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PROBLEMS IN THE SANITATION OF MONKEYS FOR WHOLE-BODY 

IRRADIATION EXPERIMENTS 

* D. van der Waay 
W. M. Th. Z immerman 

Radiobiological Institute T. N. O. 
151 Lange Kleiweg, Rijswijk Z.H. 

The Netherlands 

In previous papers of this group on bone mar row t rea tment of i r r a d i 

ated monkeys, data were repor ted on the incidence of var ious infections 

with pa ra s i t e s and m i c r o - o r g a n i s m s and their possible significance for 

the outcome of the exper iments . The enhanced susceptibil i ty to infections 

in i r rad ia ted animals and especial ly radiat ion ch imeras requi re that every 

effort should be made to obtain a thorough sanitation of the monkeys before 

they a r e used for i r r ad ia t ion exper iments . 

In this r epor t cu r r en t p rocedures for detection and elimination of 

pathogens will be descr ibed as well as their influence on the p o s t - i r r a d i a 

tion condition of the an imals . Except for a few pig-tai l monkeys (Macaca 

nemest r ina) and cynomolgus (Macaca i rus) monkeys, our colony consis ts 

of rhesus monkeys (Macaca mulat ta) . Nearly all our information about sa 

nitation problems concerns the l a t t e r group. Our last three shipments of 

rhesus monkeys were supplied according to T r e e - t o - L a b o r a t o r y a r r a n g e 

ment, which means in p rac t i ce , that the animals a re stocked in India for a 

few days only before they a re flown to Europe. Drfring shipment the an i 

mals a re kept in individual cages . By reducing the period of exposure to 

their c a r e t a k e r s in India to an absolute minimum, it is hoped to limit ex-

* This work was per formed under contract with Euratom (European Atomic 
Energy Community) 51-53 rue Bel l iard, B rus se l s , Belgium. 
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posure to human sources of infection. Shortly after arrival the monkeys are 

put into individual laboratory cages and during the following few days hand

ling is avoided and the animals are disturbed as little as possible. During 

that initial times feces is collected from the cage pans for bacteriological 

and parasitological examination. The results of these investigations and 

data relating to the effectiveness of the current sanitation procedures in 

preparing the monkeys for radiation experiments will be discussed. 

RESULTS 

Salmonella and Shigella 

As Salmonella and Shigella are the most common causes of enteric 

bacterial disease in newly imported monkeys, special attention is paid to 

their detection. This is done by a slightly modified version of the proce

dure outlined by Galton et al. (1948). The infection usually exists already 

at the time of arrival of the monkeys, when some of the animals have 

watery diarrhea. We never saw monkeys die shortly after arrival with he

morrhagic diarrhea, as Fegly and Sauer (i960) and Schneider et al. (i960). 

From the feces of 198 newly arrived monkeys, Shigella was isolated 55 

times and Salmonella 28 times (table I). Because the shipments never con-

NUMBER OF MONKEYS WITH PATHOGENIC INTESTINAL BACTERIA 

OUT OF 198 ANIMALS 

TIME OF 
INVESTIGATION SHIGELLA SALMONELLA 

F l e x n e r i N e w c a s t l e Sonne! Paratyphi B a r e i l y Newport Typhimurium 
II III Y A Β _ _ 

At arr iva l 9 36 5 4 (1) 1 18 
Recurrence b e l l - 1 - - 1 
R e c u r r e n c e 2 x 1 4 - - - - 2 
Recurrence 3 x - 2 - - - - -

T a b l e I 
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s is ted of m o r e than approximately 30 monkeys , individual t r ea tmen t of the 

an imals was p rac t icab le . Antibiotics were p r e f e r r ed to chemotherapy b e 

cause of their g r ea t e r effectiveness when admin i s te red in t r amuscu la r ly . 

When the feces were posi t ive for Salmonella, the monkeys were t r e a 

ted with chloromycit in for 5 success ive days. In case of Shigella infection, 

t r ea tmen t with t e r r a m y c i n was inst i tuted during a s imi la r period. The 

antibiotics were both admin i s te red in t r amuscu la r ly . In table I the r e su l t s 

of the t r ea tmen t may be evaluated with r e spec t to the number of r e c u r r e n 

ces . Recently we a t tempted to d e c r e a s e this very low incidence of r e c u r 

rence even fur ther , by test ing the sensi t ivi ty to a number of antibiotics 

with tes t tab le ts , immedia te ly after isolat ion of e i ther of these two orga

n i s m s . If n e c e s s a r y , t r ea tmen t was then continued with a m o r e effective 

antibiot ic . There a r e st i l l not enough data on the r e su l t s of this last p r o 

cedure to wa r r an t any conclusions . During the period of adminis t ra t ion of 

an t ibac ter ia l d rugs , even when only one or two animals turned out to be 

infected, the ent i re colony was kept in quarantaine until negative cu l tures 

were obtained from all m e m b e r s of the colony. This m e a s u r e probably 

accounts for the fact that spreading of the infection through the colony oc

c u r r e d only r a r e l y . F r o m the feces of the i r r ad i a t ed monkeys that died 

with hemor rhag ic d i a r r h e a , a Salmonella had been isolated in one case 

only. In two i r r ad ia t ed monkeys Shigella was cul tured from one of the daily 

feces s amp le s . 

Intest inal p a r a s i t e s 

Among the in tes t inal p a r a s i t e s , the nematodes a re mos t frequently 

found in monkeys . Chiefly, th ree genera of worms may be p resen t , Oeso-

phagostomum, Strongyloides and T r i c h u r i s . The m e m b e r s of the second 

* A generous gift of t e r r a m y c i n from Pf izer N. V. Nederland 
is gratefully acknowledged. 
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genus , r e p r e s e n t e d by a n u m b e r o f . s p e c i e s , a r e m o r e f requen t ly encountered 

than the o t h e r s . Only O e s o p h a g o s t o m u m howeve r , s e e m s to be o f ' i m p o r t a n 

ce to the p o s t  i r r a d i a t i o n condit ion of the hos t . This i s expla ined by the 

habit of t h i s w o r m to b u r r y i t se l f deeply in the i n t e s t i n a l wa l l . Secondary bac

t e r i a l infect ions of the w o r m l e s i o n m a y be a fatal compl i ca t ion . The d i a g 

nos i s of he lmin th infect ion was e s t a b l i s h e d by the F a u s t  m e t h o d of concen 

t r a t i o n of w o r m eggs a s d e s c r i b e d by Mack ie et a l . (1955), while c o n c e n t r a 

tion of c y s t s was c a r r i e d out by M a n s o e r ' s me thod (1959). Data obtained by 

t he se m e t h o d s a r e given in t ab le II. 

PERCENTAGE OF MONKEYS WITH WORM-EGGS AND / O R CYSTS 

(30 MONKEYS) . 

WORM-EGGS 

Oesophagostomum 

Strongyloides 

■Trichuris 

Unidentified 

88 

91 

75 

3 

CYSTS 

Entamoeba histolyt. 

Entamoeba Po leck i 

Entamoeba Hartin. 

lodamoeba Buetschl i i 

Endolixnax nana 

Lamblia inteat. 

Blastocyst !« 

64 

8 

12 

7 

44 

3 

51 

T a b l e I I 

N e a r l y 10% of the i r r a d i a t e d monkeys showed mul t ip l e nodu le s , h a r 

bour ing O e s o p h a g o s t o m u m l a r v a e , in the wal l of the l a r g e i n t e s t i ne , the 

o m e m t u m , arid m e s e n t e r i e s and l e s s f requent ly in the s t o m a c h , abdomina l 

wal l and l i v e r . Secondary b a c t e r i a l infect ion of t h e s e nodules a p p a r e n t l y was 

the c a u s e of the loca l o r g e n e r a l p e r i t o n i t i s , which was o b s e r v e d in s e v e r a l 

c a s e s . The l e s ions d e s c r i b e d a r e c h a r a c t e r i s t i c for t h i s w o r m . The p r e 

adult l a r v a e obtained f rom the nodules of two m o n k e y s w e r e c l a s s i f i ed as 

Oesophagos tomum a p i o s t o m u m by Prof . P . H. van Thie l . 

* F r o m the D e p a r t m e n t of P a r a s i t o l o g y , Ins t i tu te of 

T r o p i c a l Medic ine , Leyden, The N e t h e r l a n d s . 
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The Oesophagostomum eggs pass in the feces where , under suitable 

conditions the development into an infectious l a rva l stage occurs in the 

course of about 5-7 days . It is a s sumed that the mode of entry of the la rvae 

is by way of the mouth, although it is stated by Graham (I960) that the p o s 

sibility of a percutaneous route of entry in p r ima te s should not be excluded 

in view of the findings of Mayhew (1939) in ca lves . The ensheated th i rd -

stage worm en te r s the wall of the cecum and colon, where nodule formation 

occurs (figure 1). Inside the nodule the worm p a s s e s through i ts third 

F i g u r e 1 

Noduli in the wall of the colon of Macaca mulatta, caused 
by Oesophagostomum apiostomum. 

ecdysis and loses i ts cut icle , to become a p re -adu l t worm. This fourth-

stage worm usually r e - e n t e r s the lumen of the intest ine, but when the host 

is highly immune, it appears to be permanent ly t rapped in the nodule. 

(Graham, I960). As a rule the adult worms dó not at tach themselves to the 

wall of the colon to suck blood like the Ankylostomum spec ies . The period 
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during which the l a r v a e r e s i d e in the i n t e s t i na l wal l i s s t i l l u n c e r t a i n , but it 

i s be l ieved to be some seven days in n o n - i m m u n e a n i m a l s (Graham, 1960 and 

Ruch, 1959). To e s t a b l i s h a poss ib l e r e l a t i on be tween the m e a n n u m b e r of 

nematode eggs p e r g r a m of feces and the n u m b e r of nodules in the in t e s t ina l 

wal l , 5 s e p a r a t e po r t i ons of f eces of each monkey that a r r i v e d with the l a s t 

sh ipment , w e r e inves t iga ted . As i s shown in tab le III, no r e l a t i o n was demon

s t r a b l e be tween the a v e r a g e n u m b e r of Oesophagos tomum eggs found p e r 

g r a m of feces and the n u m b e r of nodules found at autopsy some weeks l a t e r . 

An addi t ional p u r p o s e of the inves t iga t ion was to get an i m p r e s s i o n of the 

s eve r i t y and inc idence of Oesophagos tomum infect ion with nodule fo rmat ion 

among newly a r r i v e d a n i m a l s , in c o m p a r i s o n to a n i m a l s that have been 

THE RELATION BETWEEN THE MEAN NUMBER OF OESOPHAGOSTOMUM-EGGS 
PER GRAM FECES OF FIVE SEPARATE PORTIONS IN 

NEWLY ARRIVED MONKEYS 

Incidence of nodules Mean number 
in the wall of the colon of eggs 

10. 7 
8. 5 
4. 3 
4. 0 
3.9 
2. 5 
2. 5 
2. 3 
2. 0 
1.9 
1. 8 
1. 8 
1. 8 
1. 2 
1. 0 
1. 0 
1. 0 

T a b l e I I I 

under l a b o r a t o r y condit ions for some t i m e . As c o m p a r e d to the f requency 

of nodules in an ima l s that have been under l a b o r a t o r y condi t ions for 6 

months or m o r e , the inc idence shown in tab le III i s r a t h e r high. The p o s s i 

bi l i ty ex i s t s that the n u m b e r of nodules has a t endency to d e c r e a s e in the 

c o u r s e of t ime when the monkeys a r e kept in s t r i c t i so la t ion and when 
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m e a s u r e s a r e ins t i tu ted to p reven t re - infec t ion . However, a m o r e sys t ema t i c 

invest igat ion has to be p e r f o r m e d in o r d e r to prove th is hypothes is . 

In our opinion the detect ion of Oesophagos tomum eggs in the feces of 

newly a r r i v e d monkeys , probably is only of value if the i r mean number is 

compared with s i m i l a r egg counts at a l a t e r date . An i n c r e a s e of eggs at 

that t ime , could indicate that a m a s s i v e infection with many nodules had been 

p r e s e n t ini t ial ly and that the l a rvae of the nodules have grown into adult 

w o r m s between both obse rva t ions . 

An a t tempt has been s t a r t e d to des t roy the adult worm with the new 

ant ihelmint ic drug Alcopar (Bephenium Hydroxynaphtoate) , in a group of 28 

monkeys . After an in i t ia l egg count was pe r fo rmed in the concent ra te of one 

g r a m of feces , the drug was given ora l ly in amounts of 2 gm/kg body-weight 

following a fast per iod of 24 h o u r s . The egg count was repea ted every th ree 

weeks during the following 4 months . Twelve weeks after the f i rs t t r e a t 

ment with Alcopar , a second s i m i l a r dose was given to those monkeys that 

s t i l l had Oesophagos tomum eggs in the i r feces . In figure 2 the mean num

ber of w o r m eggs in the feces of al l 28 monkeys is plotted against the t ime 

of inves t iga t ion . The effect of the drug on adult Oesophagostomum in the 

in tes t ina l lumen s e e m s to be r a t h e r favourable . The fact that Strongyloides 

usual ly embryona te ve ry e a r l y (in some c a s e s the l a rvae may even develop 

in the l a s t p a r t of the colon) m a y explain why Strongyloides eggs do retur i i 

in g r e a t n u m b e r s r a t h e r soon after the admin i s t r a t ion of Alcopar . To e l i 

mina te Strongyloides infection the drug should perhaps be admin i s t e red 

m o r e frequently. 

P ro tozoa l in tes t ina l infections 

Infection with in tes t ina l pro tozoa may have contr ibuted to the death of 

two i r r a d i a t e d monkeys . In these an ima l s Entamoeba hystol i t ica was demon

s t r ab le in colonic u l c e r s . The frequency of his tol i tyca cys ts in the feces 
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F i g u r e 2 

Mean n u m b e r of w o r m - e g g s p e r g r a m feces of 28 m o n k e y s 
as influenced by t r e a t m e n t with A l c o p a r . 

of our monkeys (table II) i s r a t h e r high in c o m p a r i s o n to da ta r e p o r t e d by 

Ruch (1959), but s ince i n v a s i v e n e s s of the E n t a m o e b a was so r a r e l y found 

in the absence of specif ic t r e a t m e n t , it i s not be l ieved tha t t h i s p a r a s i t e is 

of g r e a t s ign i f icance . It h a s been sugges ted by Ruch (1959) that E n t a m o e b a 

h i s to ly t i ca - i s of m i n o r i m p o r t a n c e , e i t h e r b e c a u s e it i s l e s s pa thogenic for 

monkeys or b e c a u s e the monkey has a s t r o n g e r r e s i s t a n c e aga ins t th i s i n 

fection than man . 

T u b e r c u l o s i s 

T h r e e monkeys died with widely d i s s i m i n a t e d p u l m o n a r y t u b e r c u l o s i s , 

which unfor tunate ly was not d iagnosed unt i l the monkey was au tops ied . A 

few days after a r r i v a l , each a n i m a l was t e s t ed i n t r a c u t a n e o u s l y with a d i -
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lution of 1:10 of Koch's old tubercjalin in the right eyelid. The dose adminis

tered i s equivalent to 10 mg which dose i s a lso being used by Young et al. 

(1957). This procedure was repeated monthly during the f irst three months 

after arrival and thereafter quarterly. The tuberculin solution used in these 

skin-tests was checked afterwards in two tuberculous guinea pigs, and this 

resulted in positive reactions in dilutions of 1:100 and 1:1000. When the 

first case of tuberculosis was discovered at autopsy, the Mantoux-test was 

repeated immediately on the monkeys in the same room and turned out to 

be negative in all c a s e s . It should be noted that in the three tuberculous 

monkeys the Mantoux-tests had a lso been negative. The first two affected 

animals were rather i l l during the last week before they died. The last one 

on the contrary, showed no l o s s of weight but was coughing, probably as a 

result of pres sure on the trachea by an enlarged para-tracheal lymphatic 

gland. The second and the third case were members of the same shipment 

.and for that reason the whole group was killed. At autopsy no suspicious 

foci were found in these animals. In smears of the spleen and lung stained 

by the Ziehl-Neelson method no acid-fast rods were demonstrable. 

The results show that the Mantoux-test in our hands is a highly un

reliable index of tuberculosis infection in rhesus monkeys. On the other 

hand the contagiousness of the d i sease i s apparently very low; although the 

infected monkeys had been coughing for several days and even for several 

weeks in the last case , all neighbouring monkeys proved to be negative at 

necropsy. These findings differ from those published by Young et al. (1957) 

and Gisler et al. ( i960) who obtained satisfactory results by using the 

Mantoux-test and also reported a rapid spread of the tuberculous infection 

in their monkey colony, if they had an infection at all. 
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