervas.”
Tha seguence of .snts may be that ths vagal nuclai emit impulszss thst
rasult in alieved pormeabilicy of the puluonary capillaries, permitiing
sacapz of protein-vich fluid into the air saes. 7This concept is supporiad
ts 3 esyvtain extent by the fact that the smatic effect of eatsvotozin 2am
b2 prevented by sblation of the nedullary ares that contgina the vagal
zuclei,

The zause 27 pulssasry adems in wmonkevs dving after inhslscien of
sntersionin 48 not kmsmn. Pulownary edema hae also besn ohgerved in
soakeve dviag as 3 result of intravencus injuctions of comparshle dosen.¥

Ventne 2R e - e tren

The h;‘s_ of spacific zorphologic changes in the gastreintestinal trace,
ope xnissis ¥ith emesis snd/or diarrhes, ie difficult to explain.
Ix may isis chat the monkey, {n comtrsst to other animals, responds clinl~
Ssily but not patholicgically. Furthermove, the fact that eight of the
enizais ;isii&é to respond to the entevotaxin is interestisg and aqually
guzgling. This shoncsencn has bsen observed in pravious studies in &
£stain pares eitags of sonkeys, regardleas of the routse of administration.
L& hays cheery t;;l" & the doses administered in this experiment emesis
_andisr diarches sﬂgugsed in 75 to 85% of the monkeys.* Most probably
thie is zet relscsd to dosa, as several of ths enimais without emesis
gy é:ggfﬁaa. raceived doses {n the same range as those that responded.
t mey bo that soss monkeys are genetically resistant and comsequently
s sot raspesd vegardless of the dose., Other factors such se acquired
. izpamicy 2o emtavetomwin, physical conditien, and fluid balsnce may also
=2izy ¢ role in Astermining the presence or shasnce of a clinfcal resoonse,

* fors, B.d. 2. Unnublizhed dats.
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